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Accelerated Development of Vaccines 

Preface 

In 1982, the National Institute of Allergy and Infectious Dis
eases (NIAID) established the Program for the Accelerated 
Development of Vaccines. For 20 years, this program has helped 
stimulate the energy, intellect, and ability of scientists in micro-
biology, immunology, and infectious diseases. Vaccine research 
has certainly benefited. The status report reflecting this 
progress in vaccine research has come to be known as the Jor
dan Report in recognition of Dr. William Jordan, past director 
of NIAID’s Division of Microbiology and Infectious Diseases 
(DMID) and the program’s earliest advocate. 

This anniversary edition of the Jordan Report summarizes 20 
years of achievements in vaccine research driven by the explo
sive technological advances in genomics, immunology, and 
molecular biology. Increased knowledge of the immune system 
has helped to define the mechanisms needed for successful 
immunization. Genomic tools are helping researchers identify 
and fine-tune the targets most appropriate for use in developing 
candidate vaccines. The payoffs from genomics are just begin
ning. Using tuberculosis as an example, in just 6 years research
ers have sequenced the genome, have identified new targets for 
vaccine development, are working to analyze the function of 
more than 400 proteins, and are poised to conduct clinical evalu
ations of the first new candidate vaccines in 80 years. This year 
the Anopheles gambiae and Plasmodium falciparum genomes 
have been sequenced and, together with the human genome 
data, will allow researchers for the first time to listen in on immu
nologic conversations of vector, pathogen, and host. 

Along with these technological advances, there has been a

heightened awareness of the importance of vaccines for global

health and security. Acquired immunodeficiency syndrome

(AIDS), malaria, and tuberculosis have demonstrated to the

world the importance of public health in economic development.

Most recently, the threat of bioterrorism has reminded many

Americans of the value of vaccines as public health tools.


Articles by outside experts in this edition highlight many of the

scientific advances, challenges, and issues of vaccine research

during these two decades. As we look to the decade ahead, the

payoffs from basic research will continue to invigorate vaccine

development, but economic, risk communication, and safety

challenges are likely to influence the licensing of new vaccines.

The “easy” vaccines have been developed; many challenges lay

ahead for new and improved vaccines. The emergent tools and

enhanced interest, commitment, and resources that have been

developed in the preceding decades will be required to meet

these challenges.


Carole Heilman, Ph.D.

Director

Division of Microbiology and Infectious Diseases

National Institute of Allergy and Infectious Diseases

National Institutes of Health
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The Jordan Report 

History and Commentary 
William Jordan, M.D. 

One weekend in early 1980, Dr. John R. Seal, Deputy Director of 
the National Institute of Allergy and Infectious Diseases 
(NIAID), sat at his desk in the basement office of his home in 
Bethesda, Maryland, and drafted a hand-written proposal for the 
launching of a new initiative that led, with few modifications, to 
the creation of the Program for the Accelerated Development of 
Vaccines and established NIH as the lead Federal agency for 
vaccine research and development. The Microbiology and 
Infectious Diseases Program (MIDP), the division I became the 
director for in 1976, assumed responsibility for implementation of 
the program. During my tenure, I reported annually to NIAID’s 
Advisory Council on the status of vaccine development. In 
1992, for the 10th anniversary of this update, Dr. John La 
Montagne, my successor as the director of what is now the 
Division of Microbiology and Infectious Diseases (DMID), 
named this report the Jordan Report. Although I retired in 1987, I 
have been able to keep in touch with the staff of this division 
thanks to the kindness of Dr. Anthony Fauci, Director of NIAID, 
and have been doubly honored by the request that I write my 
personal historical perspective for this 20th anniversary report. I 
beg the indulgence of the reader for what follows is, of neces
sity, somewhat autobiographical, and the “introduction” has 
evolved into an accounting of 20 years of effort to develop new 
and improved vaccines. 

How was it that I came to discuss vaccines with Dr. Seal? 
Without conscious effort, I was prepared to do so, beginning 
with Dr. Hans Zinsser’s bacteriology course at Harvard Medical 
School and Dr. Leroy Fothergill’s elective in immunology. My 
laboratory instructor was Dr. John Enders. For the thesis 
required by the Department of Parasitology, I chose to write 
about the epidemic of eastern equine encephalomyelitis in 
humans that occurred in New England in August 1938, the 
month before I entered medical school. I wrote that Fothergill 
and Dr. John Dingle (unknown to me at the time) had recovered 
the virus from brain tissue, and that the latter had shown that 
the virus produced a fatal disease in pigeons (1). In 1940-41, 
during my medical clerkship on the Harvard service of Boston 
City Hospital, I functioned as an intern (striker) because so 
many of our house officers had joined military service. My 
attendants included Dr. Maxwell Finland, Dr. Chester Keefer, and 
Dr. Dingle. I sat by the bedside of a patient with pneumococcal 
pneumonia who was experiencing a crisis induced by type-
specific immune serum. One year later, as an intern on the same 
service, I was successfully treating patients, under the direction 
of Dr. Finland, with sulfonamide drugs for similar infections. 
About this time, Dr. Dingle and Dr. Lewis Thomas confirmed Dr. 
Harry Dowling’s report that sulfadiazine was highly effective in 
the treatment of meningococcal meningitis. 

After Pearl Harbor, most of my able-bodied classmates joined 
either the Army or the Navy. Just before I left for active duty in 
the Navy, I was an assistant resident and treated a patient 
critically ill with staphylococcal bacteremia secondary to a huge 
carbuncle with penicillin, a new antibiotic rationed by a commit-
tee chaired by Dr. Keefer. My chief resident, Dr. Carlton 
Chapman, kindly mailed the patient’s discharge summary to me 
at my first duty station at the Naval Operations Base in 
Reykjavik, Iceland. After enjoying this capital city for some 
months, I was assigned as medical officer to a remote tank 
farm—run by the Seabees and guarded by the Marines—that 
served as the North Atlantic fuel depot for the United States and 
British fleets. Shortly after we had been frozen in for some days, 
a liberty party made it to Reykjavik and back, bringing influenza 
virus to the base. I was able to track the spread of illness from 
Quonset hut to Quonset hut while rejoicing that there were no 
serious illnesses even among the older Seabees. I was so 
pleased with the report on the epidemic that I prepared for the 
Navy that I sent a copy to Dr. Finland. I was later to learn that 
Dr. Thomas Francis, with the help of Dr. Jonas Salk, had recently 
developed an inactivated influenza virus vaccine that was highly 
effective in young military recruits. 

Shortly after D-day in the summer of 1944, I flew home on leave 
before my next duty assignment. My home was in Fayetteville, 
North Carolina, just 10 miles from Fort Bragg, an Army base 
whose mission included the basic training of new recruits. It also 
housed the laboratory of the Commission on Acute Respiratory 
Diseases (CARD) under the auspices of the Armed Forces 
Epidemiological Board (AFEB). Dr. Dingle was now Director of 
CARD, with a staff that included Dr. T. J. Abernathy, Dr. George 
Badger, Dr.Alto Feller, Dr. Alex Langmuir, Dr. Clayton Loosti, Dr. 
Irving Gordan, Dr. Charles Rammelkamp, and Dr. Hugh Tatlock. 
That group was to define an epidemic respiratory disease 
syndrome distinct from influenza—acute respiratory disease 
(ARD) for military recruits—and to show by volunteer studies 
that it was etiologically distinct from the common cold and 
primary atypical pneumonia, despite the inability to culture any 
of the agents (2). Some years later, Dr. Maurice Hilleman, then at 
Walter Reed Army Institute of Research (WRAIR), isolated an 
agent (RI 67) during an epidemic of ARD at Fort Leonard Wood 
that was shown to belong to the family of adenoviruses first 
identified by Dr. Robert Huebner and Dr. Wallace Rowe of 
NIAID’s intramural laboratories (3). Even later, Dr. Robert 
Chanock, working in the same laboratories with adenoviruses 
type 4 (RI 67) and type 7, developed a live, oral vaccine that was 
shown to be highly effective in marine recruits (4). A manufac
turer, Wyeth, devised a way to stabilize the live virus in tablets 
and created a bivalent adenovirus vaccine that was soon being 
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administered to all military recruits. ARD essentially disap
peared. Curiously, attempts to find adenovirus 4 at the military 
academies and in civilian populations failed, limiting the market 
for the vaccine. This fact was to have serious consequences in 
recent years when the manufacturer stopped making the vaccine 
for the Department of Defense, and ARD returned to recruit 
camps. As for another of the three entities identified by CARD, 
atypical pneumonia, NIAID’s Dr. Chanock was among the first to 
show that it was not caused by a virus, but by an antibiotic-
sensitive mycoplasma, Mycoplasma pneumoniae (5), subse
quently shown to be the cause of 25 percent of all cases of 
pneumonia requiring hospitalization. Attempts to develop a 
vaccine have not been successful to date. 

My next duty assignment was to the Tropical Disease Service of 
the Hospital of the National Naval Medical Center in Bethesda, 
Maryland, where the wards were full of marines back from the 
South Pacific with P. vivax malaria and filariasis. We were able to 
report to a committee headed by Dr. James Shannon, destined to 
become Director of NIH, that a new drug, chloroquine, was 
effective for the treatment of malaria. Also, my rudimentary 
knowledge of immunology was boosted by a study of the use of 
the antigen of the dog worm, Dirofilaria immitis, for a skin test in 
humans. Thanks to the kindness of my two senior officers, this 
resulted in my first scientific publication (6). Next followed 16 
months of sea duty in the Pacific, culminating in ferrying troops 
to Japan and waiting to bring them home. I learned that respira
tory infections disappeared after a week at sea. 

In August 1946, I returned to Boston City Hospital as Assistant 
Resident and reestablished contact with Dr. Finland and Dr. 
Dingle. The latter had accepted the invitation of the dean of the 
School of Medicine of Western Reserve University (now Case 
Western Reserve University) in Cleveland, Ohio, to create a new 
Department of Preventive Medicine with responsibility for the 
care of patients with infectious diseases in University Hospital. 
Dr. Dingle accomplished this by bringing along three members of 
the senior staff of the CARD laboratory at Fort Bragg and 
adding others, including Dr. Harold Ginsberg, who had been 
Chief of Medicine at Fort Bragg’s hospital and had done 
postwar research at the Rockefeller Institute, and Dr. Richard 
Hodges, a pediatrician who had conducted the pioneering study 
of pneumococcal polysaccharide vaccine with Dr. Colin McLeod 
at an Army air base in Sioux Falls, South Dakota. Development 
of this effective vaccine was made possible by the basic 
research of Dr. O. T. Avery, Dr. Michael Heidelberger, Dr. Maclyn 
McCarty, and Dr. McLeod. It led to the successful studies of Dr. 
Robert Austrian involving South African gold miners, which 
became the basis for the current 23-valent polysaccharide 
vaccine recommended for use in adults. Dr. Dingle, now adept at 
soliciting grant and contract funds, asked me to join his Depart
ment of Preventive Medicine in the summer of 1947, with a joint 
appointment in medicine. 

My first assignment was to Division 30 in University Hospital, a 
unit with airflow designed to limit the spread of microbes. This 

clinical setting provided the opportunity for me to observe 
multiple cases of cold agglutinin positive (the only diagnostic 
test that was available until M. pneumoniae was discovered) 
primary atypical pneumonia in a number of families and to 
confirm the previously reported incubation period before 
antibiotic therapy altered the epidemiology. Patients with 
pneumococcal pneumonia became the source of convalescent 
sera for a study of the effect of penicillin treatment on the 
immune response to the infecting pneumococcus. Most 
importantly, this continuous clinical activity introduced me to 
the young and senior physicians of the staff so that when the 
polio epidemic of 1952 struck, I was asked to chair the hospital’s 
polio team. It was a brutal introduction to paralysis and tracheo
stomies when city and university hospitals faced a shortage of 
respirators. A fated care of love bird-related psittacosis led to the 
identification of a family epidemic with the help of serologic 
studies done by Dr. Hillerman’s laboratory at WRAIR (7). 
Division 30 also gave me access to beds for two patients 
suffering a late complication of syphilis—paroxysmal cold 
hemoglobinuria. With the help of a fine protein chemist, Dr. 
Louis Pillemer, I was able to describe the role of complement 
components in the hemolysis of the Donath-Landsteiner 
reaction (8). 

At Western Reserve University, I joined in the teaching of 
preventive medicine, including the use of vaccines, and soon 
became involved in two major research activities: Examination 
and experimental revision of the medical school curriculum, and 
planning and participation in a longitudinal study of illness in a 
group of young families living in the Cleveland suburbs close to 
the medical school. This 9-year (1948-1957) study of a defined 
population of civilians became known as the Cleveland Family 
Study (9). It described the incidence and behavior of undifferen
tiated common respiratory diseases, streptococcal infections, 
influenza, infectious gastroenteritis, and all other illnesses using 
the laboratory tools then available. The plethora of new respira
tory and enteric viruses “searching for diseases” became 
available just as the project ended. But I did have the opportu
nity to study epidemics of H1N1 influenza in 1950, 1951, and 1953 
and to show that prior familial contact with the virus effected an 
approximate 70-percent reduction in rates of influenza-like 
diseases after an interval of either 1 or 2 years. The study 
continued through the pandemic of H2N2 (Asian) influenza in 
1957. In comparison with the earlier H1 epidemics, H2 virus 
infected more than three times as many families and two to three 
times as many persons. Little influenza vaccine was used despite 
its availability. The attack rate was highest in the 5- to 15-year-
old age group, and school children were responsible for more 
than four-fifths of the introductions of virus to the homes—a 
good reason for immunizing children during the next pandemic. 

It was now possible to grow adenoviruses. This allowed Dr. 
Ginsberg to test sera stored since the CARD volunteer experi
ments. Men infected with the ARD inocula showed antibody 
responses to type 4 adenovirus, confirming the observation that 
this virus is a cause of ARD for military recruits (10). In the 
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spring of 1954, shortly after the identification of type 4 adenovi
rus, I screened sera for type 4 neutralizing antibody. None of 73 
children (1 to 18 years of age) had this antibody. For the parents, 
6 of 43 mothers (14 percent) and 20 of 41 fathers (49 percent) had 
type 4 antibodies (11). Further, the availability of sera collected 
at intervals in previous years permitted measurement of the time 
and frequency of acquisition of type-specific adenovirus 
antibodies in the first 5 years of life. There was a steady increase 
in the percentage of children with type 2 antibody such that by 
the age of 5 years, 51 percent of children had this antibody. The 
acquisition of type 1 antibody occurred at a similar rate to the 
37-percent level by age 5. Except for an epidemic of nonbacterial 
tonsillitis and pharyngitis in the summer of 1954 that was 
associated with type 3 adenovirus, it was not possible to 
associate an illness with the viral isolation that was responsible 
for the acquisition of antibody. For this and other reasons, it was 
estimated that an effective polyvalent vaccine would result in 
only a 6-percent reduction in the number of illnesses experi
enced by children in the first 10 years of life—an observation 
that undoubtedly reinforced industry’s lack of interest in such a 
vaccine. It is now known that there are more than 50 adenovirus 
serotypes. 

As noted, during the summer and fall of 1952, the Cleveland 
metropolitan area experienced the highest incidence of poliomy
elitis in its history. The virus most frequently isolated from 
clinical cases was type 1. One paralytic case of type 1 occurred 
in a 13-year-old boy in one of the study families. He recovered 
without residual. Testing of pre-epidemic sera from 158 persons 
showed that this group was highly susceptible (68-70 percent) 
to all polio types. Of 147 persons tested, there were a total of 52 
isolations, of which 48 were from the throat. Type 2 predomi
nated (12), followed by type 1 (9) and type 3 (1). There was no 
evidence of infection in the presence of homotypic antibody. 
Two years later, during the months of October and November 
1954, at which time no cases of paralytic poliomyelitis were 
reported in the community, six strains of type 1 poliovirus were 
isolated from pharyngeal swabs collected at the time of respira
tory illnesses in three families (12). The individuals who shed 
virus developed serologic incidence of infection. Because of Dr. 
Albert Sabin’s interest in finding avirulent strains, the viruses 
were sent to him for testing in cynomolgus monkeys. He 
summarized his results as follows: “The quantitative 
tests…performed in monkeys with the poliomyelitis strains from 
families 29 and 80 indicate that they belong at the other attenu
ated end of the spectrum that would be expected to be 
nonparalytogenic for chimpanzees in the maximum dosage.” 

I later visited Dr. Sabin at his laboratory at Children’s Hospital in 
Cincinnati, Ohio, with the request that he test paired sera from 
patients with gastroenteritis with an agent recently identified by 
him that he first called “human enteric virus,” later classified as a 
reovirus. The tests were negative, but I was treated to a review 
of his laboratory notebooks for testing polioviruses in monkeys 
during the several days of my visit. One of the investigators in 

Sabin’s laboratory prior to joining NIAID was Dr. Robert 
Chanock, who had just discovered parainfluenza viruses (13); 
three types were later to be identified. Accordingly, sera 
collected throughout the Cleveland Family Study and in the fall 
of 1957 were tested for neutralizing antibody for each type (9). 
With type 1, the percentage of individuals with a detectable 
antibody increased with age to 50 percent by age 14 years, along 
with 75 percent of adults. Comparison of the 1957 antibody 
levels for parents with their levels in 1947-48 indicated that type 
1 was highly active in this population during the 10 years of the 
study. With type 2, antibody was found in one-third of the 
children and one-half of adults. With type 3, the percentage of 
individuals with antibody was low at 1 year of age (9.5 percent), 
but rose rapidly, reaching 65 percent by 2½ years of age. By 3½ 
years, 85 percent of the children had the antibody. Studies by 
others have shown that such infections are responsible for a 
significant amount of morbidity, a fact that has stimulated efforts 
to develop a parainfluenza virus vaccine. 

The gastrointestinal illnesses that prompted the visit to Dr. 
Sabin were among the 4,057 (16 percent) of 25,155 total illnesses 
observed during the 10 years of the family study. Early observa
tions suggested that at least two types of illness—afebrile and 
febrile—were occurring in the population. In collaboration with 
Dr. Irving Gordon, then at the Division of Laboratories at the 
New York State Health Department in Albany and who facilitated 
transmission and cross-challenge studies with volunteers 
housed in an isolation unit at the New York State Vocational 
Institution, West Coxsackie, New York, evidence was obtained 
that at least two agents were responsible for nonbacterial 
gastroenteritis (14). We lacked the electron microscopy and 
other sophisticated technology used by Dr. Albert Kapikian to 
identify rotaviruses and a number of other viruses responsible 
for diarrheal illnesses. Many studies have now shown that such 
viruses cause sufficient morbidity here and abroad, particularly 
in developing countries, to justify the development of vaccines. 

There was no difficulty making the diagnosis of streptococcal 
tonsillitis and pharyngitis in the well-housed Cleveland Family 
Study population. Fortunately, the 437 infections accounted for 
only 2.77 percent of 15,783 respiratory infections. The same was 
not true of military populations, particularly those in the Rocky 
Mountain area. CARD created a committee headed by Dr. 
Rammelkamp to attack the problem, and the Army assigned two 
medical officers, Dr. Floyd Denny and Dr. Lewis Wannamaker, to 
temporary duty at Western Reserve University to work with Dr. 
Rammelkamp. A field laboratory was established at Fort Francis 
E. Warren, an Air Force base near Cheyenne, Wyoming, for 
conducting epidemiological and clinical studies of streptococcal 
infections and rheumatic fever. It was this group that demon
strated that penicillin treatment of streptococcal infections 
prevented rheumatic fever (15). The committee evolved into the 
Commission on Streptococcal and Staphylococcal Diseases and 
advised the armed services regarding the use of routine bicillin 
prophylaxis. Another man in the “Strep Lab” was Richard 
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Krause, a student at Western Reserve University School of 
Medicine who took a year off in 1950-51 between his third and 
fourth years to work as a laboratory technician in Wyoming. In 
time, he became Director of NIAID and sent Dr. Seal to Lexing
ton, Kentucky, to recruit me to NIH. Now with Fogarty Interna
tional Center, Dr. Krause maintains an interest in streptococcal 
infections and is so encouraged by the work of those trying to 
develop a group A vaccine that he is seeking a site in India 
where one could be tested. 

During my years in Cleveland, I had increasing contact with 
other investigators with similar interests through attending 
meetings of professional societies. My mentor, Dr. Dingle, made 
me a member of CARD in 1956, and I became the director of this 
busy commission in 1959. It was in this capacity that I first met 
Dr. Seal, then a naval medical officer at Great Lakes Naval 
Training Station. It was customary for CARD and the Commis
sion on Influenza to hold a 1-day joint meeting before the 
annual fall meeting of the Central Society for Clinical Research 
in Chicago. Dr. Seal and others were active participants. Our 
contact continued during my years at the University of Virginia 
School of Medicine in Charlottesville. He retired from the Navy 
to become Scientific Director and then Deputy Director of 
NIAID under Dr. Dorland Davis. In this capacity, he invited me 
to serve as chairman of two U.S. delegations to the Soviet 
Union in the early 1970s while I was Dean of the College of 
Medicine at the University of Kentucky in Lexington. 

Prior to my years in Kentucky, I served as Chairman of the 
Department of Preventive Medicine and Professor of Preventive 
Medicine and Medicine at the University of Virginia. Shortly 
before my move from Western Reserve University, rhinoviruses 
had been grown in human diploid cells, so this breakthrough 
was used in the study of respiratory illnesses in a large popula
tion of office workers (16). I had the help of Dr. Jack Gwaltney, a 
graduate of the University of Virginia Medical School who had 
interned at University Hospital in Cleveland and was recruited 
fresh out of military service at Fort Dix, as well as Dr. Owen 
Hendley and Dr. Gilbert Simon, EIS officers assigned by the 
Centers for Disease Control and Prevention (CDC) to my 
laboratory. Rhinovirus infections occur year round, with a peak 
in September and early October. There are many viruses that 
cause upper respiratory symptoms, but rhinoviruses are the 
most common. Dr. Gwaltney joined an informal consortium 
consisting of Dr. Vincent Hamparian, Dr. Kapikian, and others to 
characterize more than 100 serotypes, with no few types 
predominating. The prospect of developing a broadly protective 
vaccine given so many different serotypes is daunting, al
though type-specific immunity has been shown to occur. 

While still in Charlottesville, I became more familiar with NIAID 
through service as Chairman of the NIAID Panel on Respiratory 
and Related Viruses and as a member of its Board for Virus 
Reference Reagents. At the University of Kentucky, I served as 
a member of the NIAID Infectious Diseases Advisory Commit-

tee and as a member of the Food and Drug Administration (FDA) 
Bureau of Biologics Panel on Review of Viral and Rickettsial 
Vaccines. I resigned as Dean of the University of Kentucky’s 
College of Medicine in 1974 to take a sabbatical year at the 
London School of Hygiene and Tropical Medicine. During this 
time, I visited the departments of community/social medicine in 
all of the medical schools in the United Kingdom to study the 
relationship between medical education and a recent reorganiza
tion of the National Health Service. I met a number of infectious 
disease investigators and became familiar with the personnel and 
activities of the National Institute for Biological Standards and 
Control. I was back in Lexington writing a book about my 
observations when Dr. Krause, Dr. Davis’ successor in 1975, had 
Dr. Seal invite me in 1976 to head a newly created extramural 
program (MIDP). By this time, I knew something about vaccines 
and the role of the government in their development. 

Attracted by the opportunity to return to infectious diseases, I 
visited NIAID to learn more about the director’s reorganization 
of the management of extramural research into two programs 
(now divisions): Immunology, Allergic and Immunologic Dis
eases and Microbiology and Infectious Diseases. Each of these 
programs was organized into branches. In subsequent corre
spondence, it was agreed that I could add a new Epidemiology 
and Biostatistics Branch and rename an existing one Develop
ment and Applications. The latter was to be led by an aggressive 
branch chief, Dr. George Galasso, with a focus on the develop
ment of vaccines and antivirals. He was assisted by a group of 
talented program officers, including Dr. James Hill (respiratory 
infections) and Dr. Frank Tyeryar (hepatitis), along with Dr. John 
La Montagne, who arrived with me in 1976 in time to mastermind 
the testing of monovalent swine influenza vaccine as Influenza 
Program Officer. When Dr. Hill left in 1983 to assist Dr. Kenneth 
Sell, Scientific Director, Dr. David Klein assumed responsibility 
for Haemophilus influenzae and Streptococcus pneumoniae and 
was to play a major role in support of the acellular pertussis 
vaccine trials in Sweden. Along with Dr. Pete Allen (virology), Dr. 
Richard Horton (mycology), and Dr. Milton Puziss (bacteriol
ogy), they did much to further my education. 

Within a year, I was able to recruit Dr. Robert Edelman, again 
with the help of Dr. Seal, to serve as Chief of the Clinical Studies 
Branch. As an Army medical officer, Dr. Edelman had been 
assigned to Western Reserve University to assist Dr. Dingle as 
President of AFEB. He then was stationed at the U.S. Army 
Medical Research Institute of Infectious Diseases (USAMRIID) 
doing vaccine research there and in Southeast Asia. He later 
became my deputy and joined in a failed attempt to develop a 
vaccine for Rocky Mountain spotted fever with collaborators at 
USAMRIID and the NIAID Rocky Mountain Laboratory. 

One of my first assignments after my arrival was to serve as 
Chairman of the Technical Advisory Committee for the Cholera 
Laboratory in Dhaka, Bangladesh, a U.S. Agency for Interna
tional Development (USAID)-funded activity in which Dr. Seal 
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had a great interest. There, I met Dr. George Curlin, who had first 
been sent to Dhaka by Dr. Seal and was now Chief of the 
Cholera Laboratory’s Division of Epidemiology. He joined us as 
Chief of the new Epidemiology and Biostatistics Branch. Dr. Bill 
Blackwelder was recruited from the biostatistics program at the 
University of North Carolina School of Public Health and proved 
to be a valuable critic and designer of vaccine field trials. He and 
Dr. Curlin were to spend many months fostering successful trials 
of acellular pertussis vaccines. Others who joined the Epidemiol
ogy and Biostatistics Branch were Dr. Richard Kaslow from CDC 
and Dr. Alfred Saah from the University of Maryland. They later 
designed and implemented one of NIAID’s first research efforts 
before the discovery of the human immunodeficiency virus 
(HIV), the acquired immunodeficiency syndrome (AIDS) virus: 
The Multicenter AIDS Cohort Study (MACS), a longitudinal 
study of male homosexuals that continues to provide useful 
guidelines for vaccine trials. 

By reason of my position, I became a liaison attendee at 
meetings of the CDC Advisory Committee on Immunization 
Practices (ACIP) and the FDAVaccines and Related Biological 
Products Advisory Committee (VRPAC), and became part of an 
unofficial interagency group concerned with vaccines. One of 
this group’s first activities was to attend open meetings of 
distraught parents who were convinced that the whole-cell 
pertussis vaccine then in use had caused their young infants’ 
sudden death or their children’s epilepsy. This proved to be the 
forerunner of a national—indeed international—anti-immuniza
tion movement that began with the showing of a television 
program entitled “DPT-Vaccine Roulette” on April 19, 1982. For 
pertussis, it accelerated the effort to develop a less reactogenic 
acellular vaccine. As for the interagency group, there were 
influential spokesmen like Dr. D. A. Henderson of smallpox fame 
who called for an expanded and more coordinated national effort 
to develop vaccines. The Department of Health and Human 
Services (DHHS) had authorized the creation of an official 
interagency group in 1980, and its members worked with the 
legislative staff of DHHS to design the National Vaccine Program 
and its National Vaccine Advisory Committee later called for by 
Congress. As we shall see, NIAID is justified in claiming 
parenthood for this course of events, beginning with Dr. Seal’s 
draft proposal. 

In addition to CDC and FDA, my knowledge of the vaccine 
needs of the military and of children was enhanced by continu
ing membership on AFEB and as a liaison member of the 
Committee on Infectious Diseases of the American Academy of 
Pediatrics. With these contacts and considerable input from 
MIDP staff, I was prepared to present a paper requested by the 
Institute of Medicine (IOM) at a conference on pharmaceuticals 
for developing countries in January 1979. With reference to 
vaccines, I reported that NIH, CDC, FDA, Army, Navy, and 
USAID spent only $23 million in fiscal year 1978 on vaccines for 
11 domestic diseases and 7 tropical diseases. NIH, mostly 
NIAID, spent $4.7 million, of which $871,000 was for topical 
diseases. Clearly, the vaccine effort needed to be expanded. 

The American Society for Microbiology’s Washington, DC, 
branch invited me to address its annual banquet in October 
1979, and I used the title “Microbes, Parasites and the Health of 
Nations” to compare life expectancy in the United States with 
that in the developing world and to describe the new World 
Health Organization (WHO) program for research in six selected 
tropical diseases. I concluded with mention of “a new NIAID 
program that could be expanded if additional funds were 
available” entitled International Collaboration in Infectious 
Disease Research (ICIDR). The ICIDR program is a modification 
and extension of a prior program that supported International 
Centers for Medical Research (ICMR), whose studies included 
noninfectious diseases. The ICMR grants expired in May 1980 
to be replaced by ICIDR grants, with major portions of the 
research being conducted overseas in collaboration with 
international scientists. As a complementary initiative, NIAID 
provided funds for the establishment of U.S.-based Tropical 
Disease Research Units (TDRUs). These two related programs 
were designed and monitored by Dr. Earl Beck, who also 
supervised the United States-Japan Cooperative Medical 
Sciences Program. Joint panels of this program, as well as the 
ICIDR and TDRU, deal with vaccines when appropriate: Cholera, 
dengue, rabies, encephalitis, tuberculosis, leprosy, and malaria. 
Dr. Harley Sheffield, a parasitologist, succeeded Dr. Beck. They, 
like me, have now retired; none can claim much success with the 
development of vaccines for parasitic diseases. 

With a description of my personal background and of the 
members of the MIDP staff who wrote the early issues of this 
report, it is time to return to the proposal written by Dr. Seal, the 
hero of this story. The proposal was prepared for Dr. Richard 
Krause, NIAID Director, in response to a 1979 call from DHHS 
for new health research initiatives. Dr. Krause, along with 
reference to bound volumes of NIAID Advisory Council 
minutes, has helped me verify the sequence of events before 
and after Dr. Seal set pencil to paper. Dr. Krause recalls, as do I, 
that the draft was written in near perfect sequence on a long 
yellow pad. He particularly recalls how often he referred to the 
resulting vaccine program when testifying before congressional 
budget committees. 

Dr. Seal and I had discussed vaccines many times over the 
years, and he was, of course, familiar with the extramural vaccine 
research being supported by MIDP. Since he had recruited many 
of the institute’s intramural investigators when he was Scientific 
Director, he also knew of their work on vaccines. He had cleared 
my manuscript for presentation at the IOM meeting in early 1979 
in agreement with the statement that the Federal Government, 
particularly NIAID, should do more to promote vaccine research 
and development. 

The first mention of the call by DHHS for initiatives for health 
research appears in the NIAID Advisory Council minutes for 
January 29-30, 1981. (I elected not to explore DHHS archives.) 
These are the minutes that included as Attachment XI a copy of 
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the full proposal for the Program for the Accelerated Develop
ment of Vaccines submitted to DHHS in September 1980. 
Curiously, there is no mention of the DHHS request in NIAID 
Advisory Council minutes for 1979 or 1980. But there were hints 
that we were at work. A virology task force had been created in 
the fall of 1976, and its report was reviewed at the January 31-
February 1, 1980, meeting. It recommended that the areas to be 
emphasized and expanded should include live virus vaccines 
and new and improved inactivated virus vaccines. Earlier, I had 
worked with MIDP staff and Dr. Seal to prepare a listing of 
vaccines being developed by NIAID intramural and extramural 
scientists. This listing was included as Attachment II in the 
NIAID Advisory Council minutes of October 23-24, 1979. It was 
the basis for the tables submitted with the NIAID proposal, one 
of which became the prototype for the tables included in annual 
reports thereafter. 

A copy of the proposal sent by Dr. Krause to the secretary of 
DHHS in September 1980 was included in the NIAID Advisory 
Council minutes for January 29-30, 1981. The proposal included 
Dr. Seal’s description of what each agency would contribute, 
with emphasis on the need for a “different kind of interagency 
work group.” In truth, apart from meeting with the Public Health 
Service Interagency Group to Monitor Vaccine Development, 
Production and Usage, the only group that I “coordinated” was 
the MIDP staff previously noted. 

Dr. Seal described the purpose and rationale of the program in 
the introduction: 

The purpose of a new vaccine development initiative is 
to develop within the HHS a clearly identified and 
recognized, coordinated approach to the further 
conquest of vaccine preventable diseases. New 
knowledge and technology emerging from basic 
research provide new opportunities to solve problems 
that have been largely insoluble with earlier technology 
and knowledge. The incentive for expanded efforts lies 
in recombinant DNA and hybridoma technologies and 
in the better understanding of the workings of the 
immune system. The new technologies permit radically 
different approaches to the problems of immunization. 
The goal of the initiative is to expedite the availability 
of needed vaccines, and its essence is the selection of 
a few candidate vaccines for intense effort with 
additional funding so as to bring these vaccines into 
use at least several years earlier than might otherwise 
be so…Efforts also will be made to improve pertussis 
vaccine by reducing reactogenicity. 

To emphasize that progress had been made already in imple
menting the program, the submission to DHHS included the 
following: 

The Institute has held discussions with the Institute of 
Medicine (IOM) and is expecting a proposal from them 
as one step in implementing this initiative. The IOM 

has been invited to undertake the review of potentially 
vaccine preventable diseases from the standpoint of 
socioeconomic and medical needs and to assess the 
cost benefits of vaccines for each of these diseases 
and the interest of industry in developing each vaccine 
and the prospective roles of government and the 
private sector. We expect these studies to get under 
way in early calendar year 1981 with the diseases listed 
herein given first priority. Eventually all vaccine 
preventable diseases will be reviewed in this manner 
including those where the exposure may only be under 
special circumstances (e.g., veterinarians, laboratory 
workers) or in the developing countries. 

And speaking directly to the budget, the submission included 
the following regarding resources: 

The NIAID is proposing the creation of a special fund 
by FY 1984 that would represent an increase of over 
$25 million in the NIAID budget between 1981 and 
1984. This would be reflected in a total of $25 million for 
the vaccine initiative under the contracts and agree
ments area of the FY 1983 budget submission and $30 
million in FY 1974. There also would be an item of $12 
million for other vaccine development, representing 
continuing of research and development at present 
levels of effort for vaccines not included in the 
initiative. Other participating agencies would also need 
to increase their efforts and will be requesting specifi
cally identified funds as the projects to be included are 
identified. The initiative will also require an increase in 
staffing for the NIAID to manage the program. 

Six positions were described. The proposal included three 
hastily assembled tables listing the status of current vaccine 
development efforts. Tables 1, 2, and 3 are attached so that the 
reader may judge the optimism with which staff approached this 
opportunity to assist investigators to turn 59 antigens into 
vaccines for 25 diseases. 

As for resources, the $25 million plus requested was badly 
needed. When Dr. Krause arrived in 1975, the NIH budget was 
$2,108,886,000; the NIAID budget was $119,417,000. Dr. Krause 
felt that his institute’s budget had fallen behind that of certain 
others, imposing a very restrictive payline, or score, on new 
research grants. Any requests for new contract proposals from 
industry would have to be backed up by new funds. Perhaps 
there was hope. By 1981, the NIH budget request increased by 
more than $1 billion to $3,569,405,000, and the NIAID budget 
request was for $232,077,000. But in 1981, $1.62 was required to 
purchase what $1 bought in 1975. 

Since NIAID received no special appropriation of funds for its 
vaccine initiative, the program staff and contracts office had to 
apply talent and imagination to “accelerate” vaccine develop
ment. This included the wise use of seed money for contracts 
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with industry, and seeking approval of the NIAID Advisory 
Council to adjust the scores (raise to pay) of meritorious 
vaccine-related grant proposals. Somehow, vaccine research and 
development intensified, and the institute’s budget shared with 
all of NIH the admiration and generosity of Congress, particu
larly after the advent of AIDS. 

A year after the proposed initiative for the Program for the 
Accelerated Development of Vaccines was endorsed by DHHS, 
it was assumed that the new secretary, Margaret Hechler, would 
continue to support the program. In the fall of 1981, just as the 
first cases of AIDS were recognized, the professional staff of 
MIDP met for 3 days to review the status of its vaccine develop
ment program. Each program officer reviewed the diseases and 
microbes in his or her portfolio, after which a consensus was 
reached as to those vaccines that should be assigned priority 
for accelerated development. Following review and discussion 
of more than 30 agents or groups of agents, excluding influenza, 
the staff updated three developmental listings: 1) Development 
completed, ready for expanded clinical trials; 2) encouraging 
progress made, further development needed; and 3) early 
development, basic studies in progress. Concurrently, the 
agents were placed in three categories for phased, sequential 
study: 1) Diseases for which safe, effective vaccines do not now 
exist, but that result in high morbidity, mortality, or socioeco
nomic costs in the U.S. population in general; 2) diseases of 
importance to special subsets of the U.S. population; and 3) 
diseases of importance to developing nations. 

Next, the diseases were ranked according to priority of need in 
the United States and developing countries, and then ranked 
according to technical feasibility and the prospects for acceler
ated development using new and emerging technology. A 
consensus was reached as to how these rankings should be 
integrated. On this basis, MIDP staff assigned priority to 10 
agents or agent pairs, 5 for use in the United States and 5 for use 
in developing countries, as follows: 

United States Developing Countries 

1. H. influenzae 1. Malaria 

2. Gonococcal 2. Typhoid/Escherichia coli 

3. Parainfluenza/Respiratory 3. Leprosy 
Syncytial Virus (RSV) 

4. Pertussis (improved) 4. Streptococcal, group A 

5. Rotavirus 5. Shigella 

As proposed, in the fall of 1982, the IOM of the National 
Academy of Sciences was asked to undertake a review of 
potential vaccine-preventable diseases from the standpoint of 
socioeconomic and medical needs and for an assessment of the 

cost/benefit ratios of vaccines for each of these diseases to 
assist NIAID in setting priorities for development and to 
develop for NIAID a new model system for the decisionmaking 
process that can be applied to the setting of priorities in the 
future. AIDS was excluded because high priority had been 
assigned already to development of an HIV vaccine, and the 
secretary soon announced, with Dr. Robert Gallo at her side, that 
such a vaccine would be available in 2 years. IOM created a 
committee of 17 scientists under the chairmanship of Dr. Sam 
Katz, to be assisted by 6 consultants; a fine IOM staff under 
study director Dr. Roy Widdus; and liaison members from CDC, 
FDA, and the Army. The committee developed a method for 
ranking diseases of domestic importance based on a quantitative 
model in which vaccine candidates were ranked according to 
two principal characteristics: Expected health benefits (reduction 
of morbidity and mortality) and expected net savings of health 
resources. One vaccine automatically ranked higher on the 
priority list than another if it produced greater health benefits 
and greater savings. If a vaccine produced greater benefits but 
cost more (or produced a smaller savings), then a policy 
judgment was required to decide whether the additional benefits 
justified the extra expenditure. The method was applied to 14 
diseases of importance in the United States and for which new 
or improved vaccines were judged technically feasible within the 
next decade (17). 

The same IOM committees assisted by 18 consultants next 
considered diseases of importance in developing countries. The 
same method was applied to 29 vaccine candidates for 19 
diseases of importance in such countries, where, as before, new 
or improved vaccines were judged technically feasible within the 
next decade. The five priority vaccines in each category are 
listed below with the dates when each study was completed 
rather than the publication date for comparison with the above 
MIDP listing of 1981 (18). 

United States, 1984 Developing Countries, 1985 

Hepatitis B (rDNa) Malaria 

RSV (attenuated/live) Malaria (sporozoite) 

H. influenzae type b (Hib) Rotavirus (three candidates) 

Influenza (attenuated/live) Typhoid (Ty21a) 

Varicella Shigella 

As noted previously, high priority had been assigned already by 
NIAID to AIDS and improved pertussis vaccines. 

Before the two IOM reports were received, the first progress 
report on the Program for the Accelerated Development of 
Vaccines prepared by MIDP staff in November 1982 was 
submitted to the institute’s Advisory Council in January 1983. It 
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was Dr. John La Montagne, under whom MIDP became DMID, 
who named the 1992 annual report for me, and it has continued 
to flourish under his leadership and that of his successor Dr. 
Carole Heilman with the editorial guidance of a sequence of staff 
members: Dr. Gina Rabinovitch, Dr. Phil Baker, Dr. Bruce Gellin, 
and Dr. Mike Gerber. The current issue has been assembled and 
edited by our first professional writer, Sarah Landry, to whom I 
am most grateful. 

Because of the thoughtful, sometimes tedious, work of MIDP 
staff, the annual report became increasingly popular and was 
distributed well beyond the Advisory Council. Before my 
retirement in 1987, Dr. Joseph L. Melnick, then Editor of Progress 
in Medical Virology, asked me to describe the Program for the 
Accelerated Development of Vaccines as it applied to new viral 
vaccines. I did so (Progress in Medical Virology, Vol. 35, pp. 1-20, 
Krager, Basel 1988) in the first publication about the program 
other than the IOM publications (19). The report remains its own 
best proponent. 

How is it that I am able to write this piece 14 years after I retired 
at age 70 shortly after Dr. Anthony Fauci succeeded Dr. Krause 
as Director of NIAID? Dr. Fauci found an emeritus spot for me as 
a volunteer and housed me along with DMID staff as it more 
than doubled in size and moved from one satellite building to 
another. I also kept up with science by serving on an IOM 
committee created at the request of Dr. Kenneth Bart to review 
the program of its Board of Science and Technology for Interna
tional Development for the study of respiratory infections in 
developing countries. 

Dr. Bart next asked me to make a presentation at a symposium he 
was organizing on vaccines that would not become available in 
the next decade. The resulting publication reviewed the stages 
of vaccine development and reproduced tables from each of the 
two IOM reports that listed vaccines predicted to be available 
within a decade (20). These are reproduced as Tables 4 and 5. 
After reviewing impediments to development, I provided a table 
of diseases for which vaccines are not likely to be available in 
the next decade. This is reproduced as Table 6. I then served as 
a part-time consultant to the newly created National Vaccine 
Program Office (NVPO), first under the directorship of Dr. 
Anthony Robbins and then Dr. Bart. NVPO staff members at this 
time included Dr. Roy Widdus, now at WHO in Geneva; Dr. 
Richard Walker, now at FDA; and Dr. Feng Ying C. Lin, now with 
the National Institute of Child Health and Human Development 
(NICHD). USAID was still accepting proposals for vaccine 
research and needed an unbiased review process. Dr. Bart 
created the Consultative Group for Vaccine Development 
(CGVD) with me as the chairman. One of the members was Dr. 
Gerald Keusch who succeeded me as chairman and is now 
Director of the Fogarty International Center. Meetings of the 
CGVD served as a lively forum for discussion of global vaccines 
until USAID decided to use its funds for other purposes. 

I continue as an observer of vaccine-related activities and will 
complete this summary of the first 20 years of efforts to acceler
ate vaccine development before considering the accomplish
ments of the program. As noted, NIAID periodically seeks 
advice and guidance from consultants. Two such groups were 
called on before the millennium. 

On March 26, 1993, Dr. Fauci convened a blue ribbon panel to 
assist in assessing long-term goals for vaccine research and to 
recommend priorities for the area of anticipated resources for 
fiscal year 1993 and fiscal year 1994. The panel categorized six 
research objectives, each to be implemented by three to five 
initiatives, all focused primarily on research to accomplish three 
priorities: 

1. Develop children’s vaccines 
2. Improve vaccine safety 
3. Develop vaccines for emerging infectious diseases 

One year later, Dr. Philip R. Lee, then Assistant Secretary for 
Health and Director of the National Vaccine Program, issued the 
“U.S. National Vaccine Plan—1994: Disease Prevention Through 
Vaccine Development and Immunization” (21). It included a 
summary of the report of the blue ribbon panel as Appendix 6, 
and a list of licensed vaccines currently distributed in the United 
States that contained two new vaccines licensed since the 
NIAID program began in 1981: Hib conjugate and typhoid 
vaccine live oral Ty21a. 

In these same years, IOM and its assembled experts continued 
to be of great help to the Federal Government by providing 
objective reviews of adverse events associated with pertussis 
and rubella vaccines (22), childhood vaccines (23), and a new 
analysis of the relationship between diphtheria and tetanus 
toxoids and whole-cell pertussis (DTP) vaccine and nervous 
system dysfunction (24). A recent report rejected measles 
vaccines as a cause of autism (25). 

In 1995, NIAID commissioned IOM to conduct a followup on the 
two reports issued 10 years earlier. This report (26) was to 
consider only vaccines directed against conditions of domestic 
health importance that could be developed within 20 years, so it 
began by listing the status of domestic candidate vaccines 
prioritized in 1985 (Table 4) and predicted to be completed within 
10 years. Those licensed included Hib glycoconjugates men
tioned above, plus hepatitis B recombinant, hepatitis A, vari
cella, and acellular pertussis. It was noted that a live-attenuated 
rotavirus vaccine had been licensed, but sale of this vaccine has 
been suspended in the United States. Also noted was the fact 
that a cold-adapted, live-attenuated vaccine for influenza viruses 
A and B was in phase III trials. These trials have now demon
strated safety and effectiveness in children and adults, and an 
application for licensure is pending. Of the candidate vaccines 
for international use listed in Table 5, only typhoid Ty21a and 
conjugated pneumococcal polysaccharide have been licensed in 
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the United States. One other domestic disease whose infectious 
agent was discovered in 1981—Lyme disease and Borrelia 
burgdorferi—can now be added to the licensed vaccines list. 

Thus, it is now possible to list in Table 7 the new vaccines 
(excluding combinations) that have been licensed since the 
Program for the Accelerated Development of Vaccines was 
initiated by NIAID 20 years ago. 

In total, 12 new vaccines for 10 diseases have been licensed in 
the last 20 years. One of them, Japanese B encephalitis, is 
produced in Japan; we claim no credit for it. Another, Hib 
polysaccharide, has been replaced by the Hib conjugate with 
dramatic results. The pneumococcal conjugate, based on the Hib 
technology pioneered by Dr. John Robbins of NICHD, is a more 
potent immunogen in children and has been effective in prevent
ing otitis media. As for typhoid, trials that compare the two 
vaccines, or a combination of the two, are needed. It must be 
acknowledged that Ty21a was produced by the Swiss Serum and 
Vaccine Institute and tested by Dr. Myron Levine with the 
support of the Department of Defense. The Vi polysaccharide 
also was developed at the initiative of Dr. Robbins and is 
produced by Pasteur Merieux Serum et Vaccine. They have 
replaced the much more reactogenic whole-cell typhoid vaccine 
that has been in use since it was made compulsory for the Army 
and Navy in 1911. And, of course, acellular pertussis antigens 
have been successfully combined with diphtheria and tetanus 
toxoids to produce a less reactogenic DTP vaccine. Of the two 
hepatitis vaccines, recombinant B has been successfully 
integrated into the childhood schedule while the A vaccine, now 
mostly limited to world travelers, deserves more widespread use. 
Use of varicella vaccine is now routine for children and is being 
evaluated for the prevention of herpes zoster (shingles) in older 
adults. Finally, Lyme disease vaccines are of note because of the 
time—8 years—from discovery of the organism by a NIAID 
scientist to licensure. A fear of the disease in endemic areas that 
were predominantly well off provided a market. In terms of 
“acceleration” of the 10 vaccines, I believe NIAID is entitled to 
claim a major role in the development of at least four: Pneumo
coccal, Hib, pertussis, and varicella. It certainly can claim the 
soon-to-be-licensed live-attenuated trivalent influenza vaccine 
as its own. My personal reflections on the history of some of 
these vaccines will be reviewed in relevant chapters of this 
report. 

In Vaccines for the 21st Century: A Tool for Decision Making 
(26), the IOM committee briefly considered factors hindering 
progress toward licensure for vaccines listed in Table 4 and 
noted that the 1985 report was overly optimistic about how long 
it would take for licensure. Its present analysis includes a longer 
timeframe and should be a valuable resource for continuing 
vaccine development efforts because it includes a full analysis 
for each of 26 candidate vaccines. The scope of the most recent 
IOM report was extended at NIAID’s request beyond infectious 
diseases to include vaccines against chronic conditions such as 

cancer and autoimmune diseases. As before, HIV vaccines were 
excluded, and this time the new committee, under Dr. Kathleen 
Stratton as Study Director, elected not to use the computer 
program of the prior committee, but developed a quantitative 
model that used as its primary measure a cost-effectiveness ratio 
of quality of life year (QALY) gained. Vaccines were ranked 
within four different categories from most favorable to less 
favorable based on cost of QALY saved. I have elected to 
reproduce only the highest category here: 

Category I Most Favorable Saves Money and QALYs 

• Cytomegalovirus vaccine administered to 12-year-olds 

•	 Influenza virus vaccine administered to the general popula
tion (once per person every 5 years or one-fifth of the 
population per year) 

• Insulin-dependent diabetes mellitus therapeutic vaccine 

• Multiple sclerosis therapeutic vaccine 

• Rheumatoid arthritis therapeutic vaccine 

•	 Group B streptococcus vaccine to be administered to women 
during pregnancy and to high-risk adults 

•	 S. pneumoniae vaccine to be given to infants and to 65-year-
olds 

Those interested in vaccine research, development, and 
marketing will find it useful to examine the other three categories 
of the IOM report. A candidate vaccine—B. burgdorferi—in 
Category IV (less favorable) has been marketed already. An 
understanding of the role of NIAID initiatives and support 
described in the chapters of the Jordan Report also should be 
helpful. 

SUMMARY 

What remains to be said about a program that began with great 
expectations and little funding? The program did not live up to 
Dr. Seal’s expectations, to mine, or to those of consultants 
assembled by IOM. “Acceleration” is a relative term when 
applied to vaccine development, and expectations were unrealis
tic. It is hard to develop a vaccine, get it licensed, and move it to 
the market—consider AIDS, for example. Vaccine development 
requires patience and persistence on the part of the investigator 
and continuing support from the funding agencies. As is evident 
from this history, it requires close collaboration among NIAID, 
FDA, and industry. Vaccine is international in scope. Acellular 
pertussis vaccines were successfully tested in Italy and Sweden. 
Two vaccines to which NIAID contributed much, acellular 
pertussis and varicella, were pioneered by Japanese scientists. 
Vaccine development requires communication; neither Dr. Glasso 
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nor I knew that acellular pertussis vaccine was being adminis
tered already to Japanese children when we prepared Table 3. 
The United States-Japan Cooperative Medical Sciences Program 
did not create panels on acute respiratory infections until 
several years after I retired. We could be criticized for waiting 2 
years before seeking a contractor to produce such a vaccine for 
the United States. 

Fortunately, there is no shortage of talk about vaccines. This, if 
not licensure, accelerated in the last 20 years. During this time, 
two private agencies—the National Foundation for Infectious 
Diseases and the Sabin Vaccine Institute—emerged as champi
ons of vaccine research, development, and use. The Interna
tional Society for Vaccines was created, faltered, and was 
revived. There are now many national and international confer
ences and congresses for the review of promising vaccines. At 
one such meeting, I heard Dr. Stanley Plotkin deliver the paper 
that he kindly agreed to include in this edition of the Jordan 
Report. I am most grateful to him and to the other authors for 
their thoughtful contributions. While staff members were 
assembling this report and soliciting these contributions to 
reflect recent advances in vaccinology and immunology, 
Dr. Gordon Ada, a long-time friend and contemporary, published 
the summary that I did not write (27). 

Finally, I am happy to report that vaccinology—a term I first 
heard used by Jonas Salk and one that, I am told, was consid
ered but rejected for the title of the journal Vaccine—is so 
flourishing that it requires a 7-pound book (28) to record its 
progress. The Bill & Melinda Gates Foundation has contributed 
large sums to target the development of AIDS, malaria, and 
tuberculosis vaccines. Because of AIDS, NIH has a new Vaccine 
Research Center. The budget has been expanded greatly. 

Unfortunately, the infrastructure for vaccine production has not 
experienced the increased attention that has been given to 
vaccine development. There were 18 vaccine manufacturers in 
the United States in 1979; there are only 4 major ones today. 
Tetanus toxoid, one of the earliest effective vaccines, is in short 
supply because it is now made by only one company (Aventis 
Pasteur). Once again, influenza vaccine must be rationed in the 
fall. In recent years, scientists and administrators have not 
heeded the lessons of the past; history is now repeating itself 
because the adenovirus vaccine that once prevented the 
epidemics of acute respiratory disease peculiar to military 
recruits is no longer manufactured. Vaccines are the most 
powerful tools of preventive medicine. Once developed, ways 
must be found to assure their production and delivery to all U.S. 
citizens at appropriate ages. 

In conclusion, I express my gratitude for the privilege of being 
taught by and working with outstanding scientists and profes
sional associates. On behalf of DMID/NIAID and the entire 
vaccine community, I express admiration and thanks for the fine 
contributions made by Dr. Roy Widdus, Dr. Kathleen Stratton, 

and the staff of IOM, and by the members of the many consult-
ant groups assembled by them in fulfillment of NIAID contracts, 
a process that continues. 

END NOTE 

Dr. John R. Seal retired on September 30,

1981, shortly after the proposed initiative

drafted by him had been accepted by

DHHS. He served in the Navy with

distinction as a medical officer in World

War II and joined NIAID in 1965. His 16

years of service to NIAID consisted of

10 years as Scientific Director and 6

years as Deputy Director. He died in

August 1984 and is buried in Arlington

National Cemetery. With the concurrence Dr. John R. Seal

of Dr. Carole Heilman, Dr. John La Montagne, and Dr. Anthony

Fauci, this issue of the Jordan Report is dedicated to the memory

of Dr. John R. Seal.


Table 1: Development Completed 
Ready for Expanded Clinical Trials 

Influenza A and B 
Attenuated (Cold-adapted and ts) 
Licensed, Inactivated 

Hepatitis B 
Purified HBSAg, Inactivated 

Varicella 
Attenuated 

Rocky Mountain spotted fever 
Inactivated, whole cell 

Haemophilus influenzae type b 
Polysaccharide mixed with whole pertussis cells 

Note: Tables 1, 2, and 3 are from 1980 proposal to DHHS 

References 
1 Dingle, J. H., & Fothergill, L. D. (1938). A fatal disease of 
pigeons caused by the virus of the eastern variety of equine 
encephalomyelitis. Science, 88, 549-550. 

2 Commission on Acute Respiratory Diseases. (1947). Experimen
tal transmission of minor respiratory illness to human volunteers 
by filter-passing agents. II. Immunity on reinoculation with 
agents from two types of minor respiratory illness and from 
primary atypical pneumonia. Journal of Clinical Investigation, 26, 
974-982. 
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Table 2: Further Development Needed 
Encouraging Progress Made 

Hepatitis B 
Polypeptide 

Rotavirus 

Live, whole virus, type 2 
Bovine, whole virus, live 

Cytomegalovirus 
Attenuated 

Neisseria meningitidis 
Group B protein 

N. meningitidis 
Group B protein 
polysaccharide complex 

N. meningitidis 
Group C variant, polysaccharide 

Neisseria gonorrhoeae 
Pili 
Protein I (POMP) 

Vibrio cholerae 
Killed 
Attenuated 

Escherichia coli 
Pili, type 1 
Colonizing factor CFA1 

Streptococcus pneumoniae 
Capsular polysaccharide (licensed) 

Streptococcus - Group B 
Cell wall, polysaccharide 

3 Hilleman, M. R., & Werner, J. H. (1954). Recovery of a new 
agent from patients with acute respiratory illness. Proceedings 
of the Society for Experimental Biology and Medicine, 85, 183-
188. 

4 Chanock, R. M., Ludwig, W., Huebner, R. J., Cate, T. R., & Chu, 
L-W. (1966). Immunization by selective infection with type 4 
adenovirus grown in human diploid tissue culture. I. Safety and 
lack of oncogenicity and tests for potency in volunteers. Journal 
of the American Medical Association, 195, 345-352. 

Table 3: Early Development 
Basic Studies 

Respiratory syncytial virus Haemophilus influenzae type b 
Subunit* Polysaccharide complexed 

with protein 
Parainfluenza virus 1, 2, 3 

Subunit* Bordetella pertussis 
Subcellular antigens 

Adenovirus 5 
Subunit* Pseudomonas 

Cell wall extract 
Hepatitis A Polysaccharide 

Live, attenuated* 
Streptococcus - group A 

Hepatitis B M. protein 
Subunit* (DNA M. protein purified 
recombinant) 

Toxoplasma 
Rotavirus Inactivated 

DNA recombinant Attenuated 

Herpes simplex, types 1 and 2 Schistosoma 
Subunit* Irradiated cercariae 

Schistosomular antigens 
Epstein-Barr 

Subunit* Malaria 
Gametes 

Escherichia coli Asexual stages 
Attenuated Sporozoites 
ATT.LT-B DNA 
recombinant Trypanosoma 
Colonizing factor CFA 2 Surface antigen 

Vibrio cholerae Leishmania 
Crude toxin Surface antigen 
Flagellar

B-Subunit toxin Filaria

Protease Microfilaria surface


antigen 

*Basic research on suitable antigens in progress 

5 Chanock, R. M., Hayflick, L., & Barile, M. F. (1962). Growth on 
artificial medium of an agent associated with atypical pneumonia 
and its identification as a PPLO. Proceedings of the National 
Academy of Sciences, 48, 41-48. 

6 Saunders, G. M., Bianco, A. A., & Jordan, W. S., Jr. (1946). 
Intradermal tests with “Dirofilaria Immitis” antigen as a diagnos
tic aid in filariasis. U.S. Navy Med. Bull., 46, 1242-1253. 

7 Prouty, R. L., & Jordan, W. S., Jr. (1956). A family epidemic of 
psittacosis with occurrence of a fatal case. Archives of Internal 
Medicine, 98, 365-371. 
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Table 4: Vaccines for Domestic Use Predicted by the 
Institute of Medicine to be Available Within a Decade 

8 Jordan, W. S., Jr., Pillemer, L., & Dingle, J. H. (1951). The 
mechanism of hemolysis in cold hemoglobinuria. I. The role of 
complement and its components in the Doneth-Landesteiner 
reaction. Journal of Clinical Investigation, 30, 11-21. 

9 Dingle, J. H., Badger, G. F., & Jordan, W. S., Jr. (1964). Illness in 
the home. Cleveland, OH: Press of Western Reserve University. 

10 Ginsberg, H. S., Badger, G. F., Dingle, J. H., Jordan, W. S., Jr., & 
Katz, S. (1955). Etiologic relationship of the RI-67 agent to acute 
respiratory disease (ARD). Journal of Clinical Investigation, 34, 
820-831. 

11 Jordan, W. S., Jr., Badger, G. F., & Dingle, J. H. (1958). A study 
of illness in a group of Cleveland families. XV. The acquisition of 

adenovirus antibodies in the first five years of life; implications 
for the use of adenovirus vaccine. New England Journal of 
Medicine, 258, 1041-1044. 

12 Jordan, W. S., Jr., Stevens, D., Katz, S., & Dingle, J. H. (1956). 
A study of illness in a group of Cleveland families. IX. Recogni
tion of family epidemics of poliomyelitis and pleurodynia during 
search for respiratory disease viruses. New England Journal of 
Medicine, 254, 687-691. 

13 Chanock, R. M. (1956). Association of a new type of cyto
pathic myxovirus with infantile croup. Journal of Experimental 
Medicine, 104, 555-576. 
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Table 5: Vaccines for International Use Predicted by the 
Institute of Medicine to be Available Within a Decade 

14 Jordan, W. S., Jr., Gordan, I., & Dorrance, W. R. (1953). A 
study of illness in a group of Cleveland families. VII. Transmis
sion of nonbacterial gastroenteritis; evidence for two different 
etiologic agents. Journal of Experimental Medicine, 98, 461-475. 

15 Denny, F. W., Wannamaker, L. W., Brink, W. R., Rammelkamp, 
C. H., Jr., & Custer, E. A. (1950). Prevention of rheumatic fever. 
Treatment of the preceding streptococcic infection. Journal of 
the American Medical Association, 143, 151-153. 

16 Gwaltney, J. M., Jr., Handley, J. O., Simon, G., & Jordan, W. S., 
Jr. (1966). Rhinovirus infections in an industrial population. I. 
The occurrence of illness. New England Journal of Medicine, 
275, 1261-1268. 

17 Institute of Medicine. (1985). New vaccines development: 
Establishing priorities, Vol. 1. Diseases of importance in the 
United States. Washington, DC: National Academy Press. 

18 Institute of Medicine. (1985). New vaccines development: 
Establishing priorities, Vol. 2. Diseases of importance in develop
ing countries. Washington, DC: National Academy Press. 

19 Jordan, W. S., Jr. (1988). Program for the accelerated develop
ment of new viral vaccines. Progress in Medical Virology, 35, 1-20. 

20 Jordan, W. S., Jr. (1989). Impediments to the development of 
additional vaccines: vaccines against important diseases which 
will not be available in the next decade. Rev. Inf. Dis., 11(3), 
55603-55612. 

21 Department of Health and Human Services/Public Health 
Service/National Vaccine Program Office. (1994). The U.S. 
National Vaccine Plan—1994: Disease prevention through 
vaccine development and immunization. 

15




History and Commentary 

Table 6: Examples of Diseases for Which 
Vaccines Are Not Likely To Be Available in the Next Decade 

I. Ocular infections V. Genitourinary tract infections 
A. Conjunctivitis A. Sexually transmitted 

1. Adenoviruses 1. Treponema pallidum 
2. Echovirus 70 2. Chlamydia trachomatis 

B. Blindness 3. Haemophilus ducreyi 
1. Chlamydia trachomatis B. Other 
2. Onchocerca volvulus Schistosoma haematobium 

II. Acute respiratory infections VI. Nervous system infections 
A. Upper A. Meningitis, viral 

1. Coronaviruses 1. Coxsackieviruses 
2. Coxsackieviruses 2. Echoviruses 
3. Rhinoviruses B. Encephalitis 

B. Lower 1. Arboviruses 
1. Klebsiella pneumoniae 2. African trypanosomiasis 
2. Legionella species a. Trypanosoma brucei gambiense 
3. Mycoplasma pneumoniae b. Trypanosoma brucei rhodesiense 

III.Gastrointestinal infections VII. Cutaneous infections 
A. Diarrhea, viral A. Treponema pertenue 

Norwalk agent B. Leishmaniasis 
B. Diarrhea, bacterial 1. Leishmania tropica 

Salmonella, nontyphoid 2. Leishmania major 
C. Diarrhea, parasitic 3. Leishmania braziliensis 

1. Entamoeba histolytica 4. Leishmania mexicana 
2. Giardia lamblia VIII. Systemic infections 

IV. Liver infections A. Leishmaniasis, visceral 
A. Hepatitis, non-A, non-B 1. Leishmania donovani 

1. Epidemic type 2. Leishmania infantum 
2. Posttransfusion type 3. Leishmania chagasi 

B. Schistosomiasis B. Filiariasis 
1. Schistosoma mansoni 1. Wuchereria bancrofti 
2. Schistosoma japonicum 2. Brugia malayi 

3. Brugia timori 
C. Epstein-Barr virus 

22 Institute of Medicine. (1991). Adverse effects of pertussis and 
rubella vaccines. Washington, DC: National Academy Press. 

23 Institute of Medicine. (1994). Adverse events associated with 
childhood vaccines: Evidence bearing on causality. Washington, 
DC: National Academy Press. 

24 Institute of Medicine. (1994). DPT vaccine and chronic 
nervous system dysfunction: A new analysis. Washington, DC: 
National Academy Press. 

25 Institute of Medicine. (2001). Immunization safety review: 
Measles-mumps-rubella vaccine and autism. Washington, DC: 
National Academy Press. 

26 Institute of Medicine. (2000). Vaccines for the 21st century: A 
tool for decision making. Washington, DC: National Academy 
Press. 

27 Ada, G. (2001). Vaccines and vaccination. New England 
Journal of Medicine, 345, 1042-1053. 

28 Levine, M. W., Woodrow, G. C., Kaper, J. B., & Cobon, G. S. 
(Eds.). New generation vaccines (2nd ed.). New York: Marcel 
Decker. 
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Table 7: New Vaccines Licensed 
in the United States Since 1981 Author’s Biography 

William Jordan, M.D. 

Dr. Jordan has had a distin
guished career in preventive 
medicine as a physician, 
teacher, and researcher in 
infectious diseases. He 
devoted his professional life to 
advancing research on 
infectious diseases and gave 
impetus to national and global 
disease prevention strategies 
by promoting research into 
vaccine development. 

While at the Department of Preventive Medicine at 
Western Reserve University, Dr. Jordan played a pivotal 
role in the landmark Cleveland Family Study, the outcome 
of which was summarized in the book Illness in the Home. 
He later chaired the Department of Preventive Medicine at 
the University of Virginia, and the university established 
the William S. Jordan, Jr. Professorship of Medicine in 
Epidemiology. 

From 1976 to 1987, Dr. Jordan served as Director of the 
Microbiology and Infectious Diseases Program (now the 
Division of Microbiology and Infectious Diseases) at the 
National Institute of Allergy and Infectious Diseases 
(NIAID) of the National Institutes of Health (NIH). A key 
part of his mission at NIAID, where he remains active today 
on a voluntary basis, was stimulating vaccine research. He 
launched NIAID’s Program for the Accelerated Develop
ment of Vaccines in 1981 and created an annual report to 
review progress in vaccine research—now known as The 
Jordan Report. 
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In science, it is particularly difficult to give ratings, as discover- Recently, two companies have licensed vaccines containing 

The Ten Most Important Discoveries in Vaccinology During the 
Last Two Decades 
Stanley A. Plotkin, M.D. 

ACELLULAR PERTUSSIS VACCINES 

The idea of extracting protective antigens from pertussis 
organisms goes back to the 1960s. Workers in the United States 
and in Japan succeeded in isolating purified pertussis toxin and 
filamentous hemagglutinin in the early 1980s. However, acellular 
vaccines only came into their own in the 1990s. 

The success of the acellular vaccines has had several beneficial 
byproducts. First, substitution of acellular for whole cell 
vaccines in most developed countries has eliminated the 
constant irritation of a vaccine that was highly reactogenic, even 
if permanent sequelae from the vaccine were exceedingly rare. 
For example, hypotonic hyporesponsive episodes were frighten
ing, causing dissatisfaction with the vaccine despite the 
absence of sequelae. Second, the results of testing showed that 
purified antigens could protect vaccinees as well as suspen
sions of Bordetella bacteria, or more accurately that one could 
reconstitute protection using defined proteins. Vaccines 
containing from one to five antigens showed protection 
compared to placebo, but these data raised a heated contro
versy, fueled by commercial interests, as to the vaccines’ relative 
importance. It is true that only the five-component vaccine, 
which contained all the known protective factors, was statisti
cally proven to match the protection afforded by a good whole 
cell vaccine, but nevertheless, all acellular vaccines were 
efficacious. Third, the success of acellular vaccines provided a 
platform for pediatric combination vaccines based on purified 
pertussis proteins, rather than a mixture of pertussis bacteria. 

COMBINATION VACCINES 

The second important recent discovery was how to combine 
pediatric vaccines. It may seem strange to name combinations as 
a recent discovery, since Ramon combined diphtheria and 
tetanus toxoids in the 1920s, and diphtheria and tetanus toxoids 
and whole-cell pertussis (DTP) is itself a combination vaccine. 
However, more inclusive combinations are a major advance in 
vaccinology, removing the impediment of multiple injections and 
making room for newer valences in the pediatric schedule. 

diphtheria, tetanus, pertussis, Haemophilus influenzae type b 
(Hib), inactivated poliovirus (IPV), and hepatitis B in Europe. 
Despite the problem of interference between acellular pertussis 
and Hib vaccines, these combinations are apparently successful. 
Another combination, used in Canada, shows no interference 
problem. It is hoped that all of these combinations will be 
licensed in the United States. 

Combination vaccines have facilitated the resurrection of IPV. 
The predictable occurrence of vaccine-associated paralytic 
poliomyelitis (VAPP) cases after oral poliovirus (OPV) vaccine 
has become a problem, even in developing countries. VAPP can 
be avoided by using IPV. The inclusion of purified, concentrated 
IPV in pediatric combination vaccines reduces the costs of 
vaccine purchase and administration to a significant degree. 

VARICELLA VACCINE 

Varicella vaccine took 20 years to develop, and finally achieved 
wide use in the mid 1990s. The licensure of varicella vaccine is 
significant in two respects. First, it offers control of the last 
major exanthem of childhood, which although usually self-
limited, contributes significantly to life-threatening streptococcal 
sepsis, encephalitis, and pneumonia. Second, it is the first 
vaccine licensed for a human herpes group virus, offering 
prevention or moderation of primary disease and perhaps 
prevention of reactivated infection in the form of zoster, the 
virus responsible for shingles. 

LIVE INFLUENZA VACCINE 

Once again, this is a vaccine with deep roots in history. The idea 
of using attenuated mutant viruses given intranasally has been 
around for some time and actually was used in the former Soviet 
Union and in Japan. However, prior data concerning effective
ness were of poor quality and unconvincing. More recently, the 
strains developed by cold-adaptation and reassortment have 
been subjected to more thorough tests, with excellent results. 

Trials in children have shown high efficacy, and trials in adults 
have shown a synergistic effect of live vaccine on immunogenic
ity of killed virus. The potential of the live vaccine is enormous. 
Universal vaccination of infants might control the reservoir of 
influenza in school children, thus offering protection to young 
siblings and elderly grandparents. If they too receive live 
vaccine, the grandparents themselves could profit from an 
augmentation in the efficacy of killed vaccine, which is not 
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always high when the epidemic strain differs from that in the 
vaccine. 

If live vaccine can be produced in sufficient quantity, it offers 
the best hope of aborting a pandemic caused by a new strain of 
influenza. Seed strains containing hemagglutinin genes from all 
15 types should be prepared and stocked. 

ROTAVIRUS VACCINE 

It may be surprising to choose what may appear to be a vaccine 
failure as one of the ten most important recent discoveries in 
vaccinology. Nevertheless, there are two contradictory reasons 
for including rotavirus vaccine. First, despite the complication of 
intussusception, which caused withdrawal of the rotavirus 
vaccine based on the rhesus monkey strain, the fact is that this 
oral vaccine was shown to be highly effective against this 
serious, dehydrating disease. The protection afforded is on the 
same order as that after repeated natural infection, so it can be 
anticipated that any replicating rotavirus vaccine will also be 
protective. Thus, the second generation rotavirus vaccines now 
in clinical trial based on bovine or human strains are also likely 
to be efficacious. If that is true, and if they induce no or rare 
intussusception, the prospects for licensure in developed and 
developing countries are good. Second, the rotavirus vaccine 
marks the first occasion since the Cutter incident that a vaccine 
has been put on the market and then withdrawn because of an 
adverse reaction. This suggests that perhaps there should be an 
interval after licensure for data collection before a recommenda
tion is made for universal use of a vaccine in children. 

PROTEIN-CONJUGATED BACTERIAL 

POLYSCCHARIDES 

The roots of this discovery go back to pre-World War II, but the 
exploitation of the immunologic effect of conjugating bacterial 
polysaccharides with proteins has happened only recently. The 
1980s saw the application of this technology to Hib vaccine, 
with the first conjugate being licensed for infants in 1990. A 
reminder is not needed of the spectacular success of Hib 
vaccine, which promises to eradicate the disease and perhaps 
also the organism. 

It appears that spectacular success will also attend the pneumo
coccal conjugate vaccine. Invasive disease with bacteremia 
caused by serotypes in the vaccine is likely to be prevented 
almost completely. Localized disease such as meningitis and 
pericarditis should also disappear. 

Moreover, the vaccine trial revealed high efficacy against 
pneumonia with consolidation on x-ray, suggesting that 
pneumococcal pneumonia is more common in childhood than 
suspected. Application of the vaccine to the developing world 
could thus have great consequences on mortality, while 
application to the developed world could reduce the problem of 

antibiotic-resistant pneumococci. However, the effect of 
vaccination on the epidemiology of pneumococcal serotypes 
and the possibility of replacement by nonvaccine serotypes will 
have to be watched carefully. 

Protein-conjugated meningococcal polysaccharides are still in 
early stages, but the results with Group C conjugate in the 
United Kingdom already suggest that a large part of meningo
coccal meningitis and fulminant disease can be prevented. 

GENETIC ENGINEERING 

No doubt historians will look back at genetic engineering as one 
of the greatest discoveries of the 20th century. For 
vaccinologists, this discovery means that if one isolates the 
gene coding for a protective protein antigen, that gene can be 
inserted into cells of bacterial, yeast, or animal origin, which then 
produce the protein in large quantity. The most important result 
of this discovery thus far is the recombinant yeast that produces 
hepatitis B surface antigen, but the same technique has yielded 
antigens for Lyme disease, pertussis, and cholera vaccines 
produced in bacteria. 

ATTENUATED VECTORS 

In the 1980s, researchers determined that certain naturally or 
artificially attenuated organisms could carry genetic information 
from pathogens, and that during replication in an animal, they 
could transcribe, translate, and present that information to the 
immune system of the host. Thus, the field of vectorology was 
born. Soon virtually any organism, bacteria, virus, or parasite 
was suggested as a vector. Among the bacteria, the most 
popular vectors are Bacillus de Calmette-Guerin (BCG) and 
attenuated salmonella, whereas among the viruses, attention has 
been focused on poxviruses, adenoviruses, and alphaviruses, 
although other agents, such as Herpes simplex, adeno-associ
ated viruses, and even retroviruses, have their advocates. 

The study of vectors has evoked the concept of prime-boost. 
This is because although the vectored antigens have by 
themselves seldom given a sufficient B-cell response, the serial 
inoculation of vectors followed by proteins or plasmid DNA 
vaccines has elicited, respectively, strong B- and T-cell re
sponses. 

Poxviruses and alphavirus replicons will serve as illustrations. 
The poxviruses include vaccinia mutants, such as MVA and 
NYVAC, as well as naturally attenuated animal poxviruses. 
Recombinants are prepared from recombination events occurring 
in cells jointly infected with virus and transfected with the gene 
of interest. Canarypox is an example of a virus that replicates 
only abortively in humans. With respect to antibody production, 
the ability of poxvirus vectors to prime for antibody responses 
has been demonstrated by canarypox-HIV envelope recombi
nants, while the ability of poxviruses to stimulate strong cellular 
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immunity has been demonstrated by canarypox-CMV. 
Alphaviruses as vectors depend on the ability to insert foreign 
genes in the genome, which are reflected in pseudovirions 
produced during abortive replication. The genome of the 
alphaviruses contains nonstructural genes necessary for 
replication and the structural genes. If the structural genes are 
replaced by foreign genes, replication of pseudoparticles can be 
induced by helper constructs containing the structural genes 
but disabled from making viral RNA. The structural proteins will 
assemble themselves together with the foreign proteins. 

TRANSGENIC PLANTS AND PLANT 

VIRUSES 

The use of orally administered fruits or vegetables containing 
vaccine antigens might also be considered an example of 
vectoring. However, the idea of delivering vaccines in the food 
chain is sufficiently different to give it a place of its own. There 
are two approaches to making vaccines in plants: Plants 
transgenic for genes coding for vaccine proteins, or chimeric 
plant viruses containing the same genes. Clinical trials have 
shown responses to a variety of antigens produced in plants, 
including Escherichia coli labile toxin, hepatitis B surface 
antigens, and rabies glycoprotein. 

Developments in this field continue to be promising and already 
have begun to change ideas about the immunology of the 
gastrointestinal tract. If it can be discovered how to stimulate 
immunity to the antigens of pathogens without breaking 
tolerance against food antigens, plant or plant virus recombi
nants may become effective vaccine strategies. 

This will require considerable immunologic effort, but my great 
hope for the new century is that immunologists will make more 
contributions to vaccinology. We know little about the mecha
nisms of antigenic dominance, adjuvants, interference, priming, 
and many other aspects of immune stimulation that could be 
used. 

NAKED DNA 
Naked DNA is the slang term for foreign genetic information 
inserted into a bacterial plasmid that is expressed on injection 
into the muscle or skin of the host. Antigen is produced in the 
muscle cell, but the antigen must be processed in bone marrow 
cells to achieve an immune response. In animals, superb 
responses have been generated after intramuscular and gene 
gun injection, but results in humans have thus far been some-
what disappointing when DNA is used alone. 

Whether a DNA vaccine will be licensed depends on the 
answers to several questions: 

1. Will intradermal or transcutaneous administration of DNA 
result in good antibody responses in humans? 

2. Will an adjuvant be found to reduce the amount of DNA 
needed to obtain responses? 

3. Will prime-boost combinations of DNA with other forms of 
vaccination give a complete immune response, that is, strong 
cellular responses and antibodies when needed? 

The answers to these questions are likely to come earliest from 
studies of HIV and malaria vaccines. 

Even if DNA never achieves the status of a vaccine for a 
particular infection, it already has had tremendous heuristic 
value as a tool for identifying protective antigens. As more and 
more pathogens are sequenced, their genes can be identified 
and tested for protection in animal models. This will simplify the 
selection of protective antigens that might have escaped 
attention otherwise. This strategy has already proven useful for 
the development of experimental vaccines against Group B 
meningococci and Chlamydia pneumoniae. 

THE NEXT 10 YEARS 
After looking backward, some predictions about the next 
decade include: 

1. A new rotavirus vaccine will be licensed. 

2. A meningococcal B vaccine based on mixtures of 
outer membrane proteins will be licensed. 

3. Influenza will be controlled by the use of killed and 
live vaccines. 

4. An HIV vaccine will show partial efficacy, but efforts 
to use it will be slowed by social factors. 

5. Oral vaccines against enterotoxigenic E. coli and 
Shigella will be available for travelers. 

6. Female adolescents will be immunized against some 
types of papillomavirus, cytomegalovirus, and Herpes 
simplex type 2. 

7. A prophylactic vaccine will be used for those at high 
genetic risk of at least one chronic disease. 

8. The varicella vaccine will be given to adults to modify 
the severity of herpes zoster. 

9. High-risk patients with chronic diseases will be 
immunized against some nosocomial pathogens, like 
staphylococci and Pseudomonas. 

10. Acellular pertussis vaccine will be recommended for 
newborn infants and adolescents. 
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Vaccines and the Vaccine Enterprise: Historic and Contemporary 
View of a Scientific Initiative of Complex Dimensions 
Maurice R. Hilleman, Ph.D., D.Sc. 

INTRODUCTION which replaced the idealism and humanitarianism of the past. 

The modern era biologics enterprise began about 1950 and was 
built upon knowledge, concept, and technology developed 
during the previous century and a half. Progress during the 
entire two centuries of vaccine evolvement came in intermittent 
spurts that reflected mainly technologic advances, which 
created new feasibilities for vaccines. The present report is 
based mainly on the author’s knowledge, experiences, and 
viewpoint gained during nearly six decades of engagement in 
academia, government, and industry. The focus is on history, 
technologic advance, and policy matters. (1-5) 

BEGINNINGS 
The foundations for prevention of diseases by vaccines were 
laid in the concepts and beliefs of ancient peoples (1, 3) who 
noted that certain clinically definable diseases were contagious, 
and that, for some, a first experience imparted immunity against a 
second exposure. Such observations must have led to the 
ancient Chinese practice of variolation in which artificial 
inoculation of pus taken from a patient with smallpox led usually 
to a modified disease and imparted immunity against subsequent 
natural exposure. This practice was introduced into England in 
the early 1700s by Lady Mary Wortley Montagu (2). 

A folklore developed during the late 1700s that was based on the 
observation that mild disease following infection with cowpox of 
cattle prevented smallpox of man. This led to the practice, by 
some, of purposeful human inoculation (vaccination) of cowpox 
pus. The practices of variolation and vaccination led to the first 
scientific studies of the phenomenon by Edward Jenner in 
England in 1796 (6). The science of vaccinology was created 
based on the proofs of principle that were provided by Jenner 
for smallpox. Manufacture and use of smallpox vaccine spread 
throughout the world. 

NEW APPLICATION OF SCIENCE 

The 17th, 18th, and 19th centuries’ science (1) was extremely 
important to vaccine progress since it consisted of a period of 
transition in which democratic principles gradually replaced the 
theistic and political structures of the time. During the 17th and 
18th centuries, Galileo developed methods for scientific investi
gation, Hooke discovered cells, and Leeuwenhoek discovered 
microbes. A trial and error approach in pursuit of logical con
cepts was followed. Belief in spontaneous generation of life was 
attacked and the germ theory for disease was substituted. The 
19th century to 1875 was marked by realism and materialism, 

Schleiden and Schwann established a cellular basis for living 
organisms, and studies of altered structure and function of 
abnormal cells provided the basis for the science of histopathol
ogy. 

The most important upheaval came with Darwin’s theories of 
evolution and the origin of species. Institutionalized beliefs were 
replaced by the demand for knowledge that is supported by 
evidence. 

ENLIGHTENED EMPIRICISM 1875-1930 
The final quarter of the 19th century was a time of breakthrough 
discoveries in science and medicine that created whole new 
fields, including microbiology and applied immunology. The 
principal architects (1, 3) for the new science were Louis Pasteur, 
Robert Koch, Emil von Behring, and Paul Ehrlich. Pasteur put an 
end to the recurring theory of spontaneous generation and 
conceived of disease as similar to putrefaction and fermentation. 
This came as a sequel to his discovery of microbial contamina
tion and the spoilage of wine and beer. Following on Koch’s 
technologies for microbial purification and cultivation, Koch and 
Pasteur proceeded to discover a number of human microbial 
pathogens and to prepare vaccines against them. Emil von 
Behring was the discoverer of antibodies who proceeded to 
develop the field of passive immunotherapy. Ehrlich developed 
the means for quantifying antibodies and demonstrated differen
tial staining of microbes and tissues with aniline dyes. From this 
came his concept for specific receptor/ligand binding and his 
development of the world’s first therapeutic drug, salvarsan 
against syphilis. 

The great advances made by these four pioneers and those who 
followed led to production of vaccines by laboratories around 
the world. Vaccines and therapeutics created a need for some-
thing better than local and haphazard standardization and 
control. The end of World War I was followed by the formation 
of the League of Nations and creation of the Permanent Commis
sion on Biological Standardization (7), which developed systems 
and methods to assure safety and potency of biological 
preparations. 

PREMODERN ERA: TRANSITION, WAR, 
AND RECOVERY 

The period between 1930 and 1950 (1, 3, 4), which included 
World War II, was a time of transition to the modern era. 
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Goodpasture’s discovery (8) of microbial propagation in 
embryonated hens’ eggs provided an important technologic 
advance that would lead to new vaccines, including influenza. 
Use of the new technology of tissue culture propagation of 
viruses led to Theiler’s 17D yellow fever vaccine (9), the first 
viral vaccine following Pasteur’s antirabies immunogen. 

The entry of the United States into World War II in the European 
and Pacific theaters created a great need for new vaccines. A 
number of pharmaceutical companies with biologics capability 
became the source for vaccines that needed to be developed 
and manufactured under military procurement on a cost-plus 
basis (1, 3, 4). Especially important were the vaccines against 
epidemic typhus, Japanese B encephalitis, and viral influenza, as 
well as a six-valent polysaccharide vaccine against pneumococ
cal disease, which was developed and produced in the laborato
ries of E. R. Squibb and Sons. The influenza and typhus 
vaccines were made possible by the breakthrough technology of 
propagation in embryonated hens’ eggs. 

During World War II, and continuing through the Korean and 
Vietnam wars, the principal center for infectious diseases 
research for all the military services was at the Walter Reed Army 
Institute of Research located in the Walter Reed Army Medical 
Center in Washington, DC (1, 3, 4, 10). The Walter Reed labora
tories focused heavily on basic and applied research on viral 
and bacterial diseases. From the program in the Department of 
Respiratory Diseases (3, 4) came the discovery of the phenom
enon and the dynamics of what is now called drift and shift in 
the antigenic specificity of influenza virus (11), which determines 
epidemic and pandemic disease occurrence. The first detection 
and identification of the 1957 pandemic influenza virus was a 
product of that effort (3, 4, 12). This early alert allowed produc
tion of 40 million doses of vaccine before subsidence of the 
pandemic. The adenoviruses (3, 4, 13) were codiscovered at 
Walter Reed and at the U.S. National Institutes of Health (NIH). 
A killed vaccine was developed at Walter Reed and was proven 
highly effective in field studies at Fort Dix, New Jersey (14). The 
efforts of the Department of Microbiology at Walter Reed in 
studies with meningococcal bacterial polysaccharides led to 
subunit vaccines that came to dominate the modern era of 
bacterial vaccinology (see below). The advances in viral 
vaccinology relied on the new technology for cell culture (see 
below), and the meningococcal vaccine was a continuation of 
the early work on pneumococcal polysaccharide vaccines 
pioneered at Squibb during World War II. 

MODERN ERA VACCINES 
The year 1950 has been chosen as the beginning of the modern 
era (1, 3, 4) of vaccines since it marks the time of the break-
through technology of Enders’ cell culture propagation of 
viruses (15) that led to the development of poliovirus and a large 
number of other vaccines. Several of the large pharmaceutical 
companies participated in poliovaccine development, made 
possible by the efforts of the National Foundation for Infantile 
Paralysis to fund and create a vaccine against poliomyelitis (16). 

During the 1960s, the NIH funded contract research with several 
U.S. pharmaceutical manufacturers to develop new vaccines 
under an academically directed mission called the Vaccine 
Development Board. For reasons undisclosed, the initiative 
developed nothing of significance and was eventually discon
tinued. 

During early 1957, Dr. Vannevar Bush (1, 3, 4), then President of 
the Carnegie Foundation and Chairman of Merck Sharp and 
Dohme, conceived the potential importance of viruses to science 
and medicine. He mandated (1, 3, 4, 10) that a major new virus 
laboratory for basic and applied research be established within 
the Merck research complex that would be among the world 
leaders. Such an essentially freestanding laboratory was built 
and it was accorded novelty by the granting of strong central 
authority to the director in return for assumption of total 
responsibility and accountability. Decisionmaking was rapid and 
effective. The venture embraced all the basic sciences and 
disciplines plus engineering development, data analysis, and 
government liaison. In addition, the responsibility for planning 
and implementation of clinical research was vested in the 
department and was carried out principally by partnering (1, 3, 4, 
10) with the Children’s Hospital of Philadelphia and the Louisi
ana State University International Center for Medical Research 
and Training in San Jose, Costa Rica. These research and 
development operations, working under the single roof concept 
(17), were highly efficient and effective and led to the pioneering 
development and licensure of nearly all the new vaccines of the 
modern era following poliovaccine. The lessons learned may be 
instructive to future vaccine research endeavors since fragmen
tation of effort may be inefficient and nonproductive. Important 
developments included the individual measles, mumps, and 
rubella vaccines and the combined measles-mumps-rubella 
(MMR) vaccine (18), plus the plasma derived (19, 20) and 
recombinant yeast (20) hepatitis B vaccines and killed hepatitis 
A vaccine (20, 21). 

The sum and substance of vaccine developments during the 
nearly 6 decades of research are listed in Table 1. These vac
cines represented pioneering basic research from beginning to 
end without concern for later developments by others. Nearly all 
the vaccines encountered hurdles that required major new 
technologic discoveries to make the vaccines possible. Such 
hurdles are recorded in detail elsewhere (1, 3, 4), but cogent 
examples are listed in Table 2. 

It is a reality that the period from the mid 1980s to the end of the 
century was a time of relative quiescence for vaccines (1, 3, 4), 
marked only by completion of licensure of varicella, conjugated 
Haemophilus influenzae, and hepatitis A vaccines, which had 
been pioneered before 1985, but entered into the final stages of 
development later in the century. Vaccines against Lyme disease 
and against rotaviruses are licensed new products of recent 
date, but neither has achieved widespread use at present. The 
current inventory of vaccines licensed in the United States is 
against about 25 disease entities shown in Table 3. 
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THE 21ST CENTURY — TRANSITION TO 

AN UNCERTAIN FUTURE 

Science, and with it vaccinology, faces a wave of transition (1) 
rooted in the late 20th century and is now in need of successes 
that will assure its favored status at a time of change in national 
policies and worldwide imperatives. (1) 

PUBLIC POLICY 
Gibbons, in his recent treatise (22), brings a reminder and a new 
vision to the contract between science and society in which 
society itself (the people) makes choices, empowers, and holds 
accountable in its relationships to government, higher educa
tion, and industry. It can impose sanctions if its expectations are 
not met. The previous contract, which demanded only the 
creation and imparting of useful knowledge, now has new 
expectations that include transparency and public participation. 
The instruments for control lie with congressional legislation, 
Federal appropriations, and policy affairs. 

The great success of the Office of Scientific Research and 
Development under the direction of Dr. Bush during World War 
II (1, 23) clearly established the merit of Government support of 
civilian research to provide technologies and solutions to 
military problems. After the war and working under a mandate 
from President Roosevelt, Dr. Bush wrote his 1945 treatise: 
“Science: The Endless Frontier” (24). The plan became public 
policy in the late 1940s for continuing public support for basic 
research discovery, primarily in academia. A basic tenet of Dr. 
Bush’s plan (1, 24) held that science carried out in universities 
should have a sharp demarcation between what is academic 
research and what is needed by industry to begin research and 
development to create useful products. 

The era of Dr. Bush’s policy came to an end in the mid 1990s at a 
time of public dissatisfaction with science, and when budgets 
for science were deeply slashed, with consideration given to 
ending public support for science (1, 25, 26). This changed 
quickly, however, with the appearance of a more robust 
economy. The Ehlers report to Congress (27) in 1998 represented 
the start of a defined new public policy that has not yet been 
formalized. The Ehlers report, in contrast to Dr. Bush’s policy, 
called for a new model in which there would be continuum 
between basic academic research and industrial development, 
bringing commercial possibilities to the point of feasibility, 
which would justify commercial commitment of risk capital in 
pursuit of useful products. In Gibbons’ view (22), Government is 
to be held responsible for filling the gap of required knowledge 
between basic research and initiation of commercial research and 
development. 

In fulfilling its mission to advise Government, the U.S. National 
Academy of Sciences has been commissioned to conduct 
investigations and to provide guidelines for the governmental 
agencies and for legislative considerations by Congress. Among 

its reports were proposals to bring about improved mechanisms 
for review and awarding of grants for scientific research (28, 29), 
for improving science education (30) at the precollege level (K-
12), and for public education. The Committee on Science, 
Engineering, and Public Policy (31) was established whereby the 
academy issues an annual assessment for accountability and an 
evaluation of the federally supported programs in research and 
technology. (1, 4) 

CHANGING WORLD INITIATIVES 
The World Health Organization (WHO), an agency of the United 
Nations, came into being about 1950 and undertook a mission to 
bring protection against infectious diseases to the underdevel
oped nations of the world. Early activity was centered on 
procurement and distribution of low-cost vaccines through its 
United Nations International Children’s Emergency Fund 
(UNICEF) operation. In the mid 1970s, the Expanded Program for 
Immunization (EPI) (1, 32) was created by the WHO to bring six 
needed vaccines to all of the world’s children. In 1990, UNICEF 
assembled a small group of knowledgeable scientists to create a 
blueprint for developing simplified vaccines of low cost and 
ease of administration for the poor and underdeveloped nations. 
A report was issued under the title of the Declaration of New 
York (32). The vaccines would provide broad coverage with 
fewest doses while providing long-term immunity. The declara
tion was adopted by the International World Summit for 
Vaccines and by the World Health Assembly in the same year. 
Following this, the EPI was discontinued and was replaced by 
the Children’s Vaccine Initiative (CVI) under several United 
Nations’ agencies and the Rockefeller Foundation, which were 
proactive in vaccine development and in vaccination (32). 
Following a decade of useful programs, the CVI was dissolved 
and replaced by the Global Alliance for Vaccines and Immuniza
tion (GAVI) (33) under the WHO, the World Bank, and UNICEF 
to provide vaccines, financial resources, country coordination, 
and research and development activities. 

What seemed severe restriction through lack of funding was 
greatly relieved by donations from the Bill and Melinda Gates 
Foundation and other private organizations and by contribu
tions from governments (33). One GAVI initiative provides for 
payment for vaccines by poor nations at prices based on their 
gross national product per individual. Present principal focus is 
on vaccines against three diseases: Tuberculosis, malaria, and 
AIDS (see reference 1). 

FUTURE OF VACCINOLOGY 
The year 2001 finds the NIH well funded and with further 
intended increases in annual appropriations until 2003. The NIH 
provides enthusiastic support for development of new vaccines 
not only against infectious diseases, but also those for treating 
cancer, autoimmune diseases, and the amyloidoses, including 
Alzheimer’s disease and the infectious prion diseases (e.g., 
Creutzfeldt-Jakob), which arise from misfolding of proteins in the 
body (34) to render them insoluble. 
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TRANSITION TO SIMPLIFICATION 
At the close of the last century, the vaccine research establish
ment found itself with an amazing array of technologies for 
preparing vaccine antigens and of facilitators that would 
enhance the immune system in providing protection against 
disease. These technologies included recombinant expression 
systems; recombinant vectors, including plasmid DNA; and 
delivery systems that elicit humoral and cellular immune 
responses. The new sciences of genomics, proteomics, and 
informational technologies, together with rapid throughput 
assays for identifying appropriate antigens, will likely be a 
bonanza for new vaccine development (1, 34). 

Though whole live and killed organisms and complex protein 
and polysaccharide vaccines continue to be pursued, subunit 
vaccines now receive much attention (34). The limitations 
imposed by the shortened length of genetic insertion into 
vectors and expression systems decrease the complexity of 
antigens (the number of epitopes) that can be included. 

It has been a long-term objective of reductionists (34) to forget 
whole organisms and full-length proteins while in pursuit of 
simple peptide vaccines that consist of little more than a 
restricted assemblage of epitopes, even without need for added 
adjuvants and immune modulators. This objective, while 
attractive, may be very difficult to accomplish since such a 
vaccine would need to identify and incorporate appropriate B-
cell, cytotoxic T-cell, and T-helper determinants. B-cell determi
nants are usually conformational and need to be displayed in 
native folded pattern. Cytotoxic T cells and T-helper 1 and 2 
cells recognize linear arrays of amino acids of specific sequence. 
They require, in addition, that the available fragmented epitopes 
be of sufficient diversity in charge distribution pattern to be 
able to find adequate anchorage points in the grooves of 
different major histocompatibility complex (MHC) molecules, 
which are of polymorphic (allelic) diversity in the human 
population. Added to this is the need to assure adequate 
memory cell responses. Delivery of epitopes that are expressed 
endogenously by recombinant vectors may have a greater 
chance to find suitable compatibility for MHC presentation than 
if given exogenously. 

It may be noted that the acid test for a successful vaccine is 
licensure and use. To date, only two recombinant expressed 
subunit vaccines exist, hepatitis B and Lyme disease, even 
though the technology was proven 15 years ago. No recombi
nant vector vaccine has been licensed to date. 

When pursuing vaccines in the 21st century, researchers may 
need to exercise selective choices amid the huge redundancy of 
technologies (35). It may be said finally that the mandate of the 
Declaration of New York (32) will serve as a useful guideline for 
the vaccines of developed as well as underdeveloped nations, 
especially with respect to possible future vaccine delivery by 
oral, transcutaneous, or mucosal application. 

Table 1: More Than Five Decades of Vaccine and Globulin 
Development and Dates of Licensure 

Viral Vaccines 

Killed 
Japanese B encephalitis* 1945 
Pandemic A2 influenza** 1957 
Adenovirus** 1958 
Purified poliovirus 1960 
Purified influenza 1969, 70 
Adjuvanted influenza 1973 
Hepatitis B 

Plasma derived 1981 
Recombinant expression 1986 

Hepatitis A 1996 

Live 
Measles 

Edmonston B, plus IgG 1963 
More attenuated 1968 

Mumps 1967 
Rubella 1969 
Combined vaccines 

Measles – smallpox 1967, 70 
Mumps – rubella 1970 
Measles – rubella 1971 
Measles – mumps 1973 
Measles-mumps-rubella 
(MMR) 1971 

Varicella 1995 
Marek’s disease*** 1971, 75 

Bacterial Vaccines 

Bacterial Subunit 
Meningococcus A 1974 
Meningococcus C 1975 
Combined Meningococcus 

A, C 1975 
A, C, Y, W-135 1982 

Pneumococcus 
14 types 1977 
23 types 1983 

Haemophilus influenzae 
Conjugate 1989 

Immune globulins 
Hepatitis B 1978 
Hepatitis A 1979 

*Squibb ** Walter Reed *** Virus cancer of chickens 
Remaining are Merck 
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Table 2: Examples of Technologic Breakthroughs Essential to 
Development of Modern Era Vaccines 

• Cell culture technology and poliovaccine precedents 

•	 Elimination of avian leukemia virus from chicken flocks 
and from measles virus vaccine 

•	 Initial attenuation of measles vaccine virulence through 
coadministration of measles immune globulin 

•	 Further attenuation of measles virus to eliminate need for 
immune globulin 

•	 Discovery of propagability and attenuation of rubella 
virus in duck cell culture 

•	 Achievement of potency and safety of combined live 
virus vaccines 

• Development of safe and effective combined live vaccines 

•	 Discovery of hepatitis A virus and its propagability in cell 
culture 

•	 Evaluation of principles for a safe and effective 
hepatitis B vaccine derived from human carrier plasma; 
later evolution of recombinant expressed vaccine 

•	 Discovery and development of means for removal of 
oncogenic monkey polyomavirus from vaccines 
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INTRODUCTION 

Despite the successful development of many vaccines, it has 
not been feasible in many cases to simply use the same ap
proaches to make new vaccines. This has been due to various 
factors, biological and social. Three main reasons drive the 
development of new vaccine technologies: 

1. New technologies are needed to generate stronger and 
broader immunity not effectively induced by earlier types of 
vaccines. 

2. As regulatory and safety standards have increased, the 
requirements for safety and manufacturing processes have 
increased, thereby rendering certain older vaccines (such as 
whole-cell pertussis or Japanese encephalitis vaccine made in 
mouse brain) less acceptable. 

3. To make vaccination more acceptable from the patient’s 
perspective and more feasible globally, new technologies are 
needed to reduce the use of needles or to facilitate delivery of 
vaccines to places lacking skilled professionals and proper 
equipment. 

As an example of the need to generate broader immunity, 
consider the influenza vaccine. The current influenza vaccine 
must be remade each year because changes in circulating strains 
render the antibody-inducing inactivated viral vaccine poten
tially ineffective against the new strains. Mismatches of the 
circulating strains with the anticipated ones used for the 
vaccine, or the emergence of unexpected new strains midseason 
result in disease even in vaccinated individuals. In contrast to 
the highly changeable exterior hemagglutinin and neuraminidase 
proteins against which the antibody response of the inactivated 
vaccine are directed, the internal nucleoprotein and matrix 
protein are much more highly conserved among strains and even 
between viral subtypes. If a vaccine could be made that gener
ated a response against conserved parts of the virus [such as a 
cytotoxic T lymphocyte (CTL) response], one could potentially 
have a vaccine that would protect against multiple strains within 
or between subtypes. 

Human immunodeficiency virus (HIV) provides another example 
of the rationale for new technologies. Attenuated or inactivated 
versions of HIV are considered by many as too risky to use as a 
vaccine. Unlike other viruses for which vaccines have been 
effectively made using weakened or inactivated versions, HIV 
integrates into the infected person’s genome leading to perma
nent infection, and is, as yet, incurable and eventually fatal. 

Thus, if a vaccine strain, even though weakened, were to cause 
disease in an immunocompromised individual or were to revert 
to virulence, or if an inactivated vaccine were to contain traces 
of live virus, the vaccine could cause infection and disease. 
While this rarely happens for certain of the existing vaccines, 
such as polio, the resulting disease is not chronic, nor so 
frequently fatal. Even for diseases that are not as lethal as HIV, 
rare but adverse outcomes have become less accepted. So, for 
example, after clinical occurrences of intestinal intussusception 
were observed following immunization with the then newly 
licensed rotavirus vaccine (with an excess risk of about 
1:10,000), the vaccine was withdrawn in 1999. 

Ironically, the research and development of new means of 
vaccine delivery has been necessitated by the success of 
vaccines. Currently, infants receive multiple immunizations for an 
increasing number of diseases: Measles, mumps, rubella, 
diphtheria, tetanus, pertussis, polio, hepatitis B, hemophilus 
influenzae B, varicella, pneumococcus, and often hepatitis A. 
This increasing number of injections has fueled the drive to 
develop combination vaccines and alternative delivery systems 
designed to reduce the number of injections and to maintain or 
increase the potency of responses against each component. 

VACCINE ADJUVANTS AND DELIVERY 

SYSTEMS 

One approach to improve the performance of vaccines involves 
the use of a diverse range of vaccine delivery systems. Gener
ally, the terms adjuvants and delivery systems have been used 
interchangeably in relation to vaccines, although in certain 
situations a clear distinction can be made. Immunological 
adjuvants were originally described as substances used in 
combination with a specific antigen that produced a more robust 
immune response than the antigen alone. This broad definition 
encompasses a very wide range of materials, including a number 
of particulate delivery systems (e.g., emulsions, liposomes, 
iscoms, and microparticles), whose principal mode of action is to 
deliver antigens into the key cells and/or sites that are respon
sible for the induction of immune responses. In contrast, certain 
entities act directly on cells of the immune system to increase or 
modulate immune responses against coadministered antigens. 

Adjuvants 
Adjuvants are potent and, in many cases, necessary compo
nents of effective vaccines. Conventional and experimental 
adjuvants are reviewed in detail by Vogel and Edelman. The 
power of experimental adjuvants, such as MPL, quil A, and 
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iscoms, is well documented in animal models, yet none are 
approved for human use. This is due, in part, to potential side 
effects, but also to a poor understanding of their mechanism of 
action and to the only recent insights into signaling of the 
innate immune system. It has long been known that exposure to 
pathogens (or stress) results in a rapid production (in minutes) 
of proinflammatory cytokines (e.g., tumor necrosis factor-a), 
thereby providing a first line of defense prior to the onset of the 
adaptive immune response. This is manifest through the action 
of antiviral and antibacterial cytokines, recruitment and activa
tion of macrophages to kill intracellular pathogens, and facilita
tion of antigen presentation resulting in the initiation of antigen-
specific immune responses. Recently, much has been learned 
about the specific receptors involved in the recognition of 
pathogen-associated molecular patterns (PAMPs) and the 
ensuing signal transduction cascade, leading to the 
upregulation of cytokine expression. Indeed, it has been shown 
that specific PAMPs signal through specific Toll-like receptors 
(TLRs) present on the surface of immune cells (see Table 1). 
Moreover, recent data have implicated this pathway in directing 
the activation of the type of adaptive immune response [i.e., T 
helper (Th) 1 versus Th2 type of helper T cell response]. One 
such PAMP, immunostimulatory CpG-containing DNA derived 
from invertebrates, has generated much excitement. CpG signals 
through TLR9, induces a potent immunostimulatory response on 
cells in vitro, and has strong adjuvant effects on protein-based 
vaccines in animal models. Preliminary data from human clinical 
trials show promise. 

These data provide evidence for a direct link between the innate 
and adaptive immune responses, and that the use of adjuvants 
can facilitate and potentiate this link. Furthermore, the growing 
understanding of the innate immune system now provides the 
basis for rational and high-throughput adjuvant discovery. On 
the one hand, based on knowledge of the specific ligands 
(PAMPs) and receptors (TLRs) involved in immune signal 
transduction, it may be possible to rationally design adjuvant-
active compounds. On the other hand, the existence of cell-
based assays and reasonable in vitro correlates of in vivo 
adjuvant activity (i.e., cytokine production) offers the possibility 
of screening large numbers of compounds without regard to 
their structure. These complementary approaches should yield 
novel and potent compounds that increase the effectiveness of 
vaccines. Although immunological adjuvants have persistently 
defied easy classifications, they are often readily identifiable as 
components of bacteria and viruses, which are recognized as 
danger signals by receptors on innate immune cells. Neverthe
less, delivery systems are often used to direct the adjuvants to 
key cells to enhance their potency. Hence, for an optimal 
adjuvant effect, it is becoming increasingly common to use 
delivery systems to deliver antigen and adjuvants into the same 
immunocompetent cells. 

Following the discovery of some very potent adjuvants in recent 
years, there has been concern that these agents might activate 

immunity to such an extent that autoimmune conditions might be 
triggered. This is a reasonable concern for adjuvants that mimic 
components of pathogenic micro-organisms and provide potent 
proinflammatory signals. However, the timing and localization of 
the proinflammatory stimuli may prove to be important. In this 
context, limiting the systemic distribution of adjuvants and 
focusing their effects specifically on the key immune cells is 
likely to be beneficial. Hence, an important contribution of 
particulate delivery systems may be to limit the toxicity of new-
generation adjuvants by limiting their distribution in vivo. 
Additional practical issues that are important for the develop
ment of adjuvants and delivery systems include biodegradabil
ity, stability, ease of manufacture, cost, and applicability to a 
wide range of vaccines. Ideally, for ease of administration and 
enhanced patient compliance, the adjuvant should allow the 
vaccine to be administered by a mucosal route, preferably orally. 

Delivery Systems 
Although the precise mechanisms of action of most adjuvants 
still remain only partially understood, if the geographical 
concept of immune reactivity is accepted, in which antigens that 
do not reach the local lymph nodes do not induce responses, it 
becomes easier to propose mechanistic interpretations of the 
important effects of adjuvants, which work primarily as delivery 
systems. Delivery systems may function to improve antigen 
access to lymph nodes in a number of ways: Increase cellular 
infiltration into the injection site so that more cells are present to 
take up antigen, directly promote the uptake of antigen into 
antigen presenting cells (APCs) through activating phagocyto
sis, or directly deliver antigen to the local lymph node by exiting 
from the injection site and moving into the lymphatics. The most 
important APCs involved in antigen capture are thought to be 
dendritic cells (DCs), which have the unique ability to present 
antigen to naive T cells in lymph nodes. Immunization with a 
number of delivery systems, including emulsions, microparticles, 
liposomes, and iscoms, has been shown to result in recruitment 
of significant numbers of APCs into the injection site, which are 
then able to take up the delivery system, along with associated 
antigens and adjuvants, prior to trafficking to the local lymph 
nodes. Particulate adjuvants (e.g., emulsions, microparticles, 
iscoms, liposomes, virosomes, and virus-like particles) have 
comparable dimensions to the pathogens that the immune 
system evolved to combat. Therefore, these particulates are 
normally taken up efficiently by phagocytic cells of the innate 
immune system and function mainly to deliver associated 
antigen into these cells. Adjuvants may also be included in 
particulate delivery systems to further enhance the level of 
response or to focus the response through a desired pathway 
(e.g., Th1 or Th2). 

In 1997, a squalene oil in water microemulsion (MF59) was 
introduced into the market in Italy as an adjuvant for influenza
vaccine (FluadÔ). MF59 has been shown to be safe and well 
tolerated in a number of clinical trials involving a wide range of 
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experimental vaccines. Liposomal vaccines, based on phospho-
lipids and viral membrane proteins from influenza virus 
(virosomes), also have been on the market in Europe for several 
years and have shown improved potency over traditional 
influenza vaccines. Iscoms, which comprise the saponin 
adjuvant Quil A, incorporated into lipid particles of cholesterol, 
phospholipids, and viral membrane antigens have been evalu
ated extensively in preclinical and clinical studies. Although 
iscoms are considered the optimal approach for the induction of 
CTL responses using protein antigens in preclinical models, 
their potency and tolerability remains to be further established in 
human subjects. In recent years, microparticles constructed from 
biodegradable polymers have shown considerable promise as 
antigen delivery systems, particularly for DNA vaccines. 
Microparticles also offer unique opportunities for the develop
ment of single-dose vaccines due to the controlled release of 
entrapped antigens. However, progress has been slow in this 
area, largely due to the problems of instability of entrapped 
antigens and due to inefficiencies of microencapsulation for 
many antigens. 

Antigen Delivery Systems for Mucosal 
Immunization 
Although most vaccines have been traditionally administered by 
intramuscular or subcutaneous immunization, mucosal adminis
tration of vaccines offers a number of important advantages, 
including easier administration, reduced adverse effects, and the 
potential for frequent boosting. In addition, local immunization 
induces mucosal immunity at the sites where many pathogens 
initially establish infection of hosts. Oral immunization would be 
particularly advantageous in isolated communities where access 
to healthcare professionals is difficult. Moreover, mucosal 
immunization would avoid the potential problem of infection due 
to the reuse of needles. Several orally administered vaccines, 
which are based on live-attenuated organisms, including polio, 
Vibrio cholerae, and Salmonella typhi, are commercially 
available. In addition, a wide range of approaches is currently 
being evaluated for mucosal delivery of vaccines, including 
many approaches involving nonliving adjuvants and delivery 
systems. 

The most attractive route for mucosal immunization is oral due to 
the ease and acceptability of administration through this route. 
However, due to the presence of low acidity in the stomach, an 
extensive range of digestive enzymes in the intestine, and a 
protective coating of mucus that limits access to the mucosal 
epithelium, oral immunization has proven extremely difficult with 
nonliving antigens. However, novel delivery systems and 
adjuvants may be used to significantly enhance responses 
following oral immunization. 

Encapsulation of antigens into particulate delivery systems, 
including liposomes, microparticles, and iscoms, has been 
extensively evaluated for mucosal delivery of vaccines. How-

ever, all of these approaches share some serious limitations. 
Uptake of the delivery system into the mucosal-associated 
lymphoid tissue is often very inefficient, resulting in most of the 
formulation not reaching its intended site of action. This 
problem is most apparent following oral delivery, necessitating 
high doses for oral immunization, but is also a problem following 
intranasal immunization. In addition, many of the particulate 
delivery systems used do not have sufficient stability to 
withstand the challenging environment in the gut, including low 
pH, gastric enzymes, bile salts, etc. Nevertheless, polymeric 
microparticles can be specifically designed to survive the low 
pH of the stomach and to release the entrapped antigen within 
the vicinity of the local lymphoid tissue. Hence, so-called 
enteric-coated formulations have some attributes of a desirable 
formulation for oral delivery. The use of enteric-coated formula
tions can also overcome the problem of limited uptake of 
particulates into lymphoid tissue since these formulations are 
not designed for uptake, rather the antigen is released locally for 
direct uptake. However, most protein and DNA-based vaccines 
are unlikely to be sufficiently immunogenic to induce potent 
immune responses even in this situation, and additional 
formulation components may prove necessary to protect the 
antigens against enzymatic degradation or to promote uptake. 
More potent responses may be expected if the antigen can bind 
directly to the epithelium and carry its own inbuilt adjuvant 
potential (e.g., secreted bacterial toxins, particularly mutated 
enterotoxins). Overall, the significant challenges to the develop
ment of effective oral vaccines using nonreplicating delivery 
systems should not be underestimated, and success in smaller 
animal models using high doses of antigen should not be 
overinterpreted. As an alternative approach, intranasal immuni
zation offers many advantages, since this route does not expose 
antigens to the range of secreted enzymes and low pH of the gut 
and offers easy self-administration with a variety of commer
cially available devices. Moreover, on many occasions, potent 
immune responses have been induced in a number of different 
species following intranasal immunization with particulate 
delivery systems using doses significantly lower than those 
used for oral immunization. 

Vaccine Delivery Devices 
In its broadest sense, the concept of vaccine delivery systems 
can be expanded to include a diverse range of devices and 
physical delivery systems that are designed to improve the 
potency of vaccines or to allow immunization using novel, 
noninvasive routes. Approaches that have been evaluated in the 
clinic with encouraging data include the gene-gun approach, 
which propels gold beads coated with DNA into the epidermis; 
devices designed to fire powdered vaccines into the skin 
through the use of helium gas; and vaccine patches, which are 
topically applied to the skin to induce immunization. Of these 
approaches, topical immunization is the one that engenders the 
most excitement since it offers the opportunity to avoid needles 
while using technology that is already well established for drug 
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delivery. Nevertheless, this approach faces very significant 
challenges for routine acceptance, particularly as a primary 
immunization regimen. When this approach was first described, 
there was a great deal of skepticism about whether or not the 
data would prove reproducible, largely because the observa
tions were so surprising and contrary to what had been 
observed previously. However, as this approach has advanced 
into initial clinical trials, it has become more broadly accepted 
by the vaccine community. The challenges facing this approach 
should not be underestimated since, so far, relatively low 
immune responses have been induced with high doses of 
potent immunogens. Nevertheless, the technology is still in its 
early stages of development, and improvements are likely to 
result in significant increases in potency, perhaps resulting in 
the ability of this approach to be used as an effective booster 
vaccine in well-primed individuals. 

Gene-Based Vaccines 
As the understanding of the cellular and molecular processes 
involved in the generation of different arms of the immune 
system increased during the last two decades, new approaches 
to selectively generate immunity have been attempted. The 
ability to make recombinant proteins expanded the means to 
target a single antigen for a vaccine beyond the simple purifica
tion of particular proteins or polysaccharides from the pathogen 
itself. One area of significant effort has been the development of 
vaccines designed to specifically generate CTL, as well as 
specific types of helper T cell responses. 

CTLs have long been considered to be important in the host’s 
immune response against infections by viruses, intracellular 
bacteria, and parasites, as well as against cancer. Within the last 
20 years or so, it became clear that an antigen generally is 
needed to be present in the cytoplasm of an APC in order for 
epitopes derived from it to be able to associate with major 
histocompatibility complex (MHC) class I molecules to then 
elicit a CTL response. Conversely, if a protein is exogenous to a 
cell, it usually is not taken up into this MHC class I processing 
pathway, and hence does not generally result in the induction 
of CTL, but rather results in the production of Th cells. This 
knowledge has helped guide efforts to design vaccines that will 
generate CTL. For example, efforts have been made to introduce 
peptides derived from antigens directly onto the MHC class I 
molecules or to deliver the genes encoding the antigens into the 
cells in order for the cells to then produce the proteins endog
enously in the cytoplasm. Many different delivery systems are 
thus under development that deliver the genes encoding 
various antigens, rather than simply delivering the protein 
antigens themselves. 

Infection by live viruses will result in their proteins being made 
intracellularly as they replicate, often leading to induction of 
CTL. However, because of concerns about the safety of certain 
live viruses even if attenuated (vide supra, HIV), efforts have 

been made to use nonpathogenic organisms to deliver genes 
encoding heterologous antigens (i.e., encoding protein antigens 
from a different organism). For example, modified vaccinia or 
adenoviruses have been altered to carry the genes for various 
pathogens such as HIV, generally coding for one or a few 
antigens. An intact replicative HIV could not be made, but 
simply specific antigens to induce a response that would be 
potentially protective. Bacteria also have been modified to either 
encode a heterologous gene [e.g., Bacillus de Calmette-Guerin 
(BCG)] or to deliver a plasmid encoding a protein antigen. For 
the latter, attenuated versions of mucosal pathogens such as 
Shigella or Salmonella offer the possibility of orally delivered 
vaccines. Such vector systems have the potential limitation of 
inducing an immune response against themselves, possibly 
limiting their repeat use for either boosters or other vaccines. 
Similarly, previous exposure, such as to adenovirus, may mean 
that many people already have an immune response that may 
limit the effectiveness of the vaccine. 

Thus, another approach has been the use of DNA vaccines, 
simple plasmids of DNA encoding the desired antigen. The 
plasmids have the advantages of being simpler to manipulate 
and manufacture than viral or bacterial vectors and of not having 
the potential risk of causing disease by reversion or otherwise. 
In addition, DNA vaccines do not have the same limitation of 
antivector immunity as do heterologous vector systems. 
However, DNA vaccines do have the ability to induce the innate 
immune response that is separate from the encoded protein. The 
DNA vaccines consist of bacterial (plasmid) DNA and contain 
sequences that are recognized by mammalian immune systems as 
being foreign (CpG motifs), which results in the activation of 
innate immunity. Thus, this is a property that is intrinsic to the 
gene sequences that make up the DNA vaccine quite separate 
from the antigen encoded by the vaccine. To date, early clinical 
trials of DNA vaccines have shown limited potency; hence, a 
number of second generation DNA vaccines are in development 
using various delivery systems and devices. In addition, a new 
approach to immunization, called mixed modality vaccination or 
prime-boost, is being evaluated. It involves an initial vaccination 
that uses one type of vaccine, then boosting is done with a 
different type of vaccine. For example, promising preclinical 
results have been obtained by immunizing first with DNA then 
boosting with a vaccinia or adenovirus vector encoding the 
same antigen, or with a recombinant protein version of the same 
antigen that the DNA vaccine encoded. 

SUMMARY 

During the past 20 years, the technologies applied to vaccine 
development have radically changed from using the pathogen 
itself to harnessing the developments of a variety of scientific 
disciplines to use new forms of antigens (such as the gene 
encoding an antigen), new adjuvants besides alum, and new 
delivery systems. As a result, numerous vaccines are in develop
ment with the goal of inducing new types of or specific forms of 
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immunity, using new routes of delivery, providing increased 
safety if necessary, increasing stability, and lowering cost. While 
much remains to be accomplished before some of these tech
nologies become realities, the pace of new vaccine development 
over the past 20 years has been remarkable. 
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Table 1: Receptor-Mediated Signaling 
of the Innate Immune System 

Pathogen-Associated Molecular Pattern (PAMP) 
Toll-Like Receptor (TLR) 
Lipopeptides, proteoglycan, yeast cell wall TLR2


dsRNA TLR3


Lipopolysaccharide (LPS), heat shock protein

(HSP), respiratory syncytial virus (RSV) TLR4


Bacterial flagellin TLR5


Zymosan TLR6


Imiquimod TLR7


CpG TLR9


Certain ligands from pathogens (PAMPs) are thought to

stimulate the innate immune system through receptor-

mediated signal transduction leading to the upregulation

of cytokine production.
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Progress in Immunologic Adjuvant Development: 1982-2002 
Frederick R. Vogel, Ph.D., and Carl R. Alving, Ph.D. 
. 

Immunologic adjuvants are any agents that act to enhance, 
accelerate, modify, or prolong specific immune responses to 
vaccine antigens. Gel-type adjuvants, first described in the 
1920s (1), commonly are prepared from aluminum salts (alum) 
and remain the only adjuvants in U.S.-licensed vaccine formula
tions. Adjuvants designed to augment or replace aluminum salts 
have been undergoing significant preclinical development and 
clinical evaluation in the past two decades. Many of these new 
adjuvants have been shown to be more effective than gel-type 
adjuvants in enhancing antibody and cell-mediated immune 
responses. These adjuvants can be used to improve the 
performance of new and existing vaccines by enhancing the 
immunogenicity of weaker immunogens, such as highly purified 
or recombinant antigens, or by reducing the amount of antigen 
or the frequency of booster immunizations needed to provide 
protective immunity. Some types of novel adjuvants also permit 
mucosal administration of vaccines by the oral and nasal routes 
and even transcutaneous delivery. 

CLASSIFICATION OF ADJUVANTS 
During the past 20 years, numerous natural and synthetic 
compounds have been evaluated and tested as immunologic 
adjuvants. Adjuvants have been classified using a variety of 
classification schemes. Table 1 shows a classification of 
adjuvants based on physical and chemical properties. 

A compendium of vaccine adjuvants and excipients published in 
1995 cataloged many of the immunologic adjuvants under 
development and testing at that time (2). A second edition of this 
publication is maintained on the NIAID Web site 
(www.niaid.nih.gov/aidsvaccine/pdf/compendium.pdf). This 
edition is designed to be a living document into which new 
adjuvants, results, and contact information can be added. 

REFINING THE UNDERSTANDING OF 

ADJUVANT MECHANISMS 

Understanding of the human immune system has advanced 
significantly during the past 20 years. Adjuvant researchers are 
applying much of this new knowledge to understanding the 
mechanisms of adjuvant action. Adjuvants function through 
three basic mechanisms: 1) Effects on antigen delivery and 
presentation, 2) induction of immunomodulatory cytokines, and 
3) effects on antigen presenting cells (APCs). 

Adjuvant Effects on Antigen Delivery and 
Presentation 
The original mechanism of action attributed to adjuvants was 
the “depot effect” in which gel-type adjuvants or emulsion-
based adjuvants (e.g., Freund’s adjuvant) associate with antigen 
and effectively increase its biological and immunologic “half-
life” at the site of injection. Although this mechanism does play 
a role, during the past 20 years this explanation of adjuvant 
activity has proven too simplistic by itself and has been refined 
to include the improved delivery of antigen to APCs and to the 
secondary lymphoid organs. The immunogenicity of synthetic 
peptides and other soluble antigens that otherwise would be 
rapidly cleared from the injection site without sufficient delivery 
to the draining lymph nodes can be improved using gel-type or 
emulsion-based adjuvants. Particulate adjuvants, such as some 
liposomes and microspheres, also can protect antigens from 
proteolytic destruction in the stomach, allowing the antigen to 
pass into the intestines intact for presentation to the gut-
associated lymphoid system. Particulate adjuvants can also 
target antigen to APCs (macrophages and dendritic cells). 
Adjuvants such as the cholera toxin B (CT-B) subunit also can 
deliver antigen to macrophage cells of the gut to induce mucosal 
immune responses (25) and permit transcutaneous antigen 
delivery (26). 

Adjuvants also function through enhancement of antigen 
presentation. After phagocytosis by macrophages of exogenous 
particulate antigen formulations consisting of synthetic beads 
with surface-conjugated antigen, or liposomes containing 
encapsulated antigen and lipid A, the antigen is released into the 
cytoplasm where it is treated as an endogenous antigen. The 
antigen is then processed through the major histocompatibility 
complex (MHC) class I presentation pathway, and this can lead 
to induction of cytotoxic T lymphocytes (27, 28). Ingestion of 
liposomal lipid A by macrophages can also enhance MHC class 
II presentation of liposome-encapsulated antigen by macroph
ages (29). 

Induction of Immunomodulatory Cytokines by 
Adjuvants 
Adjuvants also can induce the production of various cytokines 
and chemokines, which then direct helper lymphocyte subsets 
or APCs to modulate immune responses. Several cytokines have 
been used as experimental vaccine adjuvants, including 
interleukin (IL)-2 and interferon gamma (IFNg). Certain cytokine 
mixtures, including granulocyte-macrophage colony-stimulating 
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factor (GM-CSF), tumor necrosis factor-alpha (TNF-a), and IL-12 
emulsified with incomplete Freund’s adjuvant, can serve to steer 
the immune response in a desired direction (30). The T helper 
(Th) 1 versus Th2 paradigm, although continually undergoing 
evolution and refinement, gave adjuvant researchers a reference 
point to classify the activity of various immunologic adjuvants 
that act primarily through the induction of immunomodulatory 
cytokines (31). In mice, adjuvants that enhance Th1-like 
responses, evidenced by delayed-type hypersensitivity (DTH) 
reactions, also elicit immunoglobulin (Ig) G2a antibody subclass 
responses. Adjuvants such as CT, Escherichia coli heat-labile 
toxin (LT), and alum can shift the immune response toward Th2-
like responses, predominantly enhancing antibody production, 
including IgA or IgE. IgE-mediated allergies are associated with 

Th2 responses to allergens. The ability of adjuvants to preferen
tially induce Th1 over Th2 responses or even to “correct” 
immune responses that have naturally proceeded to the Th2 
pathway is a common goal for the development of prophylactic 
vaccine or for therapeutic vaccines designed to combat allergies. 

IL-12 is a recently characterized cytokine that may play a pivotal 
role in the adjuvant activities of several microbial adjuvants. The 
adjuvant activity of IL-12 has been demonstrated in a leishmania 
vaccine in mice. Immunization of BALB/c mice with Leishmania 
major antigens and IL-12 induced Leishmania-specific CD4+ Th1 
cells and conferred protection against infection against L. major. 
Immunization of control animals with antigen alone elicited Th2 
responses that were not protective (32). 

Table 1: Types of Immunologic Adjuvants 
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Adjuvant Effects on APCs 
During the past two decades, adjuvant researchers have begun 
to study the effect of adjuvants on APCs, and in particular the 
dendritic cell. Dupuis and his coinvestigators demonstrated that 
fluorescein-labeled gD2 antigen from type 2 herpes simplex virus 
contained in the emulsion-based adjuvant MF59 was internal
ized by dendritic cells after intramuscular injection in mice (33). 
The maturation of dendritic cells bearing antigen is required for 
optimal presentation of antigen and induction of immune 
responses through stimulation of T cells (34). Adjuvants that 
induce dendritic cell maturation enhance immune responses 
through T-cell activation. Ahonen, et al., demonstrated that a 
synthetic adjuvant R-848 that previously was shown to induce 
IL-12 and IFNa secretion induces the maturation of human 
monocyte-derived dendritic cells. Maturation of dendritic cells 
was demonstrated through the induction of cell surface expres
sion of CD83 and increased cell surface expression of CD80, 
CD86, CD40, and human leukocyte antigen (HLA)-DR. R-848 
also induced cytokine and chemokine secretion from dendritic 
cells. R-848 was shown to enhance dendritic cell antigen 
presenting functions, as measured by increased T-cell prolifera
tion and T-cell cytokine secretion in allogeneic and autologous 
T-cell systems (35). Understanding the ability of adjuvants to 
increase antigen uptake and maturation of dendritic cells is 
critical to the rational design of vaccine adjuvants. 

CHANGING TARGETS OF VACCINES 

Vaccine targets, requirements, and expectations also have been 
expanding. This includes therapeutic vaccine targets, including 
allergy, autoimmunity, and cancer, as well as new preventative 
vaccines. During this time period, there also has been a marked 
increase in the number of required and recommended childhood 
immunizations, with varicella, pneumococcal conjugate, and 
Haemophilus influenzae type b (Hib) conjugate vaccines added 
to the vaccination series. During the same time, multicomponent 
acellular pertussis vaccines began to replace whole-cell pertus
sis vaccine, and an injectable inactivated poliovirus (IPV) 
vaccine began to replace the live-attenuated oral poliovirus 
(OPV) vaccine. Therefore, the development of vaccines formu
lated in combinations is being pursued as a common goal in the 
vaccine industry to reduce the number of injections required to 
accomplish the required childhood immunizations. A combina
tion vaccine is defined by the Food and Drug Administration 
(FDA) as “two or more live organisms, inactivated organisms, or 
purified antigens combined either by manufacture or mixed 
immediately before administration (36).” Among the first 
combination vaccines were diphtheria and tetanus toxoids and 
whole-cell pertussis (DTP), and trivalent polio vaccines. The 
desire to develop combination vaccines often requires the 
reduction of the concentration of antigens that are normally 
given as single immunizations. The use of adjuvants to provide 
the dose-sparing effect required for these formulations may be 
key to the success or failure of this approach. 

The past 20 years has seen significant advances in basic 
immunology, much of which can be applied to the study of 
adjuvants and their proposed mechanisms of action. Vaccine 
science is steadily moving away from the empirical approaches 
by which it was characterized in the past to more rational 
strategies of vaccine design in terms of dose, route of adminis
tration, and presentation. Vaccines that can be administered by 
means other than percutaneous injection are also under devel
opment; oral and transcutaneous immunization are already in 
preclinical and clinical evaluation. 

IMPROVEMENTS IN ADJUVANT SAFETY 

TESTING 

The benefits of incorporating adjuvants into vaccine formula
tions to enhance immunogenicity must be weighed against the 
risk of these agents inducing adverse reactions. Local adverse 
reactions include inflammation at the injection site or, rarely, the 
induction of granulomas or sterile abscesses. Systemic reactions 
to adjuvants observed in laboratory animals include malaise, 
fever, adjuvant arthritis, and anterior chamber uveitis, although 
retrospective analyses of previous human cohorts, including a 
large group of soldiers administered an influenza vaccine 
containing IFA, suggest that such models may not always 
accurately reflect expected toxicity in humans (37). Such 
reactions may be due to synergy between biologically active 
antigens, such as bacterial exotoxins or endotoxins, and the 
adjuvant. These combinations might promote, through the 
induction of inflammatory cytokines, reactions that would not be 
seen with more inert antigens combined with the same adjuvant. 
Therefore, even though separate and extensive preclinical 
toxicity studies may have been performed on the adjuvant and 
the vaccine antigens to be incorporated into a candidate vaccine 
formulation, a final safety evaluation of the vaccine slated for 
phase I clinical testing should be conducted. This evaluation 
should be conducted in a small animal species in which the 
antigen has been found to be immunogenic and that can be 
reproducibly immunized via the same route anticipated for use in 
humans. The dose and frequency of immunization also should 
meet or exceed those anticipated for use in the clinical trial. Such 
a test, conducted in rabbits, was designed through a collabora
tive effort among the Center for Biologics Evaluation and 
Research, FDA, and NIAID and continues to be evaluated with 
vaccine formulations containing novel adjuvants (38). 

FUTURE ADJUVANT RESEARCH AND 

DEVELOPMENT 
Optimization of the immunogenicity of modern single and 
combination vaccines constructed of subunit antigens will 
require the use of a larger array of immunologic adjuvants than 
the aluminum compounds in today’s licensed vaccines. The 
selection of adjuvants for use in vaccine formulations is 
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important in optimizing vaccine efficacy, improving vaccine 
compliance, and reducing cost. They should be chosen for use 
with a particular antigen based on the route of administration 
and the immune responses desired. Standardized methods 
currently under development for the evaluation of adjuvant 
safety should be implemented for testing human candidate 
vaccines formulated with novel adjuvants. The methods and 
models adopted for use in the safety evaluation of adjuvanted 
vaccines must be appropriate for the formulation and the route 
of administration. 
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Changes in the Regulations for Vaccine Research and Development 
Norman W. Baylor, Ph.D., and Loris D. McVittie, Ph.D. 

INTRODUCTION 

Over the past 20 years, there have been many new vaccines 
licensed for use in the United States (Table 1). Although there 
are general requirements (e.g., good manufacturing practices, 
labeling, licensing procedures, conduct of clinical trials) codified 
in the Federal regulations for all biological products, there are no 
specific minimum standards codified in the regulations for the 
manufacture and clinical evaluation of any of the vaccines listed 
in Table 1. The Food and Drug Administration (FDA) is con
stantly challenged to develop standards for assessing the safety 
and efficacy of new vaccines under development. Instead of 
incorporating new standards into the regulations, the license 
application itself contains all of the standards for each specific 
new vaccine. The FDA also publishes guidance and other 
regulatory documents on specific topics to assist manufacturers 
and clinical investigators in developing new products. Some of 
these will be discussed in more detail below. 

Regulatory History 
The regulation of biologics, vaccines in particular, has devel
oped historically around safety concerns. It has been nearly a 
century since Congress enacted the 1902 Biologics Control Act. 
This was the first U.S. legislation that regulated the sale and 
interstate traffic of viruses, serums, toxins, and analogous 
products. These provisions were revised and codified in Section 
351 of the Public Health Service Act (PHS Act) of 1944. This 
congressional mandate established a regulatory program 
whereby manufacturers of biological products must be licensed 
to distribute these products and must provide adequate 
demonstration that they are pure, potent, and safe for their 
intended purposes. 

The regulation of biologics can be divided into two phases: 
Premarketing, which consists of the investigational and licens
ing phase, and postmarketing, which involves surveillance of 
the product performance after licensure. The PHS Act allows 
only licensed products to be shipped from one State to another. 
With the passage of the Kefauver-Harris amendments to the 
Food, Drug, and Cosmetic Act (FD&C Act) in 1962, the FDA 
obtained the legal authority to regulate clinical research in the 
United States when an experimental (investigational) product 
moves across State or international borders. 

The authority to revoke or deny a license on the basis that the 
product is ineffective or misbranded is not explicit in Section 351 
of the PHS Act. However, all biological products, including 
vaccines, are defined to be drugs. Thus, the FD&C Act also 
pertains to biological products. Applicable provisions of the 

FD&C Act containing explicit authority to control the effective
ness and misbranding of all drugs were redelegated in 1972 for 
use to control the effectiveness and misbranding of biological 
products. 

On July 1, 1972, the Division of Biologics Standards of the 
National Institute of Allergy and Infectious Diseases, which was 
charged with administering and enforcing Section 351 of the 
PHS Act, was transferred by the Secretary of Health, Education 
and Welfare to the FDA and became the Bureau of Biologics 
(BoB). This resulted in the transfer of the regulations pertaining 
to biologics from Part 73 of Chapter I of Title 42 of the Code of 
Federal Regulations (CFR) to Chapter I of Title 21 of the CFR 
(1). In 1982, the BoB was renamed the Office of Biologics 
Research and Review (OBRR) and combined with the Office of 
Drugs Research and Review to form the Center for Drugs and 
Biologics. In 1987, the OBRR was renamed the Center for 
Biologics Evaluation and Research (CBER). 

Legal Authority 
A single set of basic regulatory criteria applies to vaccines, 
regardless of the technology used to produce a vaccine. The 
legal authority for the regulation of vaccines resides in Section 
351 of the PHS Act as well as specific sections of the FD&C Act. 
These statutes are implemented through regulations codified in 
the CFR. The CFR contains current regulations of all U.S. 
Federal agencies. There are 50 titles, and the FDA regulations 
are found in Title 21. The regulations that specifically apply to 
vaccines and other biologics are located in 21 CFR 600 through 
680. Vaccine manufacturers must also comply with current good 
manufacturing practices written in 21 CFR 210 and 211. The CFR 
regulations cover the methods, facilities, and controls to be used 
for the manufacture, processing, packing, and holding of drugs 
and biologics to assure that such products meet the require
ments of the FD&C Act as to safety and have the identity, 
strength, quality, and purity characteristics that they are 
purported to possess. These regulations detail the minimum 
requirements for the preparation of drug products for administra
tion to humans or animals. Other specific regulations that apply 
to vaccines and biologics are 21 CFR Part 50—protection of 
human subjects, Part 56—institutional review boards, Part 58— 
good laboratory practices, Part 201—labeling, and Part 312— 
investigational new drug applications. 

CHANGES TO THE REGULATIONS 

The Prescription Drug User Fee Act of 1992 (PDUFA I) enabled 
the FDA to accelerate its drug and biological evaluation process. 
This legislation resulted in a commitment by the FDA to perform 
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complete reviews, not necessarily approvals, of regulatory 
submissions for new or currently marketed products and provide 
feedback to manufacturers (applicants) within specified 
timeframes. 

The Clinton administration’s reinventing Government initiative 
ordered all Federal agencies to review their regulations and 
eliminate or revise those that were outdated. As a result of this 
initiative, the FDA issued a notice of proposed rulemaking in the 
Federal Register of October 13, 1995, for the removal of a 
number of outdated or unnecessary regulations in 21 CFR 100 to 
801 (2).The FDA issued a final rule in August 1996 to remove 
certain biologics regulations that were considered obsolete or 
no longer necessary to achieve public health goals (3). Among 
these regulations were the additional standards for bacterial 
products (including bacterial vaccines), 21 CFR 620, and 
additional standards for viral vaccines, 21 CFR 640. Although 
not all bacterial and viral vaccines were actually covered in the 
additional standards as written in the regulations, the elimination 
of the regulations that did exist allowed for a more flexible 
approach in the development of product specifications without 
having to adhere to codified standards that quickly become 
obsolete. 

The passage of the FDA Modernization Act of 1997 (FDAMA) 
focused on reforming the regulation of drugs and biologicals as 
well as food and cosmetics. The FDAMA reauthorized the 
PDUFA I and extended it through September 30, 2002. In the past 
5 years, the PDUFA II program has further compressed the 
timeframes by which regulatory submissions are to be reviewed. 

The codified initiatives under the FDAMA included measures to 
modernize the regulation of biological products by bringing 
them in harmony with the regulations for drugs. This included 
eliminating the need for establishment license applications. Prior 
to the FDAMA, a product license application and an establish
ment license application (ELA) were required to be submitted for 
review by the FDA. Section 123 of the FDAMA amended 
Section 351 of the PHS Act to require that a single biologics 
license be in effect for all biological products in interstate 
commerce. On October 20, 1999, the final rule “Biological 
Products Regulated Under Section 351 of the Public Health 
Service Act; Implementation of the Biologics License; Elimina
tion of the Establishment License and Product License” was 
published (4). This final rule addressed procedures for handling 
Biologics License Applications (BLAs) and issuance of 
biologics licenses for all products subject to licensure under the 
PHS Act, and amended the licensing regulations in 21 CFR 601 
to reflect the changes to the licensing requirement of Section 
351. 

In July 1997, the FDA amended the biologics regulations for 
reporting changes to an approved application (5). These 
regulations describe the nature and extent of information that 
must be submitted to the CBER by manufacturers of licensed 
products to support changes in product manufacture, testing, or 

clinical use. The FDA proposed that for reporting purposes, 
changes to a licensed product be divided into three categories 
based on the potential of change described to substantially, 
moderately, or minimally affect product safety, purity, potency, or 
effectiveness in an adverse way. The “changes to be reported” 
regulations are found in 21 CFR 601.12. 

REGULATORY DOCUMENTS 

The FDA also publishes guidance documents that do not have 
the force of law, but provide useful recommendations in specific 
developing areas of science. Guidance documents can clarify 
certain sections of the CFR or provide expanded discussions of 
current scientific and regulatory expectations regarding product 
development. The use of such documents to provide guidance, 
rather than regulations to enumerate requirements, allows the 
agency to be more timely, flexible, and responsive to rapidly 
evolving scientific fields. With the enactment of the PDUFA and 
FDAMA; significant advances in many areas of immunology, 
microbiology, virology, and related sciences; and participation of 
the United States in efforts of the International Conference on 
Harmonization (ICH) (a joint project between the regulatory 
authorities of Europe, Japan, and the United States and pharma
ceutical industry experts) all leading to an increasingly complex 
regulatory environment, the number of guidance-containing 
documents has grown dramatically. Many of these documents 
are relevant to vaccine development. The following section 
provides a brief discussion of those documents most often 
referenced by FDA reviewers in their assessment of regulatory 
submissions. 

The “Points to Consider in the Characterization of Cell Lines 
Used to Produce Biologicals” (1993) describes basic concepts in 
cell banking and characterization, including testing for tumorige
nicity and adventitious agents. In the years since this document 
was developed, concerns regarding the possible presence of 
adventitious agents (which may have arisen from contaminated 
raw materials or been introduced during the manufacturing 
process) and the ability to detect these agents have increased. 
The CBER is currently working to revise and update guidance in 
this area, which affects cell banks and viral seeds. The ICH also 
has published “Guidance on Quality of Biotechnological/ 
Biological Products: Derivation and Characterization of Cell 
Substrates Used for Production of Biotechnological/Biological 
Products” (Q5D, 1998), which is generally applicable to many 
vaccine products not made in primary cell lines. 

Additional guidance regarding adventitious viral clearance (i.e., 
virus removal or inactivation) may be found in “Points to 
Consider in the Manufacture and Testing of Monoclonal 
Antibody Products for Human Use” (1997) and in the ICH 
document “Viral Safety Evaluation of Biotechnology Products 
Derived From Cell Lines of Human or Animal Origin” (Q5A, 
1995). Although the ICH document excludes most vaccines from 
the scope of its coverage, the concepts discussed are consid
ered generally relevant for many traditional vaccine approaches. 
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The emphasis by the FDA and ICH on cell and viral issues 
underscores the importance of thorough, well-documented, 
scientifically sound testing and characterization from the earliest 
stages of product development. As always, it is incumbent upon 
product manufacturers to keep abreast of agency recommenda
tions and requirements to ensure satisfactory product quality 
and safety and to avoid regulatory hurdles caused by poor 
decisionmaking and recordkeeping during the development 
process. 

As an example of the need for appropriate product quality 
control from the onset of product development, consider the 
concern that has arisen regarding the potential presence of 
causative agents of transmissible spongiform encephalopathies 
in products exposed to animal-derived raw materials at any stage 
of development and manufacture. This concern, albeit remote 
and theoretical at this time, has prompted not only rigorous 
prospective qualification of bovine materials, such as serum 
used for cell culture, but also retrospective searches for docu
mentation of materials used in cell bank and viral seed prepara
tions. Throughout the 1990s, the FDA and CBER sent a series of 
“Dear Manufacturer” letters cautioning against the use of 
undocumented or inappropriately sourced bovine materials. 
Although agency policy is evolving, there has been and 
continues to be a clear expectation that only appropriate material 
should be used during all stages of product manufacture. 
Current information regarding regulatory expectations and 
scientific concerns may be found on the CBER Web site (http:// 
www.fda.gov/cber). 

In addition to the guidance provided in the documents listed 
above, the CBER’s Office of Vaccines Research and Review 
(OVRR) has sent several letters to sponsors of investigational 
new drugs (INDs) covering new considerations for testing for 
adventitious retroviruses [letter of Dec. 14, 1998 (www.fda.gov/ 
cber/ltr/viral121498.htm)] and for characterization of products 
derived from the Vero cell continuous line [letter of Mar. 12, 2001 
(www.fda.gov/cber/ltr/vero031301.htm)]. The use of such letters 
to convey concerns or make recommendations regarding 
emerging technologies or scientific issues facilitates the 
establishment of clearer communication between the agency and 
sponsors in these complex policy areas. 

Another rapidly expanding area of interest is the development of 
DNA vaccines. The nature of these products dictates that 
specific preclinical studies be carried out to address issues of 
integration, biodistribution, and persistence of the vaccine 
construct in subjects. The “Points to Consider on Plasmid DNA 
Vaccines for Preventive Infectious Disease Indications” (1996) 
provides extensive discussion and recommendations regarding 
these and other relevant issues. 

Of great utility for the developers of all new vaccines is the 
“Guidance for Industry for the Evaluation of Combination 
Vaccines for Preventable Diseases: Production, Testing and 

Clinical Studies” (1997). This document provides a concise 
discussion of many generally applicable principles of vaccine 
development with regard to performance and documentation of 
manufacturing and quality control testing, as well as elements of 
clinical trial design and conduct. Combination vaccines, which 
are those intended to prevent multiple diseases or a single 
disease caused by different strains or serotypes of the same 
organism, have been interpreted to fall under the purview of 21 
CFR 610.17, which dictates that licensed products may not be 
combined with other licensed or unlicensed products unless a 
license is obtained for the combination. Moreover, according to 
21 CFR 601.25(d)(4), each component of the combination must 
contribute to the claimed effects of the combination and must 
not interfere with each other’s performance. The combination 
vaccines guidance document discusses special challenges 
presented in demonstrating the safety and effectiveness of 
these products, such as the compatibility of active components 
and potential for immunological interference. 

With the implementation of the new BLA to obtain marketing 
approval, guidance was developed in the “Content and Format 
of Chemistry, Manufacturing and Controls [CMC] Information 
and Establishment Description Information for a Vaccine or 
Related Product” (1999). This document provides a detailed 
outline of the CMC and establishment sections of the BLA. The 
CMC section requires descriptions of the method of manufac
ture, batch records, in-process controls, and product consis
tency and stability; the guidance document discusses these and 
other points in detail to assist manufacturers preparing a license 
application. Similarly, the establishment section, which takes the 
place of the formerly separate ELA, should contain information 
regarding specific facility systems (e.g., water and ventilation) 
and contamination and cleaning issues. It should be noted that 
many facilities issues will also be addressed during the 
prelicensure inspection that will be conducted by various 
agency experts. 

Recently, the “Guidance for Industry on Considerations for 
Reproductive Toxicity Studies for Preventive Vaccines for 
Infectious Disease Indications” (2000) was developed because 
of the potential for preventive vaccines to be used in females of 
childbearing potential as well as pregnant women. While 
preclinical studies addressing this issue are now expected to be 
completed during the prelicensure stage of product develop
ment, this document also discusses the establishment of 
pregnancy registries for products in commercial use. 

While not specific for vaccines, many other documents pub
lished by the ICH are useful in assessing vaccine quality, with 
regard to manufacturing issues and clinical performance. 
Documents on stability, assay validation, specifications, 
preclinical testing, clinical data collection and organization, as 
well as other topics are available on the CBER Web site (http:// 
www.fda.gov/cber) and may provide helpful guidance to 
developers of various vaccine products. 
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Guidance is also available on the many administrative proce
dures and policies that have arisen from the PDUFA and 
FDAMA. For example, different types of meetings with the 
agency are described in “Guidance for Industry on Formal 
Meetings With Sponsors and Applicants for PDUFA Products” 
(2000). This document describes the procedures to be followed 
in requesting a meeting, which were devised to help ensure that 
meetings can be held in a timely manner with relevant staff in 
attendance. Additional guidance on the CMC content of 
meeting packages to be submitted by manufacturers of IND 
products is available in the document entitled “IND Meetings 
for Human Drugs and Biologics—Chemistry, Manufacturing, 
and Controls Information” (2001). Critical guidance for potential 
license applicants is found in the Refusal to File Guidance, 
which describes criteria by which a license application may be 
considered to be so incomplete as to be unreviewable. 

FUNCTION OF THE OFFICE OF 

VACCINES RESEARCH AND REVIEW 

The CBER’s OVRR is responsible for regulating vaccines and 
related products produced by manufacturers licensed in the 
United States. The OVRR is one of six offices established in 
January 1993 during the reorganization of the CBER. This office 
is comprised of two laboratory-based divisions (Division of 
Bacterial, Parasitic and Allergenic Products and Division of Viral 
Products) as well as a nonlaboratory-based division [Division 
of Vaccines and Related Products Applications (DVRPA)] 
comprised of nonlaboratory-based scientists and physicians. 

DVRPA has the responsibility for the initial receipt and adminis
trative processing of biological INDs and BLAs for vaccines 
and related products submitted by the regulated industry. This 
division has the responsibility along with the laboratory-based 
research divisions for the review of viral, bacterial, rickettsial, 
and parasitic vaccines, toxins, toxoids, diagnostic substances 
for dermal tests, venoms, and allergenic extracts. The review 
process in the OVRR begins with an initial review by 
multidisciplinary review teams consisting of microbiologists, 
virologists, immunologists, toxicologists, statisticians, physi
cians, and consumer safety officers for scientific content and 
compliance with the regulations. Reviewers are selected on the 
basis of their expertise with the type of product, its method of 
manufacture, and clinical indication. 

Approval of a new vaccine application or supplement (applica
tions are submitted for new products, whereas supplements to 
those applications must be submitted when significant manu
facturing, facility, or equipment changes are made to the 
product, or a new indication is sought) involves the satisfactory 
review of all manufacturing and clinical data, a review of 
protocols for manufacturing and testing, the results of confirma
tory testing within the OVRR, and a prelicensing inspection by 
product experts in the OVRR and good manufacturing practice 

experts from the CBER’s Division of Manufacturing and Product 
Quality. In addition, the preapproval process usually involves a 
review and discussion of applications by the OVRR’s Vaccines 
and Related Biological Products Advisory Committee prior to 
approval. 

SUMMARY 

There are hundreds of vaccines in clinical trials throughout the 
world. Many of these investigational vaccines contain novel 
adjuvants, some are DNA vaccines, and others are recombinant 
subunit vaccines. The FDA has the difficult charge of regulating 
these vaccines to assure they are safe and efficacious. It 
continues to face new challenges, dealing with such safety 
concerns as the use of novel cell substrates and the evaluation 
of these cell substrates for known and unknown adventitious 
agents. The FDA’s regulations and guidance documents will 
continue to evolve in response to new technologies. 

Table 1: Vaccines Licensed in the United States 
Between 1981 and 2001 

Date Vaccine 

1981-1990 Meningococcal A, C, Y, W-135 vaccines 

Hepatitis B vaccine 

Pneumococcal polyvalent 23 vaccine 
Haemophilus influenzae type b (Hib) 

polysaccharide vaccine 

Hib conjugate vaccine 

Typhoid live oral Ty21A vaccine 

1991-2001 Diphtheria and tetanus toxoids and acellular 
pertussis (DTaP) vaccine 

Japanese encephalitis vaccine 

Diphtheria and tetanus toxoids and 
whole-cell pertussis (DTP)-Hib conjugate 
combination vaccine 

DTaP-Hib conjugate combination vaccine 

Hepatitis A vaccine 

Typhoid polysaccharide vaccine 

Varicella vaccine 
Hib conjugate-hepatitis B combination 

vaccine 

Rotavirus vaccine 

Lyme vaccine 

Pneumococcal conjugate vaccine 
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Vaccine Efficacy and Safety Evaluation 
Mary A. Foulkes, Ph.D., and Susan S. Ellenberg, Ph.D. 

. 
Benefit-to-risk considerations are needed to support informed 
public health policy decisions and personal choices regarding 
vaccinations. Such considerations require that the efficacy and 
the safety profile be evaluated thoroughly for any given 
vaccine. From this perspective, we discuss the continuing 
process of vaccine development and evaluation through to 
widespread public use. 

VACCINE DEVELOPMENT 

Vaccine efficacy has long been defined as the reduction in the 
infection rate attributable to the vaccine (1, 2). It is sometimes 
estimated as prevention of disease after deliberate exposure in 
challenge studies, or by induction of immunogenicity when a 
specific immune response measured serologically has been 
shown to be adequate to prevent infection. Efficacy, whether 
measured directly as prevention of the targeted disease or 
indirectly by measuring immune response, is generally evaluated 
in prospective, randomized controlled trials. Double-blind trials 
with placebo controls are often necessary to minimize bias in 
patient recruitment and assignment and in evaluation of 
outcomes. 

Initial testing of new vaccines involves measuring immune 
responses in phase I and II trials. Immunogenicity is a measure 
of the ability of the vaccine to elicit the desired or intended 
immunologic response. Antibody titers provide a measure of an 
individual subject’s direct response to the vaccine, and in 
principle, should indicate whether that subject is likely to be 
protected from the disease in question. Additionally, safety 
assessments, primarily evaluation of local and systemic reac
tions, are very important in establishing a rationale for future 
development. Often, multiple doses are evaluated to arrive at an 
optimal dose for further investigation. Similarly, multiple routes 
of delivery can be evaluated (e.g., injection; tablet; inhalation; or 
edible products such as potatoes, bananas, or tomatoes). This 
information can provide an initial, relatively imprecise measure of 
risk/benefit ratio. 

Phase III trials to assess efficacy are conducted after early phase 
trials establish preliminary evidence of the vaccine’s safety and 
immunogenicity. The appropriate size of phase III vaccine trials 
depends upon a variety of factors, including the primary 
outcome measure, the disease rate in the absence of vaccination, 
the minimum effect size of interest, and the acceptable error rates 
(a and b). Sample sizes needed to study efficacy based on levels 
of immune response are usually much smaller than those needed 
to evaluate prevention of clinical disease, and vaccines to 
prevent common diseases can be evaluated in smaller trials than 

vaccines to prevent rare diseases. For example, the efficacy of 
varicella vaccine was clearly established in a clinical trial that 
included less than 1,000 subjects; on the other hand, the World 
Health Organization Vaccine Trial Registry includes numerous 
phase III efficacy trials of cholera, Haemophilus influenzae type 
B (Hib) meningitis, and pneumococcal vaccines enrolling tens of 
thousands of subjects. The first randomized vaccine trial, the 
Francis field trial of the Salk polio vaccine, required nearly half a 
million children in order to reliably assess the vaccine’s efficacy 
(3). 

If the focus of a vaccine trial includes not only efficacy but also 
safety with respect to a specific adverse event, additional 
factors to consider in determining sample size would be the rate 
of that adverse event in the absence of vaccination, and the 
magnitude of the difference in the event rate between the 
vaccinated and nonvaccinated groups that one would wish to 
detect. Due to the association of intussusception with rhesus 
rotavirus vaccine (4), for example, trials of new rotavirus vaccine 
candidates will have to focus on the rate of intussusception as 
well as on the usual measures of vaccine efficacy. When the rate 
of a relatively rare adverse event determines the sample size, the 
trial may be considerably larger than trials designed with vaccine 
efficacy as the sole driving focus. 

As with all new pharmaceutical products, evaluation of safety is 
a critical concern in all phases of vaccine development, from 
early phase I through phase IV (5, 6, 7). Active adverse event 
monitoring is very important throughout the process of experi
mental vaccine evaluation. Phase I trials are often designed as 
dose-finding studies, looking for immediate toxicity and unan
ticipated adverse events, measuring antibody titers, injection 
site reactions (erythema, induration, pain and tenderness), 
allergic reactions, and other short-term (hours to days) out-
comes. These may even be conducted in an inpatient facility to 
permit close observation, reporting of signs and symptoms, and 
collection of sera and other specimens. Phase II trials, often 
placebo controlled, are designed to further establish safety. 
These trials capture the occurrence and magnitude of fever, 
irritability, injection site redness, swelling, and pain, as well as 
the longer term (weeks to months) response to vaccine. Safety 
events are scrutinized as isolated events and as consolidated 
events, e.g., any respiratory adverse event during the follow-up 
period. The eligibility for these trials becomes progressively less 
restrictive in each successive phase, approaching the target 
population of potential vaccinees. Phase III controlled trials, 
often double blind, are designed to directly estimate vaccine 
efficacy with health outcomes (requiring months of follow-up), 
such as infection, hospitalization, or absenteeism from school or 
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employment, rather than exclusively immunologic end points, 
except in cases in which the immune response is considered to 
be a satisfactory surrogate for clinical protection. In addition to 
evaluating efficacy, phase III trials often address duration of 
protection. 

Prelicensure studies typically provide adequate safety data on 
relatively common adverse events, but usually cannot provide 
estimates of the risk of more serious but rare adverse events. 
Experience with similar or earlier generation vaccines [e.g., oral 
poliovirus (OPV), whole-cell pertussis, or rhesus rotavirus 
vaccines] can suggest appropriate adverse events for focused 
attention in safety studies. Hypotheses related to vaccine safety 
often require larger and/or longer studies than have been 
conducted traditionally prior to licensure. 

As more vaccines have been added to the pediatric immuniza
tion schedule, and as the incidence of serious infectious disease 
has declined, parent groups and the lay media have focused 
increasing attention on possible vaccine-associated adverse 
events. With memory of the infectious disease epidemics of the 
past fading, previously acceptable margins of uncertainty may 
be larger than can be tolerated. Expansion of the prelicensure 
safety information as discussed above may be inevitable. 

Vaccine formulations often include additives: Adjuvants such as 
aluminum hydroxide, aluminum phosphate, and calcium phos
phate; preservatives such as thimerosal; and thermal or alkaline 
stabilizers such as MgCl2. The effects of these additives on the 
immune response and on adverse events need to be evaluated 
thoroughly during development and postlicensure. Recent 
concerns about exposing infants to mercury compounds have 
led to the discontinuation of vaccines manufactured with 
thimerosal, a mercury-containing preservative, for use in the 
United States (8). As the result of concerns about exposure to 
products that could potentially transmit bovine spongiform 
encephalopathy (BSE), stabilizers of bovine origin are no longer 
used. Investigational adjuvants, used to enhance immune 
response, also may raise safety concerns, particularly with 
therapeutic vaccines for which it may be difficult to distinguish 
between adverse events caused by the administered product 
and adverse events that are part of the disease process that is 
being treated (9). Severe local reactions [localized cystic 
reactions requiring surgical intervention (10)] and the subse
quent perceived safety profile of incomplete Freund’s adjuvant 
(IFA) have limited its use in recent years and have impacted the 
development of newer adjuvants. Other examples include the 
evaluation of a variety of adjuvants, including a liposome-based 
adjuvant in malaria vaccine (11), or multiple adjuvants with 
different physical and chemical properties in an experimental 
human immunodeficiency virus type 1 (HIV-1) vaccine (12). 

Each new vaccine development poses unique challenges, but 
the development of HIV vaccines is particularly challenging. 
Since HIV is known to have a high rate of mutation of the HIV-1 

envelope protein (13), there are subtle biological and geographic 
differences in variants of the virus that may be changing over 
time. To ensure impact on the rate of HIV transmission, public 
policy considerations must include not only vaccine efficacy, 
but also population-level benefits (direct and indirect effects), 
including behavioral changes, vaccine coverage rates, second
ary transmission rates, mixing patterns, and other factors (14). 
Phase III trials of HIV candidate vaccines are ongoing. One of 
the limiting factors in moving trials forward is the lack of known 
correlates of protection that could simplify and speed the 
evaluation of candidate vaccines. Candidate vaccines might 
prevent infection, prevent or delay progression to clinical 
disease, or reduce HIV-1 transmission in humans. The choice of 
target for an HIV vaccine affects not only the vaccine design 
and development, but also the ultimate public health impact, 
given multiple clades with geographic-specific prevalence. 
Those factors specific to HIV vaccine trials that may increase 
the trial size, duration, and/or complexity include the need for 
rapid trial results, the gradual accumulation of maximum protec
tion, accuracy levels of detection assays, and HIV exposure 
avoidance counseling (15). Trials may need increased sample 
size due to the potentially small effect size, which may be the 
result of competing behavioral interventions, excessive loss to 
follow-up, or a need for broader inclusion of various subpopula
tions. 

POSTLICENSURE SURVEILLANCE 

Since preventive vaccines are administered to millions of healthy 
individuals, they necessarily undergo extensive and continuous 
safety evaluation. Most safety monitoring of licensed vaccine is 
based on passive reporting systems, such as the Vaccine 
Adverse Events Reporting System (VAERS) in the United States 
(16) and the Yellow Card system used by the Medicines Control 
Agency in the United Kingdom (17). Passive systems have 
many known limitations, including underreporting of events, 
incomplete and often inaccurate information on the event itself 
and the medical history of the vaccinee, and the inability to 
distinguish coincidentally occurring serious events from those 
with a true causal association with the vaccine (18). Passive 
surveillance approaches offer hypothesis-generating but not 
hypothesis-testing capabilities. 

Improved surveillance approaches are feasible with sophisti
cated computer systems linking routine clinical data with 
immunization records. Examples of such systems include the 
Canadian Immunization and Monitoring Programme Active 
(IMPACT) system (19), and the Vaccine Safety Datalink [VSD] 
(20) in which a number of health maintenance organizations 
(HMOs), such as Kaiser Permanente Northern California and 
Group Health Cooperative of Puget Sound, collaborate with the 
Centers for Disease Control and Prevention (CDC) on vaccine 
safety investigations. These systems have been instrumental in 
describing the safety profile of pneumococcal, varicella, 
hepatitis B, Hib, and other vaccines. They can provide postvac-
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cination rates of local and systemic reactions, hospitalization, 
emergency room use, sudden infant death syndrome (SIDS), and 
other events. They also can provide the setting for randomized 
controlled trials, comparisons to historical (prevaccine) controls, 
case-control studies, or comparisons of observed safety profiles 
of different vaccines (21). 

Once a vaccine is generally available, safety monitoring contin
ues with respect to the production, distribution, storage, and 
delivery. Package inserts for licensed vaccines include recom
mendations for storage and handling. The widespread use of 
vaccines rapidly after licensure can exacerbate these safety 
considerations. The classic historical example is the Cutter 
incident. In the production of inactivated poliovirus (IPV) 
vaccine from Cutter Laboratories, not all of the wild poliovirus 
was inactivated in two of the vaccine lots, leading to 260 cases 
of paralytic polio clearly caused by the vaccine. This incident 
had the potential, fortunately unrealized due to the positive 
public reception to the vaccine, to seriously undermine the 
entire vaccination program (22). As a consequence of this 
devastating event, CDC established surveillance programs to 
continuously monitor vaccine adverse effects (23). Refinement 
of postlicensure safety assessments has continued, and oral 
vaccine has been superseded by inactivated vaccine. The 
Department of Health and Human Services Advisory Committee 
on Immunization Practices (ACIP) recommended in 1999 that IPV 
be used exclusively in the United States to eliminate the 
shedding of live vaccine virus and the risk of vaccine-associated 
poliomyelitis. 

An instructive example of the rapidity with which postlicensure 
safety evaluation can provide important new information 
following the introduction of a new vaccine is the experience 
with the tetravalent rhesus-human reassortant rotavirus vaccine 
(RRV) approved by the Food and Drug Administration (FDA) in 
1998 and then recommended for universal administration to 
infants (24). The initial placebo-controlled trials of RRV demon
strated the vaccine’s efficacy in reducing the incidence and 
severity of rotavirus. Although several cases of intussusception 
had occurred among approximately 10,000 vaccinees, the 
observed rate did not appear to exceed the expected number 
based on estimated background rates in this age group; further, 
a case of intussusception also had been observed among the 
controls (25). Passive surveillance (VAERS) provided the initial 
indication of a safety concern; the reporting of 15 cases of 
intussusception following RRV during the first 10 months after 
licensure represented about half the number that might have 
been expected during that interval, based on the expected 
background rate and the estimated vaccine coverage (26). Given 
the unknown but likely substantial underreporting, these reports 
generated concern and prompted the rapid design and imple
mentation of a large case-control study. Simultaneously, ACIP 
recommended the immediate suspension of the RRV immuniza
tion program. When the case-control study was completed, 
showing a strong causal association between the vaccine and 

intussusception (27), the American Academy of Pediatrics 
Committee on Infectious Diseases withdrew its recommendation 
for rotavirus vaccination (28), and the manufacturer voluntarily 
recalled the product. 

VACCINE ADVERSE EVENT 

SURVEILLANCE METHODS 

Just as vaccine development and new routes of delivery are 
evolving, so are the methods for surveillance of adverse events. 
One surveillance method, used in the United Kingdom and 
Canada to monitor the adverse events associated with vaccines, 
is based on the linkage of vaccination records (dates and 
vaccine batch numbers) and hospital discharge diagnosis 
records. This method controls for confounding by indication 
without requiring information on noncases (29, 30). The propor
tion of cases vaccinated is compared to the proportion vacci
nated in the population as a whole, without the detailed vaccina
tion record data for the entire population. The advantage is that 
this method provides an estimate of relative incidence of the 
clinical event conditioned not only on the occurrence of the 
event (as with the usual case series), but also on the vaccination 
history (31). The risk associated with a specific dose of a 
multidose regimen, the duration and magnitude of any increased 
risk, as well as risks attributable to particular strains of vaccine 
could be compared by this approach. The potential associations 
between diphtheria and tetanus toxoids and whole-cell pertussis 
(DTP) vaccination and febrile convulsion and between measles-
mumps-rubella (MMR) vaccination and idiopathic thrombocy
topenia purpura (ITP) were investigated by this method. With 
increasing availability of administrative computerized records, 
and more combination vaccines delivering more antigens 
simultaneously, this approach provides an additional method for 
identifying adverse events without requiring vaccination data 
on the entire population. 

The VSD permits a variety of study approaches, including case 
series, case-control studies, and cohort studies, with the 
additional strength of chart validation and prospectively 
recorded vaccination history (19, 20). In the VSD, vaccination 
records are linked to pharmacy prescriptions, demographic data, 
and medical outcome records at several HMOs. While not 
broadly representative of the U.S. population, opportunities 
exist with this approach to investigate diverse vaccination 
exposures and acutely emerging public health questions. As 
HMOs are added to the VSD, and the population becomes more 
representative, the VSD will provide even more valuable data. 

Computer-intensive methods such as data mining are being used 
to explore and analyze very large datasets to identify potential 
associations between vaccines and adverse outcomes. Data 
mining methods are not dependent upon strong model assump
tions as are, for example, discriminant analysis or multiple linear 
regression. Some data mining applications rely on existing 
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analytic techniques such as logistic regression or recursive 
partitioning. The application of data mining techniques to 
VAERS, using empirical Bayesian estimation, has been de-
scribed using the data on the rhesus rotavirus vaccine associa
tion with intussusception as an example (32). It remains to be 
seen how effective the routine application of data mining 
techniques to passive surveillance data will be in providing 
early signals of true vaccine safety issues. 

COMBINATION VACCINES 

Combination vaccines have been in use in the United States 
since the 1940s. They offer increased convenience and there-
fore the potential for increased vaccine coverage, particularly as 
the pediatric vaccination schedule continues to expand. The 
evaluation of combination vaccines administered in the same 
syringe is complex, but the impact of combination vaccines on 
clinical staff, parents, and infants is clear. Numerous investiga
tors have demonstrated the savings attributable to combination 
vaccines in total staff time associated with vaccine preparation, 
injection, and administrative issues (shipping, handling, 
storage), as well as in reducing infant crying time and multiple 
visits (33, 34). Fewer injections also diminish missed vaccination 
visits, simplify the overall vaccination schedule, and facilitate 
broader vaccine coverage. Antigenic competition, decreased 
immunogenicity or increased reactogenicity, choice of control 
groups for comparison in prospective trials, standardized 
assessment of adverse reactions, and determination of serologic 
correlates of protection all complicate the evaluation of combi
nation vaccines (35, 36). Standardized assessment of adverse 
events in trials comparing combination vaccine with separately 
administered components has been recommended for pre- and 
postlicensure studies (37). More safety data may be needed for 
some combination vaccines if the available safety data for the 
individual components are limited (38). 

RISK COMMUNICATION 

The continued success of immunization programs and infec
tious disease control depends to a great extent upon targeted, 
accurate, and timely communication with potential vaccinees 
and their parents. Given that public understanding of infectious 
disease and of the immune system can be limited and is some-
times erroneous, and that confusion of causality and temporal 
association occurs all too frequently, public education regard
ing the need for and the efficacy and safety of vaccines is vital 
to global public health. Recent examples of the concerns 
surrounding the use of the hepatitis B vaccine in France (39, 40, 
41) and the MMR vaccine in the United Kingdom (42) demon
strate that public health programs must improve their capacities 
to communicate more clearly and effectively to the public about 
the benefits and risks of vaccination. Although investigation of 
these concerns showed little or no evidence of any adverse 
consequences of the vaccines in question, the extensive 
publicity that the concerns received had major negative effects 

on immunization programs. Re-emergence of serious diseases 
following lowered levels of vaccine coverage has been seen in 
several countries (43) and may be on the horizon again if more 
effective means of communicating with the public about the 
importance and value of vaccination are not developed and 
implemented. 
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States: 1982-2002 
Geoffrey Evans, M.D., and Ann Bostrom, Ph.D. 

OVERVIEW America’s wake-up call came in 1982 with the airing of the 

Over the past 20 years, vaccine risk communication has evolved 
from nearly nonexistent to becoming an integral part of immuni
zation practice today. There are several reasons for this; some 
obvious, others less so. Advances in medicine and biotechnol
ogy have led to public debate over the imprecise nature of 
health risks. The task of informing the public about these risks 
is made difficult by limited understanding of what are often rare 
adverse effects. With immunization, the seeming disappearance 
of many infectious diseases has paradoxically created a height
ened perception of vaccine risk and uncertainty. The challenge 
to effectively communicate vaccine risks and benefits has 
increased accordingly. With the Internet and its limitless 
opportunities for information (and misinformation) comes the 
need for even more effective techniques and strategies for 
effectively communicating vaccine risks and benefits. Building 
on insights from research on health and environmental risk 
perception, communication, and decision making, vaccine risk 
communicators are developing validated empirical approaches 
to the design and evaluation of risk communication, and a cadre 
of researchers and new institutional structures to assist in these 
efforts. This article reviews the changing vaccine benefit/risk 
paradigm; factors affecting vaccine risk communication; and the 
roles and influences of institutional development, government 
regulation, and the media. It concludes with a discussion of the 
current state of risk communication science and its relevance to 
future vaccine communication design and content. A timeline 
reflecting events over the past two decades is shown in Table 1, 
and a list of vaccine risk communication resources is provided 
in Table 2. 

BACKGROUND 
Concerns about vaccine risk originated in the late 1700s when 
smallpox vaccine was introduced, followed by similar contro
versy over rabies vaccination nearly 100 years later. As time 
passed, the life-saving benefits of vaccines spoke volumes, 
making acceptable the relatively infrequent, albeit serious, 
reactions associated with each vaccine. Polio eradication 
campaigns of the mid-20th century were proof of the need for, 
and public trust and faith in, vaccines. However, by the 1970s, 
unquestioned acceptance of vaccination was changing in 
Western Europe and Japan. With pertussis disease at low levels, 
attention began to focus on the adverse events (truly related or 
not) that sometimes follow immunization. Consumer movements 
questioning the safety and efficacy of whole-cell pertussis 
vaccine eventually led to diminished or discontinued use, and 
resurgence of epidemic disease. 

controversial Emmy-winning program “DTP: Vaccine Roulette.” 
Showing images of severely impaired children and suggesting 
that serious reactions to diphtheria and tetanus toxoids and 
whole-cell pertussis (DTP) vaccine were as frequent as 1 in 700 
infants, the show (and its derivatives) generated great concern 
among parents. Standard resources like the American Academy 
of Pediatrics (AAP) Committee on Infectious Diseases Redbook 
and Important Information Statements from the Centers for 
Disease Control and Prevention (CDC) were ill equipped to 
answer the program’s allegations, inquiries having to do with 
Japan’s use of a safer alternative (i.e., acellular pertussis 
vaccine), or State immunization laws. Other than the popular 
“parenting manuals,” there was little information on vaccines for 
parents. Consumer support groups began appearing in part to 
fill this information gap. Perspectives on immunization were 
changing, and not just for the short term. 
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Centers for Disease Control and Prevention. (1978). Important 
information statements on diphtheria, tetanus, and pertussis 
vaccines. 

Committee on Infectious Diseases. (1982). Report of the Commit-
tee on Infectious Diseases. American Academy of Pediatrics. 

Freed, G. L., Katz, S. L., & Clark, S. J. (1996). Safety of vaccina
tions: Miss America, the media and public health. Journal of the 
American Medical Association, 276, 1869-1872. 

Gangarosa, E. J., Galezka, A. M., Wolfe, C. R., et al. (1998). Impact 
of anti-vaccine movements on pertussis control: The untold 
story. Lancet, 351, 356-361. 

Plotkin, S. L., & Plotkin, S. A. (1999). A short history of vaccina
tion. In S. A. Plotkin & W. A. Orenstein (Eds.), Vaccines (3rd ed., 
pp. 1-12). Philadelphia: W. B. Saunders Co. 

Thompson, L., & Nuell, D. (1982). DTP: Vaccine roulette [video 
recording]. Washington, DC: WRC-TV (NBC). 

SHIFT IN VACCINE RISK-BENEFIT 

PERCEPTION 
After the introduction of acellular pertussis vaccine in Japan, 
Europe, and more recently the United States, controversy over 
the use of DTP vaccine waned. Its genesis, however, is relevant 

58




The Jordan Report 

for present-day vaccine safety concerns. The success of 
vaccination has produced generations of parents, and physi
cians, with little or no first-hand experience of vaccine-prevent-
able disease. With benefits apparently assured, adverse events 
following immunization—particularly of unknown cause—attract 
increased attention from cautious parents. It is only natural to 
conclude that events closely following immunization are 
causally related, whether or not they are. Temporal association is 
especially compelling when alternative explanations are lacking 
and parents are told the condition is idiopathic. Those who turn 
to science for help or reassurance often find a disturbing lack of 
data. Even when there is scientific evidence, disagreement by 
experts over its meaning can confuse those looking for answers. 
Addressing all of this effectively requires an understanding of 
how individuals assess and make decisions about vaccine risks, 
including whom and what influences these decisions. 

Sources 
Evans, G., Bostrom, A., Johnston, R. B., Fisher, B. L., & Stoto, M. 
A. (Eds.). (1997). Risk communication and vaccination: 
Workshop summary. Washington, DC: National Academy Press. 

Howson, C. P., Howe, C. J., & Fineberg, H. V. (Eds.). (1991). 
Adverse effects of pertussis and rubella vaccines. Institute of 
Medicine. Washington, DC: National Academy Press. 

EXTERNAL FACTORS AFFECTING 

VACCINE RISK COMMUNICATION 
Parental decisions about vaccination are influenced by external 
factors (i.e., medical, sociopolitical) as well as personal factors. 
The increasing popularity of alternative health options affects 
vaccine decisions. In one survey, parents cited homeopathy and 
its benefits of natural immunity as the most common reason for 
immunization refusal, although at least one group of homeo
pathic practitioners denies it is “anti-vaccination.” Inconsistent 
viewpoints on immunization are also reflected in a survey of 
chiropractors that found a third agreeing with the statement that 
there is no scientific proof that immunization prevents disease. 

Vaccine decisions involve ethical considerations as well. 
Because the decision not to vaccinate increases the risk to the 
community as well as the individual, the duty of society to 
protect healthy (and susceptible) children may conflict with the 
right of families to make health decisions for their children. The 
presence of State immunization laws for school (and daycare) 
entry has led to a polarized debate on individual rights and civil 
liberties. Few issues have raised as much controversy. In 1999, 
consumer efforts in 15 States led to draft legislation to either 
rescind mandates or provide exemptions based on philosophical 
grounds. Compulsory immunization also complicates risk 
communication since messages regarding mandated vaccination 
may be perceived differently from those about voluntary 
vaccination. Information needed for informed decisionmaking 

takes on greater urgency when decisions are involuntary, 
causing consumers to question the adequacy of vaccine 
adverse event reporting and long-term studies of vaccine safety 
and efficacy. Moreover, immunization mandates are inconsistent 
with the voluntary decisionmaking, an inherent principle of 
informed consent. 

Beyond individual autonomy and informed consent is trust, a 
key determinant in risk decisions. Health communication is only 
effective when its recipients view the source as credible and 
impartial, which in part explains why conflict of interest inquiries 
have become so common. If there is even a perception of a 
conflict of interest, messages can leave people suspicious or 
confused and lead some to turn to less authoritative sources. 
The trust placed in authority derives from the perception that 
the authority shares public values. One way of achieving this is 
to involve the public in policy formulation. Trust may be lost 
when decisions are made behind closed doors and unexpected 
harm results. Recent examples include the French Government’s 
handling of possible human immunodeficiency virus (HIV) 
contamination of the blood supply, and the experience of bovine 
spongiform encephalopathy (BSE) contamination of meat in the 
United Kingdom, both of which resulted in deaths after the 
public was reassured about potential risk. 

Dialogue and decisionmaking partnerships can bridge gaps and 
forge better understanding. Nothing is assured, however, by 
being informative or inclusive. As a 1989 hallmark National 
Research Council report points out, informing the public may 
not reduce conflict at all, but actually sharpen it. Yet, as was 
stated in an Institute of Medicine (IOM) workshop on risk 
communication, “[P]olitics is about decision making in the 
absence of complete information,” which is nearly always the 
case with technological hazards. Only by understanding how 
people view certain risks and what is acceptable can efforts to 
promote behavioral outcomes be successful. Public discussions 
on smallpox vaccine policy that took place in 2002 are one 
example of participatory decisionmaking. 

Sources 
Altman, L. K. (2002, June 6). Preventive smallpox vaccinations 
urged for health workers. New York Times. http:// 
www.nytimes.com/2002/06/07/health/07SMAL.html. 

Colley, F., & Haas, M. (1994). Attitudes on immunization: A 
survey of American chiropractors. Journal of Manipulative and 
Physiological Therapeutics, 17, 584-590. 

Evans, G., Bostrom, A., Johnston, R. B., Fisher, B. L., & Stoto, M. 
A. (Eds.). (1997). Risk communication and vaccination: 
Workshop summary. Washington, DC: National Academy Press. 

Feudtner, C., & Marcuse, E. K. (2001). Ethics and immunization 
policy: Promoting dialogue to sustain consensus. Pediatrics, 
107(5), 1158-1164. 
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Fisher, P. (1990). Enough nonsence on immunization. British 
Medical Journal, 79, 198-200. 

National Research Council. (1989). Improving risk communica
tion. Washington, DC: National Academy Press. 

Simpson, N., Lenton, S., & Randall, R. (1995). Parental refusal to 
have children immunised: Extent and reasons. British Medical 
Journal, 310, 227. 

PERSONAL FACTORS AFFECTING 

VACCINE RISK COMMUNICATION 

No matter how well intentioned or well designed a risk message 
may be, individual risk perception and decisionmaking have to 
be taken into account if the communication is to be effective. 
Individuals tend to use heuristics, or shortcuts, in thinking 
about otherwise complex issues of risk. Among those related to 
immunization are bandwagoning, which is the tendency for 
parents to vaccinate if “everyone else is doing it” without fully 
evaluating the options themselves; altruism, when individuals 
are willing to accept personal risk if society as a whole will 
benefit (i.e., herd immunity); and less commonly, freeloading 
logic, which relies on high vaccination rates and herd immunity 
to protect an unvaccinated child. Vaccine decisions also can be 
influenced by cognitive biases. Omission bias, or the perception 
that actions are riskier than inactions, operates on the premise 
that vaccination, because it involves taking an action, is riskier 
than disease, even if the expected mortality and morbidity rates 
are lower with the vaccine. 

Social and cognitive factors also influence consumers’ and 
providers’ vaccine risk perceptions and decisionmaking. 
Individuals perceive risk based on their experiences, attitudes, 
education, beliefs, values, and culture as well as the nature of 
the risk. Some risks are more acceptable to parents than others. 
For example, risks that are voluntary and controllable tend to be 
more acceptable than involuntary risks, an issue that comes into 
play with mandatory immunization. Risks may be perceived 
differently depending on how they are framed, as people tend to 
avoid sure losses, but prefer certain benefits to equivalent 
uncertain benefits. It follows that parents who view vaccines as 
risky may choose to vaccinate only when they perceive a high 
threat of disease. Others who view vaccines as generally safe 
may be more likely to vaccinate in response to messages 
emphasizing the benefits of immunization rather than the risks of 
disease. 

While there is a fairly limited (but growing) body of empirical 
evidence on vaccine risk perceptions and the demand for risk 
communication, the available data show that parents generally 
want to have relevant and practical information on vaccine risks, 
including mention of rare, serious risks that may occur. They 
have basic questions—and sometimes serious concerns—about 
side effects, such as what to expect, when to expect it, how 

severe it will be, what to do (if anything), and when to call the 
doctor. 

Sources 
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and pertussis vaccination. Medical Decision Making, 14, 118-
123. 

Ball, L. K., Evans, G., & Bostrom, A. (1998). Risky business: 
Challenges in vaccine risk communication. Pediatrics, 101(3), 
453-458. 

Davis, T. C., Fredrickson, D. D., Arnold, C. L., et al. (2001). 
Childhood vaccine risk/benefit communication in private 
practice office settings: A national survey. Pediatrics, 107(2). 

Fischhoff, B., Bostrom, A., & Quadrel, M. J. (1993). Risk percep
tion and communication. Annual Review of Public Health, 14, 
183-203. 

Fitzgerald, T. M., & Glotzer, D. E. (1995). Vaccine information 
pamphlets: More information than parents want? Pediatrics, 
95(3), 331-334. 

Gellen, B. G., Maibach, E. W., & Marcuse, E. K. (2000). Do 
parents understand immunizations? A national telephone survey. 
Pediatrics, 106(5), 1097-1102. 

Slovic, P. (1987). Perceptions of risk. Science, 236, 280-285. 

Tversky, A., & Kahneman, D. (1981). The framing of decisions 
and the psychology of choice. Science, 211, 453- 458. 

THE ROLE OF CONSUMERS 
Consumers, in an advocacy or watchdog role, have significantly 
influenced immunization policy. Working with the media and 
policymakers, consumer groups successfully pursued a number 
of safety initiatives in the early 1980s, including: 1) Expanded 
research on vaccine adverse events, 2) a national adverse event 
surveillance system, 3) dedicated parent information materials, 
and 4) a safer alternative to the whole-cell pertussis vaccine. 
Starting with enactment of the National Childhood Vaccine 
Injury Act of 1986 (NCVIA), each affected the form and content 
of vaccine risk communication, and all were in place by the mid-
1990s. Changing from the live oral poliovirus (OPV) vaccine to 
the “safer” inactivated poliovirus (IPV) vaccine product was 
also related to efforts by a polio consumer group opposed to 
further use of OPV. 

Against this backdrop of activism are repeated surveys showing 
that the vast majority of parents believe in immunization and 
follow State mandates and their physician’s recommendations. 
Yet, concerns about vaccine safety have grown over time, 
increasing attention on vaccine risk communication. 
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The popularization of the Internet has brought the reality of 
mass communication to people’s fingertips through using email, 
browsing the World Wide Web, participating in LISTSERV 
discussion groups, or posting to Web pages or Internet chat 
rooms or bulletin boards. Recent surveys show that two-thirds 
of Americans are now online, and of the 80 percent who use it 
for decisions on health, just more than half find the information 
credible. There is virtually no limit to the information (and 
misinformation) that is easily accessible to laypersons and 
professionals. 

A first-time parent entering the word “vaccine” on a standard 
Internet search engine (e.g., Google, Yahoo, Excite) will find an 
overwhelming number of links to Web sites, many of which are 
hosted by consumer groups. The Web sites belonging to 
consumer groups or individuals provide a wide variety of 
information. A few offer links to peer-reviewed journals, govern
ment Web sites, and pro-vaccine institutions. These Web sites 
also may present anecdotal information and misconceptions 
about vaccines or vaccination. These range from the linkage of 
vaccines to specific idiopathic illnesses [e.g., sudden infant 
death syndrome (SIDS), diabetes], to the value of alternative 
medicine, the dangers of immunization-related immune overload, 
and allegations of collusion between government and industry 
with profit motives as the basis for decisions on immunization 
policy and the withholding of vaccine safety information. 
Adding to the potential confusion is the lack of consistency 
across such Web sites, which leaves readers who do not have 
access to scientific method and peer review with no clear means 
of vaccine benefit-risk assessment or validation. 

In the mid-nineties, public health officials became concerned 
about their relative absence on the increasingly active Internet, 
where the available vaccine information was dominated by 
consumer groups. Concerted efforts to maintain a balance 
contributed to increased and improved government and private 
vaccine-related Web sites. The Web sites of Federal health 
agencies and allied nongovernmental organizations usually 
contain peer-reviewed information on current safety issues, 
policy statements, vaccine use recommendations, and links to 
complementary Web sites. Their readers are generally left with 
the impression that the benefits of vaccination outweigh the 
risks. 
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THE ROLE OF HEALTHCARE PROVIDERS 

Despite the advent of the Internet, individual providers still 
determine, to a great extent, whether a child is immunized. A large 
majority of parents continue to trust and rely on their physicians 
for vaccine communication and decisions. Parents desire verbal 
input by their primary providers as a matter of trust and respect. 
However, a recent national study found that physicians rarely 
initiate discussion of vaccine risks and benefits, leaving it to 
office nurses or support staff; 40 percent of physicians do not 
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discuss vaccine risks at all. This raises the question of who is 
informing parental consent since physicians have the responsi
bility of ensuring that patients are adequately informed about 
risks and benefits prior to any medical intervention. 

Healthcare providers report the greatest barriers to effective risk 
communication are the lack of time, given the significant number 
of anticipatory guidance issues to be covered on most well-baby 
visits, and the increasing financial pressures of office practice. 
This situation is aggravated by inadequate reimbursement for 
immunization services, and the fact that patient education is not 
viewed as billable time. Generally, providers think they know 
what parents need to know, and communicate this information, 
except that half the time they do not review contraindications to 
vaccination. About a quarter of physicians who do not routinely 
discuss vaccine risks and benefits feel that were they to do so, 
parents might be alarmed or even refuse immunization. For 
others, the reluctance may be due to insufficient knowledge of 
current vaccine issues and practice or inadequate insight into 
how to deal with the concerns of a parent who questions or 
even refuses immunization. 

Further, physicians’ beliefs—including misconceptions—about 
vaccine risks and efficacy and their interactions with parents 
influence their behavior. Some physicians believe that multiple 
injections should be avoided due to potential psychological and 
physical trauma, choose not to administer live-virus vaccines to 
children with minor acute illness and low-grade fever, or are 
unaware of or ill informed about liability protections under the 
National Vaccine Injury Compensation Program (VICP). 
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THE ROLE OF THE MEDIA 

The media has greatly influenced vaccine risk communication 
over the past two decades. Following “DTP: Vaccine Roulette,” 
continued stories about DTP vaccine safety in the electronic 
and print media likely contributed to a vaccine liability crisis by 
1984, with shortages and pricing instability remedied only by 
passage of NCVIA. 

The latter half of the 1990s brought more and more complex 
media focus on vaccine safety issues, judging by calls to CDC’s 
National Immunization Hotline through 2000. Some were 
generated by research published in the United States (rotavirus 
vaccine and intussusception) and the United Kingdom (measles 
vaccine, inflammatory bowel disease, and autism); others by 
government-related vaccine safety activities (Thimerosal in 
Vaccines: A Joint Statement of the American Academy of 
Pediatrics and the U.S. Public Health Service), or in the case of 
hepatitis B vaccine, a change in immunization policy by the 
French Government. Despite being featured on national or cable 
news magazine programs or in prominent stories in major 
magazines (Time, Consumer Reports) and newspapers (USA 
Today), followup media interest appeared limited. In contrast, a 
search on “vaccine” and “risk” in the New York Times archives 
from 1996 through mid-July 2002 produced more than 300 
articles. 

Questions of media responsibility usually follow major stories 
on health risk. All parties are rarely satisfied. While the vast 
majority of vaccine stories mention benefits, when something 
happens, the downsides are emphasized. Reporting vaccine risk 
is especially challenging given that images overwhelm words 
and that the relevant scientific concepts are hard to simplify. 
Providing viewpoints on both sides of an emerging vaccine 
issue is imperative; investigating the credibility of sources 
should be as well. At the same time, evenly balanced stories may 
leave readers confused as to what to believe. Media experts say 
that one problem is the use of the word “safe” by those wishing 
to reassure the public. This may actually be doing the opposite 
since no medicine or biologic is completely safe. They suggest 
the alternatives “relatively safe” or “as safe as possible,” which 
warrant empirical testing. Risk communicators emphasize the 
need to be frank about all risks and uncertainties, including data 
gaps and areas of significant disagreement among experts. To 
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not do so imperils the trust and credibility of future communica
tion efforts. To do so leaves the challenge of how to convey the 
relative magnitudes of competing risks understandably and not 
magnify small uncertainties where there is significant consen
sus. 

The advent of the Internet has also transformed the ability of 
organized media to communicate, providing new forms of access 
to print and audiovisual material. It remains to be seen how 
Internet use will ultimately affect or incorporate other media. 
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THE ROLE OF GOVERNMENT 

NCVIA not only brought the Federal Government into a more 
prominent vaccine safety and risk communication role, it greatly 
enhanced information on vaccine risks and benefits. Key 
provisions included creation of the Vaccine Adverse Event 
Reporting System (VAERS), which began operation in 1990 as a 
national passive surveillance system for the reporting of adverse 
events following immunization; a call for IOM studies of adverse 
events from childhood vaccines, published in 1991 and 1994; 
and the development of vaccine information materials, currently 
known as Vaccine Information Statements (VISs). 

Two major programs, VICP and the National Vaccine Program, 
were created by NCVIA. VICP is a no-fault system to compen
sate families of children, or individuals, thought to be injured 
from childhood vaccines. Its very existence implies risk, espe
cially when the numbers of families (or individuals) compensated 
(more than 1,500) and overall awards (more than $1 billion) are 
reported in the media or on the Internet. At the same time, VICP 
staff and outside medical consultant analysis of medical records 
submitted with claims has led to a better understanding of the 
very limited role vaccines play in chronic illnesses thought to be 
vaccine related. The Advisory Commission on Childhood 
Vaccines (ACCV), which is composed of parents, physicians, 
and attorneys in equal numbers, oversees operation of VICP. 

The National Vaccine Program Office (NVPO) coordinates and 
integrates all Federal agency activities related to immunization 
(Table 2). Working with its advisory body, the National Vaccine 
Advisory Committee (NVAC), and through special needs 
funding, NVPO has sponsored a number of projects and 
workshops relating to communication. One noteworthy example 
was a public workshop in October 2000 to identify more effective 
approaches to vaccine risk communication. 

Each Federal agency contributes to communication efforts. On 
its Web site, the Food and Drug Administration (FDA) through 
the Centers for Biologics Evaluation and Research (CBER) 
provides information for health professionals and consumers on 
regulatory activities that ensure the safety and efficacy of 
vaccines. FDA also shares management of VAERS with CDC and 
provides reporting forms and research results online and 
accepts VAERS reports online. 

The National Institute of Allergy and Infectious Diseases 
(NIAID) is the major source of support for vaccine research. In 
addition to the Jordan Report, a brochure on vaccine develop
ment process and testing, called Understanding Vaccines, and 
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the Task Force Report on Safer Childhood Vaccines can be 
accessed at the NIAID Web site. Among the latter’s major 
recommendations is a blueprint for educating the public and 
health professionals on vaccine benefit and risk. 

CDC’s immunization efforts are through the National Immuniza
tion Program (NIP) and the National Center for Infectious 
Disease (NCID). The latter is responsible for laboratory and 
clinical research on vaccines. NIP coordinates and promotes 
immunization activities nationwide and monitors vaccine safety 
and efficacy. Through written materials, videotapes, the National 
Immunization Hotline, and a Web site, NIP provides information 
on vaccine benefit and risk to healthcare providers, the general 
public, and the media. CDC through NIP is also responsible for 
developing and updating VISs using a process of public 
comment (including review by ACCV). 

VISs are 1-page, 2-sided sheets written at the fifth- to seventh-
grade level designed to facilitate, not replace, provider-patient 
communication. Providers are required to distribute them each 
time a vaccine covered by VICP is administered. Studies show 
VIS reading level is too high for some and overly simplistic and 
incomplete for others. Compliance with the distribution require
ments has been questionable, with one self-reporting survey 
showing that about a third of physicians do not have VISs in 
their offices, and a somewhat greater percentage do not give out 
a VIS at every visit. 
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THE ROLE OF NONGOVERNMENTAL 

ORGANIZATIONS 

Professional associations, academic institutions, and consumer 
groups comprise a growing list of nongovernmental organiza
tions (NGOs) contributing to vaccine risk communication, 
mostly via the Internet. Target audiences for the most part are 
health professionals and the public; others list the media and 
policymakers. In addition, some organizations have developed 
communication resource materials, like the National Network for 
Immunization Information or the Immunization Action Coalition, 
which provides downloadable versions of the VISs in more than 
two dozen languages. 

In their capacity as a credible independent scientific institution, 
IOM’s reports on adverse events have helped channel discus
sion and debate on a number of complex and controversial 
vaccine policy issues. Information from IOM reports, for 
example, is used in development of VISs, modifications to the 
Vaccine Injury Table, and formulation of vaccine recommenda
tions by CDC and AAP. Through the National Academy of 
Sciences Web site, more than a dozen IOM reports and work-
shop summaries on vaccine topics can be read or downloaded. 

In 1999, near-simultaneous publicity over rotavirus vaccine and 
intussusception and the issue of thimerosal in vaccines raised 
concern that the public might be starting to doubt the safety of 
vaccines. To help regain any loss of confidence, CDC and 
NIAID contracted with IOM to perform independent, expedited 
scientific reviews of current and emerging vaccine safety 
hypotheses. In an extraordinary attempt to eliminate potential 
conflict of interest, membership on the new Immunization Safety 
Review Committee was limited to scientists without financial ties 
to industry, previous service on major vaccine advisory commit-
tees, or prior expert testimony or publications on issues of 
vaccine safety. The committee’s charge went beyond past 
efforts of providing a plausibility assessment (biologic plausibil
ity and causality) to include a significance assessment looking 
at the burden of disease, the potential vaccine adverse event, 
and the level of public concern; a public health response 
assessment of the need for a review of current policy and 
suggestions for future research; and an analysis of communica
tions and, if relevant, general and crosscutting issues. 
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IOM held public workshops on each topic, working on a 60- to 
90-day completion schedule. Four reports had been issued by 
the summer of 2002, covering purported associations between 
measles-mumps-rubella (MMR) vaccine and autism, thimerosal
containing vaccines and neurodevelopmental disorders, multiple 
immunizations and immune system dysfunction, and hepatitis B 
vaccine and neurological disorders. None of them found proven 
evidence for any of the vaccine safety hypotheses, although the 
committee, for example, was unable to conclude from the 
available evidence whether or not thimerosal causes certain 
neurodevelopmental disorders, and supported use of thimerosal
free vaccines. The reports seem to have helped reduce some of 
the public uncertainty about vaccine safety. 

Regarding communication, IOM found barriers while looking for 
parent materials on government Web sites in terms of the 
organization and availability of information on specific topics, as 
well as the wording in some of the safety narratives. The 
committee also pointed to the lack of research on individual 
vaccine risk perception and decisionmaking, recommending to 
the government a comprehensive research agenda for knowl
edge leading to better design and evaluation of risk communica
tion approaches. One report pointed out the lack of discussion 
of ethical issues, such as providing enough information on the 
more rarely occurring risks for parents living in States with 
compulsory immunization. 
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THE ROLE OF VACCINE COMPANIES 

Vaccine companies communicate product information via written 
materials and their Web sites. Many companies and biotech 
firms promote immunization through the National Partnership for 
Immunization. However, the primary risk communication tool for 
industry remains the manufacturer’s vaccine package insert. 
While inserts are included in the shipments to offices or 
pharmacies, they are probably easiest to access by reading the 
Physicians Desk Reference or going online to the company Web 
site. The inserts include statements on efficacy, 
contraindications, warnings, precautions, and adverse events 
associated with the use of the vaccine. Package inserts are 
regulated by the FDA, which determines the type of information 
that must be included and reviews and approves each package 
insert prior to marketing and whenever changes are made. 
Frequently, the list of adverse events associated with the 
vaccine includes a number of events generally thought not to be 
related but which are included for legal (liability) reasons. The 
contraindications or precautions that are listed may also differ 
from those of the major recommending bodies: CDC’s Advisory 
Committee on Immunization Practices (ACIP) and AAP. These 
differences, plus the poor readability due to small font size, make 
current package inserts an understandably limited resource. 
Recent revisions to the requirements for package inserts may 
help address some of these limitations. 
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RISK COMMUNICATION SCIENCE AND 

VACCINES 
Over the last several decades, government and industry efforts 
to reassure the public about a number of technological and 
environmental hazards (e.g., nuclear power plants, toxic waste 
sites, indoor radon) have sometimes provoked unanticipated 
responses. Risk communication research has developed to 
predict and support risk management behaviors. It has interdis
ciplinary roots in cognitive and social psychology, behavioral 
decision theory, risk assessment and management, and commu
nications. 

Vaccine risk communication research is relatively new, but is 
rapidly acquiring its own profile. A PubMed search in mid-July 
2002, showed 73 publications on “vaccine risk communication” 
in the last two decades, of which almost half were published in 
the last 5 years. While it shares features with technological and 
environmental risk communications aimed at supporting 
informed decisionmaking as a public health concern, vaccine risk 
communication is also often treated as an issue of how to 
achieve effective advocacy. A mental models approach (i.e., 
ascertaining people’s understanding of a risk) to risk communi
cation starts with the fact that people interpret information 
based on what they already know, that this must be assessed 
empirically, and that empirical evaluation of communications is 
also essential. Other approaches are concerned with catching 
readers’ attention, increasing their belief in their ability to control 
(disease) risk effectively (with vaccination), or, as in fear 
appeals, changing their affective responses to a risk. 

Vaccine messages based on mental models and other empirical 
methods are in the early stages of development. Building on 
insights from other domains, vaccine risk communicators are 
developing validated empirical approaches to the design and 
evaluation of risk communication, and a cadre of researchers and 
new institutional structures to assist in these efforts. 

Recent risk communication research has focused on: 1) examin
ing the role of trust in institutions and sources of risk communi
cations, and in particular how value similarity affects risk 
communication; 2) gaining a better understanding of mental 
models of risks and their roles in risk communication; 3) examin
ing how emotions and affect influence risk perception and 

communication; and 4) integrating social psychological theories 
of persuasion and message processing in risk communication. 
Vaccine risk communication research is underway in at least the 
first two of these four areas. 
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FUTURE CHALLENGES 
As the 20-year timeline (Table 1) shows, the trend is toward more 
vaccine policy events and more related communication activities 
and challenges. Recent and imminent changes in the political 
and institutional realities of public health, technological ad
vances in communication, and molecular biology and immunol
ogy are likely to play a significant role in determining future 
investments in vaccine risk perception and communication 
research and practice. 

For government agencies, new and better methods of communi
cation through a comprehensive research strategy were outlined 
in the 2000 NVPO Workshop on Vaccine Risk Communication 
and more recent IOM Immunization Safety Review Committee 
reports. Gaining knowledge in the design and evaluation of 
vaccine risk-benefit communication approaches will enable more 
effective ways of communicating emerging vaccine safety 
hypotheses, changes in vaccine policy, and the uncertainty over 
gaps in information. Other needs include more user-friendly Web 
sites, and low-literacy and higher level communication materials 
that are understandable and appropriate (i.e., not judgmental or 
prescriptive). The “one size fits all” approach for VISs clearly 
has limited usefulness. 

Perhaps the greatest challenge for government is to establish 
and maintain trust with the “organized” public (i.e., interested 
parents or parents of children thought harmed by vaccines), as 
well as parents in general. Only through dialogue can there be a 
better understanding and appreciation of viewpoints and 
misconceptions on both sides. Efforts to gather immunization 
stakeholders for face-to-face discussions, which began in 1995 
with the IOM Vaccine Safety Forum, were being pursued once 
again in 2002 through a CDC/NVPO-sponsored project called the 
Vaccine Collaborative. In 2002, CDC added a consumer represen
tative to ACIP to be consistent with FDA’s Vaccines and Related 
Biological Products Advisory Committee (VRBPAC) and NVAC. 
While vaccine activists are the visible, vocal public, no less 
important are the views and values of the general public. 
Accessing these views on immunization risk has not been 

routinely attempted up to this point. Only through shared 
decisionmaking can the interest of the public be best served. 

Unfortunately, funding for communication research and related 
outreach efforts is anything but certain. In a climate of compet
ing health priorities and limited budgets, arguments for proactive 
measures on risk communication, although sound in principle, 
do not appear as compelling when vaccine safety issues 
regularly draw media attention and concern. Philanthropic 
foundations have funded vaccine registries and communication 
efforts in the past, and perhaps will be a viable option for future 
communications research and collaborative efforts with the 
public. 

Another challenge is the elimination of barriers and promotion of 
effective risk communication by healthcare professionals. 
Generally, providers should be informed about vaccine-prevent-
able disease, safety issues, and the practice and ethics of 
informing parents about vaccine risks and benefits. Today, 
providers should expect that some parents will question the 
need for or safety of vaccination, refuse certain vaccines, or 
even reject all immunizations for their child. The best approach is 
empathetic vaccine risk communication, which is essential in 
responding to misinformation and concerns that parents may 
have encountered on the Internet or have heard elsewhere. 
Some vaccines may be acceptable to the resistant parent. 
Concerns may be addressed by a variety of materials now 
available. If not, parents should be advised of State laws 
pertaining to school or childcare entry, which may require that 
unimmunized children stay home from school during outbreaks. 
Documenting such discussions in the patient’s record is 
important, and even having a parent sign an “informed refusal” 
document may help to reduce any potential liability should a 
vaccine-preventable disease occur in the unimmunized patient. 
Above all, patients should not be excluded from a practice; 
parental questioning or refusal of a vaccine does not necessarily 
mean a parent does not trust the provider and will dismiss other 
health advice and guidance. 

Events in the last year illustrate the potential for the unantici
pated to drive vaccine risk perceptions and communications: 
Anthrax attacks, heightened concerns about smallpox and 
bioterrorism, new vaccine policy recommendations, increased 
research and publication on vaccine perception and communica
tion, and shortages of many routine childhood and adult 
vaccines. Vaccine risk communicators have found themselves 
with more than ever to do. With sufficient resources, they 
should be able to marshal the advances of the past two decades 
to address these challenges and to improve immunization 
programs and policies. 
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Table 1: Timeline of Vaccine Risk and Risk Communication Events, 1982-2002 

1982: 1992: 
• “DTP: Vaccine Roulette” excerpts aired on The Today • Childhood immunization initiative target of 90-percent 

Show immunization coverage of 2-year- olds announced 
•	 Parent consumer group Dissatisfied Parents Together • NIP moved to Office of the Director, CDC 

(DPT) formed • Vaccine safety becomes distinct activity within NIP 

1984:	 Morbidity and Mortality Weekly Report (MMWR) 1993: “Standards for Pediatric Immunization Practices” 
notice calling for rationing of DTP vaccine supplies published in MMWR and JAMA 
due to liability crisis 

1994: 
1985: • IOM report entitled “Adverse Events Associated with 

•	 DTP: A Shot in the Dark (Coulter and Fisher) Childhood Vaccines” 
published • IOM report on the 10-year followup to the National 

• Phil Donahue Show on DTP vaccine safety Childhood Encephalopathy Study of whole-cell 
pertussis vaccine and long-term neurological effects 

1986: • Vaccines for Children (VFC) program enacted 
•	 National Childhood Vaccine Injury Act signed into • National Vaccine Plan is approved by the Secretary of 

law the Department of Health and Human Services 
• National Vaccine Program Office created (DHHS) 
•	 DPT demonstration at Advisory Committee on • Vaccine risk communication becomes distinct activity 

Immunization Practices (ACIP) meeting in Atlanta within NIP 
• Vaccine Risk Communication (VARICO) conference 

1988: National Vaccine Injury Compensation Program calls started at CDC 
(VICP) begins operation 

1995: 
1989: • IOM Vaccine Safety Forum Workshop on Vaccine 

•	 National Research Council report: “Improving Risk Risk Communication 
Communication” • “6 Common Misconceptions About Vaccines: And 

• Resurgence of measles in preschool age children How to Respond to Them” 
•	 Second dose of measles-mumps-rubella (MMR) CDC, NIP 

recommended by ACIP and the American Academy of • Varicella and hepatitis A vaccines licensed 
Pediatrics (AAP) • VICP final rule adding chronic arthritis for rubella

•	 DPT changes name to National Vaccine Information containing vaccines and removing shock-collapse 
Center and residual seizure disorder for DTP vaccine on 

Vaccine Injury Table 
1990: 

•	 Vaccine Adverse Event Reporting System (VAERS) 1996: 
begins operation • ACIP recommends acellular pertussis vaccine for 

•	 Centers for Disease Control and Prevention (CDC)/ routine use in infants 
National Immunization Program (NIP) initiates Vaccine • “Vaccination: The Issue of Our Times” in Mothering, 
Safety Datalink (VSD) summer edition 

• Goal of 90-percent immunization rates for 2-year-olds 
1991: is achieved 

•	 Institute of Medicine (IOM) report “Adverse Effects • Reverse transcriptase detected in live-attenuated 
of Pertussis and Rubella Vaccines” virus vaccines 

•	 ACIP/AAP recommend acellular pertussis vaccine for • Task Force on Safer Childhood Vaccines report is 
the 4th and 5th dose approved by the Secretary, DHHS 

• ACIP/AAP recommend routine use of hepatitis B • Studies published showing evidence of simian virus 
vaccine in infants 40 (SV40) in rare human tumors 

• “Measles White Paper” on the measles epidemic • CDC issues apology for errors in obtaining informed 

Association (JAMA) Angeles 
published in the Journal of the American Medical consent for E-Z measles vaccine studies in Los 

68




The Jordan Report 

Table 1: Timeline of Vaccine Risk and Risk Communication Events, 1982-2002 (continued) 

1997: • ACIP broadens use recommendation for hepatitis A 
•	 ACIP recommends sequential inactivated poliovirus vaccine making it routine use in those States where 

(IPV)/oral poliovirus (OPV) vaccine schedule disease is endemic 
•	 Emerging Viruses: AIDS and Ebola: Nature, Accident • “Parents Fear Growing Number of Vaccines” USA 

or Intention? (Horowitz)  published Today, August 3 
•	 First International Conference on Vaccination held by • National Vaccine Advisory Committee workshop on 

National Vaccine Information Center thimerosal 
•	 Institute for Vaccine Safety established at Johns • ABC News program on vaccine safety and mandatory 

Hopkins University immunization on Nightline 
•	 Workshop on possible association between polio • CDC hires communication specialist to direct vaccine 

vaccine-contaminated SV40 and cancer risk communication efforts 
• Food and Drug Administration (FDA) Modernization 

Act (includes review/assessment of all mercury- 2000:

containing foods and drugs) • ACIP recommends exclusive use of IPV


• Congressional hearings on vaccine safety and autism 
1998: • “Don’t Worry about Vaccinations” Parade magazine, 

•	 Lancet paper suggesting association between January 9 

measles vaccine and autism • “When Vaccines Do Harm to Kids” Insight magazine, 

•	 Gannett News Service series on vaccine safety and February 

VICP • ABC Evening News program: “Vaccine Victims?” 

• New England Journal of Medicine (NEJM) paper on (Lyme disease vaccine and adverse effects) 
• National Vaccine Program Office workshop on vaccineGuillain-Barre syndrome and influenza vaccines risk communication • Rotavirus vaccine licensed 

• Secretary of Defense orders anthrax vaccine use for 
• Pneumococcal conjugate vaccine licensed for routine 

use
all active duty military personnel • “To Vaccinate or Not to Vaccinate: Parents Worry

•	 National Network for Immunization Information About Safety Which Worries Health Officials” USA
established Today, July 18

• Bill & Melinda Gates Foundation grant of $100 million • “Murder or Bad Vaccine?” Redbook, September
for global vaccination • Allied Vaccine Group launches “Web ring” of four 

• “A Shadow Falls on Hepatitis B Vaccination Efforts” Web sites for access to science-based information 
Science, July 31 • Vaccine Education Center at the Children’s Hospital of 

•	 French Government suspends middle school-based Philadelphia established
hepatitis B immunization • Tetanus vaccine supply shortage begins—shortages 

•	 Illinois Board of Health hearing on hepatitis B vaccine occur for other childhood and adult vaccines over 
and mandatory immunization next 2 years 

•	 Massachusetts Public Health Council hearing on 
varicella vaccine and mandatory immunization 2001: 

• Lyme disease vaccine licensed • National Vaccine Program Office workshop on 
rotavirus vaccines 

1999: • ABC News program on MMR vaccine and autism on 
• ABC News program on hepatitis B vaccine on 20/20 20/20 
•	 Congressional hearings on vaccine safety in general, • NBC News program on MMR vaccine and autism on 

hepatitis B and anthrax vaccines, vaccines and Dateline 
autism, and improving VICP • Congressional hearings on vaccine safety and autism/ 

•	 Rotavirus vaccine use suspended, then withdrawn and the VICP 
from marketplace • “Vaccines: An Issue of Trust” Consumer Reports, 

•	 Joint statement of AAP/Public Health Service on August 
thimerosal preservative in childhood vaccines • NEJM papers on hepatitis B vaccine and multiple 

• The River is published, links OPV clinical trials in sclerosis 
• Brighton Collaboration established to define/Africa to acquired immunodeficiency syndrome 

(AIDS) epidemic (Hooper) analyze adverse events following immunization 
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Table 1: Timeline of Vaccine Risk and Risk Communication Events, 1982-2002 (concluded) 

•	 Clinical Immunization Safety Assessment (CISA) 2002: 
centers funded http:// • Congressional hearings on autism and vaccine safety 
www.partnersforimmunization.org/cisa.pdf) • National Vaccine Program Office workshop on vaccine 

•	 Class action lawsuits filed in several States alleging supply shortages 
thimerosal-related injury • Lyme disease vaccine distribution is discontinued by 

• VAERS goes online for reporting of adverse events manufacturer 
•	 9/11 attacks in New York, Washington, and • ACIP recommends limiting use of smallpox vaccine to 

Pennsylvania frontline response teams 
•	 Anthrax bioterrorist attack—supplies of anthrax and • IOM reports on multiple immunizations and immune 

smallpox vaccine increased dysfunction/hepatitis B vaccine and demyelinating 
•	 IOM reports on MMR vaccine and autism/thimerosal- neurological disorders are released 

containing vaccines and neurodevelopmental • IOM report on anthrax vaccine released 
disorders are released 

Table 2: Vaccine Risk Communication Resources 

Organizations/Web sites •	 National Partnership for Immunization (http:// 
www.partnersforimmunization.org)

Government • National Healthy Mothers, Healthy Babies Coalition 
•	 National Vaccine Program Office, HHS (http:// (http://www.hmhb.org) 

www.cdc.gov/od/nvpo) • National Foundation for Infectious Diseases (http:// 
•	 National Immunization Program, CDC (http:// www.nfid.org) 

www.cdc.nip) • Infectious Diseases Society of America (http:// 
•	 National Center for Infectious Disease (http:// www.idsociety.org) 

www.cdc.gov/ncidod) • Pediatric Infectious Diseases Society of America 
•	 Centers for Biologics Evaluation and Research, FDA (http://www.pids.org) 

(http://www.fda.gov/cber) • Sabin Vaccine Institute (http://sabin.org) 
•	 National Institute for Allergy and Infectious Diseases • All Kids Count (http://www.allkidscount.org) 

(http://www.niaid.nih.gov/dmid.vaccines). • Children’s Vaccine Program at PATH (http:// 
•	 National Vaccine Injury Compensation Program, childrensvaccine.org) 

HRSA (http://www.hrsa.gov/osp/vicp) • Global Alliance for Vaccines and Immunization (http:// 
•	 Vaccine Adverse Event Reporting System (http:// www.vaccinealliance.org) 

vaers.org) • World Health Organization (http://www.who.int/ 
vaccines-disease/safety/) 

Nongovernment •	 Brighton Collaboration (http:// 
brightoncollaboration.org). 

• American Academy of Pediatrics (http://www.aap.org) • Institute of Medicine (http://www.nas.edu) 
• National Network for Immunization Information (http:/ • Institute of Medicine Vaccine Safety Review Commit

/www.immunizationinfo.org) tee (http://www.iom.edu/imsafety) 
• Allied Vaccine Group (http://www.vaccine.org) 
•	 Vaccine Education Center at the Children’s Hospital of Consumer 

Philadelphia (http://www.vaccine.chop.edu) 
•	 Institute for Vaccine Safety at Johns Hopkins • Parents of Kids with Infectious Diseases 

University (www.vaccinesafety.edu) (PKids)(http://www.pkids.org/) 

• Every Child by Two (www.ecbt.org) • National Vaccine Information Center (NVIC) (http:// 

•	 National Coalition for Adult Immunization (http:// www.909shot.com), 

www.nfid.org/ncai) • Parents Requesting Open Vaccine Education (PROVE) 

• Immunization Action Coalition (http:// (http://vaccineinfo.net) 

www.immunize.org) •	 Vaccine Information and Awareness (VIA) (http:// 
home.san.rr.com/via) 
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Table 2: Vaccine Risk Communication Resources (concluded) 

Books/Brochures 

Parents Guide to Childhood Immunizations: CDC/NIP 
Web site 

Six Common Misconceptions about Vaccination and 
How to Respond to Them: CDC/NIP Web site 

Epidemiology and Prevention of Vaccine-Preventable 
Diseases (Pink Book): CDC/NIP Web site 

Guide to Contraindications to Childhood Vaccines: 
CDC/NIP Web site 

Vaccine Information Statements: CDC/NIP & Immuniza
tion Action Coalition Web sites 

Understanding Vaccines: NIAID Web site 

The Baby Shot Book: HRSA/National Vaccine Injury 
Compensation Program (available in 2003) 
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Economics of Vaccine Development and Implementation: Changes 
Over the Past 20 Years 
Julie Milstien, Ph.D., and Brenda Candries, Ph.D. 

. 
INTRODUCTION 

Twenty years ago, vaccine developers were for the most part the 
public-sector cousins of the pharmaceutical industry. Vaccines 
in use in 1980 included Bacillus de Calmette-Guerin (BCG), 
diphtheria and tetanus toxoids and whole-cell pertussis (DTP), 
measles, and oral poliovirus (OPV), all of which had been on the 
market for more than a decade, and some for the better part of 
half a century. The Food and Drug Administration (FDA) had 
overseen regulation of vaccines in the United States for only 8 
years. The vaccine industry in the United States was feeling the 
impact of adverse reactions and potential liability issues with 
pertussis and swine flu vaccines, and prices for established 
vaccines were less than $1 to $3 per dose (see Table 1). Plasma-
derived hepatitis B vaccine was not yet licensed, and recombi
nant products were still under development. The era of in-
creased major expansion of vaccine research and development 
support (1) was just beginning. Good manufacturing practice 
(GMP) was far from an industry-wide concept. 

Table 1: U.S. Vaccine Prices — 
1980 Versus 2000, U.S. $ per Dose* 

Year/Product Private
Sector 

Public 
Sector 

1980 

Diphtheria and tetanus toxoids and 
whole-cell pertussis (DTP) 

Oral poliovirus (OPV) 

Measles-mumps-rubella (MMR) 

2000 

Diphtheria and tetanus toxoids and 
acellular pertussis (DTaP) 

Inactivated poliovirus (IPV) 

MMR 

Varicella 

0.15 

0.35 

2.71 

9.25 

6.99 

14.69 

35.41 

0.30 

1.60 

7.24 

16.64 

15.42 

28.19 

45.56 

* B. Snyder, Centers for Disease Control and Prevention, 
personal communication, 2001 

Today, with blockbuster products like Haemophilus influenzae 
type b (Hib) and pneumococcal conjugate vaccines, vaccines 
are big business. Vaccine selection has changed and prices are 
now much higher (see Table 1); the new seven-valent pneumo
coccal vaccine Prevnar® costs $232 for a four-dose series (2). 
The major vaccine producers are divisions of global pharmaceu
tical houses. Annual vaccine sales have gone from about $2 
billion in 1982 (3) to an estimated $5.4 billion today (4). While 
still only a fraction of the $337.3 billion pharmaceutical market 
(4), the vaccine market is projected to increase 12 percent per 
year (2). This paper explores some of the major change areas in 
the economics of vaccine development. 

COST COMPONENTS 

The cost components of vaccine development include research 
and development, production, and regulation, including clinical 
trials. We have focused on patents relating to the development 
of or access to a particular technology, on process standardiza
tion and scale-up as an example of production costs, and on 
clinical trials, licensing, and testing to highlight some of the cost 
components of regulation. 

Impact of TRIPS 
When Jonas Salk developed the first polio vaccine, he was 
asked if he intended to patent it. He replied, “It would be like 
patenting the sun” (5). In the 1970s, many European countries 
were not giving patents on pharmaceutical products. Today, 
accessing intellectual property is a major factor in the product 
development cycle. However, for vaccines, it may not be an 
important barrier. With the new vaccines against acellular 
pertussis, hepatitis B recombinant, Hib conjugate, pneumococ
cal conjugates, and rotavirus, only the first two had exclusive 
licenses that limited access. The conjugation technology used 
for Hib and pneumococcal vaccines is in the public domain (6) 
(although alternative conjugated products exist) while the 
rotavirus vaccine technology, developed by the National 
Institutes of Health and licensed solely to Wyeth, is unlikely to 
be further developed. 

DNA recombinant hepatitis B vaccine is produced in yeast or 
mammalian cells using bioengineering technology. The British 
firm Biogen obtained a broad patent covering all methods of 
making the vaccine antigens using recombinant technology. 
Biogen granted licenses to Merck and SmithKline Beecham (now 
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GlaxoSmithKline) who put the recombinant vaccine on the 
market by the mid-1980s for $30 to $40 per dose. By 1993, due to 
the competition from the plasma-derived vaccine, the price 
decreased to only marginally above that of the plasma-derived 
product—$1.25 to $2 per dose (7). Biogen started infringement 
procedures against Medeva (now part of Powderject) who, 
beginning in 1992, had wanted to market a recombinant DNA 
vaccine, even though it was based on a different production 
process. Following a counterclaim by Medeva, the House of 
Lords, in 1996, revoked the patent on the basis of the 
enablement provisions, which allow an attack on an overly 
broad claim: “The court stated that to grant a monopoly to the 
first person who has found a way of achieving an obviously 
desirable goal for every way of doing so would stifle further 
research and healthy competition in the post grant phase” (8, 9). 
While the price had come down significantly, access to the 
technology was still limited. By the mid-1990s the Biogen patent 
expired in many parts of the world, and this factor, coupled with 
the House of Lords’ decision in 1996 to revoke the patent, 
resulted in new manufacturers entering the market. By 1999, two 
Korean manufacturers [KGCC (now Green Cross Vaccine 
Corporation) and LG Chem] were selling recombinant vaccines 
on the global market, and prices decreased to below $1 per dose. 
Currently, recombinant hepatitis B vaccine can be obtained by 
international bulk procurement for under $0.30 per dose (10). 
There are at least 10 manufacturers, 5 of which are prequalified 
to make sales to United Nations agencies (11). 

Another case study is that of the pertactin antigen of Bordetella 
pertussis called P69. Evans Medical Limited (now part of 
Powderject) asserted that their P69 patent, licensed exclusively 
to SmithKline Beecham Biologicals, covered the pertactin 
antigen in Chiron’s acellular pertussis vaccines. In a final 
nonappealable decision made in March 1998, the European 
Patent Office Technical Board of Appeal revoked the Evans 
patent (12). This decision, applicable to most European coun
tries, ended patent infringement litigation against Chiron in the 
United Kingdom, Italy, and the Netherlands and cleared the way 
for sale of other acellular pertussis vaccines containing 
pertactin. 

The impact of patents on technology access will now spread to 
most developing countries as they join the World Trade 
Organization and thus agree to uphold the Agreement on Trade-
Related Aspects of Intellectual Property Rights (TRIPS), which 
established minimum universal intellectual property standards. A 
recent study (13) carefully analyzed the projected impact of 
TRIPS on the pharmaceutical industry in Thailand. The study 
did not reveal a price change due to the patent protection act in 
Thailand, but proposed a number of proactive strategies to 
avoid limitation of technology access and price rises. 

It is not possible to predict the full impact of TRIPS on vaccine 
development costs. However, vaccine development requires not 
only the patentable technology, but also the know-how to 

produce consistently a safe and effective biological product. It 
is this dependence on know-how, not covered under TRIPS, that 
may attenuate its impact. 

Process Standardization and Validation 
In 1980, GMP was just being introduced into vaccine produc
tion. Today, investments in facilities, staff, and processes to 
maintain GMP compliance are driving production costs up (14). 
The ever increasing “GMP spiral” demands more and more 
investment. Each step of the production process must be 
documented and validated. Vaccine manufacturers now contract 
out parts of the process to contract manufacturers, particularly 
production scale-up. A recent study carried out at the World 
Health Organization (WHO) assessed 28 manufacturers capable 
of performing under contract some part of the vaccine develop
ment process (15). 

Clinical Trials 
Clinical trials have become a major expense in vaccine develop
ment. Following preclinical testing of a product, clinical trials of 
increasingly larger size are performed to establish clinical 
tolerance and acceptable safety, as well as to quantify immune 
response and demonstrate protective efficacy (16). In parallel, 
consistency of production must be demonstrated by showing 
comparable levels of clinical response to different vaccine 
batches. Factors impacting trial conduct and thus the costs 
include the characteristics of the study population, the power of 
the trial needed to detect potential safety problems, the increas
ing amount of documentation required to ensure that appropri
ate quality assurance and ethical procedures are in place, and 
the trend toward the use of contract research organizations 
(CROs) to manage these aspects. 

Traditionally, vaccines available on the international market were 
developed, produced, and authorized for marketing in industrial
ized countries on the assumption that the data were applicable 
to most infant populations, at least for the traditional vaccines. 
For industrialized countries, this procedure seemed obvious and 
appropriate. But populations are changing, and even homoge
neous populations have groups that may respond differently. 
Because of the potential differences in safety, immunogenicity, 
and efficacy among populations, safety and immunogenicity 
data should be obtained using the candidate vaccine in the 
specific population in which the efficacy trial will be performed 
(17, 18). This has applied, for example, to pneumococcal 9- and 
11-valent conjugate vaccines developed in the United States 
and designed to benefit individuals in countries outside the 
United States as well as special high-risk groups (e.g., Eskimos 
and Native Americans) (19). The potential globalization of 
vaccines means that population characteristics must be even 
more carefully considered in developing clinical trial protocols. 

A second factor impacting trial costs is the number of subjects 
needed to ensure sufficient power to demonstrate the potential 
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safety and efficacy of the product. The story of RotaShield®, a 
tetravalent rhesus-based recombinant rotavirus vaccine licensed 
by the FDA on August 31, 1998, is illustrative. At that time, 
clinical trials included more than 10,000 vaccine recipients, 
sufficient for demonstration of efficacy, but not enough to 
demonstrate a statistically significant increase in intussuscep
tion (20). The Advisory Committee on Immunization Practices of 
the U.S. Centers for Disease Control and Prevention (CDC) 
recommended postlicensing surveillance for this adverse event 
(21), and by June 1999, following distribution of 1.8 million doses 
of vaccine (22), the CDC had noted increased reports of intus
susception in recipients of the vaccine. This event could not 
have been picked up in any reasonably sized clinical trial. 
Especially for vaccines for universal use in children (23), the 
FDA is considering requiring expanded phase III trials with more 
attention to safety monitoring, a direction that could increase 
time to market and thus raise development costs significantly. 
Other regulatory authorities, for example in Europe, seem likely 
to impose instead more formal phase IV postmarketing safety 
studies to monitor carefully potential adverse events of vaccine 
candidates (20). There are benefits and drawbacks to either 
approach; both will impact costs. 

In the effort to ensure the rights of clinical trial subjects, 
investigational review boards and ethics committees require 
more documentation and independent trial monitoring. This 
increase was considered at the Global Vaccine Research Forum 
held in Montreux, Switzerland, in June 2000 (24), where increased 
trial costs with little return on investment were cited. 

Because of the complexity of complying with expanding 
guidelines on conduct of clinical trials, more sponsors are using 
CROs to conduct trials. According to PricewaterhouseCoopers 
(M. Burri, PricewaterhouseCoopers, personal communication, 
2000), about 60 percent of big pharmaceutical manufacturers are 
outsourcing some part of their drug development, which adds 
up to a $5 billion market, growing at more than 20 percent per 
year and projected to account for 45 percent of the total research 
and development budget for drug development in 2003. 

An important outcome of efficacy trials can be the determination 
of serological correlates of protection—the type and quantity of 
a specific immune response associated with vaccine protection. 
The identification of these determinants can facilitate future 
trials, as immune response is easier to measure than efficacy, and 
can help development of an appropriate lot release test. Al
though identification of such a correlate is not a requirement for 
U.S. licensure (17), failure to identify one adds complications 
and expense to subsequent trials, consistency demonstration, 
and lot release testing. 

One approach used for acellular pertussis vaccine is to develop 
as a reference a large, well-characterized production lot shown to 
be effective or identical in all quantifiable respects to an 

effective product, and to demonstrate consistency of each lot to 
the reference. This approach requires standardization and 
validation of tests, and full characterization of the reference. In 
any case, all final product tests for vaccine release must be 
appropriately standardized and validated. 

Harmonization and Mutual Recognition 
Preparation of applications for marketing authorization is 
hampered by differing requirements across countries. Many 
manufacturers now have huge regulatory divisions to prepare 
files and data in a multitude of languages and formats. Several 
initiatives are in place that may eventually reduce registration 
costs. The International Conference on Harmonisation (ICH) 
involves regulatory agencies of the United States, Japan, and 
Europe working with manufacturers to harmonize aspects of 
dossier requirements. So far, the ICH has addressed issues more 
applicable to pharmaceutical products, but more recently 
aspects applicable to vaccines, such as safety issues for 
biotechnological products, good clinical practice guidelines, 
viral safety evaluation of cell substrates, and a common techni
cal document for all products including biologicals, have been 
addressed (25). 

Mutual recognition agreements are in place between the 
European Union and Australia, New Zealand, United States, and 
Canada, and more are being developed (A. M. Georges, GSK, 
personal communication, 2000). The Pharmaceutical Inspection 
Convention, involving Australia, Austria, Belgium, Czech 
Republic, Denmark, Finland, France, Germany, Hungary, Iceland, 
Ireland, Italy, Liechtenstein, Norway, Portugal, Romania, Slovak 
Republic, Sweden, Switzerland, and United Kingdom, promotes 
joint GMP inspections, networking, training, and moving toward 
global harmonization of inspections (A. M. Georges, GSK, 
personal communication, 2000). 

Many countries receiving vaccines through United Nations 
agency procurement use WHO prequalification (a system of 
ensuring a well-functioning regulatory process, coupled with 
assurance of compliance of the product with certain product 
specifications) (26) as a mechanism to fast-track national 
registration. 

A major issue now confronting U.S. and European manufactur
ers of products designed for developing markets is the increas
ing difficulty of finding appropriate regulatory pathways. The 
regulatory agencies involved, the FDA and the European 
Medicines Evaluation Agency, have a primary responsibility to 
their home markets (4), and the use of scarce regulatory re-
sources to evaluate products for different epidemiological 
situations is of low priority. Nevertheless, this problem must be 
addressed if manufacturers are to invest in the development of 
future vaccines against diseases such as malaria and AIDS. 
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PRICING CONSIDERATIONS 

The pricing of vaccines has been characterized by heavy tiering 
across markets, which is possible because of highly scale 
sensitive manufacturing economics and product life cycles. The 
product life cycle has three distinct phases, as seen in Table 2: 
New product launch, market penetration, and product maturity. 
Most price tiering has been seen with mature products. The 
challenge for bringing new products to market is to ensure 
effective management of the life cycle (27) so that manufactur
ers and the market will benefit. 

Table 2: Managing the Product Life Cycle (28) 

On launch, there is typically only one producer, who owns 
product and process intellectual property. This phase will have 
limited capacity, low demand, high production costs, and high 
prices. During market penetration, new manufacturers will enter 
the market, either through their own development efforts or 
through licensing of the original manufacturer’s patent, and 
capacity will increase. Limited price tiering will be possible. 
Once the product reaches maturity, and the intellectual property 
protection expires, there may be many manufacturers in the 
developing as well as the industrialized world. Production costs 
are low, and often there will be overcapacity so that availability 
is high and demand is global. Prices will be heavily tiered (28). 

This paper will examine the impacts of capacity, market charac
teristics, and competition on pricing. 

Capacity 
A critical decision in vaccine development is that of scale. The 
price impacts depend on the risk inherent in the decision to make 
a specific capacity investment and the ultimate use of that 
capacity. A vaccine company will have to make the decision to 
invest in production capacity at an early stage, well in advance 
of knowing the real demand and before revenues are available to 
offset investment costs. 

In the past in the United States, capacity decisions were fairly 
straightforward as U.S. manufacturers knew the U.S. market and 
their likely export market. The global market, however, depends 
on excess capacity. Manufacturers can choose between two 
extremes: Focus only on the core market, which implies low 
availability, high cost, high price, and risk of competition from 
manufacturers offering lower prices; or focus on the global 
market, with low cost and high revenues through market 
segmentation, but running the risk of threatening the domestic 
price structure through price tiering. Data analysis suggests that 
the most profitable route for manufacturers is to maximize 
production volumes, serving all segments of the market at 
appropriate price points (29). However, unused capacity will 
have a cost. Capacity decisions are relatively immutable as the 
GMP requirements for biologicals make capacity expansion very 
expensive and time consuming. Thus, capacity investments 
imply higher prices because of high risks incurred by manufac
turers. 

Markets 
The vaccine market is really a series of markets, including private 
markets in all countries, and the public sector markets in industri
alized countries and those countries that are mostly donor 
dependent. Managing pricing (tiered pricing) over the product 
life cycle will depend on the segmenting of these markets. 

Recently, there has been much discussion about mechanisms 
that can be used to manage markets, including push mechanisms 
to accelerate product development for specific markets or pull 
mechanisms to create more attractive markets. Push mechanisms 
include direct financing of or tax credits for product develop
ment, and facilitation of clinical trials. They tend to reduce risk 
for product developers and have a proven record (4). They 
influence the earlier segments of product development activities 
and provide a credible indication of public-sector will to encour
age specific research and development (1, 30). Pull mechanisms, 
including innovative intellectual property rights protection and 
market assurances, are stronger later in the value chain (4). They 
are a safer form of intervention for the funder because they are 
not given until the product is available, and can be of larger 
direct value to the product developers. On the other hand, they 
tend to lock the funder into an outcome, and they are currently 
untried. Both types are needed. 
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Competition 
We touched earlier on the role of competition in reducing prices. 
There are two competing tensions in play that impact competi
tion: The consolidation of large multinational vaccine producers, 
and the growing importance of vaccine manufacturers in 
developing countries and emerging economies. Table 3 shows 
the impact this has on the number of manufacturers serving 
United Nations procurement agencies. 

Table 3: United Nations Agency Purchase — 
Changing Mix of Suppliers (14) 

Year 
Percent Located in 

Developing Countries
or Emerging Economies 

Number of 
Vaccines 

Number of 
Suppliers 

1986 

1996 

2001 

4 

5 

6 

7 

14 

12 

0 

50 

58 

Note: BCG not included 

The extent to which this mix of manufacturers can positively 
impact new product development depends on their ability to 
develop research and development capacity or to access 
technologies. Recent developments indicate that developing-
country and emerging-economy (DC/EE) manufacturers will play 
an increasingly important role: 

The Developing Country Vaccine Manufacturers Network, a new 
alliance of manufacturers, represented on the Board of the 
Global Alliance for Vaccines and Immunization, is comprised of 
manufacturers, private and public sector, meeting or on track to 
meet international standards of quality and viability. 

A limited number of joint ventures have been initiated between 
multinational manufacturers and developing-country manufac
turers, and more are under consideration. While some of these 
are for the express purpose of leveraging market access or 
regulatory pathways, their existence will enhance the impact of 
DC/EE manufacturers. 

FUTURE CHANGES IMPACTING THE 

ECONOMICS OF VACCINE DEVELOPMENT 
A number of potential changes will impact vaccine development 
activities in the future: 

Product Lines — In the past, vaccines have been produced in 
industrialized countries and used on a global basis. In the future, 
many vaccines are likely to be developing market or at least 
region specific, which will in turn impact capacity decisions and 
market sizes. 

Regulatory Spiral — There is a trend toward substantially 
increasing regulation. This will increase product development 
costs with uncertain gains. Moreover, it could impact possible 
regulatory pathways. 

Increasing Role of Outsourcing — The current product 
development model, where a large pharmaceutical company 
carries out the entire process, may be outmoded. Product 
development in the future may be coordinated by virtual 
organizations, with more emphasis on outsourcing at all 
stages—basic research, early preclinical and clinical work, 
manufacture, and even sales. 

Competition — Any vision of the future must take into account 
the changing vaccine production industry, from increasingly 
consolidated global manufacturers to a new breed of developing 
country manufacturers reaching high standards of excellence. 
This group is already a major source for production of existing 
products; time will tell if it will also serve as a source for 
innovative, developing market products as well. 

New Funding Sources — With the formation of the Global 
Alliance for Vaccines and Immunization, and increasing invest
ment into the Vaccine Fund, there is likely to be a large funding 
increase for vaccine development, especially those for develop
ing markets. Many of these are being implemented by public-
private partnerships, a new mechanism for accelerating research 
and development. Current vaccine developers are watching 
these initiatives closely. 
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Vaccine Research and Development: The Key Roles of the National 
Institutes of Health and Other United States Government Agencies 
Gregory K. Folkers, M.S. and Anthony S. Fauci, M.D. 
National Institute of Allergy and Infectious Diseases, National Institutes of Health 

INTRODUCTION diseases among children in the United States and other devel-

The impact and importance of vaccines cannot be overstated— 
they provide safe, cost effective and efficient means of prevent
ing illness, disability and death from infectious diseases. 
Vaccines, along with the availability of improved medical care, 
living conditions, and sanitation, helped reduce mortality from 
infectious diseases in the Unites States more than 14-fold in the 
20th century. 

The United States government agencies charged with protect
ing and improving health traditionally have long made vaccine 
research and development a top priority. Together with partners 
in the public and private sectors, government-supported 
scientists have helped develop many of our most useful 
vaccines, including new or improved vaccines that protect 
against invasive Haemophilus influenzae type b (Hib) disease, 
pneumococcal pneumonia and meningitis, pertussis, influenza, 
measles, mumps, rubella, chickenpox, and hepatitis A and B. In 
addition to developing vaccines against classic infectious 
diseases, the National Institutes of Health (NIH) and other 
government agencies are working to develop new and improved 
vaccines against potential agents of bioterrorism, chronic 
diseases with infectious origins, as well as autoimmune diseases 
and other immune-mediated conditions. In this volume of The 
Jordan Report, several articles describe the many promising 
vaccine candidates currently being developed against a wide 
range of human diseases. 

PROGRESS AND CHALLENGES 
Safe and effective vaccines, along with the operational expertise 
and political commitment to administer them, have led to some 
of the greatest triumphs in public health, including the eradica
tion of naturally occurring smallpox and the near-eradication of 
poliomyelitis. Each year, immunization programs save 3 million 
lives worldwide, and more widespread administration of 
currently available vaccines could prevent at least another 3 
million deaths every year. 

A notable “success story” is the development and widespread 
use of polysaccharide-protein conjugate vaccines against Hib, 
developed by NIH and partners in the public and private 
sectors. Before these vaccines were licensed, approximately 
20,000 cases of invasive Hib disease occurred among children 
each year, and Hib was the leading cause of childhood bacterial 
meningitis and postnatal mental retardation. The use of Hib 
conjugate vaccines has virtually eliminated invasive Hib 

oped countries. Studies have confirmed the effectiveness of 
these vaccines in low-income countries, and widespread 
distribution of Hib vaccines could significantly reduce the 
global burden of this infection, which leads each year to 2-3 
million cases of invasive diseases and at least 450,000 deaths 
worldwide. Ultimately, global vaccination programs could lead to 
the eradication of this terrible disease. Furthermore, the utiliza
tion of the polysaccharide-protein conjugate technology for 
improved pneumococcal vaccines has proven extremely 
promising. 

Other examples of triumph in the field of vaccinology abound. 
For instance, vaccines that protect against Hepatitis B virus 
(HBV) have dramatically reduced the incidence of serious 
hepatic disease in countries where HBV vaccines are routinely 
used. As with conjugate Hib vaccines, NIH and multi-sector 
partners worked together to develop HBV vaccines. Efforts to 
increase global coverage with HBV vaccines hold great promise 
in significantly reducing the mortality associated with the virus, 
estimated to be about 900,000 deaths per year worldwide. 

Despite significant progress in the development and distribution 
of vaccines, much remains to be accomplished. Infectious 
diseases remain the second leading cause of death and the 
leading cause of disability-adjusted life years worldwide (one 
disability-adjusted life year is one lost year of healthy life). 
Among children aged 0 to 4 years, infectious diseases cause 
approximately two thirds of all deaths worldwide. In 2001, 
approximately six million deaths were attributed to three dis
eases, for which no effective vaccines are available: AIDS, 
tuberculosis and malaria. Effective vaccines also are lacking for 
many other serious infectious diseases that exact an enormous 
toll worldwide, such as sexually transmitted diseases (other than 
hepatitis B), many parasitic diseases, respiratory pathogens 
such as respiratory syncytial virus, as well as a host of enteric 
diseases that contributed to more than two million diarrhea-
related deaths in 2001. 

In addition to endemic diseases, the world must cope with the 
ongoing threat of new and re-emerging diseases and the 
widespread development of antimicrobial resistance. More than 
50 newly recognized infectious diseases and syndromes have 
been identified since 1980, including AIDS and its etiologic 
agent, the human immunodeficiency virus (HIV). HIV has now 
infected well over 60 million people worldwide, of whom more 
than a third of have died. Certain other emerging infections, 
such as Ebola virus and Nipah virus, are highly virulent but 
have so far involved relatively small numbers of people in 
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restricted geographic areas, and have yet to become global 
public health threats. Other re-emergent diseases, including 
vector-borne pathogens such as dengue virus and West Nile 
virus, continue to spread. The epidemic of West Nile Virus 
infections in the United States in 2002, which has markedly 
outstripped the initial encounter with this disease in 1999, is a 
stark reminder of the public health implications of re-emerging 
infections. In addition, the recent anthrax attacks in the United 
States underscore our vulnerability to infections that “emerge” 
because of an intentional human act. 

Resistance to antimicrobial agents has been observed in 
virtually all classes of organisms, resulting in a diminished 
capacity to treat many serious infections. The world is faced 
with the continuing threat of antimicrobial resistance on a wider 
scale than ever before, with the emergence of resistant strains of 
a number of important microbes, including pneumococci, 
enterococci, staphylococci, as well as the malaria parasite 
Plasmodium falciparum, and the tuberculosis bacillus Myco
bacterium tuberculosis. The development of viral resistance is 
also a major problem in the treatment of HIV-infected individuals, 
many of whom have been treated with all available class of 
antiretroviral drugs and harbor virus that that is multi-drug 
resistant. 

Unfortunately, safe and effective vaccines are lacking for most 
emerging and re-emerging diseases, as well as many endemic 
infections that are increasingly more difficult to treat because of 
antimicrobial resistance. The development of vaccines to 
prevent these conditions—with a particular focus on HIV/AIDS, 
tuberculosis, malaria, and potential agents of bioterrorism—is a 
critical priority of the NIH and other U.S. government agencies 
involved in biomedical research. Clearly, preventing an infection 
is preferable to attempting to treat it, especially in resource-poor 
settings where even rudimentary medical care is unavailable. 

COLLABORATIONS AND COMMITMENT 

The process whereby a vaccine is developed and tested is 
complex and requires many steps. The various partners in 
vaccine development bring perspectives, resources and skills 
that are sometimes unique, but more often productively overlap-
ping and complementary. Industry provides expertise in product 
development and manufacturing, while many government efforts 
have traditionally focused on creating and expanding the 
scientific base in disciplines that underlie product development, 
a role sometimes described as “priming the pump.” 

Most currently available vaccines, as well as those in the 
development “pipeline,” have resulted from collaborations 
between partners in the public and private sector, including 
federal and state governments, global organizations, small and 
large companies, academic research institutions and non-
governmental organizations (Figure 1). 

Figure 1. 

A prototypic example of successful partnerships across sectors 
is the development of “acellular” pertussis vaccines, based on 
individual components of Bordetella pertussis, rather than the 
whole bacterium. Basic research in government and university 
laboratories provided the insights that enabled industry to 
develop candidate acellular pertussis vaccines. Phase I and 
Phase II clinical trials of these products, supported by industry 
and government, were conducted at academic medical centers, 
notably within the National Institute of Allergy and Infectious 
Diseases’ nationwide network of Vaccine and Treatment 
Evaluation Units (see Figure 2). International efficacy trials, 
funded and overseen by government and industry, and facili
tated by public health officials through intergovernmental 
channels, helped provide the data that led to the licensure of 
acellular pertussis vaccines in the United States and abroad. 
These new vaccines are considerably less reactogenic than 
older whole-cell products and their availability has helped 
remove a major disincentive to vaccination against pertussis. 

Figure 2. 

The importance of vaccine development and the necessity for 
strong cross-sector partnerships have been recognized at the 
highest levels of government, both in the U.S. and internation-
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ally. For example, in 2001 the United Nations General Assembly 
convened a special session on HIV/AIDS and adopted a 
resolution calling for increased investment to accelerate HIV/ 
AIDS vaccine research. In the United States, both the executive 
and legislative branches have made immunization, including 
vaccine research and development, a top priority. In 2000, the 
Administration unveiled a Millennium Vaccine Initiative to 
promote delivery of existing vaccines in developing countries 
and accelerate development of new vaccines. The President’s 
Fiscal Year 2003 Budget for vaccine research and development at 
the NIH calls for $1.3 billion, up more than x percent from 1990 
(see Figure 3). In the US Congress, numerous legislative 
proposals are being pursued to support the discovery and to 
facilitate the delivery of vaccines (see http://thomas.loc.gov). 

Figure 3. 

In addition, the NIH, the Centers for Diseases Control and 
Prevention and other national research agencies participate in 
the development and/or support of public-private partnerships 
such as the Global Alliance for Vaccines and Immunization 
(GAVI), the International AIDS Vaccine Initiative, and the 
Malaria Vaccine Initiative, which combine the resources and 
skills of a wide range of collaborators. Such partnerships, which 
build on previous cross-sector collaborations for the donation 
and distribution of existing health-enhancing products, also play 
an important role in the research and development of new and 
improved vaccines. GAVI is a prototypic example; its partners 
include not only US government agencies, but also numerous 
other national governments in both rich and poor countries, 
pharmaceutical manufacturers, philanthropies and foundations 
such as the Bill and Melinda Gates Foundation, the World 
Health Organization, the United Nations Children’s Fund 
(UNICEF), and non-governmental organizations. 

The private sector also has demonstrated a renewed commitment 
to vaccine development. Recent advances in gene cloning and 
expression, peptide synthesis and other technologies have 
created new opportunities for developing patentable 

“bioengineered” vaccines with the potential for a substantial 
return on research and development cost. In addition, new 
initiatives such as the NIH Challenge Grant Program, which 
provides matching funds to companies who will commit their 
own dollars and resources toward developing new vaccines and 
other medical interventions, have helped engage the private 
sector and spur vaccine research and development. NIH 
Challenge Grants are milestone-driven awards, meaning that 
recipients must achieve predetermined product goals during the 
development process. Progress is assessed at each milestone, at 
which time decisions are made regarding continuing project 
funding. 

THE GOVERNMENT PLAYERS IN VACCINE 

RESEARCH 
Within the federal government, more than 20 different agencies 
have a role in vaccine research. Among these, NIH, CDC, the 
Department of Defense (DoD), the Food and Drug Administra
tion (FDA), and the United States Agency for International 
Development (USAID) have the largest investment in vaccine 
development. The roles of these different agencies in vaccine 
development are related and complementary, and range from the 
support and conduct of basic research to licensure activities and 
program implementation. Table 1 lists examples of key roles for 
selected U.S agencies involved in vaccine research and develop
ment. In addition, the National Vaccine Program Office has 
important coordinating functions with regard to research, 
licensing, production, distribution and use of vaccines. 

Table 1: Government Players in Vaccine Research 

•	 CDC has a myriad of roles related to vaccines. Among 
them, the agency conducts the epidemiological studies 
and surveillance needed to define health priorities. In 
addition, CDC develops recommendations for vaccine 
use through the Advisory Committee for Immunization 
Practices (ACIP). 

•	 DoD supports research into vaccines that likely will 
protect against pathogens that military personnel are 
likely to encounter. 

•	 USAID supports research on vaccines of particular 
relevance to young children in developing countries. 

•	 FDA establishes standards for the processes, facilities, 
and pre- and post-licensure activities needed to insure 
the safety and efficacy of vaccines. 

•	 NIH supports, through its extramural and intramural 
programs, much of the basic research in microbiology 
and immunology that underpins vaccine development. 
NIH also provides research resources such as reagent 
repositories, genomic databases, and clinical trials 
support to identify vaccine targets and move candidates 
along the pathway to licensure. 

Sources: Folkers/Fauci, 1998; National Vaccine Advisory Committee, 1997 
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THE KEY ROLE OF BASIC RESEARCH 

Basic biomedical research funded by NIH and other agencies 
underpins vaccine development. Historically, scientific ad
vances in microbiology and related disciplines have led to the 
development of new vaccines. For example, the identification of 
microbial toxins, as well as methods to inactivate them, allowed 
the development of some of our earliest vaccines, including 
those for diphtheria and tetanus. In the 1950s, new tissue culture 
techniques ushered in a new generation of vaccines, including 
those for polio, measles, mumps and rubella. In recent years we 
have seen rapid advances in our understanding of the immune 
system and the complex interactions between pathogens and the 
human host, as well as extraordinary technical advances such as 
recombinant DNA technology, gene sequencing and peptide 
synthesis. These developments have created opportunities for 
identifying new vaccine candidates to prevent diseases for 
which no vaccines currently exist; improving the safety and 
efficacy of existing vaccines; and designing novel vaccine 
approaches, such as new vectors and adjuvants. 

NIH and other agencies actively pursue research portfolios that 
involve interaction with industry and academia and the transfer 
of technology to the private sector for commercialization. 
Historically, an important focus of these efforts has been to 
further explore concepts that may not be of immediate financial 
interest, including those for which the principal market might be 
less developed nations, but nonetheless are of great potential 
public health importance. The government also plays a critical 
role in vaccine development by providing scientists with 
reagents that might not otherwise be shared because of propri
etary interests. Of growing importance are research resources 
such as reagent repositories, genomic databases, animal models, 
and clinical trials support, as well as milestone-driven partner-
ships and contracts. Increasingly, government agencies such as 
NIH have sought to overcome challenges to vaccine develop
ment by conducting translational research that takes basic 
research findings through the process of target identification, 
and preclinical and clinical development. 

The use of the new technologies in the 21st century promises to 
provide a renaissance in the already vital field of vaccinology. 
In particular, the availability of the annotated sequences of the 
entire genomes of microbial pathogens will allow for the 
identification of a wide array of new antigens for vaccine targets. 
A number of government agencies, including NIH and DoD, 
support projects to sequence the genomes of medically impor
tant pathogens. Sequence information can be used in many 
ways, including identifying antigens to incorporate into 
vaccines. The success of the first microbe sequencing project— 
the delineation of the complete Haemophilus influenzae genome 
in 1995—encouraged the current government-sponsored efforts 
to sequence the full genomes of many other pathogens. NIH has 
made a significant investment in the growing field of microbial 
genomics, and has funded the genomic sequencing of more than 

60 medically important microbes. Approximately 20 of these 
projects have been completed, including the sequencing of 
bacteria that cause tuberculosis, gonorrhea, chlamydia, cholera, 
the parasite that causes malaria, as well as the mosquito that 
transmits malaria. These sequencing efforts have been facilitated 
by technologies such as DNA chip technology and microarrays 
that enable the rapid, simultaneous analysis of tens of thou-
sands of genes. 

ADDRESSING THE THREAT OF 

BIOTERRORISM 

The anthrax attacks of 2001in the eastern United States revealed 
significant gaps in our overall preparedness against 
bioterrorism, giving a new sense of urgency to biodefense 
efforts, especially with regard to vaccine development. NIH has 
significantly bolstered research efforts on vaccines against 
many of the pathogens considered to be bioterrorist threats, 
with an eye toward producing products that are safe and 
effective in civilian populations of varying ages and health 
status. Recently, a clinical trial conducted by several of NIAID’s 
Vaccine and Treatment Evaluation Units demonstrated that 
existing stocks of the smallpox vaccine known as Dryvax could 
successfully be diluted at least five-fold and retain its potency, 
effectively expanding the number of individuals who could be 
immediately vaccinated against smallpox using existing stocks if 
a smallpox attack were to occur. In addition, a second-genera
tion smallpox vaccine is now being produced in cell culture, and 
large supplies of this product are scheduled to be available by 
the end of 2002. This new product, as well as more than 75 
million additional doses of smallpox vaccine that have been 
stored by a pharmaceutical company since 1972, will be tested 
for safety and immunogenicity by NIH-supported investigators. 
In the long-term, basic research promises to provide a third 
generation of smallpox vaccines that could be used in all 
segments of the population, including pregnant women and 
people with weakened immune systems. One such vaccine 
nearing phase I clinical trials is based on Modified vaccinia 
Ankara (MVA), which is related to the current smallpox vaccine 
strain, but may cause fewer adverse reactions. Additional 
bioterrorism vaccines also are in various stages of development. 
To name just two, a new anthrax vaccine, based on a 
bioengineered component of the anthrax bacterium called 
recombinant protective antigen (rPA), will soon enter human 
trials. On the NIH campus, researchers at the NIAID Dale and 
Betty Bumpers Vaccine Research Center have developed a DNA 
vaccine that protected monkeys from infection with Ebola virus, 
and that will undergo testing in human volunteers beginning in 
early 2003. In each of these endeavors, NIH is working closely 
with partners in the public and private sectors. 

As we prepare for the public health challenges of endemic, 
emerging and re-emerging infectious diseases, it is imperative 
that a robust commitment to basic research and cross-sector 
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collaboration be maintained. Only with such collaborations can 
we successfully translate basic research findings and techno-
logical advances into improved health through immunization. 
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Enteric Infections 

OVERVIEW 
Diarrheal diseases are a major cause of morbidity in developed 
countries and of morbidity and mortality in developing coun
tries. The large number of bacterial and viral pathogens that 
cause diarrheal disease complicates surveillance and accurate 
diagnosis and presents formidable challenges to the application 
of vaccination strategies for public health. Even when the most 
sophisticated methods and diagnostic reagents are used, 
greater than half of the cases of diarrheal illness cannot be as
cribed to a particular agent. Certainly, there are enteric patho
gens that have not been discovered yet. 

Pharmaceutical companies do not see a large market for enteric 
vaccines in the United States. For the most part, these enteric 
pathogens do not induce life-threatening illness in this country. 
The U.S. vaccine market is often targeted toward travelers and 
deployed military personnel. Unfortunately, most people who 
could benefit from these vaccines are in countries that cannot 
afford to pay for them. 

The focus of the National Institute of Allergy and Infectious 
Diseases’ (NIAID’s) enteric diseases program will continue to 
be basic research needed to better characterize pathogenesis of 
the organisms responsible for diarrheal diseases, definition of 
the protective immune responses, and testing of prevention and 
therapeutic strategies in clinical trials. Tremendous gains in 
understanding pathogenesis have come from these research 
efforts, and that information has been essential for the creation 
of vaccine candidates. The recent sequencing of the genome of 
some of these pathogens, and significant progress on others, 
promises to give new insights on pathogenesis and additional 
targets for deletion from vaccine candidates. Many of the en
teric vaccines are early in clinical development and have yet to 
enter scaleup production and testing in large clinical trials. The 
availability and future use of these vaccines for improving pub
lic health around the world remains a long-term goal. 

CHOLERA 
Cholera remains an important disease in areas where poor sani
tation is common (developing countries, refugee camps, etc.). 
Two significant events have altered the epidemiologic picture of 
cholera in the last 20 years. One was the emergence of a new 
epidemic serotype O139 that appeared in India in 1992 and that 
continues to cause disease in Asia, where it coexists with the 
more common O1 serotype. The other was the appearance in 
1991 of cholera in the Western Hemisphere for the first time in 
100 years. Hundreds of thousands of individuals in South and 
Central America were affected by that epidemic. The organism 
associated with that event was the O1 El Tor strain, which also 
has been responsible for most of the disease associated with 

refugee camps in Africa and the Middle East. While the organ-
ism continues to cause disease in South and Central America, 
many fewer cases have been reported in recent years. 

There are at present two cholera vaccines that have been li
censed in many countries (but not yet in the United States). One 
is the killed whole cell plus recombinant cholera toxin B (rCTB) 
formulation produced by SBL Vaccin AB in Sweden. This vac
cine (Dukoral®) is administered orally in two doses spaced 1 to 2 
weeks apart and protects against O1 and O139 strains. It has 
been approved for use in Sweden, Norway, Estonia, El Salvador, 
Guatemala, Honduras, Mexico, Nicaragua, Peru, Mauritius, 
Madagascar, and Kenya. Protective efficacy has been in the 
range of 50 to 85 percent in field trials, and protection seems to 
diminish after the first 2 years. The rCTB component in this 
vaccine also affords partial protection against enterotoxigenic 
strains of Escherichia coli expressing heat labile toxin (LT). A 
vaccine modeled after this killed SBL vaccine has been produced 
and tested in Vietnam with good results. Dukoral® would appear 
to be available for use as a cholera vaccine for travelers (al
though not in the United States), in refugee settings, or follow
ing natural disasters where large numbers of people may be in 
areas where clean water and good sanitation are not available. 

The other vaccine is CVD-103HgR produced by Berna Biotech, 
Ltd., (formerly Swiss Serum and Vaccine Institute Berne) in Swit
zerland. This is a live-attenuated product that is given as a 
single oral dose in buffer. It has been approved in some Euro
pean countries and Canada, but has yet to be licensed in the 
United States. The vaccine recently has shown outstanding 
protection from experimental challenge in a double-blind 
multicenter study in U.S. volunteers. Therefore, it may be quite 
useful as a travelers’ vaccine. However, it did not show efficacy 
in a large field trial conducted in Indonesia, bringing into ques
tion its usefulness for public health in endemic regions. Current 
manufacturing problems have limited the supply of this vaccine 
and are holding up application for U.S. license. 

Cholera 
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Other vaccines are in the early phases of clinical testing. Peru 15 
is another live-attenuated strain directed against O1 cholera, 
which is being developed by Avant Immunotherapeutics, Inc., of 
Massachusetts. Peru 15 has shown outstanding protection of 
volunteers against experimental challenge in a trial conducted 
recently in the United States and supported by NIAID. The 
vaccine will be tested in field trials in Bangladesh. Live-attenu
ated vaccines directed against O139 cholera are being developed 
independently by Berna Biotech, Ltd., and Avant 
Immunotherapeutics, Inc. Intramural scientists of the National 
Institute of Child Health and Human Development (NICHD) of 
the National Institutes of Health have tested, in animals, a 
parenteral cholera vaccine consisting of O antigen conjugated to 
recombinant mutant diphtheria toxin. 

SHIGA TOXIN-PRODUCING E. COLI 

(STEC) AND ENTEROPATHOGENIC 

E. COLI (EPEC) 
STEC, also referred to as enterohemorrhagic E. coli, primarily of 
the O157:H7 serotype, is usually transmitted by contaminated 
food or water or direct contact with infected animals in devel
oped countries. Interestingly, STEC does not contribute signifi
cantly to the diarrheal disease burden in developing countries. 
STEC expresses one or both of the Shiga toxins (Stx-I and Stx-II). 
The Centers for Disease Control and Prevention estimates that 
as many as 100,000 cases per year occur in the United States. 
Clinical symptoms can include mild diarrhea, severe abdominal 
cramping, and bloody diarrhea. Children, the elderly, and 
immunocompromised individuals are at particular risk of devel
oping severe complications, including kidney failure due to 
hemolytic uremic syndrome (HUS). Contaminated food products, 
such as undercooked ground beef, unpasteurized apple juice, 
raw milk, sausages, lettuce, and sprouts, as well as swimming 
pools and well water have all been identified as sources of infec
tion. Outbreaks caused by sorbitol fermenting O157:H- (Ger
many) and Shiga toxin-producing O111 (United States) empha
size the need to consider strains other than O157:H7 as poten
tially dangerous and capable of producing HUS. Recently, STEC 
infection of the urinary tract has been linked to the development 
of HUS in children. 

The sporadic and relatively rare occurrence of infections due to 
STEC limits the usefulness of a vaccine for humans. Potential 
uses of an effective vaccine could be in a large community out-
break to prevent secondary spread or in institutional or childcare 
settings. If a vaccine could protect against STEC and EPEC, a 
stronger case for a preventive vaccine strategy could be made, 
particularly if EPEC is shown to contribute a significant disease 
burden in the United States. 

Current vaccine development efforts for STEC are focused on 
livestock cattle and other ruminants known to asymptomatically 
carry these organisms and shed them in their feces. Vaccine 

approaches target the colonization factor intimin, the protein 
required for attachment of STEC and EPEC. If intimin proves to 
be a good immunogen, it would be useful against both groups of 
pathogenic E. coli. The expression of the B subunit of Stx-I in 
vaccine strains of Vibrio cholerae protects rabbits challenged 
with Stx-I toxin. The expression of intimin in canola, alfalfa, or 
other animal feed crops is also being evaluated as an edible 
animal vaccine. Of course, if this strategy were to be successful 
in animals, it also could define a new approach for an edible 
human vaccine. Conjugate vaccines targeting the bacterial li
popolysaccharide have been developed by Dr. John Robbins’ 
group at NICHD, and these are in early clinical development. 

Therapeutics for treatment of individuals infected with STEC are 
also under development. Toxoids, if safe and immunogenic in 
human volunteers, could provide protection against STEC 
strains and Shigella dysenteriae 1. Antitoxin antibodies also 
could be purified from donor serum and assessed for their ability 
to prevent the development of HUS and other serious sequelae 
in patients presenting with STEC infection. NIAID-supported 
investigators, in collaboration with corporate partners, have 
produced “humanized” monoclonal reagents of mouse 
monoclonals that have been shown to neutralize Stx-I and II. 
These hybrid antibodies, which contain the specific binding 
variable regions of the original mouse monoclonals with the 
constant regions of human antibodies, also would be tested for 
efficacy in preventing the development of the systemic effects 
of STEC infection. Phase I trials of this treatment strategy are 
planned. Another group of NIAID investigators is producing 
completely “human” monoclonals against the Shiga toxins in 
transgenic mice. These products also should be ready for clini
cal trials in the near future. 

E. Coli 

ENTEROTOXIGENIC E. COLI (ETEC) 
As with cholera, a safe and effective vaccine against ETEC 
would be of potential public health benefit to young children 
living in areas of the world where ETEC is endemic, and to trav-
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elers visiting these areas. ETEC is second only to rotavirus as 
the cause of severe dehydrating diarrhea in young children 
throughout the world. Volunteer studies have shown that infec
tion with ETEC generates protective immunity against 
rechallenge with the same strain. 

Swedish investigators at SBL Vaccin AB have produced a vac
cine composed of a mixture of five formalin-inactivated ETEC 
strains, which together express the major colonization factor 
antigens (CFAs) important in human disease, combined with 
rCTB, which will elicit antibodies that neutralize the ETEC LT. 
Clinical studies in more than 500 volunteers have demonstrated 
that this vaccine is safe, immunogenic, and capable of generat
ing antibody-secreting cell (ASC) responses equivalent to natu
ral infection in Bangladeshi adults. In studies conducted in 
Egypt, this vaccine was found to be safe and immunogenic and 
to induce ASC and immunoglobulin (Ig) G responses in adults. A 
large randomized blinded study is underway in U.S. travelers. 

NIAID-funded investigators have used attenuated strains of 
Shigella and Salmonella to express ETEC CFAs. Animal experi
ments with the Shigella construct have indicated that an immune 
response to the expressed CFAs is generated following oral or 
intranasal administration. 

Dr. Charles Arntzen and Dr. John Clements have teamed up on a 
novel edible vaccine approach. Phase I safety and immunogenic
ity studies in volunteers have been completed at the University 
of Maryland Vaccine Treatment and Evaluation Unit (VTEU). 
The trial demonstrated that this vaccine was safe and immuno
genic. Dr. Arntzen’s long-term goal is to express antigens in a 
plant that people find appetizing, such as tomatoes or bananas. 

NIAID plans to sponsor a phase I trial of another edible vaccine 
designed and produced by ProdiGene, Inc., of Texas. This vac
cine consists of transgenic corn expressing LTB. It would seem 
to have the advantages of a stable shelf life at room temperature, 
a homogeneous distribution of antigen in a palatable product 
produced by standard corn processing methodology, and a level 
of antigen produced that is sufficiently high to allow convenient 
consumption. 

Investigators at Walter Reed Army Institute of Research 
(WRAIR) have developed and tested in small numbers of volun
teers a vaccine containing ETEC CFAs CS1 and CS3 (CFA/II) 
encapsulated in biodegradable microspheres. Trials are being 
planned that will use this antigen preparation in combination 
with a nontoxic mutant LT as a mucosal adjuvant to try and 
improve immunogenicity and protective efficacy. Recent studies 
on a similar CS6 product showed that the antigen administered 
in microspheres alone induced a rather poor immune response. 

Scientists at Acambis, United Kingdom and Massachusetts, in 
collaboration with investigators at the Navy Medical Research 
Center; Johns Hopkins University; and the International Centre 
for Diarrheal Diseases Research, Bangladesh (ICDDR,B) have 

developed a series of live-attenuated ETEC, tox(-) strains that 
show promise in phase I studies. Lack of reactogenicity, as well 
as good immunogenicity have encouraged investigators to 
pursue this approach. Phase I testing of these attenuated strains 
expressing engineered (nontoxic) LT and heat stable toxin anti-
gens is planned. 

HELICOBACTER  PYLORI 
It is now well recognized that H. pylori is the main cause of 
gastric and duodenal ulcers as well as gastritis and is a contrib
uting factor for the development of cancers of the stomach 
worldwide. In some developing countries, the infection rate 
approaches 100 percent of the population, while in the United 
States, as much as 40 percent of the adult population is infected 
with this organism. Not all infected individuals are symptomatic. 
H. pylori disproportionately affects individuals of Hispanic and 
African-American decent. There remains an intensive effort to 
educate the public and healthcare providers about the associa
tion between H. pylori and ulcer disease and to stress that this 
is an infectious disease that can be cured by antibiotic therapy. 

A vaccine to prevent infection with H. pylori is worthy of con
sideration. The organism has been shown to be extremely het
erogeneous at a genetic level and may make the development of 
a preventive vaccine difficult. On the other hand, animal experi
ments have demonstrated that a vaccine composed of purified 
urease or other antigens can be protective and therapeutic if 
coadministered with cholera toxin, the potent mucosal adjuvant. 
Of course, cholera toxin cannot be used in humans, but the use 
of nontoxic mutants of either cholera toxin or E. coli heat LT 
could be useful as adjuvants. In addition to urease, combina
tions of antigens, and killed whole cells or cell extracts are being 
evaluated by a number of investigators and companies includ
ing: Acambis and Astra in Massachusetts, Antex Biologics in 
Maryland, IRIS Chiron Biocene in Italy, and Commonwealth 
Serum Labs in Australia. 

Other approaches include the expression of H. pylori antigens in 
live-attenuated orally delivered vectors. NIAID is working with 
Acambis and Iomai Corporation on a transcutaneous vaccina
tion strategy that will use the H. pylori urease as antigen with 
LT as an adjuvant. It is hoped that phase I studies will begin 
within the next year. 

POLIO 
As worldwide polio eradication efforts accelerate, the number of 
countries that are free of polio continues to increase. Globally, 
health officials now are optimistic that polio can be eradicated 
by the end of 2005. Since1988, the number of reported polio 
cases has decreased by greater than 99 percent from an esti
mated 350,000 to less than 1,000. In 2001, 537 confirmed polio 
cases (as of April 2002) were reported. This is down from 2000 
when a total of 2,971 cases were reported. Only 10 countries 
documented indigenous transmission of wild poliovirus during 
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2001, and wild type 2 poliovirus has not been detected world-
wide since October 1999. In 2000, reported global vaccination 
coverage with three doses of oral poliovirus (OPV) vaccine 
(children less than 12 months of age) was 82 percent. 

In the Western Hemisphere, the Pan American Health Organiza
tion (PAHO) documented that the last case of paralytic poliomy
elitis associated with a wild-virus isolate was in Peru on August 
23, 1991. The successful methods developed during this pio
neering regional eradication effort led to a now-standard world-
wide eradication strategy of 1) achieving and maintaining high 
routine vaccine coverage, 2) giving supplemental vaccine doses 
during National Immunization Days (NIDs) to interrupt wild 
poliovirus transmission, 3) developing sensitive systems for 
surveillance, and 4) conducting mopping-up immunization cam
paigns. 

Oral Polio Vaccination courtesy of CDC 

Worldwide immunization is being coordinated by an interna
tional coalition of partners, including the World Health Organiza
tion (WHO), the Rotary International, the Centers for Disease 
Control and Prevention (CDC), the United Nations International 
Children’s Fund, a number of national governments, and many 
nongovernmental organizations. During 1996 alone, two-thirds 
of the world’s children younger than 5 years of age received oral 
polio vaccine. A new WHO/partner plan for acceleration of polio 
eradication emphasizes rounds of NIDs pulse immunizations in 
India, and sub-NIDs in other key countries. 

With two regions of the world now polio free, and three other 
regions close to polio elimination, global eradication appears to 
be feasible. Laboratory confirmation of cases is available 
through a global laboratory network for poliomyelitis eradica
tion, which includes national, regional, and specialized laborato
ries. However, the need for repeated contacts with infants to 
administer the three doses required to immunize fully, and the 
heat sensitivity of the vaccine remain challenges to the global 
eradication effort. 

The problems of controlling polio in developed countries are 
different from those in developing countries. Although polio is 
controlled in developed areas, a small number of cases occur 
each year, and these appear to be associated with use of the 
live-attenuated vaccine. 

During 2000-2001, a cluster of polio cases attributed to circulat
ing vaccine-derived poliovirus (cVDPV) type 1 was found in 
Haiti and the Dominican Republic and in the Philippines. The 
virus in these outbreaks had greater than 2 percent genetic 
sequence difference from the parent Sabin virus. The revertant 
virus probably circulated for 2 years before the outbreak. It is 
hypothesized that low vaccination coverage is allowing cVDPVs 
to circulate and revert to a more virulent, wild-type virus. Vacci
nation campaigns with OPV are underway to control these out-
breaks. 

Wild poliovirus transmission has been interrupted in the United 
States since 1979, and in 1997, to reduce the risk for vaccine-
associated paralytic poliomyelitis (VAPP), increased use of inac
tivated poliovirus (IPV) vaccine was recommended. In 1999, to 
eliminate the risk for VAPP, exclusive use of IPV was recom
mended for routine vaccination in the United States. However, 
because of superior ability to induce intestinal immunity and to 
prevent spread among close contacts, OPV remains the vaccine 
of choice for areas where wild poliovirus is still present. Until 
worldwide eradication of poliovirus is accomplished, continued 
vaccination of the U.S. population against poliovirus will be 
necessary. 

Current challenges to global polio eradication efforts include 
ongoing intense transmission in heavily populated countries 
(e.g., India, Pakistan, Nigeria), continued importations of wild 
poliovirus into polio-free areas, and the detection of cVDPV. 

As the world approaches eradication of polio, there have been 
preliminary meetings to discuss whether there will be a time 
when all polio immunization could be stopped. This issue is 
controversial, with some experts recommending continuing OPV, 
others recommending continuing indefinitely only with IPV, and 
still others seeing a possibility of stopping all immunization after 
a period of only IPV. This issue is unresolved and will remain the 
focus of intense debate. 

Another issue for the posteradication era is the safety of per-
forming research on wild poliovirus strains in less than biosafety 
level 4 containment facilities. After eradication, there is concern 
that the laboratory or the vaccine manufacturing facility would 
become a potential source of reintroduction of wild poliovirus 
into the community. The seed virus for production of IPV is a 
high-yielding, wild-type poliovirus, and recently there was a 
case of accidental transport of the strain from a production 
facility into the community via an infected but immunized worker. 
Eventually, if poliovirus immunization is stopped, all poliovirus 
strains, including vaccine-derived strains, might have to be 
contained or destroyed. Other unresolved issues about the 
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posteradication era include: 1) Whether reintroduction is pos
sible from immune-suppressed individuals persistently shedding 
vaccine strain virus, 2) whether the persistent shedding could be 
controlled with immune globulins or antivirals, 3) which vaccine 
would be used if a reemergence occurred, 4) which vaccine(s) 
will be needed in the posteradication age, 5) how these vaccines 
will be produced if all stocks are destroyed or high-containment 
production facilities are required, and 6) whether polio 
bioterrorism will become an important concern. 

NIAID currently funds several extramural basic research projects 
on the virological and immunological aspects of polio. One goal 
of this work is to apply the knowledge obtained to make better 
vaccines that will be genetically stable and not revert to a more 
neurovirulent form, and more efficient and efficacious, especially 
when used in tropical and developing regions of the world. 

Several major NIAID-supported discoveries have added greatly 
to the knowledge about polioviruses, as well as other RNA 
viruses. Molecular studies have been advanced substantially by 
the development of quick, reliable nucleic acid sequencing meth
ods and the construction of a cDNA infectious clone of poliovi
rus. The changes in viral nucleic acid that occur during vaccine 
reversion to virulence have been defined, and a number of stud
ies are examining the basis of viral virulence and attenuation. 

The detailed study of viruses always has been hindered by the 
fact that viruses must invade a host and replicate within living 
cells; however, research supported by NIAID shows that it is 
possible to induce the de novo synthesis of infectious poliovi
rus in a cell-free, test-tube system. This system has provided a 
number of new research approaches to the study of virus repli
cation. 

Another major breakthrough was the ability to insert into mice 
the human gene responsible for producing the receptor for hu
man poliovirus. Because such transgenic mice are able to make 
the receptor for poliovirus, they become susceptible to infection 
and develop a paralytic-like disease. These new mice have 
helped advance research focusing on the pathogenesis of vi
ruses. 

These discoveries are of great significance not only for the 
study of poliovirus, but for research on other viruses. As a 
model, polio research has led to major breakthroughs, particu
larly in other RNA viral systems. Nonpolio enteroviruses will 
remain a problem even after eradication. In a recent study of 
more than 3,200 cases between 1993 and 1996 in the United 
States, echoviruses 9, 30, 6, and 11 were commonly isolated, as 
were coxsackieviruses B5, A9, and B2. Enterovirus 71 has been 
increasingly linked to neurologic disease, and evidence contin
ues to mount implicating certain enteroviruses in the etiology of 
diabetes. This group of viruses requires intensified research. 
The knowledge derived from poliovirus studies will be of great 
value in the development of new vaccines or antiviral drugs 
against many other RNA viruses that are now difficult to study. 
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ENTERIC VIRUSES 
Rotavirus is the leading cause of severe diarrheal disease of 
infants in developed and developing countries. Although 
Wyeth-Ayerst has licensed the RotaShield® vaccine, which was 
developed by NIAID intramural scientists, the increased inci
dence of intussusception among infants who had received this 
vaccine resulted in its withdrawal from the market. Two other 
vaccines are in active phase III trials. The first is a WC3 bovine 
reassortant vaccine being tested by Merck. The second is a 
human nursery strain being tested by SmithKline Beecham 
(SKB). Both of these trials are underway in the United States. 
The SKB trial is also recruiting subjects in Europe and in some 
developing countries. Clearly, a vaccine against rotavirus is 
needed and would find application worldwide. 

Two additional nursery strains that were isolated in India and 
have been manufactured in the United States under NIAID 
contract have been in early phase I trials in adults and seroposi
tive children at the Cincinnati VTEU. There is hope about the 
prospects of further testing of these two strains in seronegative 
children and in phase I trials to be conducted in the United 
States and by collaborators in India. One advantage that these 
weakened human viruses may have is the lack of vaccine-in
duced fever, a side effect seen in a small percentage of recipients 
of the rhesus or bovine-based reassortant vaccines. 

At a more experimental stage, a NIAID grantee has succeeded in 
assembling virus-like particles (VLPs) from the products of 
baculovirus-expressed rotavirus genes. The resultant particles 
are noninfectious and can be designed to contain structural 
proteins from multiple serotypes. This recombinant particle 
vaccine would be given parenterally, and the results obtained 
thus far in animals have been promising. Oral vaccination with 
VLPs could also be considered with or without mucosal adju
vants. 

Animal studies performed by a NIAID grantee have indicated 
that VP6 may be a good vaccine target. IgA monoclonal anti-
body directed against this protein provides protective immunity 
against rotavirus in mice. Efforts are also underway to produce 
subunit vaccines expressed in bacteria to a number of rotavirus 
proteins. Another NIAID grantee is testing the possibility of 
using gene gun-administered DNA vaccines to induce protec

tion against rotavirus in animals. The DNA vaccines, which were 
also administered orally after the DNA was encapsulated in 
microspheres, were shown to be immunogenic and protective in 
mice. Studies of this nucleic acid vaccine approach are proceed
ing in pigs. 

Caliciviruses have been shown recently to be significant con
tributors to diarrheal disease burden in children and adults 
[(2000). Journal of Infectious Diseases, 181(Suppl. 2), S249-
S391.]. The capsid proteins from a number of caliciviruses have 
been expressed in baculovirus-infected insect cells and in hu
man cells. When the protein accumulates in high concentration, 
VLPs self-assemble and can be purified. These VLPs are immu
nogenic and protective as vaccines in animals. In a phase I 
human trial, Norwalk VLPs showed rather modest immunogenic
ity when orally delivered. Addition of a mucosal adjuvant is 
planned for future studies. Measurement of vaccine efficacy is 
also planned and will require administration of wild Norwalk 
virus in a challenge protocol. NIAID is characterizing a new 
challenge pool to serve as a reference for future Norwalk virus 
vaccine efficacy studies. 

Development of an edible vaccine strategy for Norwalk virus has 
also begun. Transgenic potatoes expressing Norwalk capsid 
protein (some of which forms VLPs) have been found to be 
immunogenic in human volunteers. Further studies to measure 
the protective efficacy of such edible vaccines await availability 
of the challenge model. 

SHIGELLA 
Shigellosis (bacillary dysentery) is endemic throughout the 
world. More than 90 percent of all cases reported in the United 
States were caused by Shigella sonnei. Although there are 30 
serotypes of shigellae, usually only 2 or 3 serotypes predomi
nate in a given area. S. sonnei predominates in industrialized 
countries, whereas Shigella flexneri is most commonly found in 
developing countries; both are associated with endemic disease. 
Shigella dysenteriae causes epidemic outbreaks of dysentery, 
as well as significant endemic disease. Therefore, a comprehen
sive vaccine approach to controlling shigellosis must include 
components of all three species. There are currently no licensed 
vaccines available against Shigella. 

Early studies showed that the O somatic antigens of Shigella are 
major immunogens and that the most effective attenuated vac
cines were those that transport these immunogens to mucosal 
tissues where they can generate a local or mucosal immune 
response. Limited tissue invasion of the vaccine strain would 
also likely generate a better cell-mediated immune response, 
thought to be important for protection against invasive patho
gens such as Shigella. The main problem in developing Shigella 
vaccines is the very small safety margin that exists between a 
strain that is too reactogenic and one that is overattenuated and 
sufficiently immunogenic. 
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Investigators at WRAIR have developed an attenuated S. 
sonnei vaccine WRSS1, which was tested recently in NIAID-
supported phase I trials at the Center for Vaccine Development 
at the University of Maryland in Baltimore. The strain is attenu
ated by deletion of a portion of the virG gene. It was only mildly 
reactogenic, while exhibiting good antigenicity. The Department 
of Defense plans further field testing of this very promising 
vaccine candidate. 

Investigators at the Pasteur Institute have made a virG, iucA 
deletion mutant of S. flexneri 2a (strain SC602) that demon
strated 100-percent protection against severe shigellosis in 
seven North American volunteers when they were challenged 
with virulent S. flexneri 2a. However, this strain still induced 
shigellosis at higher doses. Auxotrophic mutants are also being 
evaluated as attenuating deletions in S. flexneri 2a. Researchers 
at the Center for Vaccine Development have created deletions in 
aroA and virG (strain CVD 1203), guaBA and virG (CVD 1205). 
Deletion of the guaBA genes alone (CVD 1204) or guaBA and 
the genes encoding two enterotoxins (CVD 1208) have also been 
created and will be tested in NIAID-supported studies in the 
near future. 

Efforts also are underway in the laboratory of Dr. Robbins at 
NICHD to develop parenteral vaccines composed of detoxified 
Shigella lipopolysaccharide-protein conjugate. A randomized, 
double-blind study has been conducted in Israeli military volun
teers, and it demonstrated 74-percent protection. A recent study 
of O-specific polysaccharide conjugates from S. sonnei and S. 
flexneri 2a demonstrated safety and immunogenicity in children 
4 to 7 years old. 

TYPHOID 
Typhoid fever remains a serious public health problem through-
out the world, with an estimated 16 to 33 million cases and 
500,000 deaths annually. It also is a serious threat to travelers 
visiting endemic areas. In the United States, approximately 
12,000 cases were reported in 2001. In virtually all endemic areas, 
the incidence of typhoid fever is highest in children from 5 to 19 
years old, which is important since school children can be immu
nized readily through school-based immunization programs. 

Parenteral whole-cell vaccines are licensed for typhoid fever, 
though they are rarely used because they are only marginally 
effective and they produce adverse reactions in many vaccinees. 
Oral killed whole-cell preparations, though not reactogenic, are 
also not protective against Salmonella typhi. Therefore, efforts 
are now directed at the use of purified virulence (Vi) antigens 
(see below) or live, orally administered preparations of demon
strable efficacy. 

An important advance for the control of typhoid fever has been 
the development of the attenuated S. typhi strain Ty21a from 
strain Ty2. This strain was extensively tested in Egypt and Chile, 
and although its efficacy may vary widely from site to site and 

Edible Vaccine in Potatoes 

with vaccine formulation, the Ty21a vaccine has been remark-
ably safe and reasonably immunogenic. It was licensed in the 
United States in 1991 and is presently being used primarily as a 
vaccine for travelers. Ty21a is produced by Berna Biotech, Ltd. 

In collaboration with the Pasteur Institute, NICHD has devel
oped a parenteral, nonreactogenic, immunogenic, purified Vi 
vaccine. Clinical trials in Nepal and South Africa demonstrated 
that a single injection of the Vi vaccine has an efficacy of about 
72 to 80 percent. Since the Vi vaccine is effective after only one 
immunizing dose, it appears to offer some advantages over the 
Ty21a vaccine, which requires at least three doses and a strict 
cold chain. The Vi vaccine has been licensed in France and 
several countries in Africa; the manufacturer is currently assem
bling data to apply for a license in the United States. The Vi 
vaccine also is being considered for local production in develop
ing countries. Through the efforts of the Diseases of the Most 
Impoverished Program being conducted by the International 
Vaccine Institute (Seoul, South Korea), the technology for pro
ducing this vaccine has been transferred already to China and 
Vietnam. Locally produced vaccine should be tested in the re
gion in the near future. 

Of a more experimental nature, several groups of investigators 
have been developing attenuated deletion mutants as live oral 
typhoid vaccines. Metabolic pathways and genes critical to 
virulence expression have been targeted. These include the 
double aro mutants, aro/pur mutants, cya/crp, and phoP/phoQ 
mutant. Several of these mutants have been used in early clinical 
trials with varying degrees of success. The focus of this discus
sion will be on recent efforts. 

The Center for Vaccine Development has been pursuing double 
aro mutants derived from wild-type strain Ty2. CVD 908 was 
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shown to be incompletely attenuated because it induced bacter
emia in 6 of 12 volunteers at a dose of 5x107 colony-forming 
units. The additional deletion of htrA made it clinically more 
acceptable. These vaccine strains are being developed by 
Acambis in the United Kingdom. 

Cholera Clinic in Bangaladesh courtesy Stephen Calderwood 

Another vaccine candidate developed by investigators at Wash
ington University, St. Louis, is the cya/crp/cdt triple deletion 
mutant of Ty2. The cya/crp double mutant was found in clinical 
trials to be incompletely attenuated. Therefore, a portion of the 
gene adjacent to the crp locus was deleted. This gene was des
ignated cdt since its apparent function is to control dissemina
tion of Salmonella out of the intestinal tract and GALT to visceral 
organs in animals infected with Salmonella typhimurium or 
Salmonella choleraesuis. The strain of S. typhi containing 
equivalent deletions has been named X4073. This strain or de
rivatives thereof containing the balanced lethal plasmid expres
sion vector have been used in two different clinical trials and 
shown to be well tolerated and immunogenic. Most of the vac
cines studied to date have employed strain Ty2 as the parent. 
Because this strain has been maintained in the laboratory since 
1918 and probably contains a number of unknown mutations, a 
recent clinical isolate (ISP 1820) has been similarly attenuated in 
an attempt to define more clearly the genes contributing to viru
lence. Strain ?8110 ?cya-27[crp-cdt] was tested recently in volun
teers at the NIAID-supported St. Louis University VTEU, but 
was found to be unacceptably reactogenic. 

The other strain being actively pursued as a vaccine against 
typhoid is TY800, a phoP/phoQ deletion mutant of Ty2. The 
phoP/phoQ virulence regulon is a two-component system com
posed of a membrane-bound kinase (PhoQ) and a cytoplasmic 

transcriptional regulator (PhoP). This system regulates a number 
of genes that contribute to Salmonella pathogenesis, and its 
deletion from Ty2 has created a vaccine candidate that appears 
to be well tolerated and highly immunogenic (high antibody-
secreting cell response) in an admittedly small number of volun
teers to date. NIAID is hopeful that phase I and II trials with this 
strain can be conducted in the near future in its VTEU facilities. 
Avant Immunotherapeutics, Inc., is developing this vaccine. 

The recent demonstration of the attenuating effects of a DNA 
adenine methylase (dam) deletion on S. typhimurium pathogen
esis in a mouse model has identified another virulence factor 
that could be targeted for deletion in human vaccine strains. 
This gene, which may be another global regulator, also may be 
an important contributor to virulence in other bacterial patho
gens, including other enteric pathogens. 

Because S. typhi is an invasive organism, it is expected that a 
significant cell-mediated immune response will be an important 
component of protection. Additionally, it is still assumed that 
Salmonella vectors can be developed to express foreign antigens 
and serve as multivalent vaccines capable of protecting against 
more than one disease by oral immunization. Although encour
aging results have been demonstrated in animals, this concept 
has yet to be demonstrated convincingly in humans. 

CAMPYLOBACTER 
Campylobacter is the leading cause of bacterial foodborne gas
troenteritis in the United States, with an estimated 2.5 million 
cases occurring annually [Mead, et al. (1998). Emerging Infec
tious Diseases, 5, 607-625.]. There is no vaccine currently avail-
able. 

A whole-cell killed vaccine developed and tested in animals and 
in a small number of volunteers at the Navy Medical Research 
Institute is now being developed along with Antex Biologics and 
SKB. This Campylobacter vaccine consists of inactivated 
Campylobacter whole cells plus a mutant toxin adjuvant. Earlier 
studies with this adjuvanted vaccine indicated that it was safe 
and immunogenic in a small number of volunteers challenged 
postvaccination with a pathogenic Campylobacter strain. Data 
from animal models showed that the vaccine provides protective 
immunity against live infections and illness. This vaccine has 
been developed by the military because of the incidence of 
Campylobacter infection in their deployed personnel. If avail-
able, it also may be of use as a travelers’ vaccine. 
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OVERVIEW 
Infections caused by systemic fungal pathogens are a signifi
cant health problem in the immunocompetent and the 
immunocompromised host. Fungi that regularly infect and cause 
disease in otherwise healthy hosts are termed primary patho
gens. These include Coccidioides immitis, Histoplasma 
capsulatum, Blastomyces dermatitidis, Paracoccidioides 
brasiliensis, and, on occasion, Cryptococcus neoformans. Op
portunistic fungal pathogens, which more typically require 
immunosuppression to infect the human host, include Candida 
albicans, which is a normal inhabitant of the human gut, and 
Aspergillus fumigatus, which is ubiquitous in the environment. 
The primary fungal pathogens each occupy a discrete ecologi
cal niche. C. immitis is found in the soil of the Southwestern 
United States, Mexico, Central America, and South America. H. 
capsulatum can be found in soils enriched with guano from 
bats, chickens, and starlings, with a highly endemic focus along 
the Mississippi River, but with documented occurrence 
throughout the world. B. dermatitidis is believed to be present 
in microfoci of soil worldwide, but is primarily in geographic 
regions of North America that overlap those of H. capsulatum. 
Historically, it has been difficult to isolate B. dermatitidis from 
the environment, but it probably occupies a different niche than 
does H. capsulatum. Recent studies have found B. dermatitidis 
in moist, rich soil at the banks of rivers and waterways in en
demic regions. P. brasiliensis, the etiologic agent of 
paracoccidioidomycosis (South American blastomycosis), is 
restricted to South and Central America. It has an affinity for 
shady areas and moist vegetation, particularly near rivers and 
lakes, with microniches in the armadillo’s hole or in the soil rich 
in organic matter where this animal usually feeds. Virulent 
strains have been isolated frequently from naturally infected 
armadillos (Dasypus novemcinctus). The increasing incidence of 
paracoccidioidomycosis in the Amazon region can be associ
ated with recent agricultural settlements, deforestation, and soil 
churning. Worldwide, roughly 10 million people may be infected 
with P. brasiliensis, and as many as 1 to 2 percent of these 
people may develop the disease. C. neoformans can be found in 
soil contaminated with pigeon guano and is prevalent world-
wide. Infection is initiated by inhalation of microscopic forms of 
each fungus from a point source in nature. 

The true incidence of infection by these agents is difficult to 
assess because the diseases are not reported nationally and can 
be difficult to diagnose. With the exception of the latex aggluti
nation test for cryptococcal capsular polysaccharide antigen, 
there are few widely available serologic tests to facilitate rapid 
laboratory identification of the systemic mycoses. Definitive 
diagnosis usually depends on culture of the etiologic agent. 
Recent developments in molecular studies of C. immitis, which 

include cloning and expression of the diagnostic complement 
fixation (CF) antigen, as well as reports of a sensitive polymerase 
chain reaction-based method for detecting coccidioidal DNA in 
patient sputum, provide the basis for new clinical methods of 
rapid and inexpensive diagnosis of coccidioidomycosis. 

Courtesy of Mycology Research Units 

It has been estimated, based on the results of skin tests, that 
there are between 25,000 and 100,000 new infections with C. 
immitis each year. The respiratory disease, known as Valley 
Fever, can occur in epidemic proportions; 1,500 seroconversions 
were documented in one county in California in 1991, whereas 
the number of officially reported cases for the entire State was 
less than 1,300. This finding emphasizes the problem of 
underreporting for these diseases. The epidemic in California 
resulted in more than 3,000 cases occurring in Kern County 
alone in 1992. It was estimated that the epidemic resulted in more 
than $45 million in medical costs in Kern County between 1991 
and 1993. The California Department of Health sponsored a 
conference on coccidioidomycosis in 1993. The development of 
a vaccine was considered to be a promising approach for the 
prevention of the disease. The Valley Fever Research Founda
tion, a private foundation incorporated in 1993, commissioned a 
vaccine feasibility study. The study concluded that a vaccine 
effort should go forward. Current efforts focused on the devel
opment of a vaccine against coccidioidomycosis involve a con
sortium of seven laboratories funded by research grants from 
the National Institute of Allergy and Infectious Diseases 
(NIAID) and the California HealthCare Foundation. 

The number of cases of Valley Fever in the Tucson and Phoenix 
areas increased by 66 percent between 1991 and 1992. A serious 
complication of the infection is meningitis, a life-threatening 
disease that is difficult to treat. Primary infections that appar-
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ently have resolved spontaneously may leave dormant but 
persistent fungal elements in lung tissue. Relapse with fungal 
diseases, such as Valley Fever, is viewed as a potential crisis 
among immunocompromised patients, such as those with ac
quired immunodeficiency syndrome (AIDS). One prospective 
study documented a prevalence of 25 percent in one cohort of 
human immunodeficiency virus (HIV)-infected patients over a 
41-month period in highly endemic areas. 

Histoplasmosis also is associated with epidemics in immuno
competent hosts. However, it is becoming an increasingly impor
tant infection in immunocompromised hosts, such as those with 
AIDS, where the incidence of this fungal disease can be as high 
as 27 percent. Histoplasmosis can resemble tuberculosis and has 
been misdiagnosed as such. In one study, 19 percent of the 
patients with histoplasmosis also had tuberculosis. The disease 
is geographically widespread, with reports from every continent 
except Antarctica, and 500,000 new infections are estimated to 
occur annually in the United States. It is estimated that 99 per-
cent of these infections resolve spontaneously; the remaining 1 
percent progress to chronic or disseminated disease. The rea
sons for this progression in otherwise healthy individuals re-
main unknown. Clinical disease can be classified as mild, moder
ate, and severe, with the latter category being the most difficult 
to treat with available chemotherapy. Given the widespread 
distribution of disease, the inability to prevent acquisition from a 
point source in nature, and the remaining problems with antifun
gal therapy, a vaccine for this disease would have obvious pub
lic health benefits. 

Blastomycosis occurs mainly as a sporadic infection in immuno
competent hosts, but many cases of opportunistic infection 
among AIDS patients and other immunocompromised hosts 
have been described. The true incidence and prevalence of 
blastomycosis are unknown, but appear to be lower than those 
of the other systemic mycoses described here. A distinguishing 
feature of blastomycosis is the high proportion of clinically 
significant disease among infected persons, highlighting the 
organism’s pathogenicity. Another feature of blastomycosis is 
that it is a common infection among dogs that reside in endemic 
areas. The severity of most canine infections also is evidence of 
the potential of B. dermatitidis as a primary pathogen. 

Although immunosuppressive therapy and infection with HIV 
are recognized risk factors for the development of severe, pro
gressive coccidioidomycosis and histoplasmosis, they are not 
prerequisites for human infection with these fungi. Both are 
primary pathogens. In addition, subclinical infection with these 
fungi and with C. neoformans poses a threat of subsequent 
reactivation to a progressive form of disease with the advent of 
immunosuppression. Cryptococcosis (cryptococcal meningitis) 
is a worldwide problem for immunosuppressed patients. Sub-
clinical infection with C. neoformans may be more prevalent than 
previously estimated. Based on recent findings of Casadevall’s 
group, exposure to C. neoformans occurs regularly as evidenced 
by seroconversion in young children in New York City. In the 

United States, cryptococcosis is a well-known AIDS-defining 
illness and occurs in 7 to 11 percent of patients with AIDS. A 
hospital survey in New York City documented more than 1,200 
cases of cryptococcosis in 1991 that were primarily associated 
with HIV-infected patients, resulting in a yearly prevalence of 6 
to 8 percent in this population. Cryptococcal meningitis is also 
prevalent in HIV-infected individuals in Africa, where the costs 
of antifungal therapy can be prohibitive. Even with the advent of 
newer antifungal drugs, such as the triazoles, treatment remains 
suboptimal, and no existing treatment is curative. The situation 
for coccidioidomycosis and histoplasmosis in patients with 
AIDS is similar. 

Mechanisms of virulence for the pathogenic fungi are poorly 
defined. The fungi considered above lack toxins that could serve 
as good targets for a rationally designed vaccine. In addition, 
they possess a complex, eukaryotic genome that makes elucida
tion of their molecular biology more difficult than that for either 
their viral or bacterial counterparts. However, fungi do present 
numerous effective antigens as demonstrated by the host’s 
response to infection. In general, cell-mediated immunity is 
thought to be more important in recovery from infection than the 
antibody response. One possible exception is cryptococcosis, in 
which antibody specific for the capsular polysaccharide has an 
opsonizing effect on the encapsulated fungus. With an ever-
expanding immunocompromised host population at risk for all of 
these fungal infections, and with the inability of even new anti-
fungal agents to eradicate fungi from infected patients, serious 
consideration must be given to the preventive or therapeutic 
role of antifungal vaccines. The past 20 years of progress in 
vaccine development for the medically important fungi can be 
viewed as a time of transformation of the field in preparation for 
achieving the goal of licensed, effective, and safe vaccines for 
these complex microbes. The best characterized and largest 
efficacy trial for a vaccine for a systemic fungal infection was 
conducted 20 years ago with the evaluation of the killed C. 
immitis spherule vaccine (conducted between 1980 and 1985 and 
published in 1993). That effort, described below, fell short of the 
goal and was confounded by the need to dilute the protein 
concentration of the whole-spherule vaccine by 1:1,000 relative 
to the protective dose in mice to circumvent the problems of 
swelling and discomfort at the injection site observed with undi
luted doses. The authors concluded, “A different physical form 
other than the whole spherules must be sought to increase the 
tolerability of the immunogenic component. .… If the immuno
genic material is protein, the active epitopes may be determined 
by peptide sequencing, which may permit synthesis in vitro by 
recombinant methods. This may provide a vaccine with a mini-
mum of other irritant components present in the whole spher
ule.” During the ensuing two decades, the field of medical my
cology gained substantially in technology and is now poised to 
return to the challenge with the renewed tools necessary to 
confront the design of vaccines for these eukaryotic pathogens. 
The important scientific advance in the field of medical mycol
ogy of significance to vaccines was, therefore, the noteworthy 
development of the field itself. 
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NIAID encouraged the development of research with an ultimate 
goal of developing vaccine approaches to the invasive mycoses, 
particularly over the last decade. The NIAID Workshop in Medi
cal Mycology series focused on the following areas in each of 
five separate events: Molecular medical mycology, diagnosis 
and treatment, fungal vaccines (antigenic peptides and 
glycobiology), immunology (parts 1 and 2), and epidemiology 
(see http://www.niaid.nih.gov/dmid/meetings). Additionally, 
recent solicitations also provided for vaccine research opportu
nities (PA 96-061, Modern Vaccines for Mycoses and Measles; 
RFAAI 98-002, Mycology Research Units). Vaccine-related 
applications were funded under both solicitations (e.g., one 
program project, P01AI037232, Kirkland, T., Principal Investiga
tor, Molecular Strategies Toward a Coccidioidomycosis Vaccine; 
and one research project, R01AI025780, Levitz, S., Principal 
Investigator, Immune Responses to Cryptococcal Infections). 
Additionally, investigator-initiated research proposals focusing 
on vaccine approaches were funded (e.g., R01AI034361, Deepe, 
G., Principal Investigator, Protective Antigens From Histoplasma 
capsulatum; and grants were awarded to the work noted in the 
fungal section sources). Therefore, the community has suc
ceeded in following the consensus of the third workshop in the 
NIAID mycology series where it was noted: “Leading research
ers studying a variety of fungal pathogens say that there is a 
major shift in thinking regarding vaccines. Thus, the prevailing 
question of whether vaccines should be considered as a practi
cal way of preventing fungal diseases is being challenged by the 
questions of which ones and when.” 

The challenges that lie ahead are much the same in medical 
mycology as for parasitology, or oncology, where the design 
issues must address the complexity of eukaryotic systems rela
tive to the smaller genome-sized bacteria or viruses, and must 
address the related issue of eukaryotic target in the context of a 
eukaryotic host. With the beginning of the new century, there 
still are no fungal vaccines licensed for use in the United States, 
and the field has not yet moved the newer technologies from the 
research bench into the target populations. Yet, there is contin
ued advancement toward this goal as evidenced by two repre
sentative examples. First, the NIAID Mycoses Study Group 
launched a phase I clinical trial on July 5, 2000, “A Phase I Evalu
ation of the Safety and Pharmacodynamic Activity of a Murine 
Derived Anticryptococcal Antibody 18B7 in HIV-Infected Sub
jects Who Have Responded to Therapy for Cryptococcal Men
ingitis.” That monoclonal was generated by stimulation with a 
glycoconjugate vaccine for C. neoformans (see below). Also, in 
work described below, a live attenuated vaccine for B. 
dermatitidis was described and tested in mice. Blastomycosis is 
an attractive model disease for fungal vaccine development 
because of the prevalence of canine disease in the endemic 
areas, and the potential for validating a fungal vaccine in natu
rally occurring mammalian hosts. 
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BLASTOMYCOSIS 
Spores are inhaled into the lungs and converted into budding 
yeasts, which are large and relatively resistant to phagocytosis 
and killing by the neutrophils and mononuclear effector cells 
that constitute the early inflammatory response. Within several 
weeks after infection in humans and experimental animals, the 
host develops acquired immunity to B. dermatitidis as evi
denced by the appearance of delayed-type hypersensitivity, 
proliferation of lymphocytes in vitro, and circulating antibodies 
in response to antigens of the fungus. In a murine model of 
blastomycosis, T lymphocytes but not serum passively trans
ferred from immune to naive animals conferred protection, sug
gesting that immunity resides chiefly with antigen-specific T 
cells. 

A 120-kD protein, designated Blastomyces adhesin 1 (BAD1) 
(formerly termed WI-1), is displayed on the surface of B. 
dermatitidis yeasts and is an immunodominant antigen during 
human, canine, and experimental murine infection. Human pa
tients develop strong antibody and T-lymphocyte responses to 
determinants of BAD1. BAD1 has been cloned and sequenced 
and shown to contain 30 copies of a repetitive domain of 25 
amino acids similar in sequence to a bacterial adhesin, invasin. 
This so-called tandem repeat mediates binding of the yeast to 
integrin receptors on human cells, and the expression of BAD1 
is altered on genetically related strains of B. dermatitidis that 
differ in virulence for mice, suggesting that BAD1 plays a role in 
the pathogenesis of blastomycosis. Human, murine, and canine 
infection are associated with the development of high antibody 
titers directed against the tandem repeat. The functional role of 
monoclonal anti-BAD1 antibodies is under study, and some 
appear to enhance infection. T lymphocytes from human pa
tients with blastomycosis respond strongly to BAD1 in vitro. At 
the clonal level, these cells are directed chiefly toward epitopes 
displayed in a short segment of amino acids at the N-terminus. 
BAD1 is immunogenic in mice, where protective efficacy has 
been shown. This supports its vaccine potential, although harm
ful and beneficial segments of the antigen may need to be sepa
rated. 
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A gene transfer system is available in B. dermatitidis, and BAD1 
has been disrupted by homologous recombination. BAD1 
knockout yeast bind poorly to host tissue and are nonpatho
genic in a murine model of pulmonary blastomycosis, emphasiz
ing the role of this adhesin in virulence. BAD1 is phase regu
lated, expressed in yeast but not mold, linking morphology with 
pathogenicity. Animals that clear BAD1 knockout yeast can 
resist a lethal pulmonary challenge with wild-type yeast. There-
fore, BAD1 knockout yeast serve as a live attenuated vaccine. 
Antigens responsible for this resistance are under study. The 
considerable clinical importance of canine blastomycosis in 
veterinary medicine provides a unique target population of dogs 
for initial clinical investigation of novel vaccine formulations, 
such as naked DNA or attenuated strains. 
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ces dermatitidis. Infection and Immunity, 11, 5443-5449. 

Wuethrich, M., Fillutowicz H.I., & Klein, B. S. (2000). Mutation of 
the WI-1 gene yields an attenuated Blastomyces dermatitidis 
strain that induces host resistance. Journal of Clinical Investi
gation, 106, 1381-1389. 

CANDIDIASIS 
Candidiasis is a leading group of opportunistic mycoses caused 
by any of several species of the genus Candida. Most notewor
thy examples include C. albicans, C. tropicalis, and C. krusei. 
These and other Candida species are normal inhabitants of 
humans and usually live in harmony with the mammalian host. 
Factors predisposing to disease include chemical immunosup
pression, surgical trauma, and underlying diseases such as 

diabetes and AIDS. Neutropenia is a major risk factor; patients 
undergoing immunosuppression to prevent rejection of bone 
marrow or organ transplantation are particularly vulnerable to 
infection from either endogenous or exogenous sources. 

Candida Albicans 

Novel advances in the identification of protective antibody in 
models of cryptococcosis described in this report have given 
hope that analogous situations may pertain to other opportunis
tic mycoses, including candidiasis. Indeed, a protective anti-
body has been identified for C. albicans in an animal model 
system. Antigen delivery was key to demonstrating that a man
nan adhesin from the fungus could generate immunoprotection. 
Liposome encapsulation of a mannan adhesin fraction of yeast 
cells, and conjugation of the mannan to a carrier protein have 
been used to generate protective antibodies that are functional 
in vaccinated mice and could be passively transferred to protect 
normal and immunocompromised mice. Protective and 
nonprotective antibodies were identified. The latter can be use
ful in addressing the controversy generated in previous studies 
where circulating antibodies did not correlate with protection. 
Two murine monoclonal antibodies, an immunoglobulin (Ig) M 
antibody B6.1 and an IgG3 antibody C3.1, have been demon
strated to be protective in passive transfer experiments, and 
there is considerable interest in examining the role of immuno
therapy as an alternative to chemotherapy in human candidiasis. 
Because of the newly acknowledged problem of antifungal drug 
resistance in Candida, these findings are of special relevance. 
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COCCIDIOIDOMYCOSIS 
Spores of C. immitis are inhaled into the lungs, where they un
dergo a morphological conversion to a parasitic, spherule form 
of growth. The spherule enlarges and subdivides into propaga
tive units that are released to repeat the cycle. Patients develop 
delayed-type hypersensitivity as a consequence of infection. 
Although complement-fixing and precipitating antibodies are 
produced during the course of infection, they do not seem to be 
protective. In fact, high titers of complement-fixing antibodies 
are a poor prognostic sign. In experimental infections, immunity 
is transferred by thymus-derived lymphocytes (T cells), but not 
by serum. 

An experimental vaccine has been prepared from formalin-killed 
spherules of the fungus grown in vitro. After it was demon-
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Coccidioidomycosis Immitis 

strated that the vaccine increased survival in animals after a 
lethal experimental challenge, a phase III trial was undertaken in 
human volunteers. The study groups were from Arizona and 
California and were demonstrated to be skin test negative to 
spherule antigen and to coccidioidin before vaccination. A total 
of 1,400 subjects received the formalin-killed spherulin vaccine 
(1.75 mg per injection, with a total of 3 injections), and 1,400 
others received placebo. The results of the trial indicate that the 
vaccine did not prevent clinically apparent coccidioidomycosis. 
In experimental trials in mice, the vaccine did not prevent infec
tion, but did prevent progressive disease and death. Because 
progressive disease did not occur in either the control or vacci
nated human groups, it was not possible to evaluate these po
tential protective effects. Failure of this trial could have been 
caused by dose-limiting irritation at the injection site from toxic 
components of the fungus. That is, the dose used in the human 
trial was reduced to less than 1/400 of the amount of the spher
ule vaccine needed to protect mice on a body-weight basis. 

Disruption of the whole-spherule vaccine and centrifugation of 
the homogenate at 27,000 X gravity yielded a supernatant prepa
ration (designated 27 K) that was as protective in mice as the 
killed-spherule vaccine. Cell walls from mechanically disrupted 
spherules have also shown to produce protection, and when the 
walls were incubated in phosphate-buffered saline containing 1-
percent chloroform as a preservative, a soluble fraction was 
obtained that induced strong protection against challenge. 
Alkaline extraction of cell walls has also been reported to yield a 
soluble fraction (designated C-ASWS), which protects mice 
against challenge with C. immitis. The protective component of 
the C-ASWS extract was shown to be a glycosylated protein 
having antigenic identity with the polymeric antigen in coccid
ioidin that had been designated Antigen 2 (Ag2). In other stud
ies, a 33-kDA peptide was isolated from a chemically 
deglycosylated lysate of spherules. The 33-kDA peptide ex-
pressed T and B-cell epitopes and, when examined by tandem 
immunoelectrophoresis, showed complete fusion with the an
odal precipitin peak of the Ag2 polymer; hence, its antigenic 
identity with the protein moiety of Ag2. The gene that encodes 
Ag2 has been cloned by two groups of investigators and, when 
expressed in Escherichia coli, yielded a proline-rich antigen 
(PRA) having a molecular size of 19.4 kDA. Immunization of mice 
with the recombinant Ag2(PRA) protein induced protection 
against challenge, but a significantly greater level of protection 
was induced in mice immunized with Ag2(PRA) cDNA. The 
protective effects of recombinant Ag2(PRA) or the Ag2(PRA) 
gene vaccine were associated with, and thought to be attribut
able to, the induction of T helper 1 (Th1) responses, evidenced 
by the acquisition of a delayed footpad hypersensitivity re
sponse in mice, and increased production of interferon gamma 
(IFNg). 

Additional vaccine-related research is underway with various 
fractions of C. immitis. A 48-kDAT-cell-reactive protein (TCRP), 
which is expressed in the cytoplasm of spherules, was shown to 
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stimulate proliferation and IFNg production by T cells of spher
ule-immunized mice. The gene encoding this antigen was cloned 
and found to have 70 percent homology with mammalian 4-
hydroxyphenylpyruvate dioxygenase. Mice immunized with the 
recombinant TCRP had approximately 1.5 log lower burden of C. 
immitis in their lungs after intraperitoneal infection. Similar ex
periments were performed with a recombinant protein expressed 
by the gene that encodes C. immitis heat shock protein 60 
(HSP60). The recombinant HSP60 induced proliferation of T 
cells from HSP60-immunized mice, but did not induce protection 
against challenge. More recently, two additional T-cell-reactive 
antigens have been isolated and cloned [a spherule outer wall 
glycoprotein (SOWgp) and urease (URE)]. Both have been 
shown to confer immunoprotection in mice against coccidioidal 
infection. 

Although recombinant antigens and gene vaccines have in
duced protection against challenge with C. immitis, none of 
these vaccines have induced a level of protection comparable to 
that of vaccines using either the killed spherule or native anti-
gens obtained from C. immitis cells or cell walls. The reduced 
efficacy of the recombinant and gene vaccines could be attribut
able to inadequate presentation or processing by antigen pre
senting cells. It is also possible that a multivalent vaccine com
prised of several T-cell-reactive molecules expressed during 
different stages of the parasitic cycle and conserved among 
different isolates of the pathogen will be needed for optimal 
vaccination against this fungal pathogen. 
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CRYPTOCOCCOSIS 
Yeast cells of C. neoformans are thought to be the infectious 
form of the fungus. Inhalation of these cells establishes a pri
mary pulmonary infection that is often not apparent. Meningitis 
is the typical manifestation of disease. Early diagnosis and treat
ment can arrest but not cure infection in AIDS patients; lifetime 
suppressive therapy is required. 

C. neoformans is delimited by a polysaccharide capsule and, 
therefore, is unique among the major fungal pathogens of hu
mans. The antibody response to the capsular polysaccharide is 
minimal in clinically apparent infections. Because most patients 
with cryptococcal meningoencephalitis have soluble capsular 
polysaccharide in serum or cerebrospinal fluid, testing for anti
gen is useful in the diagnosis of this infection. The capsule of C. 
neoformans is a known virulence factor, and attempts have been 
made to induce a protective immune response against capsular 
polysaccharide. Injection of mice with capsular polysaccharide 
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Electronmicrograph of C. Neoformans Showing the 
Characteristic Polysaccharide Capsule 

alone or with adjuvants does not appear to result in sustained or 
high-titer antibody response. However, conjugation of crypto
coccal capsular polysaccharide to protein carriers may improve 
the antibody response. Cryptococcal glucuronoxylomannan 
conjugated to tetanus toxoid has been shown to be immuno
genic in mice. Preliminary clinical trials with a glycoconjugate 
vaccine have been conducted to determine safety and antigenic
ity. The ultimate goal is to develop a vaccine that will protect 
patients at high risk of developing cryptococcosis. 

Antibody administration has been shown to enhance the effi
cacy of amphotericin B, fluconazole, and 5-fluorocytosine in 
mouse models of infection. Studies of antibody efficacy in mice 
have shown that antibody specificity and isotype are important 
characteristics for antibody effectiveness. Vaccines that elicit 
primarily protective antibodies may be effective in preventing 
infection even if the role of naturally occurring antibody in pro
tection is uncertain. 

Confirmation of the protective role of antibody also comes from 
studies showing that the infusion of monoclonal antibody can 
prolong life and decrease fungal burden in mice challenged with 
fungi by the intraperitoneal, intravenous, or intracranial routes. 
Several protective murine monoclonal antibodies have been 
used to construct mouse-human chimeric antibodies to the 
cryptococcal polysaccharide; the goal of clinical studies, in this 
case, is to determine the efficacy of passive immunization as an 
adjunct to chemotherapy in cryptococcal meningitis. 
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HISTOPLASMOSIS 
Spores of H. capsulatum are inhaled into the lungs and con
verted into budding yeasts that proliferate within cells of the 
macrophage lineage. The importance of T-cell-mediated immu
nity in infection is implicit in the emergence of this fungus as a 
significant pathogen in AIDS. As with coccidioidomycosis, 
antibodies can be diagnostic, but are not thought to play a major 
protective role. Delayed-type hypersensitivity develops, and 
immunity can be demonstrated following transfer of T cells in 
experimental models. These models have shown the expansion 
of suppressor and helper cell lines in response to challenge with 
fungal antigens. The recent development of a transformation 
system for H. capsulatum, and an increased knowledge of its 
molecular biology should facilitate studies on pathogenesis and 
virulence and provide at least the methodological basis for vac
cine development. 

HIS-62 is a 62-kD glycoprotein antigen isolated from cell wall 
and cell membrane extracts of yeast cells of H. capsulatum. This 
antigen induces cell-mediated immune responses in C57BL/6, 
BALB/c, and CBA/J mice. Vaccination with 80 micrograms of 
HIS-62 significantly protects all three strains of mice against 
lethal challenge with viable cells of this fungus. In addition, 
lymphocytes from humans exposed to H. capsulatum respond in 
vitro to this antigen. The gene encoding this antigen has been 
cloned and sequenced; it has a high homology with the gene 
that encodes for HSP60. Recombinant antigen has been gener
ated from E. coli, and it stimulates monoclonal populations of 
antigen-reactive T cells and polyclonal T cells from mice immu
nized with H. capsulatum yeast cells. Vaccination with the re
combinant antigen protects mice against pulmonary histoplas
mosis. A fragment spanning amino acids 172-443 contained the 
protective activity of HSP60, although it was not as effective as 
the full-length protein. Studies are currently underway to deter-
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mine the mechanisms by which this protein confers protection 
and to determine the family of T cells engaged by the protein. 

H antigen from H. capsulatum has been identified as a ß-glu
cosidase. Until recently, its utility has been restricted to sero
logic detection of infection. In a previous study, immunization 
with this antigen failed to induce protective immunity in a model 
of systemic histoplasmosis induced by intravenous injection of 
yeast cells. However, a serendipitous finding prompted a rein
vestigation of the utility of H antigen as a vaccine in a pulmo
nary model of histoplasmosis. C57BL/6 mice were immunized 
with H antigen and infected intranasally with either a sublethal 
or lethal inoculum of yeasts 4 weeks later. Vaccination reduced 
colony-forming units in animals and promoted survival in a 
lethal challenge. The effect of H was durable since vaccination 
protected mice if they were challenged 3 months 
postimmunization. The efficacy of H antigen was associated 
with production of IFN? and granulocyte-macrophage colony-
stimulating factor, interleukin (IL)-4, and IL-10 by spleen cells 
from vaccinated mice. Hence, H may be an additional target for 
development of a candidate vaccine. 
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PARACOCCIDIOIDOMYCOSIS 
Natural infection with P. brasiliensis is assumed to occur 
through the respiratory route. Lungs are involved in the majority 
of patients with paracoccidioidomycosis. Alveolar lesions are 
exudative or granulomatous. The granulomatous inflammatory 
response with formation of epithelioid tubercles is the most 
effective defense against the invading fungus. In the acute 
lymphatic forms, the fungus reaches the lymph nodes by the 

afferent lymphatics. The earlier and more severe the lymph node 
involvement, the worse the prognosis. In the chronic progres
sive forms, dissemination of the fungus to mucocutaneous sites 
and other organs is accompanied by a vigorous cellular immune 
response. As the infection becomes more severe, a depression 
of cellular immunity may occur, leading to the anergic state. This 
anergy can be reversed with successful treatment. Antibody 
titers typically rise, but do not confer protection in natural infec
tion. 

Given the similarities between paracoccidioidomycosis and 
coccidioidomycosis and blastomycosis, it would be predicted 
that native antigens exist that can be used to generate a protec
tive immune response. Investigations are underway that support 
this prediction. Most actively studied is an exocellular 43-kD 
antigen (gp43) from yeast cell cultures. It represents the major 
diagnostic antigen and is immunodominant. The gene for gp43 
has been cloned and sequenced, and the immunodominant T-cell 
epitope mapped to a 15 aa.peptide (P10). The immune response 
elicited by either the gp43 or P10 involves T-CD4+, Th1 lympho
cytes producing IFNg, which is a key cytokine in the immune 
protection against P. brasiliensis. Mice knockout for IFNg re
ceptor challenged intratracheally with virulent P. brasiliensis are 
extremely susceptible to the infection, with rapid dissemination 
and high mortality. Immunization with the gp43 or P10 markedly 
protects Balb/c mice against the intratracheal challenge, with a 
200-fold reduction in colony-forming units in the lungs, and little 
or no dissemination to the liver or spleen. Recently, the DNA 
fragment corresponding to the mature gp43 cDNA and signal 
peptide was cloned into the VR1012 vector, and Balb/c mice were 
injected with this plasmid to elicit an immune protection. A type-
1 cellular immune response was obtained that was protective 
against intratracheal P. brasiliensis infection. By using the 
TEPITOPE algorithm, eight 15-mer peptide sequences of the 
gp43 antigen, predicted to bind to multiple human histocompat
ibility leukocyte antigen (HLA)-II alleles with high avidity, were 
tested in proliferation assays with peripheral blood mononuclear 
cells from treated and cured patients. P10 was recognized by 71 
percent of responders, and the combination of this peptide with 
three other gp43 peptide sequences covered 100 percent of 
peptide responders. The number of HLA alleles predicted to 
bind, as well as the relative avidity predicted by TEPITOPE for 
each peptide, correlated with the rank of T-cell proliferation 
frequency, magnitude, and avidity. These results suggest that a 
tetravalent vaccine including P10 and three other peptides of the 
gp43 could be tested against human paracoccidioidomycosis. 

Sources 
Bagagli, E. (1999). Occurrence of Paracoccidioides brasiliensis 
in armadillos. Importance to the ecology of the fungus. Seventh 
International Meeting on Paracoccidioidomycosis, Abstract 
MR-01, p. 37. Campos de Jordao, Sao Paulo, Brazil. 

Campos de Jordao, Sao Paulo, Brazil. (1999). Abstract E-24, 
p.160. 

105




Fungal Infections 

Cisalpino, P.S., Puccia, R., Yamauchi, L. M., et al. (1996). Cloning, 
characterization, and epitope expression of the major diagnostic 
antigen of Paracoccidioides brasiliensis. Journal of Biological 
Chemistry, 271, 4553-4560. 

Iwai, L. K., Yoshida, M., Marin, M. L., Juliano, M. A., Hammer, J., 
Shikanai-Yasuda, M. A., Juliano, L., Goldberg, A. C., Kalil, J., 
Travassos, L. R., & Cunha-Neto, E. (2001). Selection of potential 
vaccine T-cell epitopes from gp43 of Paracoccidioides 
brasiliensis based on prediction of peptide binding to multiple 
HLA molecules. Scandanavian Journal of Immunology, 
54(Suppl. 1), A5.Mon.5.1/1270 (Abstract). 

McEwen, J. G., Garcia, A. M., Ortiz, B. L., et al. (1995). In search of 
the natural habitat of Paracoccidioides brasiliensis. Archives of 
Medical Research, 26, 305-306. 

Pinto, A. R., Puccia, R., Diniz, S. N., Franco, M. F., & Travassos, 
L. R. (2000). DNA-based vaccination against murine 
paracoccidioidomycosis using the gp43 gene from 
Paracoccidioides brasiliensis. Vaccine, 18, 3050-3058. 

Puccia, R., Schenkman, S., Gorin, P.A. J., et al. (1986). Exocellular 
components of Paracoccidioides brasiliensis. Identification of 
a specific antigen. Infection and Immunity, 53, 199-206. 

Rodrigues, E. G., & Travassos, L. R. (1994). Nature of the reactive 
epitopes in Paracoccidioides brasiliensis polysaccharide anti
gen. Journal of Medical and Veterinary Mycology, 32, 77-81. 

Taborda, C. P., Juliano, M. A., Puccia, R., et al. (1998). Mapping 
of the T-cell epitope in the major 43-kilodalton glycoprotein of 
Paracoccidioides brasiliensis, which induces a Th-1 response 
protective against fungal infection in BALB/c mice. Infection 
and Immunity, 66, 786-793. 

PYTHIOSIS 
Pythium insidiosum is a filamentous eukaryotic organism, previ
ously classified in the Oomycetes of kingdom fungi, but recently 
moved to kingdom Stramenopila (Protoctista). The organism is 
aquatic and has a flagellated stage. Cutaneous, subcutaneous, 
and systemic disease can result in humans and horses and other 
animals as a consequence of traumatic implantation. When left 
untreated, the mortality rate is 100 percent. Choices of chemo
therapy are limited, and antifungal drugs are generally not effec
tive. At least two different groups of investigators have gener
ated promising results with therapeutic vaccines consisting of 
hyphal extracts. Three immunodominant proteins (28, 30, and 32 
kD) have been identified. Rates of 53-percent efficacy have been 

reported following injections of such extracts into infected 
horses. Refinement of extracts by supplementation with purified 
protein derivatives has increased efficacy to as much as 70 
percent with chronic pythiosis, which is the form least respon
sive to treatment. This vaccine was effective in curing more than 
300 horses with the disease. Three cases of vaccination have 
been described in individuals from Thailand with pythiosis in 
their arteries refractory to multiple courses of antifungal and 
surgical therapy. The infection resolved following vaccination in 
all cases. Recent studies in experimental rabbits, 35 horses with 
the infection from Texas, and 2 cases in humans from Thailand 
have shown that immune modulation from Th2 to Th1 response 
is behind the curative properties of this vaccine. Investigators 
have found that IL-4, IL-5, IgE, IgG isotypes (in study), and 
eosinophils (all features of Th2 response) are present during 
pythiosis infections. Although IL-2, INFg, IgG isotypes (differ
ent from the one detected before vaccination), T cytotoxic lym
phocytes, and macrophages (all features of Th1 response) are in 
place 7 to 20 days after successful vaccination, in successfully 
vaccinated humans and horses, IL-4, IL-5, IgE, and the eosino
philia of the original immune response had vanished. These data 
suggest that the modulation of the immune system by curative 
vaccines is feasible. Similar data from therapeutic vaccines used 
to treat cancer, allergic diseases, and infections caused by Leish
mania spp. strongly support this idea. Characterization of rel
evant proteins in P. insidiosum in a rabbit model is under investi
gation. 
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Herpesvirus Infections 

OVERVIEW infection, reducing the frequency of reactivation of latent virus, 

The eight human herpesviruses—herpes simplex virus types 1 
and 2 (HSV-1 and HSV-2); Epstein-Barr virus (EBV); human 
cytomegalovirus (HCMV); varicella-zoster virus (VZV); and 
human herpesviruses 6, 7, and 8 (HHV-6, HHV-7, and HHV-8)— 
are a significant public health problem in the United States. 
Most of the population has been infected with several of these 
herpesviruses, and therefore has lifelong latent infections. 

Clinical Manifestations 
Primary infections are not usually severe or life threatening in 
healthy persons, but many of the human herpesviruses can 
produce severe or chronic active infections in certain individu
als. While primary infection of young children with most herpes-
viruses is often unrecognized or mild, primary infection of adults 
with VZV or EBV can be severe. HSV and HCMV pose a particu
lar threat to newborns whose mothers have had a primary infec
tion during pregnancy. 

Reactivation-associated disease is often more severe than pri
mary infection. HSV-1, HSV-2, and VZV are associated in some 
individuals with frequent and/or painful recurrences that mani
fest themselves as cold sores, genital herpes, and shingles, 
respectively. Reactivation of herpesviruses in individuals with 
compromised or waning immunity may result in severe and life-
threatening illnesses such as HCMV pneumonia and EBV-asso
ciated lymphomas. Therefore, herpesviruses can pose a particu
lar threat to acquired immunodeficiency syndrome (AIDS) pa
tients, cancer patients, organ transplant recipients, and the 
elderly. Induction of immunity that could withstand immunosup
pressive regimens would bring significant benefit to these pa
tients. An additional concern with reactivation is that asymp
tomatic individuals shedding reactivated virus may serve as 
reservoirs for herpesvirus transmission. 

Herpesvirus infection also can have long-term consequences. In 
certain geographical areas and in certain populations, EBV is 
associated with nasopharyngeal carcinoma and with Burkitt’s 
lymphoma. More recently, the association of EBV with 
Hodgkin’s lymphoma, T-cell lymphomas, and some gastric carci
nomas has been suggested. HHV-8 is now recognized as the 
herpesvirus associated with Kaposi’s sarcoma. There also has 
been suggestion of an association between herpesviruses and 
certain chronic diseases, including HHV-6 and multiple sclero
sis, and HCMV and heart disease. 

Challenges in Developing Herpesvirus 
Vaccines 
Clinically, the goals of immunization against herpesviruses in
clude reducing the severity of disease associated with primary 

limiting the severity of reactivated disease, and restricting the 
transmission of virus associated with either primary or reacti
vated infection. For most human herpesviruses, there is reason 
to believe that at least some of these goals should be achiev
able. One effective herpesvirus vaccine, VZV vaccine, is already 
licensed and in use. For other herpesviruses, there is evidence 
that natural infection can provide at least partial protection 
against subsequent infection by different viral strains. Further, 
there are several effective herpesvirus vaccines in use in domes-
tic animals (e.g., pseudorabies virus, Marek’s disease virus, 
feline herpesvirus, equine herpesvirus, and bovine herpesvirus). 
Experimental vaccination also can provide protection in herpes-
virus animal models. Nevertheless, there are several aspects of 
vaccine research and development that are complicated by 
unique properties of herpesviruses and their interactions with 
their hosts. 

Immune Correlates of Protection 
Defining the nature of protective immunity for herpesvirus infec
tions is complex because different specificities and types of 
responses may be needed to prevent primary disease, prevent or 
limit the establishment of latency, prevent or limit reactivation, 
control the severity of reactivation disease, and minimize the 
shedding of infectious virus. In primary infections, the role of 
antibody is generally limited, with CD8+ T cells and/or CD4+ (T 
helper 1) acting foremost in clearing virus. Cellular responses 
also appear to be essential for limiting the replication and/or 
spread of reactivated virus. Considerably more work is needed 
to delineate more precisely the protective responses unique to 
each of the human herpesviruses. New approaches for measur
ing specific immune responses, such as flow cytometric assess
ment of intracellular cytokine production and tetramer analysis, 
are expected to be valuable in this regard. 

Mucosal Immunity 
Most human herpesviruses infect via mucosal surfaces; reacti
vated infection may occur at such sites, and free virus is typi
cally shed from such sites. Thus, systemic immunity may not 
provide adequate protection against initial or recurrent infection, 
or virus shedding and transmission; antibody at mucosal sur
faces and/or cell-mediated response within mucosal tissues may 
be required. While the nature of mucosal immune responses is 
not well understood, it is clear that immunization protocols that 
successfully induce systemic immunity may not induce ad-
equate humoral and cellular responses at mucosae. Therefore, a 
major area of interest in herpesvirus vaccine research is the 
development of strategies for inducing such responses. 

Latency 
A hallmark of herpesvirus infections, latency presents a dilemma 
for vaccine development: While it is desirable to prevent latency 
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and thus reactivation disease, latent infection may in some cases 
be beneficial if periodic subclinical reactivation and immunologic 
stimulation lead to more durable immunity. In any case, prevent
ing the establishment of latency is likely to be difficult. Few or 
no viral proteins are produced during latent infection, eliminat
ing targets for recognition by the immune system. Rapid estab
lishment of latency thus makes it difficult for a herpesvirus vac
cine to provide “sterilizing” immunity, although restriction of 
initial replication may not only mitigate primary disease, but also 
reduce the extent of latent infection and thereby the frequency 
or severity of reactivated replication and disease. If latency is 
established following vaccination, then a second concern is that 
the vaccine must induce an immune response of appropriate 
type and sufficient duration to provide long-term protection 
against reactivated replication. Durable immunity may depend 
upon periodic boosting by endogenous (subclinically reacti
vated) virus, as noted above, or by exogenous (wild-type) infec
tion. If wild-type boosting is important for durability, it is pos
sible that a vaccination program leading to a significant reduc
tion in circulating virus could actually shorten the duration of 
immunity and increase the frequency of reactivated infection. 

Immune Evasion 
In addition to avoiding immune recognition through latency, 
herpesviruses have developed a diverse array of strategies for 
manipulating and outmaneuvering host immune responses (1). 
Specific means include interference with antigen processing, 
transport, and presentation; negative regulation of cytokine 
activity; inhibition of cytotoxic T lymphocyte (CTL)-induced 
apoptosis; interference with natural killer cell-mediated clear
ance; and inhibition of complement-mediated antibody attack. 
The role of these processes in modulating the level of vaccine-
induced immunity (for live vaccines), or in blocking the vaccine-
induced immune response to a challenge infection, is not well 
understood. 

Animal Models 
Animal models play a critical role in assessing the potential 
safety, immunogenicity, and efficacy of new human vaccines, 
but the testing of herpesvirus vaccines in animals is frequently 
problematic. One major consideration is the host range of the 
virus. While the alphaherpesviruses (HSV, VZV) have a variable 
host range and can infect rodents and primates as model hosts, 
the gammaherpesviruses (EBV, HHV-8) infect only species in the 
same family or order as the natural host, and the 
betaherpesviruses (HCMV, HHV-6, and HHV-7) replicate little if 
at all in species other than their natural hosts. For this last 
group, alternative models have included humanized severe com
bined immunodeficient (SCID-hu) mice, and the use of related 
viruses of rodents or primates (e.g., murine and guinea pig 
CMVs). While these systems are useful for some studies of 
pathogenesis and immune response, they cannot be used for 
preclinical evaluation of vaccine safety and efficacy. A further 
concern is the relevance to humans of immunogenicity and 
protection studies done in animals. For example, the immune 

responses and efficacy obtained with an experimental vaccine 
can vary between mouse strains (2), and an HSV subunit vac
cine that was very effective in protecting mice was not found to 
be effective in subsequent human trials. 

Vaccination Approaches for Herpesviruses 
Most of the approaches for vaccination available today have 
been applied to one or more of the human herpesviruses. For 
each of these approaches, there are advantages and potential 
obstacles that derive from the unique nature of herpesviruses 
and their infections. 

Live-Attenuated Virus 
This vaccination approach has enjoyed the greatest success 
against herpesviruses to date. The live-attenuated Oka strain of 
VZV used for the prevention of chickenpox is the only human 
herpesvirus vaccine presently licensed by the Food and Drug 
Administration (FDA). In addition, the U.S. Department of Agri
culture (USDA) licenses effective modified-live vaccines for five 
different herpesviruses infecting domestic animals. Live vac
cines offer a theoretical advantage over other approaches in that 
the full spectrum of viral proteins is presented in its natural 
context and abundance. However, by using live vaccines for 
herpesviruses, latency may be established, and thus there is the 
potential for reactivation-associated or other chronic disease. 
These concerns are tempered somewhat by the lack of problems 
seen in long-term followup of healthy and leukemic children who 
received the VZV vaccine, as well as renal transplant recipients 
immunized with the attenuated Towne strain of HCMV. In fact, 
establishment of latency by an attenuated vaccine virus may in 
some cases be desirable for ensuring durable immunity. A techni
cal problem with traditional attenuation approaches for herpesvi
ruses has been the difficulty of achieving an acceptable reduc
tion in virulence while maintaining adequate immunogenicity. 
Thus, efforts are underway to engineer new attenuated vaccines 
for HSV and HCMV by identifying and manipulating regions of 
the genome or specific viral genes that control latency, reactiva
tion, and virulence. 

Disabled Virus 
One approach that may address some of the problems of live 
herpesvirus vaccines involves engineering replication-defective 
strains of virus. Mutations have been introduced into essential 
genes to prevent the formation of progeny virions (3, 4), or into 
structural protein genes so that only noninfectious progeny 
virions are produced (5). This strategy requires a good under-
standing of the genes controlling a virus’s replication and viru
lence and has thus far been applied only to HSV, although it is 
being considered for VZV. Disabled virus vaccines have been 
able to protect mice against challenge with virulent HSV and 
appeared to be safe and immunogenic in a phase I trial (6), sug
gesting that it may be possible to induce protective immune 
responses in humans without complete virus replication. An 
unexpected potential advantage of at least one disabled HSV 
strain is an apparent inability to establish latency (4). 
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Vectored Subunits 
Delivery of one or more herpesvirus proteins via a viral vector 
(replicating or not) could address concerns with pathogenicity 
and latency while delivering adequate quantities of viral anti-
gens and presenting them in a suitable context. The potential of 
recombinant vaccinia virus has been demonstrated by the suc
cessful oral rabies vaccine used for wildlife, and highly attenu
ated versions of mammalian and avian poxviruses are available 
for use in humans (7). Several poxvirus constructs expressing 
proteins from HCMV, EBV, and HSV have demonstrated immuno
genicity or efficacy in experimental animals, but the immune 
responses observed in human trials of HCMV and EBV recombi
nants have been relatively modest. Poxvirus recombinants also 
may be useful for augmenting immune responses through a 
prime-boost regimen (8), as has been described for HCMV. 

Inactivated Virus 
The classical strategy of using inactivated virus has a history of 
yielding safe and effective viral vaccines, but it has several 
potential limitations for herpesviruses. Viral proteins are not 
presented in a natural context, and only structural proteins are 
presented, thereby limiting the type and breadth of the immune 
response obtained. Several vaccines derived from inactivated 
virions—either complete preparations or partially purified pro-
teins—of HSV and VZV have been evaluated clinically. None of 
the HSV vaccines have proven effective, and heat-inactivated 
VZV provides significantly poorer protection against varicella as 
compared to the live Oka vaccine. 

Recombinant Subunits 
Subunit vaccines containing purified viral proteins are a rela
tively safe alternative to live vaccines. Most studies have fo
cused on the external viral glycoproteins; however, early viral 
antigens also have been shown to induce T cell-mediated immu
nity. To date, clinical experience with subunit vaccines for herp
esviruses has not been encouraging. While those subunits 
evaluated in phase I and II trials have been safe and immuno
genic, a recent phase III trial of an HSV-2 gB+gD subunit vac
cine failed to prevent or delay outbreaks in infected individuals 
(9). Approaches for improving subunit immunogenicity, such as 
novel adjuvants or incorporation of subunits into structures 
such as virus-like particles (VLPs) or immunostimulating com
plexes (ISCOMs), have received some attention, but no clinical 
evaluation to date. 

Peptides 
Delivery of specific T-cell epitopes as peptides has the potential 
to be safe and exquisitely specific in the immune response in
duced. Its utility is limited, however, by the need to identify the 
immunogenic epitopes and by the major histocompatibility com
plex (MHC) specificity of the response. The approach has been 
tested only to a limited extent in vitro and in animals for HSV, 
HCMV, and EBV; recent results suggest that protection can be 
achieved with an HSV peptide conjugate (10), and an EBV pep-
tide vaccine has been tested in clinical trials. 

Purified DNA 
The advantages of DNA vaccines for herpesviruses include no 
risk of disease or latency, presentation of the viral proteins in 
their native form and context, ability to induce cytotoxic-T-cell 
responses, and potential for induction of long-lived immunity 
(11). Promising results in animal models have been reported for 
HSV, HCMV, and VZV; and at least one HSV DNA vaccine has 
moved into phase I trials. 
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CYTOMEGALOVIRUS 

Background 
Approximately 50 percent of the U.S. population is seropositive 
for CMV. Seropositivity varies with socioeconomic status and 
geographic location: 40 to 60 percent in middle-income groups, 
and up to 80 percent in lower socioeconomic groups. The out-
come of CMV infection is highly dependent on the immune 
status of the host. Primary infection in healthy individuals is 
likely to be asymptomatic, or may cause a mild mononucleosis-
like syndrome. However, in patients with deficient or immature 
immune systems, CMV infection can be a serious, even life-
threatening problem. 

Congenital Cytomegalovirus 
Congenital CMV is the most common intrauterine infection in 
the United States, occurring in 0.4 to 2.3 percent of all infants 
born alive. It is estimated that 37,000 to 40,000 infants in the 
United States are born with congenital CMV each year. About 
3,000 to 4,000 infected newborns per year have symptomatic 
CMV disease; of those who survive, most suffer from profound 
progressive deafness and/or mental retardation. An additional 
4,500 to 6,000 children who are asymptomatic at birth also de
velop serious handicaps. The highest risk for congenital CMV 
infection is among infants born to mothers who have had pri
mary infection during pregnancy. In the United States, congeni
tal CMV may be the cause of 20 to 40 percent of congenital 
deafness, and is as frequent a cause of mental retardation as the 
fragile X chromosome. The cost of custodial care for severely 
affected children in the United States is estimated at $1.86 billion 
annually. 

Organ Transplants 
CMV is the single most important infectious agent affecting 
recipients of organ transplants, with at least two-thirds of these 
patients developing CMV infection or reactivation 1 to 4 months 
after transplantation. Also, about 15 percent of bone marrow 
transplant recipients develop CMV pneumonia; without treat
ment, such infections are fatal about 80 percent of the time. 
Although less severe, active CMV infection occurs in 20 to 60 
percent of all liver transplant recipients. CMV also causes five 
distinct neurological syndromes in patients with AIDS. 

Current Status and Key Issues in Research and 
Development 
Although the correlates of CMV immunity are not precisely 
known, clinical observations suggest that preexisting humoral 

and/or cellular immunity may reduce the severity of disease. 
Maternal antibody in seropositive women appears to reduce 
significantly the incidence and severity of congenital infection, 
and passive immunoglobulin therapy may benefit some trans-
plant recipients. In addition, infusion of ex vivo expanded CMV-
specific CTLs appears to reconstitute immunity and provide 
protection against disease in bone marrow transplant recipients. 
The major CMV immunogenic protein appears to be the surface 
glycoprotein gB. This protein induces the development of virus-
neutralizing antibodies and T cell-mediated immunity, and the T 
helper cell response to gB is human leukocyte antigen (HLA) 
class II restricted. The viral tegument protein (pp65, from the 
UL83 gene) has been shown to be a major target for CD8+ CTLs 
during natural infections. Other viral antigens, including the 
surface glycoprotein gH and additional early antigens, also are 
being considered for use in vaccines. Despite the presence of 
gB-neutralizing antibodies, virus can be reactivated and infec
tions caused by other strains of CMV can occur; indeed, mul
tiple strains of CMV have been identified. An additional concern 
in vaccine design is that CMV employs several strategies that 
prevent the host immune system from recognizing infected cells, 
and that could potentially interfere with the ability of a live-
attenuated vaccine to stimulate a protective cellular immune 
response. 

Several CMV vaccination strategies have been evaluated in 
humans. A live-attenuated strain (Towne) stimulates humoral 
and cellular immunity, although less than natural infection. The 
efficacy of Towne has been evaluated in several clinical studies: 
Protection has been documented in seronegative women and 
transplant recipients, but is less than that afforded by a natural 
infection, and complete protection has been achieved against 
only low doses of challenge virus. Further efforts are needed to 
improve the immunogenicity of live-attenuated vaccines (see 
below for the approach taken by MedImmune, Inc.). Subunit 
vaccines have been shown to induce humoral and cellular im
mune responses, but to date have not been able to prevent 
infection or disease. Evaluations of alternative vaccine formula
tions and antigens are underway. A subunit vaccine developed 
by Chiron Corporation (Emeryville, CA) and now produced by 
Aventis-Pasteur, consisting of recombinant gB [produced in 
Chinese hamster ovary (CHO) cells] and the adjuvant MF59, has 
been evaluated in phase I and II trials. The vaccine is well toler
ated and highly immunogenic in seronegative adults and tod
dlers, and stimulates high levels of neutralizing antibody that 
cross-neutralize clinical isolates. Additional approaches are 
being evaluated in animal models. Delivery of gB via a 
canarypox vector has been tested in guinea pigs and is capable 
of inducing humoral and cell-mediated responses. DNA immuni
zation holds the promise of improving the presentation of indi
vidual viral proteins to the host immune system. Immunization 
with DNA plasmids encoding gB and the matrix protein pp65 has 
been evaluated in mice and induces neutralizing antibody and 
CTL responses. 
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Recent Accomplishments and Developments 
Engineering an Improved Live-Attenuated 
Cytomegalovirus Vaccine 
As noted above, the attenuated vaccine strain of CMV (Towne), 
while immunogenic, did not stimulate as high a level of immunity 
as that produced in a natural infection. Investigators at 
MedImmune, Inc., are attempting to make Towne more immuno
genic by replacing selected parts of its genome with sequences 
from nonattenuated strains of CMV. They have identified numer
ous differences between the genome of the Towne strain and 
that of wild-type CMV, including a large DNA segment present 
in the genomes of a virulent laboratory strain (Toledo) and of 
five clinical isolates, but not in the Towne genome. The exten
sive variation in genome sequence observed between these 
strains may explain the differences that they exhibit in virulence 
and tissue tropism. The investigators used this information in 
conjunction with a unique method they developed to engineer 
changes in the CMV genome to construct hybrid viruses that 
replace defined portions of the Towne genome with correspond
ing segments of a nonattenuated strain of CMV. Initial vaccine 
candidates have been created, and MedImmune, Inc., will soon 
complete a phase I clinical trial using four chimeric vaccine can
didates. 

Cytomegalovirus Employs Multiple Mechanisms to 
Evade Cell-Mediated Immune Responses 
For a viral vaccine to stimulate a cell-mediated immune response, 
viral proteins must be broken down into peptides, which are 
then transported into the endoplasmic reticulum and displayed 
on the surface of the infected cell in conjunction with MHC 
molecules. Multiple strategies employed by CMV to subvert this 
process could interfere with the ability of a live-attenuated vac
cine to induce a protective, cell-mediated immune response. 
Recent work has dissected out the mechanisms by which at least 
three CMV proteins act to interfere with the processing and 
MHC class I-associated presentation of viral peptides. One 
approach used by CMV is to downregulate expression of class I 
MHC molecules by facilitating the degradation of newly synthe
sized class I heavy chains. Hidde Ploegh and coworkers have 
shown that CMV expresses at least two genes—US11 and 
US2—that encode a product that causes the dislocation of 
newly synthesized class I heavy chains from the lumen of the 
endoplasmic reticulum to the cytosol. The US11 and US2 gene 
products have different specificities for class I molecules, sug
gesting that CMV has responded to the polymorphism of the 
MHC by evolving a diversity of functions that interfere with 
class I-restricted antigen presentation. A second point in the 
MHC/peptide presentation process is targeted by the product of 
the US6 gene. This glycoprotein has been shown to bind the 
transporter associated with antigen processing (TAP)-depen
dent translocation of peptide from the cytosol to the endoplas
mic reticulum. The importance of these proteins in modulating 
the cell-mediated immune response to a live CMV vaccine re-
mains to be determined. 

Maintenance and Reactivation of Latent 
Cytomegalovirus 
Following initial infection, CMV remains latent in the host and, 
under conditions of immune suppression such as organ or bone 
marrow transplantation, can reactivate and produce significant 
disease. Knowledge of the mechanisms of maintenance and 
reactivation of latent infection is important to developing vac
cines that protect against reactivation disease and that do not 
contribute to such disease themselves. Studies have shed new 
light on several important aspects of CMV latency. Edward 
Mocarski and colleagues have characterized latent CMV tran
scripts in human granulocyte-macrophage progenitors. Sense 
and antisense transcripts with the potential to encode small 
proteins are expressed in culture and in bone marrow aspirates 
from seropositive individuals. Antibodies reactive with two of 
these potential gene products are also detected in seropositive 
individuals. Overall, these results suggest that bone marrow-
derived myeloid progenitors are an important natural site of viral 
latency. These cells are also the source of circulating monocyte
derived macrophages (MDMs). Jay Nelson and colleagues have 
shown that allogeneic stimulation (similar to what would occur 
during a transplant) is required for productive CMV infection in 
these cells. They also have used allogeneic stimulation to show 
for the first time that latent virus can be reactivated from MDMs 
isolated from seropositive individuals. Monocytes are therefore 
also a natural site of CMV latency from which the virus can be 
reactivated under conditions of allogeneic stimulation. 

Next Steps and Challenges Ahead 
Further work is needed to define more precisely the key antigens 
and epitopes important for protection against infection, primary 
disease, and reactivation. The role of immune evasion in the 
induction of and response to host immunity needs to be clari
fied. Clinical testing of DNA vaccines is also on the horizon. 
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VARICELLA-ZOSTER VIRUS 

Background 
Primary infection with VZV is manifested as chickenpox (vari
cella) and results in a lifelong latent infection. Reactivation of 
the latent virus leads to shingles (zoster). 

Varicella 
Prior to the introduction of the live-attenuated vaccine, approxi
mately 4 million cases of varicella occurred annually, primarily in 
young children, with more than 90 percent of the U.S. population 
becoming seropositive (1). Chickenpox was estimated to cost 
about $400 million each year, much of this representing the cost 
to parents of lost income from work (2). As the use of the vac
cine expands, it will lead to changes in the epidemiology and 
costs of this childhood illness in the United States. 

Varicella can be complicated by a variety of serious conditions, 
including skin infections that can progress to systemic infec
tions, infections of the brain, and pneumonia (3). Complications 
of varicella have been responsible for approximately 9,300 hospi
talizations and 100 deaths annually. The risk of these complica
tions is highest in adults: While less than 5 percent of varicella 
cases occur in adults more than 20 years of age, 55 percent of 
the deaths occur in this age group (4). 

Zoster 
Zoster typically involves large areas of skin that ulcerate and 
require several weeks to heal. The skin eruption itself is very 
painful, and it is often followed by postherpetic neuralgia (PHN), 
a pain syndrome that may persist for many months or years and 
that can be very disabling. There is no established prophylaxis 
or therapy for PHN. The incidence and severity of zoster and its 
complications increase with age. The incidence among 50-year-
olds appears to be between 2 and 4 cases per 1,000 persons per 
year, and it more than doubles by the age of 80 years. More than 
one-half of all cases occur in persons 60 years of age and older 
(5). PHN is the major complication of zoster in the immunocom
petent host: Rare in individuals less than 40 years of age, PHN is 
estimated to occur in 25 to more than 50 percent of patients with 
zoster who are more than 59 years of age (6). 

Current Status and Key Issues in Research and 
Development 
Humoral and cellular immune responses are elicited early in 
primary VZV infections, and their relative contribution to protec
tion from disease is not well understood. The impact of active 
humoral immunity appears to be limited, but preexisting antibody 
has been shown to provide some level of protection. Passively 
acquired maternal antibody affords some protection to infants, 
and postexposure administration of VZV immunoglobulin (VZIG) 
to immunocompromised children reduces disease severity (7). In 
children receiving the live-attenuated Oka vaccine, the incidence 
and severity of breakthrough infection are inversely correlated 
with antibody titer to VZV glycoproteins (8), and possibly with 
the level of T-cell responses as well (9). Conversely, it is clear 
that cellular responses play the primary role in preventing dis
ease associated with reactivation of latent VZV. While decreases 
in humoral immunity are not associated with increased risk of 
zoster (10), the age-related decline in cell-mediated responses to 
VZV antigens is proportional to the age-related increase in the 
incidence and severity of zoster (11, 12, 13), suggesting that this 
loss is a causative factor. 

The role of viral immune evasion mechanisms in VZV infection is 
not well defined. For example, VZV is similar to HSV in that its 
glycoprotein gE forms a complex with gI and can act as an Fc 
receptor, but it is not known whether the similarity to HSV ex-
tends to providing protection from virus-specific antibody (14). 
Efforts are currently underway to identify VZV genes that may 
be associated with evasion of MHC class I- and class II-medi
ated immune responses (15). 

A live-attenuated varicella vaccine, Oka, was developed in Japan 
in the early 1970s (16). In the United States, this vaccine is pro
duced by Merck & Co., Inc., (VarivaxÒ). It was licensed for use 
in healthy individuals by the FDA in 1995; and is now recom
mended for universal use in early childhood by the Centers for 
Disease Control and Prevention’s (CDC’s) Advisory Committee 
for Immunization Practices (17), the American Academy of Pedi
atrics (18), and the American Academy of Family Physicians. The 
use of VarivaxÒ in the United States has been increasing 
steadily. According to Merck & Co., Inc., more than 16 million 
doses of VarivaxÒ have been distributed, and the immunization 
rate for 1- to 2-year-olds is approaching 70 percent. All States 
have ordered the vaccine for use in their immunization programs, 
and 14 have passed school and/or daycare requirements for 
varicella vaccination. Postlicensure surveillance in daycare 
centers indicates that the vaccine is generally well tolerated, 
leads to a lower attack rate, and protects from severe disease (19, 
20). Long-term monitoring of vaccines to date indicates that 
immunity persists, and to some extent is stronger, at 5 years 
postvaccination (21). Further studies will establish whether 
immunization will provide protection as durable as that from 
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natural infection, or whether boosting will be required to main
tain protection through adulthood. The expanding use of this 
vaccine will undoubtedly alter the epidemiology and costs of 
varicella in the United States, and it affords the opportunity to 
study in greater detail the correlates of protection against infec
tion and disease, and the viral functions associated with viru
lence and attenuation. 

It also remains to be demonstrated whether the VZV vaccine will 
be effective in other populations, such as in the elderly for pre
vention of zoster, or in immunosuppressed transplant patients. 
Initial studies of vaccination in the elderly have shown that 
VZV-specific, cell-mediated immunity can be boosted signifi
cantly (22, 23). 

In addition to further studies on the live-attenuated virus, there 
are continuing efforts to evaluate alternate vaccines. Inactivated 
virus showed some efficacy in protecting bone marrow trans-
plant recipients from shingles (24), although this strategy also 
has been associated with a poorer MHC class I-restricted cyto
toxic response (22) and reduced protection from varicella (25) 
when compared to the live-attenuated vaccine. Other strategies 
being pursued include disabled virus and plasmid DNA. 

Recent Accomplishments and Developments 
The availability of a live-attenuated VZV vaccine that is safe, 
effective, and FDA licensed for the prevention of varicella pre
sents an opportunity to determine whether the same vaccination 
strategy might be effective for preventing zoster in the elderly. In 
1994, the Veterans Administration Cooperative Studies Program 
(VA-CSP) approved a protocol for a multicenter, double-blind, 
placebo-controlled phase III study to determine whether 
VarivaxÒ can decrease the incidence and/or severity of zoster 
and its complications in adults age 60 and older. The primary 
outcome measure for the study is total burden of zoster-associ
ated pain during a first occurrence of herpes zoster. In 1998, the 
study was initiated as a collaborative effort among VA-CSP; 
Merck & Co., Inc.; and the National Institute of Allergy and 
Infectious Diseases (NIAID). A total of 21 sites are participating, 
with a recruitment goal of 37,200. With a 3-year followup period, 
the study is expected to last approximately 5 years. 

Next Steps and Challenges Ahead 
The development of a VZV vaccine incapable of becoming reac
tivated, or of a subunit vaccine, will require much more basic 
research. Studies of the antigenic components most important 
for developing an immune response in humans, and of novel 
methods for presenting viral antigens to cells of the immune 
system, are in progress. The results of the phase III study de-
scribed above will determine whether live-attenuated VZV can 
help prevent shingles in the elderly. Other populations at risk for 
severe VZV disease—e.g., pediatric renal transplant recipients— 

are also candidates for studies evaluating the safety and effi
cacy of the live-attenuated vaccine. 

Cantab Pharmaceuticals, Plc., (Cambridge, United Kingdom) is 
collaborating with Kaketsuken (Japan) to explore the develop
ment of a disabled VZV vaccine for chickenpox and shingles. 
Vical, Inc., (San Diego, CA) has a collaboration with Pasteur 
Merieux Connaught (Swiftwater, PA) to explore a plasmid DNA 
vaccine. 
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EPSTEIN-BARR VIRUS 

Background 
Based on serology, approximately 90 percent of the adult U.S. 
population has been infected with EBV. Primary childhood infec
tion is often asymptomatic (1). In most developed countries, 35 
to 75 percent of the young adult population remains seronega
tive. In 25 to 70 percent of such seronegative young adults, EBV 
infection results in infectious mononucleosis (2). In limited geo
graphical areas and populations, EBV is associated with na
sopharyngeal carcinoma (NPC) and with Burkitt’s lymphoma 
(BL) (3). NPC and BL appear to require environmental, genetic, 
or chemical cofactors. In immunocompromised individuals, in
cluding AIDS patients, EBV is associated with 
lymphoproliferative diseases and lymphomas. Recent evidence 
also suggests a possible association with Hodgkin’s lymphoma, 
T-cell lymphomas, and some gastric carcinomas. 
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Current Status and Key Issues in Research and 
Development 
The principal target of EBV-neutralizing antibodies is the major 
virus surface glycoprotein gp350/220. A range of cell-mediated 
responses to EBV infection also has been described and is likely 
to be important in controlling persistent infection. CTLs specific 
for the latent EBV nuclear antigens EBNA-3A, -3B, and -3C are 
predominant in a large portion of seropositive adults and chil
dren (4, 5). 

Several vaccine candidates based on gp350/220 have been de
veloped. For subunit vaccination, this large, heavily 
glycosylated protein has been prepared from mammalian cell 
lines (CHO or mouse C127). Primate studies demonstrate that 
subunit vaccination can elicit a specific antibody response that 
is at least partially protective, and suggest that the choice of 
adjuvant is likely to be important in achieving acceptable effi
cacy (6). A phase I clinical study demonstrated that the subunit 
vaccine is well tolerated in seropositive and seronegative per-
sons and that an immune response is induced (7). Live recombi
nant vectors also have been used to express and deliver gp350/ 
220. Immunization with vaccinia recombinants provides some 
protection in primates (8) and in EBV-negative infants (9). Clini
cal trials of a peptide vaccine bearing an EBNA-3A epitope are 
underway in Australia (10). 

Recent Accomplishments and Developments 
A phase I clinical trial conducted by SmithKline Beecham 
Biologicals in collaboration with MedImmune, Inc., has provided 
initial safety data on a subunit vaccine for EBV. The vaccine 
under development contains the gp350/220 surface glycoprotein 
combined with a proprietary adjuvant from SmithKline Beecham 
Biologicals. The trial was a randomized, double-blind study to 
evaluate safety and immunogenicity in 67 healthy young adults. 
The study showed that the vaccine tested was safe and well 
tolerated. Laboratory tests showed evidence of immune re
sponse in vaccine recipients. 

Next Steps and Challenges Ahead 
It is not known whether vaccination with gp350/220 alone will be 
adequate to protect against primary infection, and whether such 
a protective response would be effective against EBV-associated 
tumors where the expression of viral gene products is limited 
and different. Little has been reported on the use of antigens 
other than gp350/220 in candidate subunit or recombinant vac
cines. Further work also is needed on defining the CTL specifici
ties that a candidate vaccine should target. Following up on 
their successful phase I trial of a gp350/220 subunit, the next 

step for SmithKline Beecham Biologicals will be a larger phase II 
study. Results from the Australian phase I evaluation of peptide 
vaccination are pending. 
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Jordan Perspective: Varicella Vaccine

In 1952, Weller and Stoddard (1) reported the successful 
cultivation in human tissue of the virus that causes 
chickenpox in children, and shingles in adults. No useful 
animal model could be developed, but it was demonstrated 
that the virus of herpes zoster was the virus of varicella reac
tivated from its latent state. Thus, it was designated varicella
zoster virus (VZV). In 1974, 2 years before I came to the Na
tional Institutes of Health (NIH), Takahashi and his associ
ates (2) reported that VZV isolated in human embryonic lung 
cells from the vesicles of a 3-year-old child named Oka and 
attenuated by serial passage in human and then guinea pig 
embryonic cells had been effective as a live vaccine. This 
attenuated virus became known as the Oka strain. 

Sometime after 1977 (date not recorded), Dr. George Galasso 
and I attended a meeting in Atlanta, Georgia, along with Dr. 
Maurice Hilleman of Merck. We encouraged Dr. Hilleman to 
import the Oka strain rather than spend the time to develop an 
attenuated virus of his own. He did, so VZV is clearly cell 
associated, as is Oka. Merck initially had difficulty producing 
reproducible lots; fortunately, Dr. Hilleman and his staff per
sisted and we could report to the Department of Health and 
Human Services (DHHS) that the vaccine was ready for ex
panded clinical trials. 

Fortunately, Dr. Larry Gelb, a grantee, had developed the first 
of several assays that could distinguish between vaccine and 
wild-type virus, allowing classification of any rash disease. A 
multicenter trial was coordinated by Dr. Ann Gershon, then at 
New York University, with support provided by the National 
Institute of Allergy and Infectious Diseases (NIAID). The 
target population was a unique group of children at high risk 
for severe illness and death from chickenpox—children with 
leukemia. They were most in need of protection, but it had 
become customary to avoid the use of live vaccines in 
immunocompromised children. Leukemic children had been 
successfully—and safely—immunized in Japan after suspen
sion of chemotherapy from 1 week before to 1 week after 
vaccination. Review boards allowed U.S. studies to include 
children in remission from acute lymphoblastic leukemia for at 
least a year whose maintenance of chemotherapy was with-
held for 1 week before and 1 week after vaccination (3). Ad-
verse reactions resembling a mild case of chickenpox—rash 
and fever—occurred in this and subsequent studies more 
often in U.S. children than in Japanese children, but these 
reactions could be managed with oral acyclovir. The vaccine 
induced a good immune response and a high degree of pro
tection. 

Subsequent studies in healthy children sponsored by Merck 
(4) and in healthy adults funded by NIAID (5) confirmed the 

safety and effectiveness of the vaccine. The vaccine was

licensed for general use in March 1995 and added to the rec

ommended childhood immunization schedule shortly thereaf

ter. Expanded use has shown it to be highly effective in clini

cal practice (6). Trials are now underway to evaluate the effec

tiveness of the vaccine for the prevention of herpes zoster

and post-herpatic neuralgia in the elderly.


Time from growth of virus: 43 years.

Time from licensed vaccine introduced in Japan: 21 years.

Time from beginning U.S. trials: 15 years.


With a concluding comment, I would like to express my admi

ration for the dedication and excellent work of Dr. Ann

Gershon and her assistant Sharon Steinberg. During these

trials, they moved from New York University to Columbia

University College of Physicians and Surgeons without miss

ing a beat. Dr. Gershon has successfully competed for grant

and/or contract funding from NIAID since 1979.
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Human Immunodeficiency Virus (HIV) Disease 

OVERVIEW 
The goal of the National Institute of Allergy and Infectious 
Diseases’ (NIAID’s) HIV vaccine research program is to identify 
a safe and effective vaccine that prevents HIV infection. An HIV 
vaccine is the best hope for controlling the worldwide spread of 
HIV. Although there have been ambitious HIV prevention cam
paigns over the years, HIV/ acquired immunodeficiency syn
drome (AIDS) continues to ravage many parts of the world. 
Worldwide, there are approximately 40 million people living with 
AIDS. In 2000 alone, there were an estimated 5 million new HIV 
infections, or about 14,000 new infections each day, and more 
than 95 percent of these new infections occurred in developing 
countries. Researchers have made enormous strides since the 
discovery of HIV 20 years ago, and now scientific advances are 
generating renewed optimism that a vaccine to prevent the 
spread of HIV is attainable. 

The concept of what may constitute an effective vaccine has 
evolved over the years and has helped shape current thinking. 
While the goal is to find a vaccine that is 100 percent effective 
in preventing infection, it is highly likely that the initial vaccines 
against HIV may not protect everyone from becoming infected 
and/or may work by controlling infection. Researchers recognize 
that even a partially effective vaccine could have a significant 
impact on the worldwide spread of new infections due to the 
effect of “herd immunity.” By decreasing the number of people 
susceptible to HIV infection and/or able to infect others, fewer 
people would be passing the virus on to others. If that chain of 
protection is high enough and continues long enough, new 
infections could be reduced dramatically or even eliminated. 
Nonetheless, because a vaccine may be only partially effective 
and could lead people to relax their practice of safe behaviors, 

education and prevention must continue to play a role in reduc
ing new infections. 

Since HIV can be transmitted through systemic and mucosal 
routes of exposure, by cell-associated and cell-free virus, re-
searchers also recognize that an efficacious vaccine may need to 
induce several types of immunity. This includes humoral immu
nity, which uses antibodies to defend against free virus, and 
cell-mediated immunity, which uses cytotoxic T lymphocytes 
(CTLs) to directly kill or control infected cells. While earlier 
vaccine research focused primarily on vaccines that elicited 
antibodies, it is now generally believed that a broader immune 
response is needed. As a result, vaccine concepts that would 
induce a strong cellular response by eliciting CTLs are now 
being tested. Furthermore, in addition to systemic immunity, 
mucosal immunity, which includes antibodies in mucosal secre
tions and cells in the lining of the reproductive tract and nearby 
lymph nodes, may also be required. Recent studies indicate that 
mucosal transmission is relatively inefficient in the absence of 
other sexually transmitted diseases, thereby suggesting that 
moderate immune responses may prevent infection by mucosal 
routes. 

RECENT ADVANCES 
The current optimism in HIV vaccine research is predicated on a 
number of important scientific advances. Fundamental research 
has elucidated the three-dimensional structure of the HIV enve
lope and of broadly neutralizing antibodies, which has helped 
reveal specific targets for HIV vaccines and highlight several 
defenses that the virus uses to evade attack. Researchers also 
have provided information on how the HIV envelope enters 
target cells; improved understanding of the specificity and role 
of antibodies and CTLs in HIV/simian immunodeficiency virus 
(SIV) infection; and identified potential new targets for HIV 
vaccines, such as the HIV regulatory proteins Rev and Tat. 

There also have been important advances in vaccine technol
ogy, such as improved systems for vaccine delivery (e.g., 
codon-optimized DNA; novel viral and bacterial vectors; and 
cytokine adjuvants) as well as advances in laboratory tech
niques. These include the development of the enzyme-linked 
immunospot (ELISPOT) assay, which allows researchers to 
detect and count cells producing cytokines in response to spe
cific HIV peptides; tetramer binding assays that detect T cells 
that recognize specific HIV peptides bound to major 
histocompatability complex (MHC) class I molecules; and easier 
assays to measure neutralization of primary HIV isolates. All of 
these new discoveries serve to further the development of HIV 
vaccines. 
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It should be noted, however, that vaccine development is a 
lengthy process. Each stage of clinical study can take several 
years. For example, vaccine candidates that are currently in the 
pipeline will be tested in phase I and phase II clinical trials for 
several years before being tested in a large phase III efficacy 
trial. Efficacy trials can then take another several years after the 
last patient is enrolled in order to assess any protective effect. 
So, while there is a great deal of optimism, it is tempered with the 
realities of clinical investigation. 

PROGRESSION OF CLINICAL HIV 
RESEARCH 
The HIV Vaccine Trials Network (HVTN), established by NIAID 
in 2000, represents an important resource for advancing clinical 
HIV vaccine research. This comprehensive global network is 
designed to foster the development of HIV vaccines through 
testing and evaluating candidate vaccines in clinical trials and 
has the capacity to conduct all phases of clinical research, from 
evaluating candidate vaccines for safety and the ability to stimu
late immune responses, to testing vaccine efficacy. Spanning 
four continents, the network includes 25 clinical sites; an opera
tions, and statistical and data management center; and a central 
laboratory. HVTN is built on the previous work and accomplish
ments of NIAID’s AIDS Vaccine Evaluation Group (AVEG) and 
the HIV Network for Prevention Trials (HIVNET). 

HIV bursting from CD4+ cells 

To date, NIAID has supported more than 56 HIV vaccine trials, 
including 52 phase I trials and 4 phase II trials. A total of 29 
candidate vaccines and 12 adjuvants have been tested with 1 or 
more of 10 routes or methods of administration. These trials 
have involved more than 3,700 international and U.S. volunteers. 

Most of the initial HIV vaccine research (1987 to 1992) focused 
on the HIV envelope proteins (gp160 and gp120), peptides, 
induction of antibodies, and use of novel adjuvants. At least 13 
different envelope candidates have been evaluated for safety 

and immunogenicity, and to date, all have been shown to be safe 
and effective at inducing neutralizing antibodies in nearly all of 
the volunteers tested. The initial emphasis on the HIV envelope 
protein was logical since envelope is the primary target for neu
tralizing antibodies in HIV-infected individuals. But the initial 
envelopes induced antibodies that were largely specific for clade 
B isolates, the subtype of HIV that is predominantly found in the 
United States and Europe. In order for a vaccine to be effective 
on a global scale, it will need to induce immune responses that 
are broadly reactive to the many different subtypes of HIV that 
circulate throughout the world. 

There are several possible explanations as to why envelope 
proteins have induced limited immune responses. One theory is 
the degree to which the recombinant gp120 molecule resembles 
the envelope protein molecule on the surface of HIV. Because 
researchers have learned more about the actual structure of HIV 
and gp120, in particular, they are trying to create vaccines that 
more closely resemble the natural conformation of the HIV enve
lope on the virion surface. The envelope protein is a trimeric 
molecule—gp120 molecules bundled together in groups of three, 
held together with three transmembrane gp41 molecules. NIAID-
supported researchers have identified ways to increase the 
stability of the gp120 protein trimer, which may help make it more 
potent and induce more broadly reactive antibodies. 

Another theory is that the early envelope vaccines were based 
on laboratory strains of HIV (e.g., HIV isolates passaged repeat
edly in cultured cell lines). Primary isolates of HIV, in contrast, 
have undergone minimal passage in fresh human peripheral 
mononuclear cells and are generally much less susceptible to 
neutralization by HIV antibodies. 

In an effort to increase the breath of antibodies induced by 
envelope vaccines, the envelope candidates currently in a phase 
III trial are bivalent preparations comprised of two gp120s—one 
from a laboratory isolate and one from a primary isolate. Specifi
cally, VaxGen, Inc., a company that manufacturers and tests 
preventive HIV vaccines, has developed two bivalent vaccines, 
AIDSVAX B/B and AIDSVAX B/E, which are currently in phase 
III trials (the former in North America and Europe, and the latter 
in Thailand). Results from the North America/Europe trial are 
expected at the end of 2002. Other groups also are designing 
polyvalent vaccines that include multiple envelopes. 

Recognizing that an efficacious vaccine might need to induce a 
cellular (CTL) and antibody immune response, starting in 1992 
researchers turned their attention to a combination or prime 
boost approach. In this approach, a recombinant vector vaccine 
(the prime) is followed by, or combined with, gp120 (the boost). 
Viral or bacterial vectors, as well as DNA vaccines, have been 
tested in combination with and without a subunit boost. A sub-
unit is a synthetic structure component of HIV, such as an enve
lope or a core protein. NIAID has studied canarypox-HIV recom
binant vaccines extensively alone and in combination with 
gp120 subunit boost. The canarypox-HIV vaccines are based on 
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canarypox, which does not infect humans, and are genetically 
altered to contain selected HIV genes. For example, one 
canarypox vaccine, ALVAC vCP205, contains the env gene cod
ing for the envelope protein gp120, the gag gene coding for the 
core protein p55, and the portion of the pol gene coding for the 
protease enzyme. The HIV genes in this vaccine come from clade 
B viruses, the predominant subtype of HIV found in the United 
States and Europe. 

The combination approach has been shown to be safe and im
munogenic in volunteers at low and high risk of HIV infection. 
Studies also have shown that this approach can stimulate cellu
lar immunity, resulting in CTLs that can kill infected cells, as well 
as the production of HIV-neutralizing antibodies, which can stop 
HIV from infecting cells. Thus, the combination approach con
tinues to hold promise because it stimulates production of HIV-
neutralizing antibodies and cellular immunity. 

Because the canarypox vaccine is the first candidate HIV vac
cine shown to induce a CTL response against diverse HIV sub-
types, HVTN conducted a phase I trial in 1999 in Uganda, a 
region in which clades A and D predominate. Although the vac
cine was based on clade B, it elicited HIV-specific CTL re
sponses in some volunteers that in the laboratory recognized 
several non-clade B strains. This study was extremely important 
because it demonstrated that a vaccine could induce cross-clade 
reactivity, and therefore may help protect against various sub-
types of HIV. In addition, by successfully completing this trial, 
researchers showed that a vaccine trial could be conducted in 
Africa with high scientific and ethical standards, thus paving the 
way for additional international HIV vaccine trials in Africa. 

Another NIAID-funded study found that among HIV-infected 
individuals in Uganda, the CTL response was as strong, if not 
stronger, to the clade B strain of HIV when compared to clade A. 
This study provides further justification for the evaluation of 
clade B-based vaccines in regions of the world where other 
subtypes are endemic. 

At present, HVTN has two phase II trials underway to further 
evaluate the safety and immunogenecity of this combination 
vaccine approach. One trial, which is being conducted in the 
United States, is testing a canarypox vaccine (ALVAC 1452) in 
combination with a gp120 boost (AIDSVAX B/B). The second 
trial, which is being conducted in Haiti, Brazil, and Trinidad and 
Tobago, is also testing the use of ALVAC 1452, but in combina
tion with a different gp120 product known as AIDSVAX MN. If 
specific immunogenicity criteria are met, the best available vac
cine or combination of vaccines may enter an efficacy trial in 
early 2003. 

Since 1997, researchers also have been exploring a range of 
other possible vaccines, including DNA vaccines (containing 
one or more HIV genes) with and without viral vectors, bivalent 

Start of ALVAC 1452 Study in Trinidad 

envelope, Salmonella vectors, novel peptides (protein frag
ments), and p24. Studies demonstrated that the first DNA candi
dates were safe, but did not induce strong immune responses. 
New technologies for DNA vaccines, such as codon-optimized 
and particle-formulated DNA vaccine candidates, are being 
developed and are expected to enhance their performance. The 
frequency and strength of neutralizing antibodies and CTLs 
induced by peptides based on the viral envelope or internal 
proteins have also been disappointing, although new peptide
based approaches are under development. For example, scien
tists at NIAID recently tested in animals a vaccine using pep-
tides expressed on the surface of phages, which infect bacteria. 
The phages were engineered to produce millions of random 
peptides, and upon screening, a few were found to react with 
HIV antibodies. Four out of five monkeys vaccinated with these 
phage-expressing peptides produced antibodies, and of those 
four, none got sick after being injected with virulent HIV. Addi
tional research will be conducted to explore further the effective
ness of this approach. 

PRECLINICAL DEVELOPMENTS 
Animal models are extremely valuable in evaluating candidate 
HIV vaccines and continue to provide information that advances 
the field of HIV vaccine research. Since HIV does not infect 
monkeys, researchers have modified SIV, the related monkey 
virus. By taking parts of the HIV envelope and parts of the inner 
core of SIV, researchers have engineered simian-human immuno
deficiency viruses (SHIVs), which mimic HIV infection and can 
cause AIDS-like illness in macaque monkeys. The chimeric vi
ruses allow researchers to study the responses of the immune 
system to the vaccines, and the ability of these responses to 
stop or control the virus. 
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The goal of NIAID’s preclinical HIV vaccine research effort is to 
identify the most promising vaccine candidates and ensure their 
entry into human trials. At present, there are more promising 
candidate vaccines in the preclinical pipeline than ever before. 
Specifically, NIAID is supporting the preclinical development of 
more than a dozen candidates through the HIV Vaccine Design 
and Development Teams, a program that brings together the 
skills and expertise of private industry and academic research 
centers, as well as through other mechanisms. 

Recently, there have been promising studies in which some of 
these candidate vaccines were shown to protect rhesus 
macaques from disease following challenge with a highly patho
genic virus weeks to several months after the last immunization. 
In one study, NIAID-funded scientists combined two vaccines 
designed against SHIV. The first vaccine was a DNA vaccine 
containing genes for SIV and HIV proteins. When this DNA was 
injected into the monkeys, an immune response against SHIV 
was triggered. The immune response was then boosted with a 
second vaccine that added several of the same SHIV/HIV genes 
to a virus called modified vaccinia ankara (MVA), an attenuated 
strain of vaccinia that cannot replicate in humans. While immu
nized animals became infected, they controlled their infection, 
and in some cases, virus levels in the blood fell below detectable 
levels, and CD4+ T-cell levels remained stable. Since the vac
cines induced strong immune responses that controlled virus 
replication and disease in the SHIV model in rhesus macaques, 
researchers will now seek to determine the safety and immuno
genicity of this approach in human volunteers. 

In other recent preclinical studies, researchers discovered that 
an HIV protein, Tat, might provide an effective way for fighting 
off infection. One study in monkeys found that killer T cells 
targeted to the Tat protein were able to contain SIV temporarily 
during the natural course of early infection. The Tat-specific 
killer T cells appeared to eliminate the original strain of SIV 4 
weeks after the rhesus macaques were exposed to HIV. However, 
the monkeys still had some SIV that apparently resulted from 
small genetic changes from the infecting strain, which enabled 
the virus to escape immune attack. Other recent research involv
ing Tat found that Tat and Rev, another regulatory protein, were 
frequent targets of HIV-specific CTLs. These studies provide 
important information on immune events in early SIV and HIV 
infection and represent a plausible new approach for vaccine 
design. 

In addition to these promising studies, efforts are underway to 
molecularly engineer novel forms of HIV envelope proteins. To 
date, vaccines with recombinant envelope protein (gp120) have 
induced neutralizing antibodies, but only against the virus from 
which the protein was derived and closely related strains. Some 
researchers believe this is because the recombinant gp120 mol
ecule does not resemble the molecule as it appears on the sur
face of the virus, while others believe that loops of the protein 
sequence protect the critical receptor-binding region of the 
gp120. To address this, NIAID-supported researchers engi

neered a molecule that in animals induced antibody responses 
that neutralize a broader range of laboratory-adapted strains and 
several primary isolates of HIV. Given the importance of inducing 
broadly reactive antibodies, this construct is now being devel
oped further, and plans are underway to test it in clinical trials. 

Adjuvants also have been shown to play an important role and 
may enhance immune-stimulating properties of a vaccine. One 
recent study with QS21, a saponin adjuvant, found that al
though it was not well tolerated, the adjuvant enabled recipients 
to receive a lower dose of gp120 and still achieve the same level 
of immune response as those who received a higher dose of 
gp120. Future research efforts will continue to explore the use of 
adjuvants, including cytokines, as well as other novel ap
proaches, such as the use of alphavirus replicons 
(nonreplicating alphaviruses engineered to carry genes encod
ing HIV proteins), fowlpox, adenovirus, and novel peptides. 

CHALLENGES 
Despite the progress that has been made to date and the hope 
that has been generated, a number of critically important ob
stacles remain. In order to develop an effective HIV vaccine, 
researchers still need to improve upon current vaccine designs 
so that they will induce broadly reactive long-lasting neutraliz
ing antibodies and CTL responses. The lack of validated immune 
correlates of protection limits confidence that any vaccine will 
prove efficacious, and it is hoped that once a candidate vaccine 
is shown to have some protection in humans, researchers will be 
better able to understand the type, magnitude, breadth, and/or 
location of the immune responses associated with that protec
tion. In addition, the issue of clade or subtype diversity must be 
addressed in order for an HIV vaccine or vaccines to be effective 
on a global scale. 

Researchers also need to explore the various types of outcomes 
possible from an effective or partially effective HIV vaccine and 
assess the value from an individual and a public health perspec
tive. Vaccine recipients may be completely protected from HIV 
infection (sterilizing immunity) or may be able to remain healthy 
should they become infected after being vaccinated (controlled 
infection). If an HIV vaccine were not able to prevent infection, it 
is hoped that it would at least be able to keep the level of virus 
in the blood low enough in the vaccine recipient so that the 
recipient remains healthy and is not able to infect others. The 
greatest public health value of a vaccine will be in its ability to 
prevent transmission. 

The ability to produce sufficient quantities of clinical grade 
vaccines, and the limitation of animal models represent other 
challenges to HIV vaccine research. The ability to conduct pre
ventive HIV vaccine efficacy trials in the United States and in 
developing countries also poses substantial challenges. Be-
cause thousands of people would be required for an efficacy 
trial and because there is a relatively low incidence of HIV infec
tion in industrialized countries, even among higher risk groups, 
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an efficacy trial that enrolls all risk groups will require a large 
international collaborative effort. In developing countries, there 
are concerns regarding exploitation and unequal partnerships, 
access to a vaccine if it is proven efficacious, a lack of infra
structure (clinical, laboratories, supplies, equipment), and the 
need for increased training. Additionally, some populations that 
are at higher risk of HIV infection (such as high-risk women and 
injection drug users) are often harder to recruit and retain in a 
clinical trial. There is also a general mistrust and misunderstand
ing of vaccine research that creates barriers to HIV vaccine trial 
recruitment in some populations. 

To help ensure adequate recruitment and retention in HIV vac
cine efficacy trials, NIAID has continued its practice of includ
ing community representatives in all aspects of its HIV vaccine 
trial program. Among these efforts, community advisory boards 
at all NIAID-sponsored vaccine trial sites is a key element. In 
addition, in 2001, the National HIV Vaccine Communications 
Steering Group was established to stimulate and enhance the 
national dialogue concerning HIV preventive vaccines and to 
create a supportive environment for future vaccine studies. The 
group represents the diversity of communities affected by the 
AIDS pandemic and includes nationally recognized leaders in 
fields such as communications, the media, social marketing, 
community education and organizing, healthcare, advocacy, 
public policy, and HIV prevention. 

CONCLUSION 
Despite the ongoing challenges, new scientific and technologi
cal knowledge continues to advance the field of HIV vaccine 
research. There are promising data from animal model studies; a 
greater diversity of vaccine approaches being tested; and more 
products in the pipeline than ever before, including a large num
ber of non-clade B products. Specifically, the NIH Dale and 
Betty Bumpers VRC and NIAID’s HIV Vaccine Design and De
velopment Teams are moving strong HIV vaccine candidates 
from the laboratory into human testing. The VRC recently initi
ated a phase I clinical trial of an HIV DNA to determine if the 
vaccine is safe and elicits an immune response. The HIV Vaccine 
Design and Development Teams program is developing a num
ber of HIV DNA vaccines. Data from HVTN’s two ongoing 
phase II trials will be available within the next year, possibly 
leading to an efficacy trial of the combination prime-boost vac
cine concept with others to follow. As a result, there is greater 
optimism than ever before that the goal of identifying a safe and 
effective HIV vaccine is attainable. 

Sources 
HIV vaccine research always has been an integral part of 
NIAID’s research portfolio, with the goal of identifying a safe 
and efficacious vaccine to prevent HIV infection and/or disease. 
In the last 7 years, in particular, the program has received an 
influx of funds that have enabled it to grow exponentially. From 
1996 to 2001, funding for HIV vaccine research at the National 
Institutes of Health (NIH) increased from just more than $100 
million to more than $356 million (estimated). These funds have 
enabled NIAID to establish a comprehensive and vibrant set of 
programs that support all stages of the vaccine development 
pipeline, including: 

Dale and Betty Bumpers Vaccine Research Center (VRC) — 
Intramural vaccine research with a primary focus on the devel
opment of HIV vaccines 

Innovation Grant Program — Investigator-initiated HIV vac
cine research involving high-risk/high-impact studies at the 
earliest stages of concept genesis and evaluation 

HIV Research and Design Program — Grants to support con
cept testing in animal models, development of potential vaccine 
candidates, studies of immune correlates, and animal model 
development 

Integrated Preclinical/Clinical AIDS Vaccine Development 
Program — Grants that target research at the preclinical/clinical 
interface 

HIV Vaccine Design and Development Teams — Consortia of 
scientists from industry and/or academia who have identified 
promising vaccine concepts and work under milestone-driven 
contracts 

Vaccine Development Resources — Contracts for the manufac
ture and testing of vaccine candidates 

Simian Vaccine Evaluation Units — Testing of promising SIV 
and HIV candidates in nonhuman primates 

HVTN — Global research network with the capacity to conduct 
all phases of clinical trials, from evaluating candidate vaccines 
for safety and the ability to stimulate immune responses, to 
testing vaccine efficacy 
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Parasitic and Tropical Infections 

OVERVIEW 
Parasitic diseases continue to plague billions of people in the 
modern world, killing millions annually and inflicting debilitating 
injuries, such as blindness and disfiguration, on additional 
millions. The World Health Organization (WHO) estimates that 1 
person in every 10 is infected with a major tropical disease, and 
approximately one person in four harbors parasitic worms. 
These infections exact an enormous toll on world health and the 
global economy, particularly in less developed countries, where 
the diseases are often cited as a major impediment to economic 
progress. Despite efforts at control, some parasitic diseases are 
actually becoming more widespread because of drug resistance 
and changing water and land management policies that have 
brought humans in closer contact with parasite vectors. 

Parasites remain a public health concern in the United States 
and other developed countries. Many parasites affecting hu
mans are widely distributed in this country, but infections re-
main subclinical because of good nutrition and hygiene prac
tices. In immunologically immature or immunosuppressed popu
lations, however, parasitic infections represent a significant 
cause of morbidity and mortality. Moreover, symptomatic para
sitic infections are becoming more widely observed in the 
United States as a consequence of the increased number of 
Americans traveling abroad, and of the increased number of 
immigrants from endemic areas. Recently, isolated endemic foci 
of some exotic parasitic infections (e.g., malaria and leishmania
sis) have been reported in the United States. 

Despite the considerable global burden caused by protozoan 
and helminthic parasites, development of vaccines against these 
organisms has been arduous. In large part, the challenges of 
developing these vaccines derive from the fundamental biology 
of these organisms, which often have complex life cycles with 
developmental stages that are immunologically and biochemi
cally distinct. These organisms are biologically much more com
plex than other microbes for which vaccines have been success-
fully developed. The genome of Plasmodium falciparum, for 
example, comprises 30 megabases; whereas the genomes of 
smallpox, polio, and Haemophilus influenzae type b are all 20 to 
30 times smaller. Although radiation-attenuated parasites have 
provided useful insights into mechanisms of immunity in a vari
ety of experimental settings, it has been impractical to develop 
vaccines based on attenuated versions of these organisms. 
Furthermore, these organisms often have sophisticated mecha
nisms to evade or undermine protective host immune responses, 
thus allowing them to establish chronic infections. Identifying 
protective immune responses as well as targets of protective 
immunity—thereby establishing surrogate markers and predic
tors of vaccine efficacy—has proven challenging even prior to 
setting out to design candidate vaccines. 

As was noted by Dr. Jordan in his report some 20 years ago, the

advent of molecular biology and recombinant DNA technolo

gies, as well as molecular immunologic tools such as monoclonal

antibodies, has been a tremendous boost to efforts to develop

vaccines against protozoan and helminthic diseases. Subse

quently, the development of recombinant viral and bacterial

vectors capable of expressing cloned genes from protozoan or

helminthic parasites has allowed the creation of novel hybrid

vaccines. Even more recently, the availability of nucleic acid

plasmids capable of expressing such genes in host tissue has

created a whole new vaccine technology that is now being ex

plored for its applicability to vaccines for parasitic infections.


These techniques have been applied to further understanding of

the host-parasite relationship and to facilitate the identification

and validation of antigens for inclusion in candidate vaccines.

More than 40 antigens, for example, are currently considered as

possible candidates for inclusion in or development as malaria

vaccines. While one of the great advances of the last 20 years is

the ability to sequence

entire genomes of com

plex organisms like proto

zoan and helminthic

parasites, the identifica

tion of the entire set of

genes of an organism

inevitably poses the

daunting challenge of

selecting among them to

identify, validate, and

ultimately create new

vaccines. The recently

completed P. falciparum

genome, for example, has

lead to the identification

of 5,000 to 6,000 open

reading frames within the Global Health Plan Report Cover

genome. Included among

these are two new gene families, rifins and stevors, which are

now being investigated for their potential roles in vaccine devel

opment.


In addition to these scientific and technical advances, another

important and encouraging change in recent years has been the

growth of the number of groups supporting research on para

sitic diseases and vaccine development. National Institute of

Allergy and Infectious Diseases (NIAID)-supported programs,

for example, have expanded, especially in the last decade [for

example, NIAID’s global health plans (http://www.niaid.nih.gov/

dmid/global) and research to accelerate malaria vaccine develop

ment (http://www.niaid.nih.gov/dmid/malaria/malvacdv/toc.htm)].
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New initiatives also have been launched in the public and pri
vate sectors. These include new entities such as the Malaria 
Vaccine Initiative (MVI) at the Program for Appropriate Technol
ogy in Health (PATH) [http://www.malariavaccine.org], and the 
Hookworm Vaccine Initiative (HVI) at the Albert B. Sabin Vaccine 
Institute (http://www.sabin.org/hookworm.htm), both of which 
are supported by the Bill & Melinda Gates Foundation; the 
European Malaria Vaccine Initiative (EMVI) [http:// 
www.emvi.org ]; the African Malaria Network (AMANET), for
merly the African Malaria Vaccine Testing Network ( http://
www.amvtn.org ); the Global Alliance for Vaccines and Immuniza
tion (GAVI) [ http://www.vaccinealliance.org]; the Initiative on 
Public-Private Partnerships for Health; and the Initiative for 
Vaccine Research. Many of these organizations are already 
working in partnership with existing programs, such as those at 
the U.S. Agency for International Development (USAID), U.S. 
Department of Defense (DOD), WHO/Special Programme for 
Research and Training in Tropical Diseases (TDR), and else-
where, to accelerate the development of vaccines against para
sitic diseases. 

LEPROSY 
Leprosy, a chronic infectious disease caused by Mycobacterium 
leprae, has been a scourge of mankind since ancient times. It 
primarily affects the skin, peripheral nerves, mucosa of the upper 
respiratory tract, and eyes, often causing substantial disfigure
ment and disability if untreated. 

M. leprae is an acid-fast, rod-shaped bacillus related to the 
bacterium that causes tuberculosis (Mycobacterium tuberculo
sis). Research on this bacterium has been markedly hampered by 
a continuing inability to culture it in vitro, and by its extremely 
slow doubling time (the slowest known for any prokaryote— 
approximately 13 days). The bacilli can be propagated in the foot 
pads of nude mice, but the only established animal model of 
disseminated disease is the nine-banded armadillo, which poses 
significant technical challenges of its own. 

In the United States, there are an estimated 6,500 persons with 
leprosy, including those currently undergoing and those off 
treatment; 112 new cases were reported in 1998. WHO, which 
has led a global leprosy elimination program based on case 
detection and delivery of effective multidrug therapy (MDT), 
estimates that in 1997 there were 768,619 registered cases world-
wide, with approximately 800,000 new cases detected. These 
figures represent a dramatic decrease in the prevalence of lep
rosy over the past few years; however, the number of new cases 
detected annually has been stable during this same period, and 
recently even appears to be on the increase. The reasons for this 
discrepancy between the remarkable effect of MDT on preva
lence and the lack of noticeable impact on new cases detected 
are not clear, but the possibility of previously unknown reser
voirs—either environmental or in the form of subclinical human 
infection—must be considered. India, Indonesia, and Myanmar 
currently account for approximately 70 percent of the world’s 

leprosy cases. Other “hot spots” for this disease continue to 
exist in Africa, Brazil, Colombia, and parts of Central and Eastern 
Europe. Leprosy is still considered endemic in 55 countries. 

Dapsone was discovered to be effective against leprosy in the 
1940s, but dapsone-resistant M. leprae gradually emerged, 
requiring the recent development of MDT for leprosy. Patients 
with leprosy are classified based on clinical manifestations and 
skin smear results into paucibacillary (PB) and multibacillary 
(MB) cases. Standard MDT consists of rifampicin, clofazimine, 
and dapsone given in a 6-month regimen for PB disease, and in a 
2-year regimen for MB leprosy. A United Nations Development 
Programme (UNDP), World Bank, and WHO multicenter trial 
recently demonstrated that patients with PB disease with a 
single skin lesion could be cured with a single dose of rifampi
cin, ofloxacin, and minocycline. WHO also has indicated that it 
may be possible to adequately treat MB disease with a 12-month 
rather than 24-month course of standard MDT. These new regi
mens represent significant practical advances in the effort to 
control leprosy. 

Major priorities in leprosy research are: Developing improved 
diagnostics (especially a sensitive and specific skin test); fur
thering understanding of the basic pathogenesis and epidemiol
ogy of the disease (it is not even clear how the disease is trans
mitted or whether there is a significant nonhuman reservoir); 
developing alternative treatments; and developing an effective 
vaccine. 

Currently, there are only a handful of candidates in the leprosy 
vaccine development pipeline. One of these is the antituberculo
sis vaccine Bacillus de Calmette-Guerin (BCG), which has been 
demonstrated to be effective in preventing leprosy in some 
settings, but its use remains controversial. The Karonga Preven
tion Trial Group published the results of a double-blind, random
ized, controlled trial of single BCG, repeat BCG, or combined BCG, 
and killed-M. leprae vaccine in the prevention of leprosy and 
tuberculosis in Malawi. This study demonstrated that a second 
dose of BCG afforded an additional 50-percent protection 
against leprosy compared with a single BCG vaccination. In this 
trial, the addition of killed M. leprae did not improve the protec
tion afforded by a primary BCG vaccination. A previous study 
by the Karonga Prevention Trial Group in the same part of 
Malawi demonstrated that a single BCG vaccination afforded 
approximately 50-percent protection against leprosy, but none 
against tuberculosis. A paper by M. D. Gupte and colleagues in 
the Indian Journal of Leprosy reported on a large leprosy vac
cine trial comparing four vaccine candidates to placebo: BCG, 
BCG plus killed M. leprae, M.w., and ICRC. The exact nature of 
the ICRC vaccine has not been made public, but it is reportedly 
based on a gamma-irradiated non-M. leprae mycobacterium. The 
study enrolled 171,400 subjects and, during a 5-year follow-up, 
found overall protective efficacies against leprosy of 65.5 per-
cent for the ICRC vaccine, 64 percent for BCG plus M. leprae, 
34.1 percent for BCG, and 25.7 percent for M.w. These exciting 
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data suggest further analysis and testing of the ICRC and BCG 
plus killed M. leprae vaccines are warranted. 

Another approach being pursued in leprosy vaccine develop
ment is the identification of major protective antigens and their 
use as the basis of subunit or recombinant BCG or vaccinia virus 
vector vaccines. As an example of such studies, one such pro
tein, the 35-kilodalton (kD) protein of M. leprae, was identified 
as a major target of the human immune response to this patho
gen. The 35-kD protein was expressed in the relatively fast-
growing Mycobacterium smegmatis and shown to resemble the 
native antigen in forming multimeric complexes and in being 
recognized by monoclonal antibodies and sera from patients 
with leprosy. The M. smegmatis-derived recombinant antigen 
was recognized by almost all these patients via a T-cell prolifera
tive or immunoglobulin (Ig) G antibody response, but not by 
most patients with tuberculosis. These findings suggest that the 
M. leprae 35-kD protein is a major and relatively specific target 
of the human immune response to M. leprae, and that it holds 
promise as a component of a potential antileprosy subunit, 
recombinant, or DNA vaccine. 

Live atypical mycobacteria, including M.w. and Mycobacterium 
habana, are being investigated for their ability to elicit a cross-
protective immune response, as are recombinant BCGs express
ing other M. leprae antigen(s). Clinical testing of all these candi
dates would be vastly improved by the identification of corre
lates of human protective immunity. 

Sequencing of the M. leprae genome is complete and should 
provide a significant boost to leprosy research in general, and 
vaccine development in particular—even more so than for many 
other microbial pathogens because of the extraordinary chal
lenges involved in investigating this noncultivatable bacterium. 

Sources 
Gupte, M. D., et al. (1998). Comparative leprosy vaccine trial in 
South India. Indian Journal of Leprosy, 70, 369-388. 

Karonga Prevention Trial Group. (1996). Randomised controlled 
trial of single BCG, repeated BCG, or combined BCG and killed 
Mycobacterium leprae vaccine for prevention of leprosy and 
tuberculosis in Malawi. Lancet, 348, 17-24. 

Triccas, J. A., Roche, P. W., Winter, N., et al. (1996). A 35-
kilodalton protein is a major target of the human immune re
sponse to Mycobacterium leprae. Infection and Immunity, 64, 
5171-5177. 

MALARIA 
Malaria is a major health problem in the world’s tropical areas, 
where it is responsible for high rates of morbidity and mortality, 
especially in children and pregnant women. The annual inci
dence of malaria is estimated to be approximately 300 to 500 

million cases, resulting in greater than 1 million deaths each year. 
Because the control of malaria is difficult and has been further 
inhibited by the selection of drug-resistant parasites and insecti
cide-resistant mosquito vectors, the development of a malaria 
vaccine has been given high priority. Much work is now being 
done to determine the immunologic response to infection and to 
elucidate the protective antigens or epitopes that can be used in 
the construction of a synthetic or recombinant malaria vaccine. 
Such vaccines would target the infective sporozoite stage, the 
replicating liver or blood stages, or the sexual stages that are 
infective for the mosquito vector. Over the past few years, an 
increasing number of malaria vaccines have been tested in clini
cal trials. 

Vaccines Against Pre-Erythrocytic Stages of 
Malaria Parasites 
Trials done in the 1970s with irradiated sporozoites resulted in 
good protection in volunteers challenged with infectious para-
sites. Several years later, an additional study was undertaken to 
take advantage of improved immunological techniques for the 
identification of immune correlates of resistance. Four of five 
vaccinated volunteers were protected, as measured by the ab
sence of, or the delayed onset of, parasitemia following chal
lenge infection. Protected individuals developed antibodies to 
sporozoites, including the repeat region of the circumsporozoite 
(CS) protein, as well as to antigens expressed by liver-stage 
parasites. T-cell proliferation, cytotoxicity, and cytokine produc
tion also have been observed in response to recombinant CS 
protein. 
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In studies in animal models, CS-based synthetic peptide and 
recombinant vaccines conferred protection when given with 
strong adjuvants. Early trials with CS-based vaccines demon
strated enough immunogenicity to warrant challenge studies. 
When such studies were carried out with adjuvants approved 
for human use, however, the degree of protection was disap
pointing. These results were interpreted to mean that better 
immunogenicity could be achieved if more powerful adjuvants 
were available for use in humans. 

During the 1990s, many studies were carried out with various 
candidate malaria vaccine formulations that included different 
adjuvants. These studies either failed to demonstrate adequate 
immunogenicity or failed to demonstrate adequate protection 
against challenge infection. In early 1997, however, investigators 
working at the Walter Reed Army Institute of Research (WRAIR) 
reported that a candidate vaccine (RTS,S), based on recombinant 
fusion proteins of the CS protein and the hepatitis B surface 
antigen, could provide protection against challenge infection 
with a homologous parasite when the vaccine was formulated 
with an appropriate novel adjuvant. These results were encour
aging and validated the importance of incorporating into vaccine 
formulations strong adjuvants that elicit appropriate immune 
responses. Unfortunately, subsequent studies indicated that the 
protection conferred against experimental challenge by this 
vaccine alone is not long lived. An additional study has been 
carried out in The Gambia that demonstrated that under condi
tions of natural exposure to malaria, the candidate vaccine could 
elicit protection as defined as a delay in time to first infection in 
semi-immune adult men. Such protective immunity did not ap
pear to be restricted to homologous parasites, but again was 
short lived. Overall vaccine efficacy was 34 percent, but was 
higher (71 percent) in the first 9 weeks of follow-up than in the 
last 6 weeks. Volunteers who received a fourth dose the next 
year, prior to the onset of the malaria season, again exhibited 
statistically significant protection (47 percent) over a 9-week 
follow-up period. Additional studies are now underway to im
prove the formulation and address other means by which the 
immunity provided might be enhanced. Of interest, an initial 
study to assess the combination of RTS,S and another recombi
nant protein corresponding to the pre-erythrocytic antigen 

thrombospondin-related adhesion protein/sporozoite surface 
protein 2 (TRAP/SSP2) resulted in an apparent loss of protective 
efficacy compared to RTS,S alone. These results suggest that 
interactions among constituent antigens in vaccines may actu
ally be detrimental rather than beneficial, and thus serve as a 
cautionary note. 

Building on the increased awareness of the importance of strong 
adjuvants, some investigators have returned to the concept of 
immunizing with long synthetic peptides formulated with stron
ger adjuvants. Investigators at the University of Lausanne in 
Switzerland carried out a phase I clinical trial of an approximately 
100 amino acid long synthetic peptide corresponding to the C-
terminal portion of the CS protein, formulated with a strong 
adjuvant (Montanide ISA 720). Subsequent analyses showed 
that the vaccine was safe and well tolerated and elicited anti-
body and cellular immune responses, including antigen-specific 
production of an important cytokine, interferon gamma (IFNg). 

An alternative approach that appears promising is to identify 
specific regions of the CS protein that stimulate immune re
sponses and then incorporate several copies of those regions 
into a synthetic structure called a multiple antigenic peptide 
(MAP). MAPs based on CS protein structures have been shown 
to elicit high antibody titers in animal models and are capable of 
boosting preexisting malaria-specific immune responses. One 
potential problem associated with evaluation of synthetic 
peptide-based vaccines such as MAPs is that genetic factors 
may limit immune responses to the vaccine. This is particularly 
important because the candidate vaccine might be rejected as 
nonimmunogenic if the responsive individuals are not ad
equately represented in the initial immunogenicity study. To 
address this issue, collaborating scientists from New York Uni
versity, the University of Maryland, USAID, and NIAID devel
oped an innovative design for a recent phase I clinical trial of a 
CS-based MAP vaccine. Volunteers for this clinical trial were 
prescreened for presumed immune response genes to ensure 
that an adequate number of responder individuals was included. 
In this trial, only the pre-identified responder individuals 
mounted significant immune responses. 

To address the limitations imposed on such epitope-based vac
cines by the genetic restriction elements, investigators from New 
York University and their collaborators took a novel approach. 
Peptide epitopes were first synthesized to yield homogeneous 
products, and these peptide products were then linked to a small 
core peptide via oxime bonds. These multiple epitope constructs 
were shown to be immunogenic in mice. To overcome the ge
netic restriction, investigators created a construct that also 
incorporated a “universal” T-cell epitope (i.e., one that was not 
subject to narrow genetic restriction). This construct was subse
quently shown to elicit robust immune responses in mice and in 
humans with diverse genetic backgrounds. Most recently, the B
and T-cell epitopes studied in the MAP trials have been incorpo
rated into a recombinant viral-like particle based on a molecularly 
engineered version of the hepatitis B core antigen. This particle 
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functions as a particularly immunogenic platform, and the engi
neered CS-HBc particle elicits robust immune responses to P. 
falciparum sporozoite antigens. Clinical trials with this construct 
are now in the planning stage. 

Attention also has been directed to the nonrepeat domains of 
the CS polypeptide. A genetically conserved region within these 
domains has been implicated in parasite attachment to liver cells. 
Although shown to be safe and immunogenic in a clinical trial, a 
vaccine based on a genetically engineered CS-derived polypep
tide in which the central repeat region was excised failed to 
confer protection against experimental challenge in the immu
nized volunteers. 

While malaria vaccine efforts in the past have focused primarily 
on the humoral aspects of immunity, increasing attention is 
being directed to the important role played by T cells. In addi
tion to enhancing antibody responses and conferring immuno
logical memory, T cells also mediate cytotoxic immunity and 
induce the production of cytokines, such as IFNg. CS-respon
sive T-cell clones have been established from cells of vaccinees 
immunized with attenuated parasites; they may prove to be 
useful in future studies on the development of immune respon
siveness. Epitopes of CS polypeptides recognized by helper T 
cells, as well as by cytotoxic T cells, have been identified and are 
being incorporated into recombinant vaccine candidates for 
further testing. To identify new candidate vaccine components, 
investigators employed a new approach called reverse immuno
genetics. Using this technique, they have identified a peptide 
component of a liver-stage parasite protein (LSA-1) that is effi
ciently recognized by cytotoxic T cells from individuals who are 
resistant to severe malaria. Other liver-stage antigens (e.g., LSA-
3) are also being evaluated in preclinical and clinical studies for 
their potential as candidate malaria vaccines. 

Pre-erythrocytic antigens also have been incorporated into 
multicomponent vaccines (see below). In the case of DNA vac
cines, a construct incorporating the gene for the CS antigen was 
evaluated as a “proof of concept” in a clinical study carried out 
by the U.S. Navy Malaria Program and its collaborators. The 
construct elicited cell-mediated immune responses in study 
volunteers, but did not elicit antibody responses and did not 
confer protection against experimental challenge. 

Investigators are expressing pre-erythrocytic stage antigens in a 
variety of viral and bacterial vectors and evaluating their poten
tial either as vaccines by themselves or as part of a heterologous 
prime-boost strategy (i.e., one type of vaccine is used to prime; 
and a second, different type is used to boost the immune re
sponse). 

Vaccines Against Asexual Blood Stages of 
Malaria Parasites 
Until recently, obtaining conformationally correct, immunogenic 
recombinant proteins based on candidate asexual blood-stage 

vaccines has hampered progress. However, scientists have now 
established a number of approaches to produce such recombi
nant proteins. These include expression of recombinant proteins 
in a number of systems, including Escherichia coli, Salmonella 
spp., baculovirus, Saccharomyces cerevisiae, Pichia pastoris, 
Drosophila cells, and transgenic mammalian cells. In addition, 
crystallographic data are providing insights into the structure of 
the 19-kD C-terminal fragment of merozoite surface protein 1 
(MSP1). 

A number of blood-stage vaccine candidates are in develop
ment. In studies in Aotus monkeys, recombinant protein candi
dates based on the 42-kD and 19-kD C-terminal fragments of 
MSP1 have elicited protection. A phase I clinical trial of the 
candidate based on the 19-kD fragment of MSP1 was carried out 
at Baylor College of Medicine and demonstrated that the vac
cine as formulated was poorly immunogenic and had unaccept
able side effects. Additional work will be required before further 
development and clinical evaluation. 

In collaboration with GlaxoSmithKline and USAID, investigators 
at WRAIR recently expressed the 42-kD C-terminal fragment of 
the major MSP1 in E. coli. Based on reactivity with a panel of 
monoclonal antibodies, the antigen appears to be conformation-
ally correct. The antigen was subsequently formulated with the 
same adjuvant used in the RTS,S studies (see above). In clinical 
trials carried out in the United States, this vaccine appeared to 
be safe and immunogenic, although the addition of the MSP1 42-
kD antigen to RTS,S did not appear to enhance protective effi
cacy against experimental challenge. A clinical trial of the recom
binant MSP1 42-kD fragment for assessment of safety and immu
nogenicity in malaria-endemic populations has been initiated in 
Kenya. 

Under a cooperative research and development agreement, 
NIAID and Genzyme Transgenics Corporation evaluated the 
feasibility of producing genetically engineered animals capable 
of secreting a recombinant version of the MSP1 42-kD C-terminal 
fragment in the animals’ milk. Because Plasmodium species do 
not carry out substantial N- or O-linked glycosylation, site-
specific mutations were introduced into the native sequence to 
prevent glycosylation in the transgenic animals. When 
glycosylated and nonglycosylated versions of these recombi
nant proteins were compared in a head-to-head study in Aotus 
monkeys, only the nonglycosylated version elicited protective 
immunity. Taken in collaboration with studies of the same recom
binant protein expressed from a baculovirus construct in insect 
cells, these results suggest that the extent of glycosylation in 
some expression systems may alter or obscure the immunogenic
ity of protective epitopes. A recombinant version of the 
ectodomain of apical merozoite antigen 1 (AMA1) in which the 
glycosylation sites were also mutagenized also has been shown 
to elicit protective immunity in Aotus monkey studies. 

Other antigens that are being produced in recombinant protein 
expression systems include the 175-kD erythrocyte binding 
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antigen (EBA175) of P. falciparum, and its paralog in Plasmo
dium vivax, the Duffy binding antigen (DBA). Preclinical studies 
have been conducted already for these antigens, and it may be 
expected that once formulated as candidate vaccines, they will 
move into clinical trials in the future. 

In addition to the studies with vaccines based on recombinant 
proteins, two clinical trials have been carried out recently with 
vaccines based on long synthetic peptide versions of MSP3, 
and the glutamine-rich protein (GLURP). Results of these studies 
are expected in the near future. 

Vaccines Against Sexual Stages of Malaria 
Parasites and Mosquito Vector Components 
(Transmission-Blocking Vaccines) 
Antigens of the sexual stages of the malaria parasite that can

induce transmission-blocking activity also have been identified.

Investigators at the NIAID Malaria Vaccine Development Unit

(MVDU) have ex-

pressed in yeast a

recombinant protein

corresponding to a

25-kD molecule

found in P.

falciparum (Pfs25).

Immunization with

this molecule elicits

transmission-block

ing antibodies in

animals; from these

studies, however, it

is clear that attain

ing and maintaining

a high titer of trans-

mission-blocking

antibody is likely to Plasmodium life cycle


be important for efficacy. Phase I clinical testing of this vaccine

candidate formulated with alum has been conducted, and pre

liminary results indicate that improved formulation will be re

quired. Experiments are underway to improve the preclinical

profile and immunogenicity. A recombinant antigen correspond

ing to a similar 25-kD antigen found in P. vivax has also been

produced by recombinant DNA technology by MVDU and

shown to elicit transmission-blocking activity in monkeys. A

phase I clinical trial is planned for late 2002.


Multicomponent Vaccines 
Multicomponent vaccines directed against different antigens 
and different stages of the parasite life cycle may offer an advan
tage over single-component vaccines because they may provide 
multiple levels of protection. Such vaccines also may reduce the 
spread of vaccine-resistant strains, which can arise when the 
parasite changes a surface protein to avoid detection by the 
immune system. 

Almost 10 years ago, a blood-stage vaccine (SPf66) developed 
in Colombia was reported to delay or suppress the onset of 
disease during trials in that country. In a randomized, double-
blind trial conducted in Colombia, the vaccine was reported to 
have an overall efficacy of 40 percent. Two other clinical trials in 
South America reported similar results. These studies, however, 
were carried out in areas of low or seasonal malaria transmission, 
and thus the utility of this vaccine in areas of high transmission 
and in other geographic locations was questioned. To address 
these issues, randomized, double-blind, controlled clinical trials 
were carried out in Tanzania, The Gambia, and Thailand. In the 
Tanzanian study, the estimated efficacy of SPf66 was 30 percent, 
but with wide variability. In the Gambian and Thai studies, how-
ever, no significant efficacy was demonstrated. A later study in 
Brazil also did not demonstrate any efficacy of SPf66. 

A combination vaccine consisting of recombinant proteins cor
responding to fragments of three blood-stage antigens [MSP1, 
MSP2, and ring-infected erythrocyte surface antigen (RESA)] 
also has been in development by Australian investigators and 
their collaborators, and has undergone clinical evaluation. In 
phase I studies, the vaccine components were shown to be safe 
and immunogenic. Subsequently, the vaccine underwent field 
testing in Papua, New Guinea. In this study in children 5 to 9 
years old, a statistically significant 62-percent reduction in para-
site density was seen in vaccinees compared to controls. Vac
cine-elicited immune responses also appeared to select against 
the specific form of MSP2 targeted by the vaccine. However, 
there was no difference in the number of clinical episodes be-
tween the vaccine and control groups. 

An alternative approach to peptide or protein-based combina
tion vaccines has been to use recombinant attenuated viruses 
because they can incorporate multiple exogenous genes and 
express the foreign malaria antigens. Vaccinia virus has been 
used extensively as a smallpox vaccine and has demonstrated a 
good safety profile in large numbers of individuals. However, 
disseminated vaccinosis has been a problem in 
immunocompromised individuals, suggesting that a malaria 
vaccine based on a recombinant vaccinia virus might not have 
an appropriate safety profile for use in areas where human immu
nodeficiency virus (HIV) infection has a high prevalence. This 
concern is being addressed by the development of attenuated, 
replication-defective viruses that could be used as a basis for a 
recombinant vaccine. However, as the virus is attenuated, it 
becomes less immunogenic; a balance has to be met between 
safety and vaccine efficacy. An attenuated vaccinia vectored 7-
antigen vaccine (NYVAC-Pf7) has been tested in phase I and II 
trials, but resulted in poor antibody production and no protec
tion. 

Another exciting approach that is being developed for malaria as 
well as for a number of other infectious diseases is a DNA-based 
vaccine. Such vaccines have the advantage that they may elicit 
humoral and cellular arms of the immune response and that they 
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may simplify evaluation of vaccines involving multiple different 
antigens. Thus, they may find utility at several stages in the 
vaccine identification and development process. However, be-
cause DNA vaccines are so new, experience with them is limited. 
The issues of safety, immunogenicity, and efficacy, especially in 
the long term, still need to be addressed. A phase I trial of a CS-
based DNA vaccine was conducted at the Naval Medical Re-
search Institute. The vaccine failed to induce antibody re
sponses, but did induce cytotoxic T cells. Studies are now un
derway to elucidate means to enhance the immunogenicity of 
this candidate vaccine. A number of laboratories have reported 
that in experimental systems, giving a primary immunization with 
a DNA-based vaccine followed by a boosting immunization with 
a recombinant virus-based or recombinant protein malaria vac
cine, enhances the immune response. In addition, multivalent 
DNA vaccines are also under development. 

It is clear that before an ideal vaccine can be developed, more 
information is needed on the immune response to malaria and 
the factors involved in protection, including the use of immuno
genicity-enhancing adjuvants and carrier proteins. Under its 
research plan for malaria vaccine development (http:// 
www.niaid.nih.gov/dmid/malaria/malvacdv/toc.htm) and its 
Global Health Research Plan for HIV/AIDS, Malaria, and Tuber
culosis, NIAID has stimulated research in this area with recent 
initiatives and support activities. Novel vaccine targets, delivery 
systems, and alternative strategies to prime and boost protective 
immune responses differentially are being investigated. A re-
source for the collection of malaria research and reference re-
agents, named the Malaria Research and Reference Reagent 
Resource Center, has been established at the American Type 
Culture Collection to provide a central source of quality-con-
trolled, malaria-related reagents and information to the interna 

tional malaria research community. As part of a consortium, 
NIAID, along with the collaborators Wellcome Trust, Burroughs 
Wellcome Fund, DOD, National Human Genome Research Insti
tute, and Stanford University, is supporting large-scale sequenc
ing of genomes of Plasmodium parasites. Such efforts are ex 

pected to result in the identification of new targets for potential 
vaccines and drugs. The assembled sequence of the Anopheles 
gambiae genome is available through two sites, National Center 
for Biotechnology Information (NCBI) and European 
Bioinformatics Institute (EBI). These data are provided on an 
interim basis since analysis by Celera Genomics and its partners 
in the Anopheles Genome Sequencing Consortium is ongoing. 
In 2001, NIAID awarded a grant to Celera Genomics to sequence 
the A. gambiae genome as part of an international consortium of 
A. gambiae researchers and genome sequencing centers. Finally, 
efforts are also in progress to expand capabilities to produce 
candidate malaria vaccines and to accelerate their evaluation 
domestically and internationally. 

SCHISTOSOMIASIS 
Schistosomiasis is another parasitic disease with a major human 
health impact. It is estimated that 200 million people worldwide 
are infected with this helminth, and approximately 600 million 
people live under conditions in which they are directly exposed 
to infection. Schistosomiasis is primarily a chronic disease asso
ciated with significant morbidity and loss of productivity; never
theless, the mortality rate is estimated in the hundreds of thou-
sands. 

Recent research on schistosomiasis has focused on the identifi
cation of candidate vaccine antigens. Several of these candi
dates have been shown to provide partial protection in a mouse 
model of infection with the human parasite Schistosoma 
mansoni, a form found in South America and Africa. Many anti-
gens are molecules associated with the invasive larval stage of 
the parasite; these antigens were initially distinguished by their 
reactivity with protective monoclonal or polyclonal antibodies. 
They include the enzymes glutathione-S-transferase (GST) and 
triose phosphate isomerase (TPI), as well as a 38-kD antigen 
with prominent carbohydrate epitopes that are shared between 
the larval and egg stages. 

Another promising candidate, calpain, was recently identified 
based on the ability of a T-cell clone to transfer protection 
against challenge infection in mice. Several other antigens also 
have demonstrated partial protective activity. Schistosome 
paramyosin, a muscle protein, has been shown to induce a 
protective, cell-mediated immune response based on the produc
tion of IFNg-activated macrophage effector cells. Several vac
cine candidates are being tested for efficacy against S. mansoni 
in baboons. One, a 28-kD GST of S. mansoni, has been shown to 
reduce worm burden or egg excretion in baboons and cattle. A 
myosin-like antigen also has shown efficacy against S. mansoni 
in mice and baboons. MAPs, based on selected regions of TPI 
and a 23-kD antigen, also have shown promise as candidate 
vaccines against S. mansoni in mice. 

Additional investigations on mechanisms to enhance the level 
of protective immunity achieved with purified native or recombi
nant-derived antigens are underway; these studies include 
evaluations of the benefit of combining antigens or of varying 
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the method used to present antigen to cells of the immune sys
tem. DNA-based vaccines also are being explored to identify 
promising routes of administration, combinations of vaccines, 
and protective immune effector mechanisms. Studies carried out 
in Egypt, Brazil, and Kenya have identified antigen-specific 
immunologic correlates of resistance to reinfection in popula
tions at risk. 

A candidate vaccine based on Schistosoma haematobium GST 
has been evaluated in phase I and II clinical trials. The vaccine 
appeared to be safe and well tolerated, and elicited high titers of 
IgG3 and IgA, as well as T helper (Th) 2 cytokine responses. 

In certain settings, animal reservoirs may constitute a significant 
source of infectious parasites, and it has been proposed that 
immunizing the reservoir hosts may block transmission. Results 
obtained in water buffalo immunized with paramyosin and GST 
from Schistosoma japonicum are promising in this regard. 

OTHER PARASITIC DISEASES 
Candidate vaccine antigens have been identified for other para
sitic diseases, including leishmaniasis, toxoplasmosis, amoebia
sis, filariasis, onchocerciasis, hookworm, and taeniasis. Leishma
niasis is caused by several species of protozoan parasites found 
in most areas of the world, but particularly in the tropics. In its 
severest forms, this disease can cause serious disfigurement as 
well as death, and WHO estimates worldwide prevalence to be 
approximately 12 million cases. Several WHO-supported efficacy 
trials of vaccines based on a combination of whole, killed Leish
mania parasites and BCG have been carried out recently. In one 
published clinical trial evaluating efficacy against anthroponotic 
cutaneous leishmaniasis in Iran, no difference was found be-
tween the vaccine and the control groups; a subgroup analysis, 
however, suggested that the vaccine might have a protective 
effect in boys. This apparent protective effect in boys was unan
ticipated and may be a chance finding. A second trial in Iran that 
evaluated protection against zoonotic cutaneous leishmaniasis 
found no efficacy, but only a single dose of vaccine was given. 
A subsequent study in Sudan that evaluated two doses of vac
cine plus BCG, compared to BCG alone, found no evidence of 
protective efficacy against visceral leishmaniasis. An alternative 
approach involving the development of attenuated Leishmania 
vaccines based on gene replacement in Leishmania major is in 
early stages of preclinical investigation. 

Two Leishmania surface antigens serve as ligands for the attach
ment of the parasite to host macrophages, thereby enabling 
infection to be initiated. They are gp63, a glycoprotein with 
protease activity, and a glycoconjugate known as 
lipophosphoglycan. When tested as candidate vaccines, both 
antigens have been shown to induce protection in a mouse 
model of leishmaniasis. In addition, a 46-kD promastigote anti
gen, derived from Leishmania amazonensis, has been shown to 
protect mice when administered as the native molecule admixed 
with adjuvant or as a recombinant vaccinia construct. Expres

sion cloning has been used to identify a novel parasite antigen

known as Leishmania-activated C kinase (LACK) that appears to

be related to a family of enzyme receptors. When administered

with interleukin (IL)-12, this antigen also has been shown to

confer protection against leishmaniasis in susceptible mice. P4, a

protein expressed in the intracellular forms of Leishmania para-

sites, has been demonstrated to immunize mice against infection.

Protection correlates with establishment of an IFNg response. In

subsequent studies, P4 also was shown to elicit IFNg produc

tion in peripheral blood lymphocytes obtained from patients

with American cutaneous leishmaniasis. P4 is now being further

characterized and has been shown recently to have nuclease

activity, suggesting a possible function for this molecule in

intracellular survival of Leishmania parasites.


NIAID-supported investi

gators have demonstrated

that T-lymphocyte-depen

dent host responses to

the Leishmania parasites

determine whether the

disease is progressive or

self-limited in experimental

animal models. More

specifically, when a Th1

lymphocyte response

(characterized by the

production of cytokines,

such as IL-2 or IFNg) is

dominant, the disease is

self-limited, whereas when

a Th2 lymphocyte re

sponse (characterized by

the production of other

cytokines, such as IL-4

and IL-5) is dominant, the

disease is progressive.

NIAID-supported investigators demonstrated that incorporation

of the cytokine IL-12, a specific stimulator of Th1 responses,

into an experimental vaccine against leishmaniasis resulted in

complete protection of susceptible mice against progressive

disease. Neither IL-12 alone nor the experimental vaccine with-

out IL-12 conferred protection. Other NIAID-supported investi

gators have extended these findings by demonstrating that

immunostimulatory oligodeoxynucleotides given as adjuvants,

or a recombinant Leishmania antigen, LeIF, are also capable of

eliciting IL-12 and Th1 responses and conferring protection.


DNA immunization is also being used to identify and validate

candidate vaccine antigens for leishmaniasis. In mice, protection

against L. major has been demonstrated following immunization

with DNA constructs encoding gp63 and LACK antigens. A

combination vaccine for leishmaniasis, comprising three anti-

gens of L. major expressed as recombinant proteins in E. coli, is

also under investigation and is expected to enter clinical trials in

the near future.
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In recent years, it has been appreciated that the sandflies that 
transmit Leishmania parasites also contribute to the pathogen
esis directly. In particular, it has been observed that the sandfly 
saliva present when the insect takes a blood meal and transmits 
the parasite comprises substances that modulate blood and 
immune responses. NIAID-supported investigators recently 
identified a 15-kD protein in sandfly saliva that, when given as a 
vaccine, conferred protection against infection. The mechanism 
of protection appears to be host cell-mediated responses to the 
15-kD protein that are elicited when the sandfly takes a blood 
meal. 

Toxoplasmosis is primarily a disease of the central nervous 
system that affects individuals with immature or compromised 
immune systems. It usually is associated with neurological prob
lems in the developing fetus; however, more recently it has been 
identified as a major opportunistic infection in acquired immuno
deficiency syndrome (AIDS) patients. The possibility of effec
tive vaccination against this protozoan parasite was suggested 
by experiments showing that mice immunized with a temperature-
sensitive mutant of Toxoplasma gondii were resistant to further 
infection with a potentially lethal strain. In addition, a major 
surface antigen of T. gondii, called p30, has now been cloned. 
This antigen has been shown to stimulate cytotoxic T lympho
cytes with parasiticidal activity in vitro. Purified native p30 
recently has been demonstrated to protect mice against parasite 
challenge in vivo. 

Amoebiasis, caused by invasion of the intestinal wall and gut-
associated organs by the protozoan parasite Entamoeba 
histolytica, has been estimated to result in more than 100,000 
deaths per year; the prevalence of infection may be as high as 50 
percent in some developing countries. Recent studies have 
identified a galactose-inhibitable amoebic lectin involved in 
adherence of the parasite to the colonic mucosa. Gerbils immu
nized with this lectin showed a significant reduction in develop
ment of liver abscesses following infection, suggesting that this 
molecule might form the basis of a potential vaccine against 
amoebiasis. Investigators are working to identify the regions of 
the lectin that elicit protective immunity and to develop geneti
cally engineered and recombinant subunit vaccines based on 
these regions. In addition, investigators are working to identify 
new antigens and delivery systems, especially those that would 
target mucosal immunity. 

Lymphatic filariasis is endemic in many tropical and subtropical 
countries, where it is estimated to afflict approximately 90 million 
people. In its chronic form, this infection causes inflammation 
and blockage of the lymphatic system, resulting in the condition 
known as elephantiasis. Immunization with several Brugia 
malayi antigens has been demonstrated to facilitate the clear
ance of bloodstream forms (microfilariae) of the parasite in ani
mal models. One such antigen is paramyosin, a 60-kD antigen. In 
addition, filarial collagen has been shown to partially inhibit the 
development of infective larvae into adult worms. 

Onchocerca volvulus, a filarial parasite, is the causative agent of 
African river blindness. There has been considerable progress in 
the identification, characterization, and cloning of antigens of O. 
volvulus. A number of these antigens have exhibited promise as 
vaccines in animal models. 

Hookworms are a leading cause of anemia and protein malnutri
tion globally. Considerable progress has been made in recent 
years to accelerate development of hookworm vaccines. With 
support from NIAID and HVI at the Albert B. Sabin Vaccine 
Institute, investigators of hookworm at George Washington 
University have identified and cloned a number of potential 
vaccine candidates. Recombinant expression systems for pro
duction of these candidates are now being examined. Studies are 
also underway to increase understanding of the immunological 
protective mechanisms. 

Finally, considerable progress has been made in recent years in 
the development of vaccines against parasites of veterinary 
importance, including Taenia ovis, Echinococcus granulosis, 
Boophilus microphilus, Fasciola hepatica, Haemonchus 
contortus, Ostertagia spp., and Trichostrongylus spp. The 
results support the biological feasibility of developing vaccines 
against these and related infectious agents. Furthermore, in 
some cases it may be possible either to modify veterinary vac
cines for future use in humans, or to disrupt the transmission of 
these parasites to humans by immunizing animal hosts. 

China ICTRD site which conducts research for parasitic infections. 
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Respiratory Infections 

OVERVIEW 
Infections of the respiratory tract continue to be the leading 
cause of acute illness worldwide. Upper respiratory infections 
(URIs) such as the common cold, strep throat, sinusitis, and 
otitis media are very common, especially in children, but seldom 
have serious or life-threatening complications. Lower respira
tory infections (LRIs) include more serious illnesses such as 
influenza, bronchitis, pertussis (whooping cough), pneumonia, 
and tuberculosis and are the leading contributor to the more 
than 4 million deaths caused each year by respiratory infections. 
According to the 1999 World Health Report, acute LRIs and 
tuberculosis are among the top 10 leading causes of death from 
an infectious disease worldwide. In the United States, pneumo
nia and influenza are the sixth leading cause of death and are 
responsible for 3.7 percent of all deaths. The populations at 
greatest risk for developing a fatal respiratory infection include 
the very young, the elderly, and the immunocompromised. In 
developing countries, most of the deaths caused by respiratory 
infections occur in children younger than 5 years of age, and 
the World Health Organization (WHO) estimates that 30 percent 
of these deaths are attributable to pneumonia. The most com
mon etiological agents of pneumonia are Streptococcus 
pneumoniae, Haemophilus influenzae, and respiratory syncy
tial virus. In the elderly, influenza-related pneumonia remains a 
leading cause of infectious disease-related deaths. Nosocomial 
or hospital-acquired pneumonia is a major infection-control 
problem. Pneumonia is the second most common type of noso
comial infection, accounting for approximately 15 percent of all 
nosocomial infections, with associated mortality rates of 20 to 
50 percent. Nosocomial pneumonia can prolong hospital stays 
by 4 to 9 days, resulting in additional costs of approximately 
$1.2 billion annually in the United States. 

Although generally considered less severe than LRIs, URIs 
have a major effect on global health. The common cold accounts 
for approximately 20 percent of all acute illness in the United 
States, with associated direct costs estimated at more than $500 
million annually. Otitis media, which can be caused by a variety 
of etiologic agents, including nontypeable H. influenzae, S. 
pneumoniae, and Moraxella catarrhalis, is responsible for 
substantial morbidity and can have long-term effects on speech 
and language development in children. 

According to the 1995 National Health Interview Survey con
ducted in the United States, there were more than 223 million 
acute cases of respiratory infections, with half requiring medical 
attention. Acute respiratory infections accounted for an esti
mated 640 million restricted activity days, 152 million bed days, 
and 134 million days of work lost among employed persons 
older than 18 years of age. 

In addition, respiratory infections were responsible for millions 
of visits to hospital emergency rooms, outpatient departments, 
and doctors’ offices. 

Adequate clinical management of infections depends primarily 
on the rapid and accurate identification of the causative agent 
and is essential to avoid the indiscriminate use of antibiotics, 
which ultimately favors the development of antimicrobial resis
tance. Treatment of infections caused by antibiotic-resistant 
pathogens often requires the use of more expensive and poten
tially more toxic drugs and usually results in longer hospital 
stays. The difficulty in identifying the causative agent, the rapid 
global emergence of antibiotic-resistant organisms, and the 
increased incidence of atypical pathogens as the cause of respi
ratory infections have complicated the management of LRIs. The 
burden of respiratory infections is not only the loss of lives, but 
also the substantial effect they have on health resources. 

A major goal of the National Institute of Allergy and Infectious 
Diseases (NIAID) Respiratory Diseases Branch is to stimulate 
and support research that may lead to more effective and ac
cepted prophylactic and therapeutic approaches for preventing 
and controlling respiratory infections. Areas of interest include 
developing and licensing vaccines and therapeutic agents for 
respiratory pathogens; stimulating basic research on the patho
genesis, immunity, and structural biology of respiratory patho
gens; developing more accurate and more rapid diagnostic 
tools; and understanding the long-term health effects of acute 
respiratory infections in various populations. 

BORDETELLA PERTUSSIS 
Even in the age of vaccine availability, Bordetella pertussis, or 
whooping cough, continues to be a major cause of childhood 
morbidity and mortality. An estimated 50 million cases and 
300,000 deaths occur every year worldwide; case fatality rates in 
developing countries may be as high as 4 percent in infants. In 
the United States, an estimated 6,755 cases were reported for 
2000. 

During the past 20 years, there have been significant develop
ments in the field of pertussis. The most notable is the recent 
availability of the acellular pertussis vaccine for use in infants 
and toddlers. Since the late 1940s, the incidence of pertussis has 
decreased dramatically in most developed countries as a result 
of widespread immunization. Initial vaccine formulations, which 
are still in use, consist of killed, but otherwise intact, B. pertussis 
cells. Concerns regarding documented and perceived adverse 
side effects accompanying whole cell vaccination prompted the 
development of acellular vaccines based on a subset of highly 
purified components of the organism. Several acellular vaccines 
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are now licensed for use in the United States, beginning at 6

weeks of age. This followed a series of seven phase III clinical

trials in Europe and North Africa that were completed in 1995.

These efficacy studies all demonstrated levels of protection for

most of the acellular

pertussis vaccines that

were equivalent to the

whole cell vaccine.

Vaccines containing

three or more antigens

were, generally, more

efficacious than vac

cines containing only

one or two antigens.

Furthermore, all the

acellular vaccines dem

onstrated fewer ad-

verse events for local

and systemic reactions

compared to the whole

cell products following

a primary immunization.

Interestingly, this was

not the case in children
 Image courtesy of Denato Greco 

receiving a booster dose 
of an acellular vaccine 

Child with Bordetekka pertussis 

between the ages of 4 and 6 years. In comparison to a fourth 
dose of an acellular vaccine administered at 18 to 24 months of 
age, the rate of local reactions increased following the fifth dose, 
while systemic reactions remained similarly low or decreased. 
Furthermore, when evaluating the safety and immunogenicity of 
various acellular vaccines among 4 to 6 year olds, children who 
had previously received four doses of either an acellular vaccine 
or whole cell vaccine showed local reactions that were signifi
cantly more frequent after five consecutive doses of the acellular 
vaccine than after an acellular vaccine following four previous 
doses of a whole vaccine. 

The first acellular vaccine, manufactured by Wyeth-Lederle, was 
licensed for use in infants and children in the United States in 
1996. Since then, several other acellular products have been 
licensed, including products manufactured by Aventis Pasteur 
and GlaxoSmithKline. All of the licensed vaccines in the United 
States contain chemically or genetically inactivated pertussis 
toxin. The acellular vaccines also contain additional surface 
proteins either in the form of filamentous hemagglutinin, 
pertactin, or fimbriae. 

Widespread vaccination of infants and children has resulted in 
several interesting changes in the epidemiology of B. pertussis. 
Although the frequency of the disease has declined overall, the 
organism continues to pose a problem, as observed by a change 
in the clinical spectrum and age-related incidence of the disease. 
In the prevaccine era, 85 percent of the cases of disease in the 
United States occurred in children 1 to 9 years of age. By the 

Courtesy of Carole Heilman and David Klein 
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1990s, only 41 percent of all cases occurred in infants, while 27 
percent occurred in persons 10 years of age or older. Disease in 
infancy is due to exposure before sufficient levels of protection 
can be achieved through vaccination. In contrast, 
postchildhood disease results from the waning of vaccine-in
duced and natural immunity, resulting in repeat infections 
throughout life and the opportunity for transmission to suscep
tible infants. Although pertussis is rarely considered or diag
nosed in older children or adults, it appears to be epidemiologi
cally significant since it provides a reservoir for infection of 
unprotected individuals. Ultimately, the successful control of 
pertussis in the community may require routine immunization of 
adolescents and adults. 

One area of concern that has developed in recent years is the 
adaptation or mutation of the B. pertussis organism to vaccina
tion, thereby promoting resistance to the vaccines used to im
munize the population. According to Dutch researchers, the 
organism appears to be disguising itself from the immune system 
by changing certain antigenic features on its surface. This has 
resulted in an increased incidence of disease in the Netherlands, 
United States, and elsewhere. Comparing old and new strains of 
pertussis over time has shown that at least two surface proteins, 
important in the development of protection against disease, 
have changed sufficiently to allow for an increase in the inci
dence of disease due to a reduced level of protection against the 
more recently isolated strains of the organism. The major surface 
variants have all been associated with altered forms (based on 
DNA fingerprinting) of either pertussis toxin or pertactin, two 
important virulence factors. Interestingly, fewer vaccine-type 
pertactin variants have been observed among vaccinated indi
viduals compared to unvaccinated, which suggests the need for 
continued vaccination, especially with the newer acellular vac
cines. 

In recent years, an increasing proportion of pertussis cases has 
been documented in adolescents and adults. In adolescents and 
adults, the spectrum of disease is quite wide and may manifest 
itself as either a mild respiratory infection all the way to a parox
ysmal cough with apnea. Pertussis is thought to be the cause of 
12 percent to 26 percent of cases of cough illness in adults. 
Overall, the information about pertussis disease in the adult and 
adolescent patient is minimal compared to what is known about 
the disease in children. However, it is clear that adults and ado
lescents can transmit the disease to infants, and thus may repre
sent the primary reservoir for the continued cycling of this dis
ease in a community. Even though pertussis is preventable in all 
age groups, it is rarely considered or diagnosed in older children 
or adults. Natural and vaccine-induced protection from pertussis 
wanes as children age, resulting in repeat infections throughout 
life and an increased opportunity for transmission of this dis
ease from infected adolescents and adults to susceptible infants. 

A clinical trial was recently completed in 2,784 subjects 15 to 65 
years of age to define the incidence (number of new cases per a 

given number of individuals per year), clinical spectrum, and 
epidemiology of pertussis infection and disease in adolescents 
and adults, as well as to define the safety, immunogenicity, and 
efficacy of an acellular pertussis vaccine designed for use in 
older individuals. The acellular vaccine was shown to be safe. A 
total of 3,171 cough illnesses lasting longer than 5 days oc
curred among the study cohorts, yielding a yearly incidence of 
65 cough illnesses per 100 persons per year. Half had no cough 
illnesses, and 25 percent had more than two episodes. Confirmed 
pertussis occurred in two vaccinees and nine controls, yielding 
an efficacy of 78 percent. This means the vaccine works approxi
mately as well in this group of adolescents and adults as it does 
in young children. The incidence of pertussis was approximately 
4 cases per 1,000 subjects per year. This incidence represents an 
estimated 800,000 cases per year of pertussis among older indi
viduals in the United States; such illnesses are often long last
ing and not benign. Extensive experience in children suggests 
that an acellular pertussis vaccine given to adolescents and 
adults in the form of a diphtheria and tetanus toxoids and acellu
lar pertussis (DTaP) vaccine combined booster would be safe 
and effective in reducing the burden of disease in this popula
tion, in addition to reducing transmission to infants. Other target 
groups [e.g., those with asthma or cystic fibrosis (CF), or 
immunocompromised individuals] would benefit as well. In addi
tion, immunizing adolescents and adults should not involve 
significantly higher costs than the current diphtheria/tetanus 
immunization boosters that adolescents and adults receive. 
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CHLAMYDIA PNEUMONIAE 

Background 
Chlamydia pneumoniae (CP) is recognized as an important 
cause of acute respiratory tract infections, including pharyngitis, 
sinusitis, and bronchitis; in addition, severe systemic infections, 
while uncommon, do occur. It is a common cause of pneumonia, 
accounting for approximately 10 percent of all cases of pneumo
nia and 5 percent of all cases of bronchitis in the United States. 
Infection is usually asymptomatic, especially in young age 
groups. Most children become infected between the ages of 5 
and 14 years. However, the disease is more severe and has the 
highest incidence in the elderly; case fatalities of 6 to 23 percent 
have been reported in this population. Transmission of the 
disease is person to person via respiratory droplets. Although 
CP has been isolated from the nasopharynx of healthy individu
als, the rate of asymptomatic carriage in the normal population is 
unknown. Epidemics of pneumonia caused by CP have been 
documented in a number of geographic locations (mostly in 
northern Europe). In addition, CP has been implicated as a caus
ative agent in chronic obstructive pulmonary disease (COPD) 
and has been associated with the exacerbation of asthma. Stud
ies indicate that approximately 40 to 60 percent of the adult 
population worldwide has antibodies to CP, suggesting that the 
infection is universal. 

Clinical disease manifestations associated with CP extend be
yond respiratory illnesses. For example, there has been a recent 
association of CP with cardiovascular disease. Initially, this 
association was made on the basis of elevated immunoglobulin 
(Ig) G and IgA antibodies and increased chlamydial lipopolysac
charide (LPS)-containing immune complexes in 50 to 60 percent 
of patients with coronary heart disease or acute myocardial 
infarction, compared to 7 to 12 percent in control patients. Sub-
sequent to these studies, several other investigators in the 
United States and other countries have reported similar findings 
in patients with coronary heart disease and have come to similar 
conclusions. Recent studies indicate that CP can be identified in 
postmortem brain samples of patients with Alzheimer’s disease, 
and in the cerebral spinal fluid of patients with multiple sclerosis. 
CP also has been associated with Guillain-Barré syndrome and 
endocarditis. Infections caused by CP can result occasionally in 
shock and multiorgan dysfunction syndrome and have been 
associated with acute pulmonary exacerbation in some patients 
with CF. CP has been isolated from immunosuppressed patients, 
such as those with acquired immunodeficiency syndrome 
(AIDS); however, its role as an opportunistic pathogen is un
clear. Thus, infections attributed to or associated with CP have a 
substantial impact on the public health in the United States and 
worldwide. Although conventional antibiotic therapy has been 
shown to be effective against CP, recurrent infections have been 
shown to occur following treatment. Consequently, alternative 
strategies such as vaccine development should be considered. 

As a group, Chlamydia cause important infections in animals 
and humans. Chlamydia are distinguished from other bacteria by 

having a unique life cycle with an orderly alternation of dimor
phic forms that are functionally and morphologically distinct. 
The infectious form, known as the elementary body (EB), is 
specialized for invasion into susceptible host cells. Following 
endocytosis, the EB differentiates into a larger form called the 
reticulate body (RB). Once inside the cells, the organism resides 
inside membrane-bound vesicles and can modify the inclusion 
membrane, resulting in evasion of lysosomal fusion and immune 
detection. Chlamydia grow only intracellularly and require and 
use substrate and energy pools of the host cells for growth, and 
as such have been termed energy parasites. A special property 
of Chlamydia is their ability to persist in cells, and this property 
may result in latent or chronic infections. The chronic state may 
be related to the ability of the organisms to develop into mor
phologically aberrant forms that do not divide or differentiate 
into EBs; this state may favor the development of immune-medi
ated diseases and the avoidance of host defense strategies. 
Studies show that these aberrant forms can be induced experi
mentally by the administration of cytokines, such as interferon 
gamma, and are characterized by the absence of typical inclu
sions, low-grade infectivity, and altered expression of key mem
brane surface proteins. There is a lack of understanding about 
the mechanisms by which Chlamydia cause disease, and very 
little information is available on factors associated with viru
lence. The organisms possess two major surface proteins: Outer 
membrane protein (OMP) 1 and LPS. Chlamydial LPS has a low 
endotoxic activity when compared to the LPS of enterobacteria; 
however, the role of LPS or the OMPs in pathogenesis has not 
been defined. Studies indicate that the aberrant form has an 
altered expression of the OMP. Chlamydia do not have a pepti
doglycan layer, but do have penicillin-binding proteins on their 
cell walls. In addition, they express a number of heat shock 
proteins (HSPs). 

Certain characteristics, such as DNA homology, distinguish CP 
from two other closely related organisms, Chlamydia 
trachomatis and Chlamydia psittaci. Thus far, CP has been 
found to have one immunotype, TWAR (derived from the first 
two strains, TW-183 and AR-39). However, more recent studies 
indicate that CP strains are antigenically different from each 
other, suggesting that more than one serovar of CP exist. The 
organism forms dense round inclusions in tissue culture cells 
that are more similar to C. psittaci than to C. trachomatis. In 
addition, CP has a characteristic pear-shaped EB that is sur
rounded by a periplasmic space. Ultrastructural studies of the 
entry of CP organisms into HeLa cells show that the mode of 
attachment and endocytosis of CP are different from those of C. 
trachomatis and C. psittaci. 

Current Status of Research and Development 
Very little research has been done on the development of vac
cines against diseases caused by CP. At present, most studies 
are focused on methods of diagnosis, the immunobiology of CP, 
and the response of the host to infections caused by CP. Recent 
advances in isolation techniques have improved tremendously 
the capacity to detect the organism in clinical specimens. Mono-
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clonal antibodies specific for CP are now commercially available 
for culture confirmation, and several CP-specific primers have 
been used in polymerase chain reaction (PCR) detection of or
ganisms. However, efforts are being made to develop a more 
sensitive multiplex PCR system. 

Several studies have been conducted over the years to examine 
the mechanisms involved in abnormal immune reactions associ
ated with CP. For example, genes encoding HSPs associated with 
immunopathology and those associated with protective re
sponses have been identified in CP. Among these, HSP60, recog
nized by using sera from individuals infected with CP, is ex-
pressed at high levels during periods of stress and is particularly 
high in the aberrant form of the organisms; for example, high 
levels are expressed during chronic, persistent chlamydial infec
tions. In a study designed to examine the significance of HSPs in 
the development of atherosclerosis, it was shown that chlamy
dial HSP60 can induce a variety of proinflammatory cytokines as 
well as increase the expression of cellular adhesion molecules on 
immune and vascular cells. In addition, at the molecular level, 
HSP60 induced the activation of nuclear factor kappa B (NFkB), 
which may contribute to the gene expression of these molecules. 
In another study, it was shown that a peptide from heart muscle 
that has homology with CP OMP can induce an autoimmune 
inflammatory heart disease, suggesting that CP may be linked to 
heart disease by antigenic mimicry of heart muscle protein. 

There is a tremendous gap in understanding the host immune 
responses to infections caused by CP. Cell-mediated immune 
responses can be demonstrated in individuals infected with CP 
by blast transformation assays using peripheral blood mono-
nuclear cells and have been demonstrated in experimental stud
ies using CP EB antigens. CP infections also induce serum IgM, 
IgA, and IgG antibody responses. However, the role of cell-
mediated or humoral immunity in recovery from infections 
caused by CP remains to be determined. Studies indicate that 
immunity to CP may be dependent on the expression of inter
feron gamma, a characteristic product of T helper 1 (Th1) T cells. 
Recently, a number of species-specific, potentially immunogenic 
antigens have been characterized. Two of these, an OMP2 and a 
HSP, have epitope configurations consistent with the capacity 
to induce a T-cell proliferative response. 

Considerable research has been directed at understanding the 
association of CP with coronary heart disease. Indeed, morpho
logical as well as microbiological evidence indicating the pres
ence of CP in atheromatous plaques has been obtained using 
electron microscope studies, immunocytochemical staining, and 
PCR testing of coronary, carotid, and aortic atheroma. In most 
studies, it is clear that the organisms are more commonly found 
in diseased than in normal tissue. However, the role of CP infec
tion in the progression to atherosclerosis is unclear. Other stud
ies have focused on elucidating the mechanisms of pathogen
esis. The results of these studies suggest that the initial events 
may be the colonization of CP in alveolar macrophages. Indeed, 

macrophages or monocytes are likely to play a key role in the 
infection, serving as a vehicle for dissemination and responsible 
for the inflammatory response to infection through the elabora
tion of a variety of inflammatory mediators. Studies show that 
CP can grow in blood monocytes, monocyte cell lines, and a 
variety of vascular cells. CP also can induce the expression of 
cytokines, including tumor necrosis factor-alpha (TNF-a), 
interleukin (IL)-6, IL-1 beta, and interferon gamma, as well as 
increase the expression of cellular adhesion molecules. In addi
tion to the release of cytokines from macrophages, activated T 
cells produce cytokines that cause infiltration of monocytes and 
lymphocytes from the blood. However, it is not clear how these 
events lead to the development of atherosclerosis. 

It is still not clear whether CP actually causes atherosclerosis or 
is merely a bystander in the process. Studies in animals show 
that CP is capable of initiating and accelerating the development 
of atherosclerosis. For example, a combination of CP infection 
and small amounts of cholesterol supplementation enhanced the 
development of atherosclerosis in rabbits; however, antibiotic 
treatment of rabbits significantly reduced the development of 
atherosclerotic lesions. Three prospective human studies, con
ducted to examine whether cardiovascular diseases are amenable 
to antibiotic treatment, have now been reported. These studies 
indicate that cardiovascular events are reduced following treat
ment. However, in light of other studies showing conflicting 
results, the future of antibiotic therapy is uncertain. Several 
other treatment trials are underway. 

There are currently no licensed vaccines for CP. Recent ad
vances in immunological techniques and molecular genetics now 
make the development of such a vaccine feasible. Little is known 
about the microbial components of CP that may serve as vaccine 
targets. Studies show that the major outer membrane protein 
(MOMP) of C. trachomatis induces the activation of T cells that 
are protective against C. trachomatis infections. There have 
been conflicting reports, on the other hand, regarding the immu
nogenicity of the MOMP of CP. Some studies indicate that this 
antigen is poorly immunogenic, whereas other studies show a 
moderate to high level of immunogenicity. Clearly, this area of 
research needs to be investigated further using purified CP 
MOMP. Recently, two novel genes encoding CP OMPs have 
been identified and found to be immunogenic in mice. A major 
impediment in the development and application of a vaccine 
against CP is poor understanding of the host defense mecha
nisms against this organism. Animal experiments show that a 
Th1-type immune response to infection promotes protection, 
whereas animals that are susceptible to infection manifest a Th2-
type immune response. 

There are three experimental animals available for CP infections: 
Mouse, rabbit, and monkey. Mice have been shown to be the 
most susceptible to intravenous, subcutaneous, or intracerebral 
infection. These experimental animal models can be used to 
examine potential vaccine candidates. For example, although CP 
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is primarily a respiratory pathogen, it is conceivable that vaccine 
administration may prevent systemic spread to other organs. In 
an effort to understand latent infection caused by CP, it has 
been reported that CP lung infection in mice can be reactivated 
by treatment with cortisone; however, the underlying mecha
nisms remain to be clarified. 

Recent Accomplishments and Developments 
Although CP is a well-known causative agent of respiratory 
infections, it also has been associated with cardiovascular and 
neurologic disease (including multiple sclerosis, stroke, and 
Alzheimer’s disease). There is now considerable interest in un
derstanding the mechanisms involved in the process of athero
genesis; there are studies in progress to determine how CP 
organisms colonize and destroy the walls of blood vessels. The 
earliest lesions seen consist of foam cells (mainly lipid-laden 
macrophages) and T lymphocytes intermixed with smooth 
muscle cells. Previous studies using electron microscopy have 
identified CP within foam cells. In a recent study, it was shown 
that CP LPS, a major bacterial cell wall component, could induce 
foam cell formation, suggesting that CP contributes directly to 
atherogenesis. In another recent study, it was observed that 
chlamydial HSP60 induced cellular oxidation of low-density 
lipoprotein; this finding offers a mechanism whereby CP may 
promote the development of atherosclerosis. In addition, a num
ber of treatment trials are ongoing based on the concept that the 
administration of antimicrobial agents may decrease the risk of 
cardiovascular disease. 

Future Steps and Challenges 
Efforts should be made to obtain more accurate and more rapid 
diagnostic methods to ensure timely detection of CP. Studies 
should be done with more sensitive assays to obtain a better 
understanding of the epidemiology of diseases caused by CP. 
Important risk groups should be defined because immunization 
recommendations will depend on who is at risk. Studies should 
be conducted to obtain information on the cell biology and 
molecular genetics of the organism, characterize CP-specific 
proteins, and identify microbial components that may serve as 
vaccine targets. Molecular mechanisms associated with attach
ment and invasion should be defined, and the host defense 
mechanisms, strategies for immune evasion, as well as the un
derlying mechanisms of protection should be elucidated. Major 
efforts should be made to develop vaccines against infections 
caused by CP. It is also necessary to develop appropriate animal 
models that could be useful in investigating chronic or latent CP 
infections. Specifically, basic research studies should be con
ducted to determine which factors contribute to the develop
ment of atherosclerosis, as well as other cardiovascular and 
neurological diseases. Further, experiments should be done to 
evaluate the impact of antibiotic treatment on CP-associated 
coronary heart disease, as well as the impact of such treatment 
on the mortality associated with CP infections. 
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GROUP A STREPTOCOCCI 
Group A streptococci (GAS) cause a broad spectrum of disease 
that ranges from uncomplicated pharyngitis and skin infections 
to life-threatening invasive illness that includes pneumonia, 
bacteremia, necrotizing fasciitis, streptococcal toxic shock syn
drome (STSS), and nonsuppurative sequelae consisting of acute 
rheumatic fever (ARF) and glomerulonephritis. Streptococcal 
pharyngitis has been and continues to be one of the most com
mon childhood illnesses throughout the world. Skin infections 
caused by GAS are a particular problem in tropical and subtropi
cal climates and summer months of temperate or northern cli
mates. Outbreaks of necrotizing fasciitis and STSS with signifi
cant rates of morbidity and mortality among otherwise healthy 
individuals were first reported in the 1980s in the United States, 
Europe, and Japan and have continued into the 21st century. 
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Although the incidence of ARF has varied in the United 
States—decreasing in the 1970s, reappearing in the 1980s, and 
being limited to Utah and occasional outbreaks in the 1990s— 
this disease continues to be a serious public health problem in 
developing countries. Recurrent infections with GAS following 
ARF result in rheumatic fever and rheumatic heart disease (RF/ 
RHD), requiring costly resources for medical and surgical treat
ment. RF/RHD is the major cause of heart disease in children 
around the world. Postinfectious glomerulonephritis is the most 
common form of glomerulonephritis in children, and GAS are the 
most frequent infectious etiology. The frequency and severity of 
poststreptococcal glomerulonephritis seem to be diminishing in 
the United States, and epidemics have been rare since 1965. 
However, sporadic outbreaks of poststreptococcal glomerulone
phritis continue to be reported in developing countries and 
close communities with poor hygiene. The high burden of dis
ease from streptococcal infections emphasizes the need for a 
safe and efficacious vaccine. 

Confirmation of Group A Streptococci 

A GAS vaccine has been a high priority at NIAID (see Appendix 
A, table of priority vaccines from first Jordan Report). The most 
significant obstacle to the development of a GAS vaccine has 
been circumventing an autoimmune response. The basis of this 
concern is the immunological cross-reactivity that has been 
demonstrated between the streptococcal epitopes and host 
tissues, including heart, kidney, articular cartilage, and basal 
ganglia of brain. The role of cross-reactive antibodies in the 
pathogenesis of GAS disease, especially ARF, has not been 
elucidated yet. Because humans are the only host for GAS, the 
development of animal models has been a challenge that has 
hindered progress. Human clinical trials to evaluate GAS vaccine 
candidates were impacted for more than 20 years following the 
report of ARF in volunteers receiving an M protein-based GAS 
vaccine in 1976. During that time, the use of biotechnology and 
advances in streptococcal research resulted in new vaccine 
candidates that are in various stages of development. The most 
significant scientific advance that has allowed progress in vac
cine development was the identification of M protein protective 

epitopes and M protein human tissue cross-reactive epitopes, 
providing a basis for inclusion or exclusion of epitopes to de-
sign safe vaccines. State-of-the-art biotechnology methods were 
used to dissect and manipulate streptococcal DNA and proteins 
for the elucidation and characterization of epitopes and provide 
tools to prepare vaccines for preclinical testing. Twenty years 
ago, efforts related to GAS vaccines were focused on M protein 
serotype specific protection. Recently, vaccine development has 
extended to the evaluation of surface molecules common among 
GAS to design vaccines that would evoke broadly protective 
immune responses after immunization. 

Type-specific sequences of the M protein have been used to 
develop GAS vaccines because immunity to GAS is mediated 
predominantly by opsonic serotype-specific antibodies to the M 
protein. A multivalent approach is necessary because antibodies 
to a specific M protein serotype are only protective for that 
homologous serotype, and there are more than a hundred differ
ent M serotypes. Epidemiologic studies will guide the selection 
of M serotypes to be included in a GAS vaccine. A prototype 
hexavalent GAS vaccine was developed that in preclinical test
ing did not produce human tissue cross-reactive antibodies in 
an animal model. The hexavalent vaccine consists of a recombi
nant protein adjuvanted with alum. It is currently being evalu
ated for safety in an open label, phase I, dose escalation clinical 
trial at the Center for Vaccine Development, a NIAID-supported 
Vaccine and Evaluation Treatment Unit. The vaccine was admin
istered parenterally and was found to be well tolerated in volun
teers in the first and second cohorts; testing in a third cohort 
was initiated in early 2002. A newer formulation consisting of 26 
serotypes, StreptAvaxä, is being evaluated in Canada by ID 
Biomedical Corporation. By selecting the highest frequency of 
serotypes, it is expected that the collection of peptides in this 
formulation should create antibodies to more than 90 percent of 
GAS serotypes currently found in North America. 

Conserved sequences of M protein also have been used for 
developing a GAS vaccine. This approach is based on several 
studies demonstrating that adults have antibodies to peptides in 
the conserved region, a reflection of continuous exposure to 
GAS. Epitopes from the conserved region of the M protein that 
do not cross-react with human tissue have been evaluated for 
use in several vaccine candidates. One strategy uses a live 
vector delivery system, the oral commensal Streptococcus 
gordonii, which has been genetically manipulated to express a 
conserved M protein epitope from Streptococcus pyogenes. The 
vaccine is designed to evoke a GAS-specific mucosal immune 
response following administration via an intranasal/oral route, 
colonization, and expression of the conserved M protein epitope 
on the surface of S. gordonii. Because of the novel delivery 
system, clinical trials to test the reactogenicity, colonization, and 
eradication of the S. gordonii vector were necessary. Phase I 
clinical trials to evaluate safety have been conducted at the 
Center for Vaccine Development. The live S. gordonii vector 
was well tolerated. All volunteers were colonized for at least 1 
day, and the vector was eliminated either spontaneously or with 
antibiotics. 

143




Respiratory Infections 

Several M protein strategies are being used for the development 
of a GAS vaccine designed for the Australian Aboriginal popula
tion. The approaches involve an epitope of the conserved re
gion of the M protein, either alone or in combination with M 
serotype epitopes. Earlier work was focused on identifying a 
minimum, helical, nonhost-cross-reactive epitope from the con-
served region of the M protein. This epitope was placed in a 
non-M protein peptide sequence designed to maintain helical 
folding and antigenicity. Because this conserved region of the 
M protein is identical in only 70 percent of GAS isolates, com
mon M serotypes were identified in communities with endemic 
GAS. Recently, seven serotype peptides were linked to the hy
brid peptide with the conserved epitope to create a 
heteropolymer. This construct demonstrated excellent immuno
genicity and protection in mice. 

Twenty years ago, vaccine efforts were focused on M protein-
based vaccines. Although this work has continued, recent ef
forts have involved other GAS proteins as vaccine candidates. 
Each has been shown to induce nonserotype-specific immunity. 
Animal studies involving these vaccine candidates were de-
scribed in the Jordan Report 2000. A brief summary of promis
ing GAS vaccine candidates under development follows. 

C5a peptidase (SCPA) has an important role in the virulence of 
GAS. Antibodies to SCPA have been detected in adults, but are 
lacking in young children, reflecting exposure to GAS. Vaccine 
efforts are focused on preventing nasopharyngeal colonization, 
thereby reducing the incidence of streptococcal pharyngitis and 
more serious complications. Previous studies with intranasal 
administration of highly pure SCPA demonstrated protection to 
intranasal challenge with heterologous serotypes of GAS. Re-
cent studies demonstrated an immune response in mice follow
ing vaccination with a recombinant truncated form of SCPA that 
was administered with adjuvant (monophosphoryl lipid A 
and alum). 

S. pyogenes exotoxins (SPE) belong to a large family of proteins 
secreted by GAS. SPE A and SPE C are being developed as 
vaccine candidates because of their association with invasive 
GAS diseases, e.g. STSS. Vaccine toxoids have been con
structed for SPE A and SPE C that are nontoxic and protective 
when used as vaccines against experimental STSS in rabbits. 
Although these toxoids are likely to have a significant effect on 
reducing the incidence of STSS and scarlet fever, they may or 
may not have protective effects against other invasive strepto
coccal diseases. SPE B contributes to streptococcal virulence 
and also is being developed as a vaccine candidate. Recent 
studies support the role of SPE B in the production of cutaneous 
and invasive disease. Studies in animals demonstrated that 
antibodies to SPE B enhance survival of mice challenged with 
highly virulent GAS. 

Another streptococcal protein that is being developed as a GAS 
vaccine candidate is fibronectin-binding protein I (SfbI). This is 
a multifunctional protein that mediates bacterial attachment to 

host cells and allows GAS to evade phagocytosis by polymor
phonuclear leukocytes. This protein is highly conserved, lo
cated on the bacterial surface, expressed by a large number of 
clinical isolates from different serotypes, and lacks cross-reactiv
ity with host tissues. Several formulations of SfbI are being 
explored. The intranasal route of administration has been used 
to demonstrate protection against homologous or heterologous 
lethal challenge with GAS. It is currently being used to evaluate 
immune responses after intranasal administration with SfbI de
rivatives. Another approach under investigation is the constitu
tive expression of SfbI and SfbII in an attenuated Salmonella 
typhimurium aroA live oral delivery system. It is interesting to 
note that this system demonstrated protective immunity in stud
ies in the late 1980s when it was used for the expression of 
cloned streptococcal M protein. 

The potential for GAS carbohydrate to protect against GAS 
infections has been under investigation. Most human sera con
tain antibodies to GAS carbohydrate, and acquisition of anti-
bodies appears to be age related. Animal studies using passive 
and active immunization have demonstrated that GAS carbohy
drate antibodies protect against lethal challenge. GAS carbohy
drate antibodies raised in animals were not cross-reactive with 
human tissues. 

NIAID funding has supported research projects related to strep
tococcal pathogenesis and vaccine formulations. Vaccine candi
dates have emerged that are in various stages of development. 
During the past 5 years, clinical trials have been conducted at 
the Center for Vaccine Evaluation to evaluate GAS vaccines and 
vaccine approaches. Research efforts will continue to be sup-
ported with an emphasis on GAS virulence determinants, im
mune response to GAS, and pathogenesis of GAS infections. 
The future is optimistic for the development of safe and effective 
GAS vaccines. 
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GROUP B STREPTOCOCCI 
In the 1970s, Group B streptococci (GBS) emerged as the most 
important infectious cause of neonatal morbidity and mortality 
and pregnancy-related morbidity. Two syndromes in infants had 
been recognized: Early onset disease (primarily sepsis, pneumo
nia, and bacteremia within the first 7 days of life), and late onset 
disease (primarily meningitis between 7 and 90 days of age). GBS 
are vertically transferred from a colonized mother during delivery 
and can cause invasive disease. Neonatal disease prevention 
strategies in the United States have focused on the identifica
tion of vaginal and rectal colonization in pregnant women, and 
the use of antibiotics during labor and delivery in those women 
who are colonized. Although there has been a decrease in the 
incidence of early onset neonatal infections (65 percent) and 
invasive GBS infections in pregnant girls and women (21 per-
cent), the incidence of late onset GBS disease in infants has not 
changed. While this strategy is effective, it is an interim solu
tion. It has not been able to eliminate GBS disease and encour
ages the widespread use of antibiotics, with related concerns 
that include emergence of drug resistance in GBS. Recent data 
indicate that 15 percent of GBS isolates are resistant to 
clindamycin, and 21 percent to erythromycin. 

Active immunization of women during the third trimester of 
pregnancy to induce antibodies and passively protect their 
newborns has great potential for the prevention of maternal and 
infant disease. GBS vaccines produced under a NIAID-sup
ported contract have been found to be safe and induce high 
levels of functional antibodies in women of childbearing age. 
Recently, a phase I clinical trial in healthy, low-risk, third trimes
ter pregnant women was completed. The vaccine was well toler
ated and all deliveries resulted in a normal neonatal outcome. 

The main obstacle in developing a GBS vaccine for neonates 
from invasive GBS disease is a litigation concern related to liabil
ity of vaccine manufacturers. The feasibility of maternal immuni
zation has been demonstrated. Worldwide immunization of preg
nant women for the prevention of infection in the infant is used 
routinely for neonatal tetanus, a major cause of infant mortality. 
However, safety data related to neonatal outcomes other than 
tetanus have not been collected. The risk involved in maternal 
immunization needs to be better defined. The current use of 
inactivated influenza vaccine in pregnant women in the United 
States provides an opportunity to design studies to collect 
safety data to demonstrate the safety of this approach. 

Recent data report an increase in the incidence of invasive GBS 
disease in nonpregnant adults. The majority of these cases 
occur in adults with significant underlying conditions, such as 
diabetes, neurological impairment, breast cancer, and cirrhosis. 
Common clinical manifestations of GBS disease in adults include 
skin and soft tissue infections, bone and joint infections, and 
pneumonia. Meningitis and endocarditis are less common but, 
when present, are associated with serious morbidity and mortal
ity. The case fatality rate is higher in adults than in neonates, 
and adults over the age of 65 are at the highest risk of dying 
from invasive GBS disease. These adults are an at-risk popula
tion that may benefit from a GBS vaccine, but the protective role 
of vaccine-induced antibodies is unknown. A challenge for GBS 
vaccine development is to better understand innate and adap
tive responses of the immune system in relation to GBS patho
genesis in these populations. 

The development of a GBS vaccine has been supported by 
NIAID since 1976. The primary focus of vaccine development 
has been GBS capsular polysaccharides (CPS). GBS serotypes 
are identified on the basis of the CPS structure, and antibodies 
generated against the CPS confer protective serotype-specific 
immunity to GBS infection. The first Jordan Report noted that 
GBS vaccines were being evaluated for antigenicity in human 
clinical trials. Phase I studies were in progress with vaccines that 
consisted of GBS CPS types III, II, and Ia. Although these vac
cines were safe, they were not very immunogenic. Conjugate 
vaccines became the focus of improving immunogenicity, with 
early studies optimizing parameters such as the CPS component, 
GBS and nonproteins as carrier molecules, and amount of cross-
linking of CPS to a protein carrier. NIAID contracts have sup-
ported these vaccine design studies, as well as the production 
of GBS glycoconjugate vaccines for serotypes Ia, Ib, II, III, and 
V. Starting in 1993, phase I and phase II trials have been con
ducted with conjugated GBS vaccines. Approximately 120 volun
teers received uncoupled CPS, and 662 volunteers received CPS-
protein conjugates. A summary follows: 

•	 Conjugated vaccines were compared to unconjugated CPS 
vaccines to evaluate reactogenicity and immunogenicity 
and to determine optimal dose. Each CPS was individually 
conjugated to tetanus toxoid (TT), and a second type V 
conjugate was prepared with the mutant diphtheria toxoid 
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cross-reactive material 197 (CRM197). The vaccines were 
well tolerated and the CPS-TT vaccines were more immuno
genic than uncoupled homologous CPS (CRM conjugate 
was not compared to uncoupled GBS type V CPS). Func
tional antibody of vaccine-induced antibodies was 
demonstrated in an in vitro opsonophagocytosis assay. 

•	 Most clinical trials involved monovalent vaccine prepara
tions, with the exception of a bivalent study in which a GBS 
III-TT and GBS II-TT were administered together. The 
magnitude of the immune response with the bivalent 
vaccine was comparable to that observed in the monova
lent vaccine recipients. 

•	 A single injection of vaccine was administered in the 
clinical trials, with the exception of one study in which 
volunteers received a GBS III-TT booster 21 months after 
the first dose. A booster response was only observed in a 
group that had undetectable GBS III CPS-specific IgG 
before the first dose of GBS III-TT conjugate vaccine. 

•	 The effect of an alum adjuvant on immunogenicity was 
tested. Adsorption of a GBS III-TT to alum did not improve 
the immune response to the type III CPS antigen in a study 
in which unadsorbed and adsorbed GBS III-TT vaccine 
were administered to volunteers. 

•	 A randomized, double-blind, placebo-controlled, phase I 
clinical trial was completed in which a GBS III-TT was 
administered to healthy, low-risk, third trimester pregnant 
women. The vaccine was well tolerated, healthy babies 
were delivered by all vaccine recipients, and vaccine-in
duced type III CPS-specific IgG was shown to be efficiently 
transported to the infant and functionally active through 2 
months of age. These data suggest that a GBS CPS conju
gate vaccine has the potential to prevent early onset and 
late onset infant GBS disease and invasive disease in preg
nant women. 

Although these data demonstrate progress in GBS vaccine 
development, there are several challenges that relate to CPS 
conjugate vaccines. The first involves the multiplicity of sero
types. GBS serotypes Ia, Ib, II, III, and V are the predominant 
serotypes that have been isolated from neonates, young infants, 
pregnant women, and adults with invasive GBS disease in the 
United States. Because antibodies against GBS CPS are serotype 
specific, a multivalent vaccine will need to be developed to 
provide broad protection. Parameters that will need to be opti
mized for a multivalent vaccine include the number and amount 
of the protein carriers in the CPS formulation. The second relates 
to use of a GBS vaccine for maternal immunization, in that a 
correlate of immunity needs to be determined for GBS serotype. 
The success of using antibiotics for prevention of neonatal 
sepsis has reduced the number of cases of GBS neonatal sepsis 
in the United States, resulting in problems for conducting effi
cacy trials of GBS vaccines and presenting the need for anti-
body levels that correlate with protection. Although some data 

are currently available, information for all serotypes causing 
invasive GBS disease is required. 

An alternative strategy for prevention of GBS disease is to de
velop a vaccine based on a GBS surface protein. Some advan
tages of this approach are that these proteins are immunogenic 
and do not need to be conjugated to other molecules. Recombi
nant DNA techniques can be used to produce large amounts of 
antigens for vaccine preparation. For example, investigations 
with a and b subunits of the C protein, Rib protein, type V a-like 
and Rib proteins, and surface immunogenic protein (Sip) have 
demonstrated that these proteins are capable of eliciting anti-
bodies in mice and protect against lethal bacterial challenges. In 
addition to their use as immunogens, surface proteins have been 
used as carriers for CPS antigens. As compared to GBS CPS 
vaccines conjugated with TT, these conjugates have the advan
tage of enhancing the immunogenicity of the polysaccharide 
component of the vaccine and eliciting additional antibodies 
protective against GBS infections. Examples of surface proteins 
that have been conjugated to CPS antigens and are being pur
sued as vaccine candidates include GBS C5a peptidase and a C 
protein. Studies with anti-C5a peptidase antibodies demon
strated opsonic activity, suggesting that inclusion of C5a pepti
dase in a polysaccharide vaccine can produce another level of 
protection that is serotype independent. 

Additional formulations of GBS vaccines is another area of 
active research. A study with a bivalent vaccine composed of 
purified Rib and a proteins mixed with alum demonstrated that 
this approach resulted in an antibody response in mice to the 
two proteins and protected against lethal infection with GBS 
(serotypes Ia, Ib, II, and III). In another study, a GBS CPS type 
III conjugated with recombinant cholera toxin B subunit adminis
tered intranasally improved the mucosal as well as systemic 
immune response to GBS in a mouse model. 

There has been a lot of progress in the development of GBS 
vaccines during the last 20 years. Better CPS-conjugate vaccines 
have emerged and the use of GBS proteins, as immunogens or 
conjugated with CPS, holds great promise. Additional research is 
needed to expand serological findings to define protective levels 
of GBS antibodies and define immune defects in adults that 
result in invasive disease. NIAID has funded basic research and 
clinical trials in the past and will continue to support these ac
tivities using grants, contracts, and a network of resources for 
clinical trials. 
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HAEMOPHILUS INFLUENZAE TYPE B 
The incidence of invasive disease due to Haemophilus 
influenzae type b (Hib) has significantly decreased since the 
conjugate polysaccharide vaccines were introduced. Unfortu

nately, the introduction of each new vaccine has added to the 
overall number of shots that burden children during their first 2 
years of life. Thus, pediatricians and vaccine manufacturers 
have been pursuing the introduction of complex combinations of 
vaccines that include, in one form or another, DTaP, Hib, hepati
tis B virus (HBV), and inactivated poliovirus (IPV). 

The combination of DTaP-Hib was licensed in Germany in 1996. 
A postlicensing trial was designed to determine whether lower 
antibody titers induced by this formulation were clinically sig
nificant. Earlier studies had shown that the Hib mean antibody 
concentration (GMC) is lower for the Hib combination than 
when it is given alone. Even though the GMC achieved with the 
combination is lower, it is still significantly above the theoretical 
level of protection of 0.15 ug/ml. The postlicensing trial included 
evaluation of a number of invasive Hib disease cases as well as 
surveys of microbiology laboratories determining the prevalence 
of Hib isolated from children. 

Following the adoption of the combination vaccine in Germany, 
the number of cases of invasive Hib disease has continued to 
decrease up to the present time. The efficacy of the combination 
vaccine after three doses has been calculated to be 98.8 percent. 
During the study period, there were 91 cases of invasive disease 
due to H. influenzae, of which 41 were serotype b. Compliance 
with the vaccine schedule was only 74 percent, and most cases 
of invasive Hib disease occurred in nonimmunized children. This 
suggests that invasive Hib disease cases are not due to vaccine 
failure, but most likely due to the failure to vaccinate. The data 
also imply that combination vaccines such as DTaP-Hib are 
clinically effective despite inducing an antibody response that is 
lower than the response observed with Hib vaccine alone. 
Therefore, while preserving immunogenicity, administration of 
combination vaccines should increase vaccine uptake by mini
mizing the number of injections given to children. 
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Research in this field continues to define the genetics and func
tion of the human antibody repertoire of the Hib capsular 
polysaccharide (Hib PS). Using the Hib PS as a model, efforts 
have been made to delineate the rules governing the expression 
of antipolysaccharide antibody specificities in humans and 
elucidate the structural determinants of protective immunity to 
this encapsulated bacteria. Studies have demonstrated the im
portance of avidity in determining protective efficacy of antibod
ies to Hib, and recently this observation has been extended to 
the pneumococcal system. Several molecular mechanisms also 
have been identified that can account for variation in anti-PS 
antibody avidity. These mechanisms include differential variable 
(V) region gene utilization, subtle alterations in V region se
quence acquired during the process of antibody gene assembly, 
and extent of somatic hypermutation. Molecular analysis of the 
infant Hib PS repertoire has shown that infant antibodies con
tain amino acid polymorphisms not previously observed in adult 
antibodies. This structural variation among infant antibodies 
provides a molecular explanation for the differential functional 
efficacy of antibodies elicited in infants by Hib PS protein conju
gate vaccines. Researchers have shown that closely related 
germline V gene homologs are not equivalent in their potential to 
form high affinity anti-Hib PS antibodies; therefore, inherited 
differences in the V repertoire can affect, in principle, the ability 
to generate protective polysaccharide immunity. Recent efforts 
involve studying the development of the Hib PS antibody reper
toire from fetal life to old age. The results indicate that certain V 
region genes encoding Hib PS antibodies are assembled as early 
as the beginning of the second trimester. This pattern of V gene 
usage in the Hib PS repertoire is maintained throughout adult life 
and into advanced age. Additional studies have examined the 
extent of somatic hypermutation in the Hib PS antibody reper
toires. The majority of infant Hib PS antibodies utilizing the 
recently recognized heavy and light chain genes associated with 
the Hib serum antibody repertoire show no evidence of somatic 
mutation, i.e., they are in the germline configuration. In contrast, 
the canonical H and L chains in elderly subjects appear to have 
acquired a significant mutational load. This finding suggests 
that the generation of immunological memory to Hib PS is ac
companied by hypermutation. The impact this mutation has on 
antibody function is not yet known, but based on previous 
serological studies, it has been predicted that this mutation does 
not adversely affect antibody protective efficacy. This knowl
edge will help in understanding the cellular and molecular bases 
of protective immunity and may allow for the design of more 
effective vaccines against encapsulated bacterial pathogens. 

Sources 
Lucas, A. H., & Granoff, D. M. (2001). Imperfect memory and the 
development of Haemophilus influenzae type b disease. Pediat
ric Infectious Disease Journal, 20, 235-39. 

Lucas, A. H., Granoff, D. M., Mandrell, R. E., Connolly, C. C., 
Shan, A. S., & Powers, D. C. (1997). Oligoclonality of serum 
immunoglobulin G antibody responses to Streptococcus 

pneumoniae capsular polysaccharide serotypes 6B, 14 and 23F. 
Infection and Immunity, 65, 5103-5109. 

Lucas, A. H., Moulton, K. D., & Reason, D. C. (1998). Role of kII-
A2 L chain CDR-3 junctional residues in human antibody bind
ing to the Haemophilus influenzae type b polysaccharide. Jour
nal of Immunology, 161, 3776-3780. 

Lucas, A. H., & Reason, D. C. (1998). Aging and the immune 
response to the Haemophilus influenzae type b capsular 
polysaccharide: Retention of the dominant idiotype and anti-
body function in elderly individuals. Infection and Immunity, 66, 
1752-1754. 

Lucas, A. H., & Reason D. C. (1999). Polysaccharide vaccines as 
probes of antibody repertoires in man. Immunological Reviews, 
171, 89-104. 

Reason, D. C., Wagner, T. C., Tang, V. R., Moulton, K. D., & 
Lucas, A. H. (1998). Polysaccharide binding potential of the 
human A2/A18 kappa light chain homologues. Infection and 
Immunity, 67, 994-997. 

Usinger, W. R., & Lucas, A. H. (1999). Avidity as a determinant of 
the protective efficacy of human antibodies to pneumococcal 
capsular polysaccharides. Infection and Immunity, 67, 2366-
2370. 

NONTYPEABLE HAEMOPHILUS INFLUENZAE 
Nontypeable H. influenzae is a bacterium that frequently causes 
recurrent infections of the respiratory tract in humans, and 
whose environmental reservoir is the nasopharynx. From this 
point of origin, pathogenic varieties of this organism can make 
their way to the lungs, middle ear, bloodstream, and tissues 
surrounding the central nervous system causing such diseases 
as pneumonia, otitis media, and meningitis. If identified in a 
timely fashion, infection by this organism may be treated with 
antibiotic therapy. In addition, vaccines are available as a safe-
guard against Hib, one of the most prevalent pathogenic sub-
types of H. influenzae. 

Although the introduction of Hib conjugated polysaccharide 
vaccines significantly decreased the prevalence of invasive Hib 
disease, pediatric infections due to nontypeable H. influenzae 
are still highly prevalent. The organism is an important human 
pathogen in several settings and is most often associated with 
otitis media, sinusitis, and bronchitis. Nontypeable H. influenzae 
is consistently a major cause of otitis media in infants and chil
dren and is responsible for approximately one-quarter to one-
third of all episodes. This amounts to approximately 5 million 
episodes of acute otitis media annually in the United States. 
Otitis media represents an enormous national health problem 
from the standpoints of human suffering and cost. This is most 
evident in the tremendous morbidity associated with hearing 
loss and delays in speech and language development in chil-
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dren. Approximately 80 percent of children will have had at least 
one episode of otitis media by the age of 3. Otitis media is the 
most common reason for visits to pediatricians, and the annual 
cost of medical care for this disease nationally is estimated to be 
$2 to $5 billion. Serologic studies and studies of the effect of 
antibiotics indicate that nontypeable H. influenzae also is an 
important cause of LRIs in patients (adults) with COPD. COPD is 
the fourth leading cause of death in the United States and in the 
world, with infections being the major contributing factor. Re-
cent studies have implicated H. influenzae as a common cause 
of bacterial pneumonia in patients with AIDS. Carefully per-
formed studies in Papua New Guinea, Hong Kong, Pakistan, and 
Gambia have demonstrated the importance of nontypeable H. 
influenzae as a common cause of LRIs in children, accounting 
for a significant fraction of the more than 5 million deaths in this 
population annually. Neonatal sepsis caused by nontypeable H. 
influenzae has been recognized with increasing frequency dur
ing the past decade. The infection is associated with a 50 per-
cent mortality overall and a 90 percent mortality among prema
ture infants. Little is known about the pathogenesis of this infec
tion. Based on this huge amount of morbidity and mortality 
associated with nontypeable H. influenzae, children and adults 
would benefit greatly from a vaccine to prevent infections due to 
this organism. 

All strains of H. influenzae have in common the fact that they 
require the iron-containing compound known as heme for 
growth. H. influenzae cannot make its own heme, so it has to 
acquire heme from its human host to grow in the body and cause 
an infection. The human body contains large amounts of heme, 
but all of this heme is bound to the hemoglobin protein in red 
blood cells or bound to other proteins. To grow and cause an 
infection in the body, H. influenzae has evolved specific mecha
nisms that allow this bacterial pathogen to steal heme from these 
human proteins and use it for its own purposes. 

The inhibition of the ability of H. influenzae to steal heme from 
its human host may kill H. influenzae or otherwise prevent it 
from growing in the human body and causing disease. Testing 
of the ability of heme proteins to induce the synthesis of anti-
bodies protective against nontypeable H. influenzae in an ani
mal model is in progress. 

A major problem among children is the reoccurrence of middle 
ear infections by what appears to be the same H. influenzae 
organisms. It is, therefore, the most common cause of recurrent 
otitis media and is implicated in a substantial proportion of otitis 
media with effusion. NIAID-supported research has revealed the 
mechanism of recurrent infections in this setting. Studies of the 
OMPs have revealed that the surface characteristics of the bac
terium allow for these recurrent infections. When a child gets an 
episode of otitis media, the immune system makes antibodies to 
one specific region of one specific molecule (loop 5 of the OMP 
P2). This was proven by immunizing animals and rigorously 
studying their immune response. These studies revealed that the 
bacterium induces the host to make an immune response to a 

specific portion of the protein. This portion of the P2 porin pro
tein shows extreme heterogeneity among strains. Therefore, the 
immune response made by the child is effective at clearing the 
bacterium from the middle ear, but is only effective for that par
ticular strain that caused the infection. Consequently, the child 
remains susceptible to other strains of H. influenzae, which have 
different protein sequences in the loop 5 region. This observa
tion has important implications in the design of vaccines to 
prevent nontypeable H. influenzae infections. Additional work 
has identified another molecule (P6) that does not show se
quence differences among strains. This P6 OMP has many 
unique characteristics, suggesting that it will be an effective 
vaccine antigen. Early clinical trials have demonstrated the 
safety and immunogenicity of P6. 

Many investigators have concluded that the successful vaccine 
for nontypeable H. influenzae will most likely include more than 
one antigen. Therefore, several other H. influenzae surface 
proteins also have been identified as strong vaccine candidates. 
A recombinant form of a novel H. influenzae OMP designated 
Hin47 has been clinically developed by Aventis through a tech
nology license agreement with Antex Biologics, Inc. The vac
cine, which relies on an adhesin-receptor technology and is 
combined with an adjuvant, has undergone phase I testing in 
adults to determine its safety and immunogenicity. The ultimate 
intent is to develop an effective vaccine that will prevent otitis 
media and its complications in the pediatric population. 

Another highly conserved protein associated with Hib and 
nontypeable H. influenzae strains is a 42-kDa membrane lipopro
tein referred to as protein D. GlaxoSmithKline has been studying 
this nonacylated form of lipoprotein D as a potential carrier for 
their Hib and pneumococcal conjugate vaccines, as well as a 
vaccine for nonencapsulated strains of H. influenzae. Preclinical 
studies in rats have demonstrated high titers of bactericidal 
antibody against homologous and heterologous H. influenzae 
strains following hyperimmunization. Clinical testing of protein 
D as a carrier has shown the vaccine to be safe and immuno
genic. 

Lipooligosaccharide (LOS) has been shown to be a major sur
face antigen of nontypeable H. influenzae, capable of eliciting 
bactericidal and opsonic antibodies in animals. When prepared 
as a detoxified protein conjugate [i.e., LOS linked to TT or other 
high molecular weight (HMW) H. influenzae proteins], IgG anti-
LOS antibody levels rose significantly in mice and rabbits to the 
homologous LOS following two or three injections administered 
subcutaneously or intramuscularly. These results were en
hanced by the addition of monophosphoryl lipid A plus treha
lose dimycolate. 

Two additional HMW proteins that have been identified are 
referred to as HMW1 and HMW2. Both proteins are encoded by 
genes that are 80 percent identical and found in 70 to 75 percent 
of nontypeable H. influenzae strains. HMW1 and HMW2 also 
are effective adhesions that facilitate the binding of bacteria to 
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the host cell wall. HMW1 is thought to be more important for 
binding than HMW2. The ability of HMW1 and HMW2 to pro
tect against nontypeable H. influenzae infection was tested in 
chinchillas. After administration of the vaccine, the animals’ 
middle ears were inoculated with nontypeable H. influenzae. All 
animals in the placebo group developed otitis media. Although 
only 50 percent of vaccinated chinchillas were fully protected 
against disease, bacterial counts in the middle ear were fiftyfold 
lower in immunized animals. In addition, by using intravenous 
Ig, it has been demonstrated in vitro that human antibodies 
have good activity against this protein. Although 25 percent of 
nontypeable H. influenzae do not express either HMW1 or 
HMW2, they express another critical adhesin called H. 
influenzae adhesin (hia), which is likely to be immunogenic. 
These findings suggest that frequently expressed nontypeable 
H. influenzae adhesins represent potential candidate vaccines. 

Suggested Reading 
Barenkamp, S. J. (2000). Development of a vaccine for non-
typeable Haemophilus influenzae for the prevention of otitis 
media. Abstract 1139 presented at the 40th Interscience Confer
ence on Antimicrobial Agents and Chemotherapy, Toronto, 
Canada, 535. 

Cope, L. D., Hrkal, Z., & Hansen, E. J. (2000). Detection of phase 
variation in expression of proteins involved in hemoglobin and 
hemoglobin:haptoglobin binding by nontypeable Haemophilus 
influenzae. Infection and Immunity, 68, 4092-4101. 

Faden, H. J., et al. (1989). Otitis media in children. The systemic 
immune response to nontypeable Haemophilus influenzae. 
Journal of Infectious Diseases, 160, 999-1004. 

Grass, S., & St. Geme, J. W., III. (2000). Maturation and secretion 
of the non-typeable Haemophilus influenzae HMW1 adhesin: 
Roles of the N-terminal and C-terminal domains. Molecular 
Microbiology, 36, 55-67. 

Klein, J. O. (1994). Otitis media. Clinical Infectious Diseases, 19, 
823-833. 

Maciver, I., et al. (1996). Identification of an outer membrane 
protein involved in the utilization of haemoglobin:haptoglobin 
complexes by nontypeable Haemophilus influenzae. Infection 
and Immunity, 64, 3703-3712. 

Murphy, T. F., & Sethi, S. (1992). Bacterial infection in chronic 
obstructive pulmonary disease. American Review of Respiratory 
Diseases, 146, 1067-1083. 

Ren, Z., Jin, H., Morton, D. J., & Stull, T. L. (1998). HgpB, a gene 
encoding a second Haemophilus influenzae hemoglobin- and 
hemoglobin-haptoglobin-binding protein. Infection and Immu
nity, 66, 4733-4741. 

Yi, K., & Murphy, T. F. (1997). Importance of an immunodominant 
surface-exposed loop on outer membrane protein P2 of 
nontypeable Haemophilus influenzae. Infection and Immunity, 
65, 150-155. 

INFLUENZA 
Among viruses, influenza is notable in its ability to produce

annual epidemics in all age groups worldwide. Recorded as

pneumonia and influenza (P&I) morbidity and mortality, an aver-

age of 20,000 P&I-related deaths occur each year in the United

States, with higher rates occurring during years with more se

vere outbreaks.

Despite prior vacci

nation or infection,

the population’s

susceptibility to

infection is renewed

annually due to the

accumulation of

point mutations in

the two major sur

face glycoproteins

of the virus. Over

time, the accumula

tion of these subtle

mutations results in Influenza vinons


the antigenic drift of the virus, often leaving current influenza

vaccines outdated and unable to provide protection against the

drifted virus. While antigenic drift is the basis for the annual

review and frequent update of the content of influenza vaccines,

a second form of antigenic variation occurs in influenza with

little or no predictability. Due to the segmented nature of the

influenza virus genome, these viruses also can acquire a gene

for an entirely new glycoprotein from an avian or other animal

influenza virus. This sudden emergence of an influenza virus

with a completely new glycoprotein subtype in the human popu

lation is referred to as an antigenic shift, and if the virus also can

spread efficiently from person to person, a worldwide epidemic

known as a pandemic can result. Since 1889, at least five

pandemics have occurred, with the most catastrophic being the

Spanish influenza of 1918, which resulted in more than 20 million

deaths worldwide.


Influenza viruses were first isolated in the early 1930s. The earli

est vaccines against influenza were whole virus vaccines that

were produced by growing the virus in embryonated chicken

eggs and inactivating it with formalin. Starting in the 1940s, the

U.S. military conducted clinical trials in healthy adults and dem

onstrated that the vaccine was 70 to 90 percent effective in

preventing influenza provided there was a good match between

the viruses in the vaccine and those causing the epidemic. In

1945, licenses were issued to several companies in the United

State for the production of influenza vaccines. While contempo

rary inactivated influenza vaccines are still produced in embryo

nated eggs, a series of improvements in manufacturing over the
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years has resulted in a more highly purified split product or 
subunit vaccine that is less reactogenic. Today, inactivated 
influenza vaccines continue to be the primary means of prevent
ing annual influenza disease and influenza-related complications 
in all age groups. Recommendations for the use of influenza 
vaccines in the United States include individuals 50 years of age 
or older and individuals 6 months of age and older with chronic 
underlying disease that places them at increased risk for compli
cations from influenza disease. Over the last 10 years, annual 
influenza vaccination rates in persons 65 years of age or older 
have steadily risen; however, the effectiveness of the current 
vaccine in preventing influenza illness in some elderly popula
tions can be as low as 30 to 40 percent. The goal of the Influenza 
Program at NIAID is to stimulate and support basic and applied 
research that leads to more effective approaches to controlling 
influenza virus infections, with an emphasis on exploring new 
ways of improving the effectiveness of influenza vaccines in 
naive populations and those at high risk, especially the elderly. 

Over the last 25 years, NIAID and/or the private sector sup-
ported a series of clinical studies to assist in the development of 
a live-attenuated influenza vaccine. Live-attenuated influenza 
vaccines may be an attractive alternative to the inactivated 
vaccine because they are thought to stimulate local, humoral, 
and cellular immunity, and are administered intranasally. One 
approach has built on the cold-adapted influenza virus that was 
initially described by Dr. Hunein Maassab in 1967 at the Univer
sity of Michigan. The unique characteristic of these cold-
adapted influenza viruses is their ability to grow at 25°C and 
inability to grow at temperatures greater than 38°C (temperature 
sensitivity). This characteristic allows the virus to undergo 
limited replication in the cooler nasopharynx, but not the warmer 
lower respiratory tract. The first clinical studies with a cold-
adapted, live-attenuated virus vaccine were done in 1976. 
NIAID-supported studies over the next 19 years evaluated 
monovalent, bivalent, and trivalent preparations of the cold-
adapted virus vaccine in more than 8,000 adults and children. 
The results of these studies demonstrated that the live-attenu
ated influenza vaccine was safe, well tolerated, and likely to be at 
least as effective as the inactivated vaccine. 

In 1995, NIAID signed a Cooperative Research and Develop
ment Agreement (CRADA) with Aviron for the continued devel
opment of a trivalent formulation of the live-attenuated influenza 
vaccine delivered with a nasal spray-syringe delivery system 
(FluMist). Over the past 7 years, NIAID and Aviron have 
collaborated on more than nine clinical studies to test the safety, 
immunogenicity, and efficacy of FluMist in various popula
tions. In 1997, the results of a phase III placebo-controlled effi
cacy study conducted by the Division of Microbiology and 
Infectious Diseases’ (DMID’s) Vaccine and Treatment Evalua
tion Units (VTEUs) in more than 1,600 children indicated that 
FluMist influenza vaccine was approximately 93 percent effi
cacious in preventing culture-confirmed cases of influenza. 
During the second year of the trial, the 1997 to 1998 formulation 
of FluMist was 100 percent efficacious against culture-con-

firmed influenza for strains included in the vaccine, and 86 per-
cent efficacious against a mismatched influenza strain. Follow-
on studies were done in 1998 to evaluate the efficacy against 
influenza A/H1N1, and in 1999 to assess the safety of revaccina
tion of prior FluMist recipients. The results of this series of 
studies have shown that live-attenuated FluMist vaccine is 
safe, immunogenic, and efficacious in preventing culture-con-
firmed influenza virus illness. In addition, NIAID’s VTEUs have 
evaluated the safety and immunogenicity of FluMist in high-
risk groups, including human immunodeficiency virus (HIV)
infected adult and pediatric populations. In 1998, the safety and 
immunogenicity of a single dose of FluMist was evaluated in 
57 asymptomatic or mildly symptomatic HIV-infected adults. 
HIV- and non-HIV-infected recipients of FluMist had a higher 
incidence of rhinorrhea on Days 2 and 3 postvaccination com
pared with placebo recipients; however, the rates of other local 
and systemic reactions were similar in HIV-infected and non-
HIV-infected FluMist recipients as well as in FluMist recipi
ents and placebo recipients. A similar study was initiated in 1999 
to evaluate the safety of FluMist in HIV-infected children 1 to 
7 years of age with aysmptomatic or mild HIV disease compared 
to non-HIV-infected children of similar age. Twenty-four HIV-
infected and 25 non-HIV-infected children participated in the 
study. The results of this study indicated that FluMist was 
generally safe and well tolerated by children with asymptomatic 
or mildly symptomatic HIV infection. HIV RNA measurements, 
CD4 counts, and CD4 percentage in the peripheral blood re
mained stable throughout the 5-month study period in HIV-
infected participants, and no evidence of increased shedding of 
the live-attenuated influenza vaccine viruses was detected in 
HIV-infected children in this study compared to the non-HIV
infected children. Aviron submitted a Biologics License Applica
tion for FluMist to the Food and Drug Administration (FDA) 
in 2000. The FDA review of the application is ongoing. 

Although influenza vaccines have been reliably produced in 
embryonated chicken eggs for more than 50 years, new produc
tion technologies that reduce dependence on eggs are being 
increasingly sought. Forging partnerships with industry to 
develop non-egg-based technologies is an important part of 
NIAID’s commitment to influenza vaccine development. In 2000, 
NIAID launched a new initiative to encourage private-sector 
involvement through its Challenge Grant Program. This mile-
stone-driven mechanism is aimed at providing matching funds to 
companies also willing to commit their own dollars and re-
sources. Three awards were made to private-sector companies 
for the development of egg-free influenza vaccine technologies 
and for the production of vaccines against influenza viruses 
with high pandemic potential. Awards were made to Aventis 
Pasteur for the development and testing of a DNA-based tech
nology that will allow the rapid production of influenza vaccine 
candidates; to Aviron for the development of a live-attenuated 
influenza vaccine aimed at protection from possible pandemic 
strains; and to Novavax, Inc., for the production of a vaccine 
made with recombinant influenza proteins. Increasingly, other 
private-sector companies also are reporting progress on the 
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development of novel mammalian cell lines as an alternative to 
egg-grown influenza vaccines. 

The NIAID Influenza Program continues to support independent 
investigators and partnering with the private sector to develop 
and evaluate strategies aimed at improving the effectiveness of 
influenza vaccines. Additional NIAID collaborations on the 
development of new vaccine strategies have included the sup-
port of preclinical and clinical studies on the use of a variety of 
novel adjuvants, alternative delivery systems, and recombinant 
protein vaccines, as well as the evaluation of different doses of 
the inactivated vaccine. 
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MEASLES 
Measles is still endemic in many countries and results in ap
proximately 1 million deaths per year. However, the reported 
incidence of measles in the United States has been less than 1 
case per million for the past few years (1997, 138 cases; 1998, 100 
cases; 1999, 100 cases; 2000, 86 cases). Between 1981 and 1988, 
about 3,000 cases of measles occurred in the United States con
sistently each year. This rate was a reduction of more than 99 
percent from the 400,000 to 700,000 annual cases reported before 
the introduction of a vaccine in 1963. However, in the early 
1990s, a resurgence of measles occurred in the United States. 
From 1989 to 1991, there were 55,165 cases with 123 deaths re-
ported. The major cause of the reemergence of measles in the 
United States was the failure to vaccinate children at the appro
priate age rather than failure of vaccine efficacy. The United 
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States undertook a major effort to increase vaccine coverage, 
and in 2000, a total of 86 confirmed measles cases were reported, 
representing a record low number of measles cases. Of the 86 
cases, 30 percent were imported, and 18 of the indigenous cases 
were linked to imported cases. In the past few years, there have 
been periods when there were no reports of indigenous cases, 
and transmission of the virus appears to have been interrupted. 

Worldwide, measles reporting is incomplete, but the annual 
disease burden recently was estimated at 36.5 million measles 
cases and 1 million deaths. Measles remains a major health prob
lem, accounting for 10 percent of global mortality from all causes 
among children younger than 5 years of age. There is substan
tial underreporting of measles cases, but the number of cases 
officially reported to WHO dropped from 1,330,589 in 1990 to 
817,161 in 2000. The majority of these cases (520,120) were in the 
African region. Of the remaining cases, the European region 
accounted for 21,104; the Western Pacific region for 176,494; the 
Southeast Asia region for 61,975; the Eastern Mediterranean 
region for 34,971; and the American region for 2,515. 

Measles vaccine coverage worldwide has gone from 12 percent 
in 1980 to 80 percent in 2000. The success of the polio eradica
tion campaign and the success in reducing measles in the Ameri
cas have led to a global call for increased efforts to control 
measles worldwide. To accomplish this, measles control has 
incorporated lessons learned from the polio eradication cam
paign. For measles, this approach has been termed the “keep-up, 
catch-up, follow-up” program, and it has been extremely suc
cessful in many countries, particularly in South America. How-
ever, some countries have used other control strategies, and the 
U.S. experience with a two-dose immunization schedule demon
strates that maintenance of high levels of routine immunization 
also can lead to successful interruption of virus transmission. 

Unfortunately, two recent experiences with measles have illus
trated that many challenges remain for measles elimination pro-
grams. In 1997, despite a well-coordinated measles control pro-
gram, measles reemerged in Brazil. By the middle of the year, the 
state of Sao Paulo reported more than 400 cases, after having 
virtually eliminated measles for the previous 6 years. In 1997 in 
Canada, despite a successful change from a one-dose to two-
dose schedule and extensive catch-up campaigns, measles re-
emerged. An epidemic started after importation of measles into a 
university setting and spread within British Columbia and later 
to Alberta. These epidemics are being studied to understand 
their cause and to fine tune measles control strategies. 

As a public health tool, the current vaccine has some deficien
cies. It has a primary vaccine failure rate of about 5 percent; 
thus, susceptible individuals accumulate in the population. This 
failure rate is higher if the current vaccine is given to children 
younger than 12 months of age, when maternal antibody inter
feres with vaccine efficacy. In developing countries, where 
measles continues to claim more than 1 million lives each year, 
infants are at greatest risk for serious disease and complications 

during the interval between loss of maternal antibody and re
ceipt of vaccine, at 9 to 12 months of age. Because currently 
licensed vaccines have lower than desired efficacy in very 
young infants, research has been directed toward developing an 
effective vaccine that can be safely administered earlier in in-
fancy. In addition, there is a potential need for an improved 
measles vaccine for future immunization schedules that will 
evolve to emphasize administration of vaccines at earlier ages in 
infancy and will make use of multiple combinations of vaccines. 

To develop improved measles vaccines, research had concen
trated on the selection of more potent measles vaccine strains or 
the development of high-titer vaccine formulations that might 
effectively immunize a higher percentage of vaccinees and might 
be given to infants at 6 months of age or younger. However, 
studies in some parts of the world had shown that high-titer 
vaccines might be associated with an increase in childhood 
mortality during a period of up to 2 years following immunization 
at 6 months of age. Although the reasons for this are not known, 
it was suggested that the immunosuppression that results from 
natural measles might occur with high-titer vaccines as well. 
Consequently, in 1992, WHO recommended that high-titer 
measles vaccines not be used. 

Unfortunately, measles is a difficult virus to study because there 
are no satisfactory animal models. Within the past few years, 
basic and applied measles vaccine studies have been acceler
ated by complementary WHO and National Institutes of Health 
(NIH) funding for the development of a reliable measles monkey 
model. Considerable progress also has been made in applying 
basic molecular virology approaches to define the genetic, mo
lecular, and antigenic characteristics of measles. After elucida
tion of the molecular structure of this virus, the major focus of 
research has been to express antigens (particularly antigenic 
sites on H, F, M, and N proteins) in a form suitable for use as a 
vaccine. A request for applications issued by NIAID in late 1992 
stimulated measles research and resulted in the development of 
a number of new potential measles vaccine candidates, including 
immunostimulatory complexes (ISCOMs), nucleic acid vaccines, 
pox-vectored vaccines, viral subunit immunogens, and Bacillus 
de Calmette-Guerin (BCG)-vectored vaccines. In addition, this 
research program helped advance the development of the new 
primate model systems. These systems have been used to di
rectly compare the immunogenicity of new potential vaccine 
candidates in nonimmune monkeys and in monkeys passively 
given measles antibody to mimic maternal antibody. Although 
data in primates are incomplete, it currently appears that 
ISCOMs, poxvirus vectored vaccines, and the nucleic acid vac
cine have the greatest potential for inducing a protective im
mune response in the presence of maternal antibodies. 

Primates also have been given standard vaccine, high-titer vac
cine, and older killed vaccine (frozen old stocks and recreated 
1960s-era products) in an attempt to use modern immunological 
tools to determine what caused the vaccine-related sequelae 
with inactivated vaccine in the 1960s and with live high-titer 
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vaccine in the 1990s. It now appears that older killed vaccines 
induced an unbalanced immunological response that did not 
protect against wild-type measles. 
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MUMPS 
Mumps vaccine was licensed in the United States in 1967. Since 
that time, the number of cases has dropped more than 99 percent 
to 338 in 2000. This drastic drop in cases occurred because of an 
increasingly inclusive vaccination policy at the State and Fed
eral levels. The recent introduction of a second measles immuni
zation using measles-mumps-rubella (MMR) vaccine has accel
erated the reduction of mumps cases. 

In contrast to the elimination of polio and measles, elimination of 
mumps has not been an important global health goal. However, a 
recent study indicates that elimination of mumps might not only 
eliminate the acute mumps illness, but might also eradicate en
docardial fibroelastosis. The study screened for the presence of 
genome material of various viruses in autopsy tissue from 29 
pediatric patients with endocardial fibroelastosis. This study 
included tissue samples from 1955 to 1992, and more than 70 
percent of the heart tissue contained genetic material from the 
mumps virus. Only 1 of 65 matched controls contained any viral 
material, and that was from an enterovirus. Endocardial 
fibroelastosis was once relatively common, occurring in 1 of 
5,000 births, but the cases have declined sharply. Interestingly, 
almost all the tissue samples before 1980 contained mumps viral 
material, whereas none after 1980 did. 
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RUBELLA 
Worldwide, rubella remains a common benign febrile disease of 
childhood. The most serious effects of rubella—spontaneous 
abortions, miscarriages, stillbirths, and congenital rubella syn
drome (CRS)—follow infection during early pregnancy. The 
currently licensed vaccine is highly effective, and its combined 
use with measles and mumps vaccines in childhood immuniza
tion programs has drastically reduced the number of cases of 
rubella in the United States. From 1969 to 1989, the number of 
cases of rubella reported annually dropped 99.6 percent. Al
though there was a slight reemergence of rubella cases between 
1989 and 1992, from 1992 to 2000, an average of only 100 to 200 
rubella cases occurred annually. Most recently, rubella has oc
curred in adults born in countries without rubella immunization 
programs. It is estimated that the average cost of a single case of 
CRS is more than $500,000. Sixty-seven cases of CRS were re-
ported in the United States in 1970, the year the vaccine was 
licensed, and except for the reemergence of CRS in the early 
1990s (33 cases in 1991), CRS cases have steadily declined, with 
only 9 cases reported in 2000. 

It can be generally concluded that in the developing world, 
natural rubella infection occurs early in life and almost univer
sally. In such a situation, unless the epidemiology of rubella 
changes, there is no pressing need to immunize against rubella. 
However, recently it came to the attention of WHO officials that 
many countries, on their own, have purchased MMR for their 
measles campaigns, and thus have already started to alter the 
natural circulation of rubella. Once this interference has occurred 
and “natural immunization” with rubella is not universal, rubella 
immunization programs must be continued aggressively. Conse
quently, rubella control and eradication have again been cata
pulted into the public health spotlight. 

The epidemiology of rubella in the United States has changed 
from the 1980s in that since 1994, 84 percent of the cases occur 
in patients older than 15. Apparently, most cases occur among 
unvaccinated adults born in countries without immunization 
programs. Ninety-three percent of cases were indigenous to the 
United States; many imported cases came from countries that do 
not routinely provide rubella immunization (e.g., Mexico). From 
1991 to 2000, the percentage of cases among Hispanics in-
creased from 19 percent to 78 percent. Therefore, immunization 
programs now focus more efforts on adolescents and adults and 
on selected ethnic groups that have lower rates of immunization 
and have close contact with people coming from countries with-
out comprehensive rubella immunization programs. Attempts to 
eliminate rubella from the United States would clearly benefit 
from improved global immunization programs. 

Although the total number of cases of rubella is low and the 
number of cases of CRS is limited, the recent reemergence of 
natural rubella led to a campaign to increase vaccination cover-
age in all age groups in the United States. Consequently, many 
adult women were immunized against rubella, and a 

longstanding concern was again raised about possible vaccine-
associated arthritic complications in these women. Early reports 
of naturally occurring rubella epidemics noted an increased 
incidence of arthropathy, predominantly in adult women. Like 
natural rubella, there are reports that the rubella vaccine causes 
transient joint symptoms in a significant proportion of women 
vaccinees. Joint complaints have been reported in up to 25 per-
cent of previously seronegative vaccinees; these symptoms may 
last from 1 day to 3 weeks after immunization. Investigators in 
Canada had reported preliminary data indicating that a small 
percentage of adult female vaccinees develop a more severe and 
persistent arthropathy. One suggestion was that these complica
tions might increase with the age of the vaccinee or the presence 
of low or incomplete rubella immunity. The causal relationship of 
rubella vaccination to the acute type of arthritis was highlighted 
in a recent Institute of Medicine report on vaccine safety, but its 
relationship to chronic arthritis remains unclear. Two large stud
ies of immunized populations suggested that long-term arthritic 
complications are not commonly associated with rubella immuni
zation. More basic research studies have shown that for rubella 
virus to replicate, it must bind to host cellular proteins. These 
cellular proteins are under investigation as to their potential role 
as autoantigens and their potential contribution to arthropathy. 

Basic research on rubella is now proceeding at a reduced level of 
funding, and NIAID currently supports only one project dealing 
with rubella. This research is focused on identifying and charac
terizing virus gene products required for generating long-lasting 
immunity, as well as those associated with the expression of 
adverse effects. 
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MENINGOCOCCAL DISEASE 

Introduction 
Neisseria meningitidis (NM) is the leading cause of bacterial 
meningitis and continues to be a major public health problem, 
not only in the United States, but also worldwide. The organism 
also causes pneumonia (frequently caused by serogroup Y), 
conjunctivitis, sinusitis, and myocarditis. Although the disease 
has a more severe impact on children and young adults, all age 
groups are susceptible to infection. In the United States, there 
are an estimated 3,000 cases per year involving meningococcal 
serogroups B, C, and recently Y. However, in other parts of the 
world, the number of cases is much higher. For example, in sub-
Saharan Africa during the 1996 epidemics caused by serogroup 
A, more than 200,000 cases were reported, with 20,000 deaths; 
the role of malnutrition as a contributory factor has never been 
addressed adequately. The case fatality for meningococcal dis
ease in the United States remains high, approximately 12 percent, 
but is higher for individuals less than 1 year old or greater than 
65 years old, and for individuals in sub-Saharan Africa. Signifi
cant proportions of the children who survive infections caused 
by NM have permanent side effects, such as deafness. A signifi
cant change in the burden of disease within the past 20 years is 
the increased incidence among individuals 15 to 24 years of age, 
particularly among college freshmen living in dormitories. As 

such, the Advisory Committee on Immunization Practices has 
recommended that healthcare providers and college staff advise 
students about the availability and benefits of the licensed 
vaccine. The emergence of new strains of meningococci and 
penicillin-resistant meningococci in the United States has further 
complicated the picture and caused serious public health con
cerns. 

A major gap in understanding the pathogenesis of meningococ
cal disease is the relationship between carriage of meningococci 
and invasive meningococcal disease. Most meningococci pos
sess a polysaccharide capsule, which forms the basis of classifi
cation into serogroups. The presence of the capsule helps the 
organisms resist phagocytosis. Studies show that the capsule 
not only alters the adherence of the organisms to leukocytes, 
but also alters the interaction with lysosomes within the cells. 
An additional, recently discovered virulence mechanism is the 
ability of meningococci to escape protective immunity by 
switching capsules via genetic transformation. The organisms 
also carry pili that facilitate adherence to host cells and possess 
a large number of OMPs, including Opc and Opa, which appear 
to mediate invasion of epithelial cells. Further, some of these 
proteins (e.g., the pili and Opas) show considerable antigenic 
variation. This phenomenon of antigen variation poses a chal
lenge for the immune system and for vaccine development. The 
organisms are also capable of secreting proteins (e.g., FrpA and 
FrpC) with potential toxicity and IgA protease, which can cleave 
human IgA; however, the role of these molecules in pathogen
esis is still not clear. Another important virulence factor is endot
oxin. Unlike the endotoxin of enterobacteria, this molecule con
tains short sugar chains and hence is termed LOS. Studies indi
cate that LOS is important for colonization in the nasopharynx. 
Additionally, the release of meningococcal LOS contributes to 
the hypotension and shock associated with fulminant meningo
coccemia. Also, LOS and other meningococcal components can 
induce a variety of cytokines and other mediators of the immune 
response that have a significant impact on the course of the 
infection. 

Research Accomplishments 
In the past two decades, several studies have been conducted 
to examine the immunopathogenesis of host and pathogen inter-
actions and how such information could be used in the develop
ment of vaccines. For example, although meningococci are car
ried asymptomatically in the nasopharynx of 5 to 10 percent of 
normal individuals during nonendemic periods, it is still not clear 
why some individuals become susceptible to invasive meningo
coccal disease. It is known that individuals with complement 
deficiencies, who are malnourished or immunosuppressed, or 
who are asplenic patients, are particularly at high risk. The re
sults of a study designed to address the issue of genetic predis
position to meningococcal disease suggest that there is a ge
netic inheritance pattern among families with respect to the 
amount of cytokines produced. These results also suggest that 
the type of cytokines produced may be associated with the risk 
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of fatal disease. Other studies have demonstrated the presence 
of decreased plasma levels of coagulation factors and increased 
expression of cellular adhesion molecules in meningococcal 
patients, and that IL-12, TNF, and interferon gamma may contrib
ute to natural immunity. The results of another study aimed at 
understanding the mechanisms of genetic susceptibility suggest 
that genetic variants of the mannose-binding lectin (MBL), a 
plasma protein involved in complement activation, may also be 
associated with susceptibility to the disease. Further, a recent 
study in children with severe meningococcal diseases indicating 
that protein C activation is impaired may explain the lack of 
regulation of intravascular thrombosis. An important recent 
advance was the sequencing of the genome of NM serogroups 
A, B, and C. It is expected that this should provide insights into 
the virulence capacity of the organism, a better understanding of 
phase variation, and an understanding of the mechanism that 
controls the expression of virulence determinants. 

Progress in Vaccine Development 
The currently licensed vaccines based on purified capsular 
polysaccharides from four major serogroups (A, C, W135, and Y) 
are moderately immunogenic, but the immune response, in gen
eral, is of short duration and cannot be boosted upon 
reimmunization. Also, polysaccharide vaccines do not elicit an 
immune response in children less than 2 years of age. Interest
ingly, group A capsular polysaccharide vaccine is moderately 
immunogenic in this age group; the underlying mechanism of 
this unique response is not clear. A current attractive strategy in 
vaccine development is to use polysaccharide-protein conjugate 
vaccines to enhance the immunogenicity of the polysaccharide 
moiety and to induce memory. In one study in the United King
dom, it was observed that meningococcal group C conjugate 
vaccine is immunogenic in infants and also induces a memory 
response. This vaccine has now been recommended for routine 
immunization schedule, and its introduction in the United King
dom in 1999 had a tremendous impact on the incidence of the 
disease. Conjugate vaccine trials are underway in the United 
States, and it is expected that such a vaccine will become avail-
able in 4 years. 

There are no licensed vaccines for group B meningococcal infec
tions in the United States, and the development of vaccines 
against group B strains remains problematic. Unlike the other 
meningococcal capsular polysaccharides, the group B polysac
charide is poorly immunogenic in infants and adults. Further, 
there are important concerns that a polysaccharide vaccine 
might induce immunopathology, such as the formation of cross-
reactive autoantibodies to specific oligosaccharides also found 
on mammalian cells. For example, antigroup B polysaccharide 
antibodies cross-react with the neural cellular adhesion mol
ecule, a membrane glycoprotein involved in cell-cell adhesion. 
Such concerns have prompted the pursuit of alternative strate
gies for group B vaccine development using mainly meningo
coccal OMPs, targeting lactoferrin and transferrin-binding pro
teins, and modifying sugar moieties on the capsular polysaccha
ride. Studies indicate that OMPs can induce protection. For 

instance, it has been shown in an infant rat model that antibod
ies to PorA proteins are protective against meningococcal infec
tions. Protein-based vaccines have been used in clinical trials in 
Cuba, Brazil, Chile, and Norway, with efficacies ranging from 50 
to 80 percent. Unfortunately, these vaccines induced no protec
tion in children, and the immune response was of short duration. 
Efforts to identify a common protective protein antigen for 
serogroup B has thus far been unsuccessful; however, research 
continues using newer approaches to identify and develop 
potential candidates. For example, in a recent study using com
puter analysis to identify regions of the NM genome that en-
codes novel surface exposed proteins, 600 novel proteins were 
predicted. The results of further studies showed that at least 25 
of these proteins induce bactericidal antibodies in mice. More 
importantly, some of these proteins are highly conserved in 
several meningococcal strains tested, and can induce protection 
against lethal challenge in mice. Other current vaccine ap
proaches include: 1) Multivalent OMP vesicle vaccine in which 
vaccine strains are constructed by recombinant DNA techniques 
to express three different PorA proteins, which is currently un
dergoing clinical trials; 2) A/B (chemically modified group B 
polysaccharide)/C combination vaccine; and 3) anti-idiotype 
group B vaccine. 

Challenges 
The development of a new and improved vaccine, in the context 
of an optimal adjuvant/delivery system that is safe and immuno
genic in children, would have a tremendous impact in decreasing 
the incidence of the disease. Development of a vaccine against 
group B meningococci remains a major challenge. In addition, 
because of the low incidence of the disease, clinical trials of 
vaccine efficacy are often difficult to conduct. Another impor
tant task is to understand why certain individuals within a given 
population succumb to the fatal disease and others do not. 
Studies using a number of adjuvants, including 
monophosphoryl lipid A and Quil A, and neisserial porins to 
enhance the immune response to meningococcal vaccines repre
sent a significant advance; however, more studies are needed to 
analyze the effects on Ig subclasses. Also, basic research stud
ies should be encouraged to analyze the biological, structural, 
and molecular aspects of potential virulence factors and to iden
tify novel bacterial components that may serve as potential 
vaccine targets. 
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MORAXELLA CATARRHALIS 
M. catarrhalis, once thought to be a harmless commensal or
ganism, has become recognized over the last decade as an im
portant human pathogen. Today, M. catarrhalis is the third most 
common cause of bacterial otitis media in children, after S. 
pneumoniae and nontypeable H. influenzae. Otitis media is a 
major cause of morbidity in the pediatric population in devel
oped countries and is the most frequent diagnosis made by 
healthcare providers regarding this age group in the acute 
healthcare setting. It is estimated that 3.5 million episodes of 
otitis media per year are caused by M. catarrhalis. An effective 
otitis media vaccine most likely will need to provide immunity to 
all three organisms. M. catarrhalis is also a frequent cause of 

sinusitis in this age group. In adults, this organism is an impor
tant cause of LRIs, particularly in the setting of COPD, where it 
has become the third most common bacterial agent responsible 
for acute exacerbation of COPD. The organism also plays a 
significant role in other LRIs in adults, including pneumonia and 
laryngotracheobronchitis, and is infrequently the cause of septi
cemia, meningitis, and endocarditis in immunocompromised 
adults. 

Work has progressed rapidly during the past several years to 
identify two major OMPs (OMP CD and OMP E) associated with 
M. catarrhalis. Both proteins are considered potential vaccine 
candidates to prevent infections caused by this bacterium. So 
far, the genes have been cloned and the characteristics of these 
proteins have been studied. These proteins are abundantly 
expressed on the bacterial surface and show a high degree of 
similarity from strain to strain. These two characteristics are 
important as potential vaccine antigens. A protein antigen is 
likely to be immunogenic in infants, and this is an important 
consideration in preventing otitis media. Work is in progress to 
define the precise structure and epitopes of these proteins and 
to test rigorously whether antibodies to these proteins will pro
tect against infection caused by M. catarrhalis. 

It was recently shown that the UspA1 protein of the M. 
catarrhalis bacterium is an adhesin that allows this organism to 
attach to human epithelial cells. This finding makes it likely that 
UspA1 is involved in the ability of M. catarrhalis to colonize 
the human upper respiratory tract (i.e., the nasopharynx), which 
is the first crucial step in the production of disease by this 
pathogen. If this is the case, then antibodies to UspA1, raised in 
response to vaccination with purified UspA1 protein, could 
prevent this organism from establishing a foothold in the body, 
thereby eliminating disease. 

An important finding about the UspA1 protein is that it forms 
structures that actually stick out from the surface of the M. 
catarrhalis bacterium. These pili represent the first parts of the 
bacterium to encounter human cells when it enters the nasophar
ynx. This finding also means that antibody directed against the 
UspA1 protein can bind readily to this protein and exert a pro
tective effect. A second important finding is that the portion of 
the UspA1 protein that is involved in the ability of this bacte
rium to bind to human cells is located in the front half of the 
protein. The UspA1 protein is a very big molecule, and this new 
piece of information will allow scientists to focus vaccine devel
opment efforts on the relevant portion of this protein. 

Two other highly conserved OMPs also have been investigated 
as potential vaccine candidates. Both of these antigens, referred 
to as B1 and LBP, are iron-regulated proteins found on the sur
face of this gram-negative pathogen in response to iron-limiting 
conditions in its environment. Several studies have been con
ducted demonstrating the importance of these surface proteins 
and their exposed epitopes in the pathogenesis of disease and 
for survival in the host. 
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Finally, efforts are underway to develop a serotyping system 
based on the iron-repressible OMP B2, which has a high degree 
of antigenic and sequence heterogeneity. Restriction fragment 
length polymorphism analysis indicates that the pattern of vari
able and constant areas in the B2 gene is a general pattern 
among all strains of M. catarrhalis. Developing such a 
serotyping system for strains of M. catarrhalis will be important 
to understand the epidemiology of infection to guide future 
vaccine studies with this organism. 
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MYCOPLASMA PNEUMONIAE 

Background 
In the United States, about 15 million respiratory infections, 
including atypical pneumoniae and tracheobronchitis, are 
caused by Mycoplasma pneumoniae each year. M. pneumoniae 
is the leading cause of pneumonia in older children and young 
adults, but it also affects adults and elderly individuals. This 
microorganism is responsible for 25 percent of all cases of pneu
monia requiring hospitalization, and 50 percent of all 
pneumonias in closed populations, and is the second leading 
cause of tracheobronchitis in children. M. pneumoniae is also 
responsible for extrapulmonary complications such as arthritis 
and has been associated with chronic asthma. Related organ-
isms, such as Mycoplasma hominis and Ureoplasma 
urealyticum, cause pulmonary diseases in neonates. 

Mycoplasmas are wall-less prokaryotes that are biosynthetically 
deficient in several respects. Therefore, they must rely on the 
microenvironment provided by the host to obtain essential 
metabolites (nucleotides, fatty acids, sterols, and amino acids) 

needed for growth. Mycoplasmas possess a circular double-
stranded DNA chromosome ranging from 600 to 1,300 kilobases, 
with complex genetic recombination systems and large genome 
families. The organism has a tremendous capacity to generate 
antigenic and phase variations that may be important in disease 
pathogenesis and tissue tropism, but this characteristic poses a 
special challenge for vaccine development. 

Although mycoplasmas are responsible for a variety of impor
tant diseases in humans and various animal species, experimen
tal vaccines have not affected the spread of infection, possibly 
the result of the organism’s ability to develop antigenic changes 
at high frequency. This difficulty in controlling the infection may 
be due also to a lack of understanding about the host response 
to infections caused by mycoplasmas. Because previous studies 
indicate that patients with impaired humoral immunity suffer 
chronic sinopulmonary disease due to mycoplasma, it is gener
ally held that antibody plays a role in immunity. However, the 
role of cell-mediated immunity has not been investigated ad
equately. 

Research Accomplishments 
Most studies within the last 2 decades have been focused on 
understanding the molecular biology of the organisms and on 
elucidating the molecular mechanisms of pathogenesis and the 
host responses in an effort to improve the methods of diagnosis 
and to develop better prevention and treatment strategies. An 
important resource in current understanding of mycoplasmal
host-cell interactions has been the development of in vitro and 
organ culture systems using fluoresence, confocal, conven
tional, and scanning electron microscopy, as well as new strides 
made in imaging technologies. Studies using these tools have 
provided considerable information in virulence strategies. In 
recent years, intense effort has been made to understand the 
mechanisms of mycoplasmal attachment to host epithelial cells, 
an event that has been described as cytadherence. The process 
of cytadherence is pivotal to the survival of M. pneumoniae, 
and its ability to persist in the host. The mycoplasmal attach
ment organelle has been identified. Molecular characterization 
studies continue on the P1 adhesin protein, which is densely 
clustered at the attachment organelle, and on a series of 
cytadherence-associated proteins (HMW1-3). The complete 
genome of M. pneumoniae has been sequenced, and it is antici
pated that this will advance significantly understanding and 
knowledge about the physiological and genetic characteristics 
and may provide new leads for vaccine development. 

Progress in Vaccine Development 
Considerable efforts also have been made in the development of 
vaccines against infections caused by M. pneumoniae. Earlier 
challenge studies in the late 1960s conducted in human volun
teers demonstrated that an inactivated M. pneumoniae vaccine 
was moderately protective, but these studies have not been 
developed further. Studies done in chimpanzees indicated that 
animals immunized with a formalin-inactivated vaccine or an 
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acellular extract developed milder disease and lower colonization 
rates with mycoplasma compared with unimmunized controls. 
Because only partial protection was observed in such experi
ments, more studies are needed to increase the level of protec
tion expressed. Some of the early vaccine studies were problem
atic because of the development of immunopathological reac
tions following challenge with live organisms. It is believed that 
this autoimmune response was mediated by cellular immunity. 
However, studies are still needed to clarify the roles of humoral 
and cell-mediated immunity in generating optimal immunity. An 
experimental vaccine derived from Mycoplasma pulmonis (the 
agent of murine mycoplasmosis) has been shown to induce 
protective antibodies; however, other approaches are still neces
sary. 

Challenges 
Studies should continue in order to understand the epidemiol
ogy of diseases caused by M. pneumoniae, to understand the 
molecular pathogenesis, and to develop powerful diagnostic 
technology. Indeed, the diagnosis of M. pneumoniae has been 
hampered by the lack of standardization of rapid methods. It is 
critical that new targets for intervention are identified, and ap
propriate animal models are developed. For example, it would be 
useful to understand the involvement of proteases in mycoplas
mal growth, to evaluate the use of protease inhibitors on infec
tions caused by mycoplasmas, or to assess newly developed 
candidate vaccines. There is a tremendous gap in understanding 
the role of humoral and cell-mediated immune responses. For 
example, studies should be conducted to examine the role of Th1 
versus Th2 subpopulations in resistance or susceptibility to 
infection. In addition, it is important that the role of cytokines 
and inflammatory mediators as well as cellular adhesion mol
ecules and mechanisms of T-cell activation be clarified. Further, 
the significance of immunopathological reactions in the develop
ment of chronic diseases associated with M. pneumoniae needs 
to be investigated. Besides the efforts to understand the host 
immune response, the ability of the organism to develop anti-
genic changes remains a major challenge in vaccine develop
ment. 
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PARAINFLUENZA VIRUS 
The human parainfluenza viruses (HPIVs) consist of four sero
types (HPIV1 to 4). They are common seasonal respiratory 
pathogens that cause a range of diseases from mild URIs to life-
threatening LRIs. HPIV3 is the second leading cause of bronchi
olitis and pneumonia in infants and children less than 6 months 
of age, and also causes croup and laryngitis in infants and chil
dren. In contrast, most of the illness caused by HPIV1 and 
HPIV2 occurs after 6 months of age. HPIV4 has been associated 
with mild upper respiratory tract illness in children and adults. 
Recently, HPIVs have been reported to cause severe lower respi
ratory tract disease in bone marrow transplant recipients and in 
lung transplant recipients. 

Although development of a vaccine to prevent parainfluenza 
infections has been a high priority at NIAID (see Appendix A, 
table of priority vaccines from first Jordan Report), a licensed 
vaccine is not available yet. The first Jordan Report indicated 
that a subunit vaccine for HPIV3 was being developed. The 
basis of this approach involved the protective antigens of 
HPIVs, i.e., the hemagglutinin-neuraminidase (HN) glycoprotein 
(the attachment protein) and the fusion (F) glycoprotein. Several 
PIV3 vaccine candidates have been produced by either purifying 
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the HN and F proteins from native virus or by recombinant tech
nology. Animal studies of these vaccines in hamsters and cotton 
rats have demonstrated protection against live virus challenge. 
A trivalent vaccine containing HN and F proteins of 1, 2, and 3 
adjuvanted with aluminum phosphate elicited neutralizing anti-
bodies in mice. Although these studies provide the basis for 
continued development of a PIV subunit vaccine, progress has 
been impeded by weak immunogenicity of purified proteins in 
immunologically naive subjects and the need for a safe adjuvant. 

A number of alternative methodologies have been pursued for 
PIV vaccine development. A vaccine consisting of formalin
inactivated PIV was evaluated in infants in the 1960s. Although 
this vaccine was safe (i.e., no enhanced disease was observed), 
it was not sufficiently immunogenic to be protective. A more 
recent approach to vaccine development involves live-attenu
ated parainfluenza strains from either human or bovine origin. A 
wild-type HPIV3 strain was cultivated at low temperature for 45 
passages, and mutant strains of different passage number were 
evaluated in nonhuman primates. Because the HPIV3cp45 virus 
was shown to be more attenuated than other strains in these 
studies, this strain was selected for human clinical trials. The 
safety, infectivity, and immunogenicity of HPIV3cp45 have been 
evaluated in a phase I, randomized, double-blind, placebo-con-
trolled study in children 6 months to 10 years of age. The vac
cine was well tolerated when administered intranasally to serop
ositive and seronegative children. This study indicated that the 
HPIV3cp45 vaccine is satisfactorily attenuated, infectious, immu
nogenic, and phenotypically stable. A phase II study is in 
progress to further evaluate this promising vaccine candidate. 

Another approach to protect against infection with HPIV3 has 
been the use of bovine PIV3 (BPIV3) as a candidate live-virus 
vaccine. There are several reasons for this strategy. First, BPIV3 
is antigenically related to HPIV3, as shown by sequence analy
ses and cross-neutralization studies of HN and F proteins of 
HPIV3 and BPIV3. In addition, the natural host range restriction 
of replication in humans results in an attenuated phenotype. 
This approach to immunization against viral pathogens, employ
ing an antigenically related animal virus as a vaccine for humans, 
has been described as “Jennerian” and has been successful for 
other viral pathogens. Studies in cotton rats and nonhuman 
primates led to human trials. Results of these studies confirmed 
the attenuated phenotype and demonstrated induction of an 
immune response. The first study involved administration of 
BPIV3 to adults. This clinical trial demonstrated that the vaccine 
was avirulent and that replication of the virus was restricted. 
This clinical trial was followed by several studies in infants and 
children, which are briefly summarized here. A phase I, random
ized, double-blind, placebo-controlled BPIV3 clinical trial was 
conducted initially in 6- to 60-month-old seropositive infants 
and children and then subsequently in seronegative infants and 
children. A second dose of BPIV3 vaccine was administered 2 
months after the initial dose to a subset of sernonegative infants 
and children. A second study evaluated the BPIV3 vaccine in a 

larger group of seronegative infants and children, divided into 
groups of 2- to 6-month-old infants and 6- to 36-month-old in
fants and children. Most recently, a phase II clinical trial was 
conducted in which the BPIV3 vaccine was administered at ages 
2, 4, 6, and 12 to 15 months. In these clinical trials, the BPIV3 
vaccine was administered intranasally. All studies indicate that 
this live-virus vaccine is attenuated, infectious, immunogenic, 
and phenotypically stable in infants and children, and this ap
proach should be further evaluated. 

Reverse genetics is the most significant scientific advance in the 
development of a PIV vaccine. For the PIVs, this technology was 
first reported in 1997 with the recovery of infectious HPIV3 from 
viral genome cDNA. During the past few years, reverse genetic 
systems have been reported for the recovery of BPIV, PIV1, and 
PIV2 from cDNA. This methodology has been used successfully 
to identify regions of cold-passaged PIV and BPIV that contrib
ute to the attenuation phenotype. Once identified, the attenuat
ing mutations can be introduced into cDNA. Thus, using this 
technology the genetic basis of attenuation has been defined 
and is being used to construct improved attenuated vaccine 
candidates. In addition, recombinant viruses produced using 
reverse genetics can be modified by replacement of protective 
antigens from heterologous PIV strains to develop additional 
vaccine candidates. Recombinant chimeric PIVs that contain the 
attenuating mutations from well-characterized PIV vaccine candi
date viruses and protective antigens of other PIV strains have 
been generated. For example, rBPIV3 was derived from BPIV3 
cDNA and used to construct rB/HPIV3, a chimeric virus in which 
the F and HN genes of BPIV3 were replaced with their HPIV3 
counterparts. Another recombinant live-virus vaccine candidate, 
designated as rHPIV3-1cp45, contains the attenuated back-
ground of the rHPIV3cp45 virus together with the HN and F 
protective antigens of HPIV1. Reverse genetics also was used to 
construct rPIV3-1.2HN, a bivalent vaccine virus against HPIV1 
and HPIV2, using a recombinant HPIV3 backbone. These chi
meric vaccine viruses are promising candidates for protection 
against PIV illness. 

Another Jennerian vaccine to be considered is the use of Sendai 
virus to protect against HPIV1, since these viruses have a close 
antigenic relatedness. Studies on immunogenicity and level of 
attenuation are in progress. 

A number of vaccines to protect against HPIV disease are in 
various stages of development. The most promising are the live-
attenuated virus constructs generated using reverse genetics. 
Research conducted by NIAID investigators at the Laboratory 
of Infectious Diseases has resulted in major advances in PIV 
vaccine development that have led to the construction of live-
attenuated virus vaccine candidates with great potential. The 
success of this approach is based on the capability of these 
viruses to induce a balanced immune response that includes 
serum and mucosal virus-neutralizing antibodies as well as cellu
lar-mediated and innate immunity. 
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PSEUDOMONAS AERUGINOSA 

Background 
Pseudomonas aeruginosa is an opportunistic organism as well 
as a pathogen for patients with CF, a disease that usually pre
sents itself in early childhood. CF patients have a mutant gene 
that does not allow the movement of chloride across the cell 
wall, and the clinical presentation resulting from this defect is 
that of excessive mucus production and impaired mucociliary 
clearance. As a consequence, there is the development of a 
variety of microbial infections, mainly P. aeruginosa and 
Burkholderia cepacia, the latter associated with lung deteriora
tion. Significant advances have been made in the management of 
CF patients through diet and physiotherapy and by treatment 
with recombinant human deoxyribonuclease (rhDNase) I to 
relieve airway obstruction. Now, many CF patients survive to 
adulthood; the life expectancy is approximately 30 years. CF 
affects 30,000 children and young adults worldwide, with 400 
deaths each year. Although there has been considerable 
progress in the use of gene therapy to correct the basic genetic 
defect of CF at the molecular level, there is no evidence that 
gene therapy alters the course of Pseudomonas infection in this 
population, so preventive approaches, such as the development 
of safe and effective vaccines, are needed. Efforts to control 
these infections with antibiotics and better pulmonary therapy 
have done little to reduce the high mortality associated with P. 
aeruginosa pneumonia; however, immunotherapeutic interven
tions with active vaccination or passive therapy may have a 
significant impact on the development of sepsis and on survival. 
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While P. aeruginosa is a special problem for CF patients, it also 
contributes to the high mortality rates in patients with emphy
sema, cancer, AIDS, and serious burns. Studies indicate that 
although P. aeruginosa is not the most common bacterial patho
gen in AIDS patients, the presence of the organism is usually 
associated with fatality. The reason for the extraordinary patho
genicity of P. aeruginosa in these patients is not clear; however, 
it is possible that a variety of virulence factors produced by P. 
aeruginosa may account for the high mortality rates. Such viru
lence factors may play a role in colonization, tissue invasion, or 
the inhibition of a variety of immune responses. A major viru
lence factor produced by P. aeruginosa is an exopolysaccharide 
or alginate. Alginate not only encapsulates the infecting bacte
ria, thereby protecting them from antibiotic treatment or from 
attack by host immune responses, but also enables the bacteria 
to adhere to epithelial cells of the lung and enhances the oppor
tunity for further colonization and invasion. Other virulence 
factors associated with Pseudomonas infections include cell-
associated structures, such as pili, as well as secreted products, 
such as exotoxin A, exoenzyme S, hemolytic phospholipase, and 
proteases. Expression of these virulence factors is highly regu
lated, which probably accounts for the ability of P. aeruginosa 
to cause such a wide variety of infections in vastly different 
host environments. In addition to the expression of virulence 
determinants, P. aeruginosa in the lungs of CF patients grows in 
biofilms, and this may explain the difficulty encountered in treat
ment with antibiotics. In this regard, new approaches are in 
development aimed at killing the organisms within the biofilms. 

Research Accomplishments 
During the past 2 decades, significant advances have been made 
in understanding the pathogenesis of P. aeruginosa infections 
in patients with CF, as well as understanding the molecular and 
cellular basis of the CF defect. Several ideas have been sug
gested to explain the relationship between the CF gene defect 
and susceptibility to P. aeruginosa, including impaired killing of 
P. aeruginosa by host defensins, presumably due to the high 
salt content in the secretions in CF patients; low production of 
nitric oxide, an important defense mechanism; reduced uptake of 
P. aeruginosa in CF respiratory epithelial cells; and reduced 
sialylation of epithelial glycoconjugates, resulting in reduced 
adherence of organisms. Indeed, a number of studies have been 
conducted to examine these ideas. For example, studies by 
NIAID-supported investigators show that leukocytes from delta 
508 homozygous CF patients are deficient in the uptake of P. 
aeruginosa. Also, the results of a recent NIAID-supported 
study showed that the intracellular organelle, trans-Golgi net-
work, is hyperacidified in CF lung epithelial cells, resulting in 
increased adherence of P. aeruginosa. The studies further show 
that correction of the hyperacidification by normalizing the pH 
leads to decreased bacterial adherence. 

Studies carried out by NIAID-supported investigators, designed 
to examine the significance of chronic malnutrition in CF pa
tients, indicate that diet-induced protein calorie malnutrition 
alters the clearance of P. aeruginosa from the lung. Also, mal

nourished animals show excessive inflammation in response to 
P. aeruginosa, relative to normal animals, presumably due to the 
failure to produce anti-inflammatory cytokine IL-10. These re
sults are consistent with the view that nutritional deficiency 
contributes to compromised immune defenses and bacterial 
colonization and excessive inflammation in the respiratory tract 
of CF patients. Thus, future treatment efforts for CF patients 
should also consider nutritional supplementation. 

Studies conducted to examine the inflammatory changes associ
ated with P. aeruginosa infections show that CF patients have 
high levels of proinflammatory cytokines (e.g., IL-1, 8, and TNF-
a) in the lung environment relative to the levels in healthy indi
viduals. By contrast, the levels of anti-inflammatory cytokines, 
such as IL-10, are low in CF patients as compared to those in 
healthy individuals. Indeed, experimental animal model studies 
show increased pathology associated with P. aeruginosa infec
tion in IL-10 knockout mice. Molecular analysis of signal trans
duction events suggests that P. aeruginosa induces epithelial 
cell production of IL-8 by activation of NFkB. Cells with CF 
mutations have significant endogenous levels of activated 
NFkB. These inflammatory changes must be taken into account 
in the design of preventive procedures, such as vaccines 
against P. aeruginosa. 

Considerable attention has been focused on the mechanisms by 
which the organisms sense, integrate, and process information 
from their surroundings. This process, described as quorum 
sensing, is used by bacteria for cell-cell communication and has 
been shown to be important in the pathogenesis of diseases 
caused by P. aeruginosa. Studies now indicate that certain of 
the extracellular virulence factors are controlled by a system of 
quorum-sensing molecules. Quorum sensing is also involved in 
the formation of bacterial biofilms. There are essentially two 
components to the system: A small diffusible signal molecule, 
typically N-acyl homoserine lactone in gram-negative bacteria; 
and a second molecule, a transcriptional activator protein. Re-
cent studies by NIAID-supported investigators indicate that 
quorum-sensing mutants are less virulent in animal models than 
their wild-type/normal P. aeruginosa strains. Such studies 
should enhance understanding of the interactions between 
bacterial biofilms and host responses. Another recent study 
designed to understand the differences between free-living P. 
aeruginosa and those in biofilms, and to understand why 
biofilms are resistant to antibiotics, has yielded useful informa
tion. Using DNA microarray analysis, the investigators showed 
that only a few key genes are differentially expressed in biofilms; 
however, at least one of these genes is involved in morphology 
and antibiotic sensitivity of biofilms. Because of the increasing 
difficulty to treat the organism, particularly once the biofilms are 
fully formed, these findings, and the anticipation that the studies 
may lead to the development of targets for therapeutic interven
tion, represent important advances. 

Recent advances have been made in understanding the actions 
of type III secretory proteins of P. aeruginosa. These proteins 
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are also found in several pathogenic strains of gram-negative 
bacteria, including Salmonella, Shigella, and Yersinia, and are 
integral to the virulence of gram-negative bacteria. Recently, it 
was demonstrated that the expression of type III secretory pro
teins, in particular PcrV, in clinical isolates of P. aeruginosa is 
associated with mortality and morbidity in CF patients. 

Progress in Vaccine Development 
Significant advances have been made in the development of 
vaccines against P. aeruginosa. Several surface proteins and 
polysaccharides have been demonstrated to be safe and immu
nogenic in small phase I and II studies and have been shown to 
generate protective immunity in various animal model systems. 
First, HMW polysaccharides and mucoid exopolysaccharide 
(MEP) vaccine preparations have been tested in humans. In 
addition, experiments are in progress to enhance the immunoge
nicity of MEP by conjugation to protein carriers. Investigators 
also have pursued the use of recombinant OMPs as vaccines 
against P. aeruginosa infections. The results of experiments 
using a hybrid vaccine, containing protective epitopes of OMPs 
F and I, indicated that the vaccine was highly immunogenic and 
protective against P. aeruginosa infections in mice, especially 
when expressed as a plant virus. In clinical studies, recombinant 
OMP I was found to be safe and immunogenic in human volun
teers. However, the use of OMPs as vaccines against P. 
aeruginosa infections requires further study. Recent studies in 
mice using a DNA vaccine based on an OMP indicate that anti-
bodies produced were specific for the protein and that injection 
of the vaccine was protective in a mouse model of P. aeruginosa 
infection. Third, oral immunization with killed P. aeruginosa 
vaccine preparation protected naive animals against challenge 
with live bacteria. Despite these encouraging results, most stud
ies done to date have demonstrated immunogenicity without 
protective efficacy. Besides active immunization, the use of 
passively administered antibodies is an attractive alternative in 
that many patients susceptible to infections with P. aeruginosa 
are immunocompromised and do not respond adequately to 
active immunization. In this regard, a recent study reported that 
human anti-Pseudomonas LPS antibodies generated in 
transgenic mice are opsonic for the uptake and killing of bacteria 
by human polymorphonuclear leukocytes. 

Challenges 
For CF patients, a vaccine should induce an immune response 
that would prevent mucosal colonization of P. aeruginosa and/ 
or elicit a response against virulence factors associated with 
adherence. A better understanding of the molecular regulation of 
P. aeruginosa virulence factors, and in particular, the interaction 
of P. aeruginosa with host cells as well as the overall host im
mune response to infections should provide valuable informa
tion for vaccine design. Indeed, the availability of the P. 
aeruginosa genome, and new technological approaches should 
make these goals feasible. Researchers are now using genetic 
tools, such as P. aeruginosa microchips, to examine bacterial 
virulence factors and to develop better vaccine candidates. In 

addition, DNA arrays are being used to identify bacterial genes 
in clinical specimens. Clearly, study comparability will require 
standardization of these newer approaches. 
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RESPIRATORY SYNCYTIAL VIRUS 
Respiratory syncytial virus (RSV) is the single most important 
cause of severe lower respiratory tract infection in infants and 
young children, the elderly, and the immunocompromised. It is a 
common cause of winter outbreaks of acute respiratory disease. 
RSV infects repeatedly and causes disease throughout life, 
including a wide array of respiratory symptoms from rhinitis and 
otitis media to pneumonia and bronchiolitis, with the latter two 
diseases having significant morbidity and mortality. In the 
United States, 3.5 to 4 million children younger than 4 years of 
age acquire RSV infection annually. It is estimated that RSV 
accounts for 100,000 hospitalizations annually in infants of less 
than 1 year of age. Although the number of RSV-associated 
hospitalizations did not change significantly over the past 2 
decades, the number of RSV-associated deaths in the United 
States has decreased over the same period from 4,500 to no more 
than 510 per year. RSV infects nearly all children by 2 years of 
age, with re-infections during later childhood and adulthood that 
are generally associated with milder disease. Recently, RSV has 
been recognized as a significant cause of severe respiratory 
infections in the elderly, with outbreaks that are complicated 
with pneumonia reported among institutionalized elderly pa
tients. It is estimated that there are 60,000 RSV-associated hospi
talizations per year in the United States among the elderly. Se
vere RSV infections are also a problem in immunocompromised 
patients of any age, especially transplant recipients. There is 
recent evidence of a link between RSV infection and the devel
opment of asthma. 

Although development of a vaccine to prevent RSV infections 
has been a high priority at NIAID (see Appendix A, table of 
priority vaccines from first Jordan Report), a licensed vaccine is 
not yet available. The development of an RSV vaccine is a diffi
cult but important priority. The most significant obstacle to 
developing a vaccine against RSV infections is the unexpected 
enhanced disease that resulted from vaccination of children with 
a formalin-inactivated whole RSV vaccine in the 1960s. Recipi
ents who were seronegative at the time of vaccination experi
enced lower respiratory tract disease of increased incidence and 
severity upon subsequent natural infection. To develop an 
effective vaccine, it is imperative to understand the protective as 
well as the disease-enhancing immune responses to RSV. Re-
search efforts have been focused on the individual components 
of these responses, including cell-mediated events as well as 
production of serum and secretory antibodies. Although much 
has been learned about these components, a safe and effective 

vaccine that induces protective immunity and does not cause 
enhanced disease is not yet available. An effective vaccine 
could be useful in reducing morbidity, reducing the frequency of 
hospitalization, and decreasing the death rate. Vaccine candi
dates under development are evaluated in animal models first, 
followed by adults, immune children, older nonimmune children, 
younger nonimmune children, and susceptible infants. 

There are two RSV strain subgroups, A and B. A successful 
vaccine would induce resistance to subgroup A and B strains of 
RSV. The major protective antigens of RSV are the F and attach
ment (G) glycoproteins found on the surface of RSV. The pro
teins induce neutralizing antibodies that protect against wild-
type RSV infection. The F surface protein is highly conserved 
among the RSV subgroups, and functions to promote fusion of 
the virus and host cell membranes. The major difference between 
RSV subgroups A and B is the G protein, which is responsible 
for attachment of RSV to a susceptible cell. Although there is 47 
percent amino acid sequence diversity between RSV A and RSV 
B G proteins, the G protein contains a central conserved domain 
that is flanked by two hypervariable regions. 

Purified F protein (PFP) has been developed as a potential vac
cine candidate by Wyeth-Lederle Vaccines. PFP-1 and PFP-2 are 
subunit vaccines that were tested in various populations in 
phase I and II human clinical trials. In studies with 12- to 48-
month-old RSV seropositive children, PFP-1 and PFP-2 have 
been shown to be safe and immunogenic. These studies were 
not designed to evaluate vaccine efficacy. 

Subunit vaccines may be particularly useful in specific groups of 
high-risk children and adults. A pilot study in children with CF 
demonstrated that PFP-2 vaccine induced a significant antibody 
response and a significant reduction in the number of lower 
respiratory tract illnesses. In addition, studies demonstrated that 
PFP-2 vaccine is safe and immunogenic in ambulatory adults 
over age 60, and in seropositive children with bronchopulmo
nary dysplasia. 

A phase II double-blind, controlled, multicenter study of the 
safety, immunogenicity, and effectiveness of the PFP-3 subunit 
vaccine was conducted in RSV seropositive children with CF. 
The vaccine was safe and immunogenic; however, the study did 
not demonstrate a reduction in the incidence of lower respiratory 
tract illness in vaccinees. 

Maternal immunization using a purified F protein subunit vac
cine is a strategy being evaluated to protect infants younger 
than 6 months of age from RSV disease. The rationale is based 
on reports of efficient transfer of specific maternal neutralizing 
antibodies to infants, and demonstration of the prophylactic 
value of high-titer anti-RSV polyclonal antiserum or humanized 
monoclonal antibody administered to high-risk children (protec
tion against lower respiratory tract RSV disease and hospitaliza
tion). The advantages of maternal immunization are that babies 
less than 6 months old are most at risk for RSV infection, but are 
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least responsive to vaccines; pregnant women respond well 
immunologically to vaccines; and placental transfer of maternal 
antibody occurs naturally during the third trimester. A phase I 
double-blind, placebo-controlled study was conducted with 35 
healthy third trimester pregnant women who were randomized in 
a 2:1 ratio to receive either PFP-2 vaccine or saline placebo. The 
vaccine was safe and immunogenic. Transplacental transfer of 
maternal neutralization antibodies to RSV was efficient. Infants 
born to vaccine recipients were healthy and did not experience 
adverse events related to maternal immunization. 

The G protein fragment of RSV is the basis of a subunit vaccine 
being developed by scientists at the Centre d’Immunologie 
Pierre Fabre. A novel recombinant vaccine candidate, BBG2Na, 
has been constructed by fusing the conserved central domain of 
the G protein (G2Na) of RSV Long strain to BB (the albumin-
binding region of streptococcal G protein). A clinical trial was 
conducted in 108 healthy adults. The BBG2Na vaccine was 
found to be safe, well tolerated, and immunogenic. 

A subunit RSV vaccine consisting of the F, G, and M proteins is 
being developed by Aventis Pasteur. The primary target of this 
vaccine is prevention of significant respiratory disease in RSV 
non-naive study populations. Two phase I clinical trials have 
been conducted in healthy 18- to 45-year-old adults that have 
supported the safety and immunogenicity of this product. The 
first trial compared an aluminum phosphate formulation of the 
vaccine (n=30) with aluminum phosphate control (n=10). The 
second trial compared the aluminum phosphate formulation 
(n=10) with a formulation containing a new adjuvant 
poly[di(carboxylatophenoxy)phosphazene] (PCPP) (n=30) in a 
different sample of young, healthy adults. Both vaccines were 
well tolerated and immunogenic. Larger phase II studies in adult 
populations are either planned or underway. 

Other subunit vaccines in preclinical development include: 

•	 Recombinant chimeric RSV FG glycoprotein vaccines 
adsorbed onto aluminum hydroxide gel with or without the 
addition of 3-deacylated monophosphoryl lipid A 

•	 F protein formulated with alum with or without G protein 
(from subtypes A and B) 

•	 Synthetic peptide of the conserved region of the G protein 
with or without cholera toxin as a mucosal adjuvant 

•	 Recombinant fragment (BBG2Na) of the G protein formu
lated with dimethyldioctadecylammonium bromide, a nasal 
adjuvant 

•	 Recombinant fragment of the G protein in a lipsome
encapsulated formulation, prepared by including a variety 
of different lipids 

•	 Mimotope (peptide that mimics the antigenicity) of a 
conserved and conformationally determined epitope of the 
F protein recognized by an anti-RSV monoclonal antibody 
(MAb19) that neutralizes RSV 

A live-attenuated RSV vaccine that could be delivered to the 
respiratory mucosa has been the basis of another approach to 
vaccine development. Intranasal immunization with a live RSV 
vaccine has the potential to induce systemic and local immunity 
and to protect against upper and lower respiratory disease. Early 
attempts included cold passage, cold adaptation, chemical mu
tagenesis, temperature-sensitive selection, and combinations of 
these methods. NIAID scientists at the Laboratory of Infectious 
Diseases in collaboration with Wyeth-Lederle Vaccines have 
developed live-attenuated vaccine candidates. Several promis
ing mutants derived from wild-type strain RSVA-2 (strain A2, 
subgroup A) were evaluated in seropositive children and older 
seronegative children. From these studies, RSV vaccine candi
date cpts 248/404 (a cold-passaged, temperature-sensitive mu
tant of a human RSV A strain) was shown to be safe and immu
nogenic and attenuated when administered intranasally in a 
placebo-controlled, randomized, double-blind trial in RSV serop
ositive and seronegative infants and children. However, when 
this vaccine was administered to 1- to 2-month-old RSV naive 
infants, mild-to-moderate upper respiratory congestion resulted, 
indicating that more attenuation was needed. In order to con
struct more-attenuated vaccine candidates, the technology of 
reverse genetics was employed. This powerful tool is the most 
significant scientific advance in recent years to facilitate vaccine 
development. By using reverse genetics, the genetic basis for 
RSV attenuation was determined, which provided the basis for 
the construction of defined attenuated vaccine viruses with 
improved genetic stability. Examples include strains rA2cp248/ 
404?SH and rA2cp248/4041030?SH that are being evaluated in 
infants 4 to 12 weeks of age. To date, the pattern of nasal con
gestions observed with cpts 248/404 has not been seen. This 
study demonstrates the progress that has been made in devel
oping appropriately attenuated recombinant RSV vaccines for 
infants. 

Reverse genetics also has been used to expedite the develop
ment of RSV vaccines to protect against RSV subgroup B. One 
approach has been to replace the G and F genes of recombinant 
RSV A-2 with the G and F genes of strain B1 of subgroup B. 
Another approach has been to construct a strain that expresses 
the RSV subgroup B gene in a recombinant subgroup A virus 
backbone. The rB/HPIV3-RSV-A and -B chimeric viruses are 
promising vaccines with the potential of protecting infants and 
children against RSV and PIV3 infections; these vaccines have 
been constructed with reverse genetics by employing the BPIV 
as a backbone in which the HPIV3 protective antigens have 
been inserted as well as the protective antigens of RSV (see 
Parainfluenza Virus section for more information about rB/HIV3). 

A vaccine strategy to be considered for protecting adults 
against RSV illness is a combination of a live-attenuated vaccine 
with a subunit vaccine. This alternative approach was used 
because previous studies of PRP-2 in ambulatory and institu
tionalized adults over 60 years of age demonstrated that the 
vaccine was safe and moderately immunogenic in healthy older 
adults, but relatively less immunogenic in the institutionalized 
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elderly. Thus, a clinical trial was conducted in which cpts 248/404 
and PFP-2 were administered to healthy young adults and 
healthy elderly adults using simultaneous and sequential vacci
nation schedules. Both vaccines were well tolerated; however, 
the cpts 248/404 vaccine appeared to be overattenuated. Future 
studies that combine PFP-2 with a less attenuated RSV vaccine 
would be desirable. 

The prospects for the future for RSV vaccines are encouraging. 
Ongoing studies are focused on furthering the understanding of 
protection and immunopotentiation of RSV disease to provide 
the scientific basis required for the rational design of candidate 
RSV vaccines. Subunit vaccines have been shown to be safe 
and immunogenic in seropositive children, pregnant women, and 
adults (including those over 60). They have great potential use 
in adults and specific groups of high-risk children (CF) and for 
protecting infants via maternal immunization. Different adjuvants 
are currently being studied to augment immunogenicity of sub-
unit vaccines. Live-attenuated vaccine candidates also have 
been shown to be safe and immunogenic. New methods in bio
technology (reverse genetics) are now available to provide tools 
for designing vaccines with defined mutations to achieve de-
sired levels of attenuation that are genetically stable. 
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SMALLPOX 
As concerns in-

crease about the

use of biological

agents in acts of

terrorism or war,

Federal health

agencies are evalu

ating existing

measures and

stepping up new

ones to protect the

public from the

health conse

quences of such

an attack. Smallpox

virus (Variola

major) is consid

ered one of the

most dangerous Variola major

potential biological

weapons because it is easily transmitted from person to person,

and few people carry full immunity to the virus. Although a

worldwide immunization program eradicated smallpox disease

decades ago, small quantities of smallpox virus still exist in a few

research laboratories around the world.


With smallpox eradicated, vaccinations against the disease have

not been required in the United States for nearly 30 years. Those

who did receive a vaccination 3 decades ago are believed to

have little immunity to the virus left, and people born in the

United States since that time have not been vaccinated at all. No

new smallpox vaccine had been manufactured in almost 20

years; with no market for the vaccine, the private sector lost

interest in the product and showed little interest in producing a

next generation vaccine.
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The classic smallpox vaccine licensed in the United States was 
prepared from calf lymph. The vaccine was made with 1950s 
methods and is not a sterile product. It produces significant side 
effects and is currently contraindicated in such populations as 
the immune suppressed, pregnant, and the very young. Cur
rently available supplies of smallpox vaccine in the United States 
are limited to about 15 million doses. The anticipated need to 
control a U.S. outbreak is 40 million doses, and the international 
need is undetermined but substantial. 

Federally sponsored research to counter the threat of smallpox is 
progressing rapidly and will be accelerating in the year ahead. 
Major research efforts [cofunded by NIAID with the Centers for 
Disease Control and Prevention (CDC) and the Departments of 
Defense and Energy] include the following: 

•	 Extending the usefulness of the currently available, older 
vaccine (by doing human studies to determine whether 
available stocks can be “stretched”) 

•	 Developing a safe, sterile smallpox vaccine grown in cell 
cultures using modern technology 

•	 Exploring development of a vaccine that can be used in all 
segments of the civilian population (e.g., immune-sup-
pressed individuals, pregnant mothers) 

•	 Increasing knowledge about the genome of smallpox and 
related viruses 

During the past year, significant progress has been made in the 
nation’s ability to have vaccine available to vaccinate every 
American, if necessary. Results from a NIAID-supported clinical 
trial indicate that the existing U.S. supply of smallpox vaccine— 
15.4 million doses—could successfully be diluted up to five 
times and retain its potency, effectively expanding the number of 
individuals it could protect from the contagious disease. The 
trial, conducted through the NIAID VTEUs, compared full-
strength Dryvax smallpox vaccine to five- and tenfold diluted 
vaccine in 680 young adults with no history of smallpox vaccina
tion. More than 97 percent of all participants in the trial re
sponded with a vaccine “take,” a blister-like sore at the injection 
site that serves as an indirect measure of the vaccine’s effective
ness. The investigators found no significant difference in the 
take rate of the three doses. This study is an important compo
nent in the Department of Health and Human Services’ goal of 
having enough smallpox vaccine to vaccinate every American. 
In addition, to ensure that sufficient vaccine becomes available 
to protect the entire U.S. population, a contract established in 
2000 by CDC with Acambis (Cambridge, MA) to produce and 
maintain a stockpile of 40 million doses of a new, MRC-5 (a dip
loid human lung cell line suitable for the production of viral 
vaccines) cell culture-grown vaccinia vaccine was modified to 
reflect the need for expanded and accelerated production and 
human testing. The revised goal is to produce more than 50 
million doses by the end of 2002, with increased surge capacity 

for production of more than 180 million doses annually from 2003 
on. Pilot lot production of the new vaccine is now underway, as 
are phase I clinical trials. Phase II and III clinical trials are sched
uled to begin later in 2002. Acambis expects to license the new 
vaccine by the end of 2003; however, it will be available for 
emergency use as an investigational new drug (IND) product as 
soon as it is manufactured. A second contract has been awarded 
to Acambis, in partnership with Baxter (Vienna, Austria), for 
production of 155 million doses of Vero cell culture-produced 
vaccinia vaccine for delivery by the end of 2002. The expanded 
use of the Dryvax vaccine, coupled with production of new 
vaccine from these two contracts, should result in sufficient 
vaccine for the entire U.S. population by the end of 2002. 

Studies are now underway to examine if Dryvax can be diluted 
and used in non-naive adults and in children. Other vaccines 
based on second- and third-generation smallpox vaccines, such 
as a more-attenuated strain of vaccinia called MVA, also should 
move into clinical trials in the coming year. 

STREPTOCOCCUS PNEUMONIAE 
In the United States, pneumococcal infections are responsible 
for an estimated 500,000 cases of pneumonia and 40,000 deaths 
annually, and are associated with as many as 7 million cases of 
otitis media. Serious invasive diseases caused by S. 
pneumoniae include pneumonia, sepsis, and meningitis. The 
overall incidence of invasive pneumococcal disease in the 
United States is estimated to be 15 to 30 cases per 100,000 popu
lation. The rate varies significantly, however, as a function of 
age and ethnicity. Overall, the rates in children less than or at 2 
years of age (160 per 100,000) and in the elderly (50 to 83 per 
100,000) are much higher than the rate in immunocompetent 
adults. The case fatality rate among the elderly is 30 to 40 per-
cent, despite the use of antibiotics. Disease rates in blacks are 
three- to fivefold higher than rates in whites, and as much as 
tenfold higher in Native Americans than in whites. 

The conventional vaccine for pneumococcus consists of a mix
ture of 23 different capsular polysaccharides. While this vaccine 
is very effective in young adults who are normally at low risk of 
serious disease, it is only about 60 percent effective in the eld
erly. In children less than 2 years of age, the vaccine is ineffec
tive and is not recommended due to the inability of this age 
group to mount an antibody response to the pneumococcal 
polysaccharides. Antimicrobial drugs such as penicillin have 
diminished the risk from pneumococcal disease. However, the 
increasing presence of antimicrobial-resistant forms of S. 
pneumoniae has promoted an even greater need for 
immunoprophylactic approaches to protect against serious 
invasive disease and colonization. Furthermore, many individu
als, especially those at high risk for infection, do not receive the 
required immunizations against S. pneumoniae. Therefore, addi
tional strategies are needed to improve the access of these pa
tients to vaccination, with special emphasis being placed on 
immunizing adults while maintaining a commitment to vaccinate 
children. 
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A child holding his medical records while he waits to be 
vaccinated as part of the Gambia Pneumococcal Study. This 
study in 16,000 Gambian children is designed to determine 
whether 3 doses of 9-valent pneumococcal conjugate vaccine 
can significantly reduce the occurence of x-ray confirmed 
pneumonia 

Recently, a pneumococcal 7-valent conjugate vaccine 
(Prevnar), manufactured by Wyeth-Lederle Pediatrics, was 
licensed for use in toddlers and children under the age of 2, as 
well as older children with weakened immune systems or other-
wise at high risk. This represents the first pneumococcal vaccine 
licensed directly for use in infants, and is now recommended as 
part of the routine vaccination schedule along with 10 other 
vaccines. Previously licensed vaccines were only effective in 
adults. In clinical trials, this conjugate vaccine was shown to be 
safe and prevent invasive pneumococcal disease when adminis
tered along with routine infant immunizations. The results from a 
large-scale, controlled, double-blind efficacy trial in southern 
California involving 38,000 children demonstrated the vaccine to 
be 97 percent effective in preventing serotype-specific invasive 
pneumococcal disease in children less than 5 years of age. The 
study also showed that the vaccine reduced common ear infec
tions overall by 7 percent and multiple ear infections by 23 per-
cent. An additional study in Finland further substantiated these 
findings by showing that the same vaccine caused an overall 
reduction in the occurrence of otitis media by 6 percent, a 34 
percent reduction in otitis caused by S. pneumoniae, a 57 per-
cent reduction in otitis caused by the seven serotypes con
tained in the vaccine, and a 20 percent reduction in the need for 
ear tubes. While the reduction in the number of cases of otitis 
may appear small and disappointing, in the U.S. pediatric popu
lation, this reduction translates into very large numbers (i.e., 1.2 
million of 20 million cases of otitis per year) on a scale that could 
reduce healthcare costs by $300 to 500 million annually. One 

disconcerting finding associated with the Finnish trial was an 
approximately 30-percent increase in nonvaccine-type pneumo
coccal disease. This represents the first time anyone has shown 
replacement disease (as opposed to carriage) following the use 
of a pneumococcal conjugate vaccine in a clinical trial. 

Unpublished efficacy data have been provided recently for a 
third large-scale clinical trial in which 40,000 infants from South 
Africa were randomized to receive either a placebo or a 9-valent 
pneumococcal conjugate vaccine manufactured by Wyeth-
Lederle. The results demonstrate an efficacy for vaccine-type 
pneumococcal invasive disease of approximately 85 percent and 
58 percent for infants who are HIV negative and HIV positive, 
respectively. Radiographic pneumonia with consolidation re
vealed efficacies of 22 percent and 6 percent for infants who are 
HIV negative and HIV positive, respectively. 

Several potential pneumococcal vaccine candidates are currently 
under investigation, including conjugate vaccines that incorpo
rate different carrier proteins from the standard diphtheria and 
tetanus toxoids, such as surface protein D isolated from a strain 
of nontypeable H. influenzae. 

Other pneumococcal antigens, such as pneumococcal surface 
protein (Psp)A and PspC, autolysin, pneumolysin, hyaluronate 
lyase, pneumococcal surface antigen A, choline binding protein 
A, and several neuraminidase enzymes, also are being consid
ered as potential vaccines or drug targets. Highly conserved 
versions of these protein-based vaccines may offer a greater 
degree of protection against invasive and noninvasive forms of 
pneumococcal disease either alone or in conjunction with other 
protein/enzyme vaccines, the licensed pneumococcal conjugate 
vaccine, or the capsular polysaccharide vaccines. For example, 
PspA has been shown to elicit antibodies in mice that protect 
against a challenge 100 times the minimal lethal dose (LD50). 
Passive protection experiments with these antibodies also pro
tect, suggesting a significant role of this protein in the patho
genesis of disease. The protein-based vaccines also may pro-
vide a more comprehensive approach to dealing with S. 
pneumoniae by stimulating broader antibody responses, includ
ing mucosal immunity, to the various 92 serotypes associated 
with the organism. With this in mind, it is possible that these 
protein vaccines may improve the ability of 
immunocompromised populations (e.g., HIV patients, diabetics, 
organ transplantation patients, sickle cell disease patients) and 
the elderly, particularly the chronically ill and nursing home 
populations, to respond more vigorously to pneumococcal 
antigens. Because pneumococcal disease has a three- to tenfold 
increased incidence in Native Americans, Alaska Natives, and 
African Americans of all age groups compared to Caucasian 
populations, efforts to improve the vaccination status of these 
ethnic/minority groups are ongoing. 

One area of particular concern following the use of conjugate 
pneumococcal vaccines in children is the reported increase in 
nasopharyngeal carriage of and disease from nonvaccine sero-
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types of pneumococci. There are preliminary data to indicate 
that candidate protein vaccines most likely will contribute sig
nificantly to eliminating and/or controlling replacement sero
types, observed following the use of conjugate vaccines such 
as Prevnar, especially in cases of otitis media. 

Additional exciting data have demonstrated that intranasal im
munization with pneumococcal antigens can lead to protection 
against pneumococcal disease, and more importantly, against 
pneumococcal carriage in the nasal passages of mice. This dis
covery may be critical to the eventual control of pneumococcal 
disease. Pneumococci are spread by person-to-person contact. 
They are found in the nasal passages of between 10 and 50 
percent of humans, depending on age and health status, with 
children generally being the primary reservoir. In most cases, 
carriage does not result in disease, but in some cases the pneu
mococci invade from the nasal tissue to cause pneumonia, ear 
infections, eye infections, or meningitis. Vaccines that could 
prevent carriage would be able to prevent the spread of pneumo
cocci and ultimately its ability to causes disease. 

For reasons not well understood, the overwhelming majority of 
penicillin-resistant, multidrug-resistant S. pneumoniae isolates 
express a select few of the 90 different capsular types associated 
with the pneumococcus. These capsular types are predomi
nantly 6B, 9V, 14, 19F, and 23F. The restriction of these danger
ous drug-resistant bacteria to such a few serotypes raised the 
hopes that appropriate conjugate vaccines, which include these 
few serotypes, could corner the most dangerous strains of S. 
pneumoniae. Recent work led to the discovery of how resistant 
bacteria could break out of this corner. The process involves the 
transfer of DNA molecules containing genetic determinants of 
new capsular types from multidrug-resistant strains to strains 
containing different capsular polysaccharides. In a recent out-
break of multidrug-resistant pneumococcal disease among AIDS 
patients in New York, a most unusual phenomenon occurred— 
the appearance of a widely spread multidrug-resistant pneumo
coccal strain that usually expresses the 23F capsule, but this 
time, in these isolates, acquired the capsular type 3. The bacte
rium was resistant to all the useful antibiotics currently used 
against pneumococci except vancomycin. A simple test, using a 
mouse model, showed that these capsular type 3 
“transformants” of the multidrug-resistant pneumococcus have 
increased their virulence capacity more than a millionfold over 
that of the same bacterium when it carries the usual 23F capsule. 
Wide-scale deployment of pneumococcal vaccines may produce 
a selective pressure for this type of capsular switch among 
clinical isolates. The above finding emphasizes the importance 
of increased international surveillance for resistant pneumo
cocci. 
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TETANUS 
Despite long-established and effective vaccines for tetanus, 
childhood and neonatal tetanus remain significant worldwide 
problems. A more simplified approach for immunizing children 
could greatly facilitate the delivery of these vaccines, decrease 
the barriers to immunization, and improve immunization rates. 

One interesting area that has shown great promise is the use of 
the skin as a mechanism for the delivery of vaccines. Transcuta
neous immunization (TCI) involves the introduction of antigens 
along with an adjuvant using a topical application to intact skin. 
This new technology offers many advantages over parenteral 
injections, such as eliminating the risk of needle-borne diseases 
and reducing the complications related to physical skin penetra
tion. 

Investigators are developing several novel approaches for the 
delivery of vaccines via the skin. One approach involves incu
bating expression vectors with the outer layer of skin in a 
noninvasive mode. Noninvasive vaccination onto the skin 
(NIVS) requires no needle injections and no specially trained 
personnel. These investigations have demonstrated that topical 
application of an adenovirus vector encoding either the tetanus 
toxin C-fragment (tet-C) or the influenza A virus hemagglutinin 
(HA) by using a patch could elicit specific humoral immune 
responses against either tet-C or HA in rodents and nonhuman 
primates. Subfragments of the antigen DNA can be found in 
other areas of the skin or in deep tissues after localized gene 
delivery by a patch. Results suggest that a transient but produc
tive wave of antigen expression within the outer layer of skin 
may be able to broadcast specific signals to activate the immune 
system. In addition, data have been presented indicating that 
animals with preexposure to adenovirus can still be vaccinated 
by adenovirus-mediated NIVS. It is conceivable that anti-aden
ovirus immunologic components may not be able to reach the 
surface of the skin in sufficient quantities for counteracting 
applied vectors. These studies suggest that vaccines may be 
inoculated by simply applying a “vaccine patch” containing 
concentrated adenovirus recombinants that encode specific 
antigens. The patch would be applied to the outer layer of skin, 
which is a convenient target site and an immunocompetent area 
for the delivery of vaccines. The possibility of eliciting specific 
immune responses after the delivery of noninvasive vaccines 
provides the impetus for translating patch-based, noninvasive 
vaccination into routine vaccination programs in a wide variety 
of clinical settings. 

Another approach in the development of this technology in
volves the use of cholera toxin (CT), which, when applied to the 
skin surface, acts as an adjuvant for the coadministered antigens 
diphtheria toxoid and TT. The observation that CT placed on the 
skin in a saline solution could induce a potent anti-CT response 
suggests that CT might act as an adjuvant for coadministered 
proteins on the skin. Studies are now in progress to determine 
the optimal dose and concentration of diphtheria and tetanus 
antigens required for TCI, the optimal ratio of antigen to adju

vant, and whether coadministering various antigens with CT 
interferes with the immune response to each individual compo
nent. One interesting and recent study in sheep found that the 
concurrent administration of CT (adjuvant) with TT delivered 
transcutaneously could induce specific systemic antibody re
sponses to both antigens, whereas mucosal IgA antibody re
sponses were absent. This is in contrast to the results observed 
following an intramuscular immunization with TT with alum 
where systemic antibody levels were higher and mucosal IgA 
responses were observed. 

Other novel antigen delivery systems have been developed in 
recent years, including a new technique of antigen encapsula
tion that renders antigens, formerly ineffective when adminis
tered orally, into potent immunogens. This new encapsulation 
process avoids the use of organic solvents, protects the anti-
gens during their passage through the stomach, and releases the 
antigens in a “burst” into the small intestine. With the aid of 
certain excipients, antigen presentation to Peyer’s patches in 
sufficient quantity results in a vigorous immune response that is 
comparable to that produced by a parenterally administered 
antigen with an adjuvant such as alum. Numerous successful 
oral immunization studies have been carried out in mice with a 
number of antigens encapsulated by this new technique. In 
atopic humans, an encapsulated allergen (i.e., short ragweed 
extract) has been administered orally and induces significant 
immune responses. 

Mice given three doses orally of encapsulated TT on Days 0, 1, 
and 2 demonstrated an increase in the anti-TT antibody re
sponse after the primary immunization, and a significant anam
nestic response following a boost with the encapsulated vaccine 
on Days 42, 43, and 44. Ragweed-sensitive patients, who re
ceived escalating or maintenance daily doses for up to 8 weeks, 
responded with a remarkable increase in allergen-specific IgG 
that was similar to the immune response observed with high-
dose, long-term, subcutaneously administered allergen. No 
toxicity was observed among the volunteers. 

A phase I/II clinical trial with the encapsulated TT has been 
completed in healthy adults with prevaccine anti-tetanus anti-
body titers <2 IU/ml. The objectives of this study were to show 
that the encapsulated antigens can elicit a booster response in 
humans and to compare the immune response following oral 
immunization to that obtained with standard intramuscular immu
nization with TT. There were no serious adverse events that 
appeared to be associated with the microencapsulated, TT mate-
rial in normal healthy adults. Anti-TT antibody responses, as 
measured by a neutralizing antibody assay, were minimal and not 
significant at all dose levels tested. As expected, most individu
als immunized with dT vaccine intramuscularly responded rap-
idly with significant increased titers to both antigens. It is likely 
that a single oral administration of the microencapsulated vac
cine may not be sufficient to stimulate the mucosal immune 
response. In addition, it may be necessary to alum adsorb the 
tetanus antigen to make it more immunogenic. 
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Other projects designed to produce a needle-free tetanus immu
nization have involved the use of an adenovirus recombinant 
carrier encoding the immunogenic but nontoxic tetanus toxin C-
fragment. The use of a single dose administered either intrana
sally or by an epicutaneous patch can provide 100-percent and 
80-percent protection, respectively, against a lethal challenge of 
live Clostridium tetani. The use of needle-free approaches for 
vaccinating against tetanus can provide a very safe, cost-effec
tive, and compliant-friendly way to protect the public, especially 
in developing countries, against this deadly disease. 
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TUBERCULOSIS 
Despite significant advances in tuberculosis research and treat
ment strategies worldwide, tuberculosis remains one of the 
leading killers in infectious diseases. Failure to eradicate tuber
culosis worldwide is attributable to a number of factors, includ
ing insufficient public health infrastructure; poverty; 
homelessness; crowding; drug abuse; and the HIV coepidemic, 
which not only speeds up the pathogenesis of tuberculosis in 

HIV-infected patients, but significantly increases the chance for 
conversion of asymptomatic Mycobacterium tuberculosis infec
tion to active tuberculosis. Infection with M. tuberculosis, in 
most cases, results in an asymptomatic colonization with the 
bacterium, which is controlled by the immune system (latent or 
persistent infection). Weakening of the immune system can 
result in reactivation of bacterial growth and progression to 
active tuberculosis. Development of effective vaccines to pre-
vent either primary infection with M. tuberculosis or progression 
to active disease remains a priority for NIAID. In 1998, the U.S. 
Department of Health and Human Services Advisory Council for 
Elimination of Tuberculosis (ACET), U.S. National Vaccine Pro-
gram Office, and NIAID of NIH convened a workshop to de
velop a national strategy and research plan for the development 
of effective vaccines against tuberculosis, the Blueprint for 
Tuberculosis Vaccine Development. 

Despite available chemotherapy to treat tuberculosis effectively 
and prevent death by this disease, the duration of treatment (6 
to 9 months), and drug-related adverse events frequently lead to 
noncompliance and treatment failures, which in turn often result 
in the development and spread of drug-resistant tuberculosis. A 
combination of active case finding, drug treatment via directly 
observed treatment short course (DOTS), and vaccination is 
considered the most effective means by which tuberculosis 
could be eliminated as a global public health burden. 

The only currently available tuberculosis vaccine, Mycobacte
rium bovis BCG, was developed almost 100 years ago. Despite 
its lack of consistent efficacy to prevent adult pulmonary tuber
culosis, this vaccine is used worldwide and protects to a reason-
able degree against disseminated tuberculosis in infants. 

Changes in this Research Area in 20 Years 
Until the early 1980s, tuberculosis in the United States had been 
steadily declining. A sudden increase in new cases was reported 
between 1986 and 1992, followed once again by a decline. It was 
realized that this resurgence of tuberculosis was attributable 
largely to a deteriorating public health infrastructure and was 
also coincident with the HIV epidemic. In 1993, tuberculosis was 
declared a global health emergency by WHO. Subsequent to 
these events, research funding and interest in this disease in-
creased steadily, and significant advances have been made in 
the understanding of tuberculosis immunology and vaccinology. 
During the past 10 years, a number of global organizations, 
including NIH, have increased significantly their financial sup-
port for tuberculosis research and vaccine development. NIH 
alone has increased funds for tuberculosis research from $3.6 
million per year in 1991 to $56 million per year in 2001. The Euro
pean Commission’s Tuberculosis Vaccine Cluster, a collabora
tion between academic and industrial entities, has dedicated EU 
5 million for research to better understand tuberculosis vaccine 
efficacy, as well as to develop and evaluate preclinical vaccine 
candidates. Action TB, an international open research collabora
tion established in 1993 and coordinated by GlaxoSmithKline, 
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has allocated £20 million from 1993 to 2003 to fund translational 
tuberculosis research programs, including the identification and 
development of vaccine candidates and surrogate markers of 
protection. The Bill and Melinda Gates Foundation has contrib
uted $20 million to research leading to the development of an 
effective new tuberculosis vaccine (2000 to 2005). 

Courtesy of NLM 

Research in vaccine development was especially boosted in 
recent years by the publication of the complete sequence of the 
M. tuberculosis genome, as well as by the availability of genetic 
tools that allowed production of recombinant mycobacterial 
strains to aid in vaccine development and evaluation. 

Overall, significant efforts have been made to understand and 
reevaluate BCG field trials worldwide and to understand the 
cause(s) of varying efficacy for this vaccine in different popula
tions and geographic areas. This interest led to the development 
of advanced animal models of M. tuberculosis infection in an 
attempt to mimic more closely human disease in animals and to 
possibly predict vaccine efficacy from animal studies. From 
these experiments, it became clear that the pathogenesis of 
tuberculosis varies among different animal models of infection 

and disease and that a number of immunological factors modu

late disease outcome after infection with M. tuberculosis.

Through the

development

and refine

ment of these

models,

which now

extend from

rodents (mice

and guinea

pigs) to rab

bits and

nonhuman

primates,

researchers

continue to

gain insight

into immuno-
 Courtesy of TIGR 

logical fac- Genome for M. Tuberculosis 
tors that are 
involved in the development of active disease versus asymp
tomatic, controlled infection. This enhanced understanding of 
small animal models of tuberculosis has enabled the testing of 
more than 170 potential vaccine candidates over the past 5 to 10 
years. These potential candidates comprise a number of vaccine 
classes: Recombinant BCG and live-attenuated M. tuberculosis 
strains, various other live vectors (bacterial and viral), subunit 
vaccines, DNA vaccines, and approaches to improve upon the 
use of BCG through adjunctive immunotherapy and prime-boost 
strategies. BCG is usually administered once early in life. How-
ever, since the protective efficacy of BCG appears to diminish 
with time, investigations are underway to determine whether 
alternative routes of administration and/or revaccination or 
boosting with protein antigens would reactivate immunological 
memory and prevent reactivation disease. Since about one-third 
of the world’s population is infected with M. tuberculosis, and 
many of these individuals also received childhood BCG vaccina
tions, this strategy may prove critical in the prevention of dis
ease progression from asymptomatic infection, especially in 
areas where there is a high prevalence of HIV co-infection. 

Several candidates that appear to protect against virulent M. 
tuberculosis in small animal models equally well or better than 
BCG are being prepared to enter early human clinical trials. 
These include a recombinant BCG vaccine expressing the 30 kD 
major secretory protein of M. tuberculosis, Ag85B; a fusion 
protein composed of immunodominant M. tuberculosis pep-
tides; a multi-epitope subunit vaccine/adjuvant combination; 
and a boost strategy using Ag85A expressed from a viral vector 
after primary BCG vaccination. 

Most Significant Scientific Advances in 
Tuberculosis Vaccine Research 
The most significant scientific advances in tuberculosis vaccine 
research include the development of genetic tools in mycobacte-
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ria and the sequencing of the M. tuberculosis genome. These 
advances, combined with the development of advanced animal 
models, allow targeted selection of candidate genes, creation of 
mutant mycobacterial strains, and evaluation in vivo. Recently, 
this research was further augmented through the establishment 
of the Structural Genomics Consortium, funded by NIH and led 
by Los Alamos National Laboratory, whose goal is to determine 
the three-dimensional structure of more than 400 M. tuberculosis 
proteins. Advances toward a more thorough understanding of 
tuberculosis immunology are also enabling a more detailed re-
evaluation of the varying efficacy of BCG. From this, hypotheses 
have emerged as to the parameters that may be important in 
protection against tuberculosis. These hypotheses have guided 
strategies to arrive at a vaccine superior to BCG. The current 
efforts have culminated in the first set of candidate vaccines to 
enter human trials since BCG was introduced in 1921. 

BCG Tice (Organon, Inc.) is licensed, but not recommended for 
inclusion in tuberculosis vaccination and control programs in 
the United States. Worldwide, a variety of BCG strains are avail-
able and widely delivered under the Expanded Programme on 
Immunization (EPI) as antituberculosis vaccines. 

Several tuberculosis vaccine candidates are scheduled to be 
evaluated in humans within the next few years. One, a BCG-
prime/modified virus Ankara (MVA)-Ag85 boost strategy is 
about to enter phase I testing in the United Kingdom. Others, as 
noted above, should enter early human testing within the next 1 
to 2 years. Strategies to develop immunotherapeutic adjuvants 
have also resulted in clinical trials. For example, Mycobacterium 
vaccae has been administered as an adjunct to regular chemo
therapy in several recent trials and is currently under study in 
HIV-infected individuals in Tanzania. 

Challenges for the Development of a Vaccine 
for Tuberculosis 
The majority of research toward new and improved vaccines has 
only occurred during the last decade. Hence, little historical 
experience in tuberculosis vaccinology is available that can be 
used as guidance for the development or improvement of new 
tuberculosis vaccines. Although, and largely because, tubercu
losis vaccine research has made tremendous advances over the 
last 10 to 15 years, a number of critical questions are arising 
whose answers should remarkably speed tuberculosis vaccine 
development: 

•	 What is the basis of asymptomatic colonization (or latency, 
persistence) and what does it mean from the standpoint of 
bacterial physiology and host response? To answer this 
question, improved animal models that specifically mimic 
latency as seen in humans, or alternatively, strategies to 
derive relevant answers from human tissue need to be 
developed. 

Courtesy of Ann Ginsberg and Christine Sreemore 

•	 What factors can serve as markers of immunoprotection in 
humans to allow assessment of immunogenicity in clinical 
trials? Only with the aid of data from human vaccine trials 
will researchers be able to refine animal models and identify 
what immune parameters need to be established for further 
vaccine development. For these reasons, it is critical that 
vaccine candidates are quickly evaluated for safety and 
efficacy in human trials, and any subsequent findings used 
to devise more targeted vaccine strategies. 

•	 What is the importance of co-infections and comorbidity in 
patients at high risk for M. tuberculosis infection and 
progression to active disease? Will a vaccine that was 
developed in laboratory animals be effective in these real-
life settings? 

•	 What role will diagnostics play in the development of 
tuberculosis vaccines? Since delayed-type hypersensitiv
ity (DTH) testing is not a reliable measure of infection or 
cure, identification of the appropriate patient population 
remains a challenge. For this reason, diagnostics develop-
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ment needs to remain closely coupled with immunology 
and vaccinology research to produce, in parallel, essential 
tools for the successful conduct of clinical evaluation of 
candidate vaccines. 

•	 How does BCG work in children? This is a currently 
understudied but important aspect of vaccine develop
ment. Little is known about general or tuberculosis-specific 
differences in immune response and vaccine efficacy 
among infants, children, and adults. It is recognized that 
tuberculosis presents clinically quite differently in young 
children than in adults and that BCG efficacy differs 
significantly in these populations. 

•	 Since it will not be ethical to conduct a placebo controlled 
clinical trial with an experimental vaccine, what treatment 
regimens will the patient populations receive during this 
trial? How will this influence the ability to assess efficacy 
of the vaccine or even the outcome measures of the trial? 
How can effectual studies be designed to minimize the 
sample size and study duration? Who will fund such 
challenging and time-consuming studies and commercialize 
a vaccine? At the stage of clinical evaluation, there is a 
large number of challenges that will influence the design of 
efficacy trials in humans. 

•	 Can a tuberculosis vaccine be developed for and safely 
tested in HIV-positive patients? 

NIAID-Supported Tuberculosis Vaccine 
Research 
To answer the above questions, NIAID is funding not only 
investigator-initiated research, but solicited research on tubercu
losis immunology, pathology, pathogenesis, vaccine develop
ment, target antigen identification, diagnostics, development of 
improved tools for epidemiological studies, and development of 
markers of immunoprotection. Additionally, the aforementioned 
Structural Genomics Consortium will determine the structure of 
more than 400 M. tuberculosis proteins through national and 
international collaborations and make the resulting data avail-
able to the research community. 

NIAID’s Tuberculosis Research Materials and Vaccine Screen
ing Contract provides high-quality research reagents and vac
cine testing services in small animal models to researchers 
worldwide. NIAID’s Tuberculosis Research Unit and vaccine 
testing and evaluation units provide clinical trials infrastructure 
for vaccine evaluation and establishment of surrogate markers of 
protection nationally and internationally. A recent request for 
proposals seeks to establish contract resources for vaccine 
platform development. 

Despite the many challenges remaining in tuberculosis vaccine 
development, a new sense of optimism is permeating the tuber
culosis research and public health communities as recent re-
search advances result in novel vaccine candidates entering 
human trials. 
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Jordan Perspective: Acellular Pertussis Vaccines

The effort to develop an improved pertussis vaccine was 
associated with very turbulent times that should be remem
bered best for the fact that four such vaccines were licensed 
in the United States. They also will be remembered for leading 
to the creation of the National Childhood Vaccine Injury Act 
and for the splendid cooperation of Japanese and Swedish 
scientists. The effort also required perhaps the greatest 
amount of intercontinental air travel of any foreign vaccine 
trial to date. Dr. David Klein, the responsible program officer, 
made 36 trips to Sweden in 7 years. I am indebted to him for 
providing notes and comments regarding the following se
quence of events (1). 

Bordetella pertussis was isolated and so named in 1906 by 
French bacteriologists Jules Bordet and Octave Gengou who 
developed the first vaccine in 1912. Twelve years later, 
Thorvald Madsen reported some evidence of protection by 
crude whole-cell vaccines, and in 1942, Pearl Kendrick and 
colleagues at the Michigan Department of Public Health 
developed a combination diphtheria-tetanus-pertussis vac
cine (two toxoids plus whole cells). Whole cell vaccine was 
licensed in the United States in 1948, with licensure of diph
theria and tetanus toxoids and whole-cell pertussis (DTP) 
vaccine following a year later. I still remember the name of my 
childhood friend who had whooping cough, but most people 
forgot how severe the disease is because immunization with 
DTP decreased the reported number of cases in the United 
States from more than 265,269 in 1934 to 1,010 in 1976, the 
year I came to the National Institutes of Health (NIH). The 
public became increasingly aware of the adverse reactions to 
DPT attributed to the whole-cell vaccines, and began to reject 
the vaccine despite the continuing circulation of the bacte
rium. Neither infection nor immunization provides lifelong 
immunity (2). Electing to risk disease rather than accept immu
nization, antivaccine movements increased in Japan, Sweden, 
Britain, Italy, and other countries (3). 

Whole-cell vaccine usage was discontinued in Japan and 
Great Britain in 1974-1975; pertussis morbidity and mortality 
returned. To address some of the issues, an international 
symposium on pertussis to examine the risk-to-benefit ratio of 
whole-cell vaccination was held at NIH on November 1-3, 
1978. Sweden discontinued immunization for pertussis the 
next year. In Japan, before the National Institute of Allergy 
and Infectious Diseases (NIAID) had listed “subcellular 
antigen” of pertussis as being in early development (see 
Table 3 in “History and Commentary”), scientists had devel
oped an acellular vaccine and instituted routine administra
tion of it to children 2 years of age and older in 1981 (4). 
Somehow, I missed the fact of this early use even after I met 
two scientists¯Drs. Hiroko and Yugi Sato¯who participated in 
the development of the acellular vaccine at the Japanese 

National Institutes of Health (5) and were working in the 
laboratory of Dr. Charles Manclark of the Food and Drug 
Administration (FDA) when the need for an acellular vaccine 
for use in the United States became dramatically apparent. 

This happened in 1982 when a Washington, DC, affiliate of 
NBC aired “DTP: Vaccine Roulette.” There followed the for
mation of Determined Parents Together (DPT) by Barbara Loe 
Fisher, a concerned Virginia parent. NIAID responded the 
next year by issuing a call for proposals for development of 
an acellular vaccine and contracted with the Michigan De
partment of Public Health to do so. By 1984, vaccine manufac
turers were overwhelmed with litigation; only two were still 
marketing whole-cell vaccine. In 1985, the publication of the 
book DTP: A Shot in the Dark by medical historian Harris L. 
Coulter and Ms. Fisher provided some personal insight into 
the problems associated with the use of DTP vaccine. Con
gressional hearings began on the National Childhood Vaccine 
Injury Act coauthored by DPT and the American Academy of 
Pediatrics. A public health service interagency pertussis sub-
committee was formed, and a small working group from this 
subcommittee visited Japan to learn of its experience with 
acellular pertussis vaccines. NIAID broadened a contract 
with the National Bacteriology Laboratory of Sweden to un
dertake an efficacy trial of two Japanese-produced acellular 
vaccines in infants. 

Unfortunately, the Michigan Department of Public Health, 
with advice from FDA staff and the Sato’s, was unable to 
produce a satisfactory acellular vaccine. Fortunately, the 
public health service subcommittee successfully negotiated 
with two Japanese manufacturers, BIKEN and Takeda Chemi
cal Industries, Ltd., to provide vaccines for the Swedish trials. 
These companies would eventually collaborate with U.S. 
vaccine manufacturers to produce diphtheria and tetanus 
toxoids and acellular pertussis (DTaP) vaccine—Japanese 
acellular pertussis combined with U.S. diphtheria and tetanus 
toxoids. The first trial to get underway in Sweden in 1986 
compared pertussis toxin (PT) with PT plus filamentous he
magglutinin (FHA). They were 54 percent and 69 percent 
efficacious, respectively. This same year, Congress passed 
the National Childhood Vaccine Injury Act and mandated 
NIAID to accelerate development and testing of new candi
date acellular vaccines with the goal of licensure. 

In 1989, NIAID sought candidate vaccines from manufactur
ers for phase I/II trials. Nine manufacturers in 5 countries 
submitted 13 acellular vaccines. Sample lots were sent to the 
FDA’s Center for Biologics Evaluation and Research to be 
tested for purity, and a multicenter trial was conducted at six 
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Product 
Company 

ACEL-IMUNE 

Wyeth-Lederle* 
Tripedia 

Connaught/Aventis*** 
INFANRIX 

SKB/GSK 
Certiva 
NAV/Baxter** 

Licensed December 1991 August 1992 January 1997 July 1998 

Antigens 

PT + + + + 

FHA + + + 

PRN + 

AGG2 + 

AGG3 

Laboratories in Stockholm and the Institute Superior of Sanita 
in Rome to perform phase III efficacy trials with vaccines 
selected after the phase I/II trials. All of the vaccines were 
trivalent-DTaP. But not all acellular (aP) components were the 
same in the trials that followed in Italy (7), Sweden (8), and 
elsewhere. B. pertussis, a complex organism, consists of many 
parts, most of which seem to be antigenic: PT, FHA, three 
types of agglutinogens (AGGs), and pertactin (PRN). Since 
extensive trials established no firm correlate of protection, 
vaccine manufacturers have successfully licensed products 
with only a single acellular component, PT (9), to as many as 
five. They are tabulated below: 

* Combined with Haemophilus influenzae type b (Hib) conjugate to make Tetramune; licensed March 1993 
** License withdrawn 2001 
*** Efforts are underway by this company to license a vaccine with all five pertussis components 

with or without Hib and inactivated poliovirus (IPV) 
GSK = GlaxoSmithKline 
SKB = SmithKline Beecham 
NAV = North American Vaccine 

There are two other items of interest. First, continued use of 
whole-cell vaccine in the United States caused the pertussis 
disease burden to be too low to assess vaccine efficacy in 
the United States. In Italy and Sweden, disease rates were 
high, and officials were interested in participating in trials of 
less reactogenic vaccines. But controversy arose over why 
studies of vaccines that would eventually be used in the 
United States needed to be conducted abroad. Responsible 
agencies in all countries allowed the studies to continue. 
Today, the experimental human immunodeficiency virus (HIV) 
vaccines developed in the United States are being tested 
abroad in many countries. Second, Dr. John Robbins of the 
National Institute of Child Health and Human Development 
(NICHD), convinced that PT was the essential and only anti
gen needed, negotiated with other Swedish investigators in 
Göteburg (9) to test a DTaP vaccine produced by NAV con
taining only diphtheria and tetanus toxoids. Its efficacy was
71 percent and it was licensed as CertivaÔ in July 1998. 
Within a year, NAV was absorbed by Baxter, and the license 
was soon withdrawn. The other vaccines had shown effica
cies ranging from 84 to 90 percent, and it had been suggested 
that physicians would favor vaccine with multiple pertussis 
antigens. 

Vaccines with acellular pertussis antigens have not been 
associated with serious adverse events, although booster 
doses induce more intense, but not troublesome, local reac
tions. 

Time from use of acellular vaccine in Japan: 10 years. Time 
from expressed need for improved vaccine in the United 
States: 9 years. 

The final chapter in this saga is now being written. Because 
endemic disease occurs in adults in populations in which 
pertussis is controlled by immunization, a study was begun in 
1996 to characterize the epidemiology and clinical spectrum in 
adults and adolescents and to determine the duration of 
efficacy and immunity regarding acellular pertussis vaccines. 
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Jordan Perspective: Influenza Vaccine

Although the 1918 to 1919 pandemic of influenza near the end 
of World War I had increased attempts to culture the pre
sumed causative virus, success awaited the use of the living 
chicken embryo. In 1933, Smith, Andrewes, and Laidlaw (1) 
reported the growth of the first virus, which became influenza 
A. In 1934, Francis (2) reported the transmission of a virus 
shown to be a second type, influenza B (3). Influenza C has 
since been shown to infect man, but is not a significant 
pathogen. Many animals—notably fowl, horses, and pigs— 
harbor, transmit, and are made ill by these viruses. All of 
these viruses are classified by their two surface proteins—a 
hemagglutinin (HA) that agglutinates erythrocytes, and a 
neurominidase (NA) that elutes the virus from cells. The 
ability to manipulate these two surface antigens has made 
possible the development and updating of live, attenuated 
influenza vaccine. 

Influenza viruses are negative strand RNA viruses with a 
segmented genome. Segment four encodes the HA, and 
segment six encodes the NA. Mutation of these segments, 
particularly the HA, is occurring constantly, producing new 
antigenic variants. On occasion, co-infection of cells with a 
human and an animal virus may lead to the swapping of HA 
segments and result in a new, more virulent strain. Use has 
been made of the propensity of influenza virus to swap gene 
segments to design a live vaccine as a possible substitute for 
the currently used inactivated vaccine. 

Such a vaccine—whole virus harvested from allantoic fluid, 
concentrated, and inactivated with formaldehyde—was first 
used with success by Francis to immunize U.S. forces during 
the early 1940s (4). Disruption of the viral particles and other 
purification procedures in subsequent years reduced the 
reactogenicity of the injectable vaccine, improving its uptake. 
As new HAs are detected by worldwide surveillance, new 
strains are substituted for old ones. Currently, the vaccine 
includes two A strains—H1N1 and H3N2—and one B strain. It 
is most effective in young and middle-aged adults, and less 
effective in young children and the elderly. 

Studies in the Francis laboratory of the School of Public 
Health at the University of Michigan were funded in the 
1940s and for a number of years thereafter by the U.S. Army 
through the Board for the Investigation and Control of Influ
enza and Other Epidemic Diseases in the Army, the forerunner 
of the Armed Forces Epidemiological Board (AFEB). Dr. Jonas 
Salk was a member of the laboratory staff who participated in 
the development of the inactivated vaccine. He later moved 
to the University of Pittsburgh where he used the same meth
odology to develop inactivated polio vaccine, the efficacy of 
which was demonstrated in the 1954 field trial coordinated by 
Dr. Francis. 

Another member of the Francis laboratory is Dr. H. F. 
Maassab, whose work has been supported since 1976 by the 
National Institute of Allergy and Infectious Diseases 
(NIAID), work that made live influenza vaccines possible (5). 
First with influenza A (A/Ann Arbor/6/60) and then with 
influenza B (B/AnnArbor/1/66), he attenuated wild-type 
viruses by serial passage at successively lower temperatures 
(cold adapted) until they were no longer virulent in ferrets. 
These became master donor strains whose six internal genes 
maintained the attenuation characteristic, and whose HA and 
NA gene segments could be replaced by reassortment with 
those segments from newly emergent wild-type strains. Dr. 
Maassab has been able to do this repeatedly, creating live 
vaccines that matched the composition of the inactivated 
vaccine for a given season. 

Since 1976, cold-adapted influenza virus vaccines (CAIVs) 
based on Maassab’s donor strains have been tested in clini
cal trials conducted by NIAID scientists and others. Dr. Brian 
Murphy, of the NIAID Laboratory of Infectious Diseases, 
and associates studied intranasal installation of CAIV (6) and 
found that the vaccine was highly protective in adult and 
pediatric volunteers who were given the vaccine and then 
challenged with influenza (7). In clinical trials since 1993 
cosponsored by Wyeth-Ayerst Research and NIAID, CAIVs, 
including monovalent and bivalent type A vaccine, monova
lent type B vaccine, and trivalent vaccine, have been admin
istered to more than 8,000 subjects whose ages ranged from 2 
months to more than 100 years. In 1995, Aviron, as part of a 
Collaborative Research and Development Agreement 
(CRADA) with NIAID and a licensing agreement with the 
University of Michigan, initiated a clinical trial of a cold-
adapted trivalent influenza vaccine, FluMist. The results of 
this multicenter, placebo-controlled trial in children 15 to 71 
months old were most impressive (8). The live vaccine was 
stored frozen at -20°C before being thawed. A spray applica
tor was used that consisted of a syringe-like device that was 
calibrated and divided for delivery of two 0.25 ml-aliquots 
(one per nostril) as a large particle spray for a total delivered 
volume of 0.5 ml of vaccine or placebo. One dose was admin
istrated to 288 children; two doses to 1,314 children, 60 days 
apart. The vaccine efficacy was 93 percent against culture-
confirmed influenza. The one-dose regimen (89 percent) and 
the two-dose regimen (94 percent) were protective, and the 
vaccine was efficacious against both strains of influenza 
circulating in 1996-1997, A (H3N2) and B. The immunized 
children had significantly fewer febrile illnesses, including 30 
percent fewer episodes of febrile otitis media. FluMist also 
has been tested in adults, including some infected with hu
man immunodeficiency virus (HIV). A license application is 
under review by the Food and Drug Administration (FDA). 
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Time from cold-adapted master donor strains: ± 20 years. 
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Jordan Perspective: Pneumococcal Vaccine

This story begins with the identification in 1917 by Dochez 
and Avery (1) of the specific soluble substance elaborated by 
the pneumococcus, and subsequent studies of the substance 
by Avery and Heidelberger (2). In 1927, Schiemann and 
Casper (3) demonstrated that the substance was immuno
genic in the mouse. Three years later, Francis and Tillett (4) 
reported the induction of antibodies in humans. The protec
tive polysaccharide antigen had been identified. 

A number of vaccine trials followed, the largest being one of 
a bivalent (types 1 and 2) vaccine given to more than 40,000 
males in the Civilian Conservation Corps in the late 1930s. 
The results were inconclusive. During World War II, pneumo
coccal pneumonia became a problem at an Army air base in 
Sioux Falls, South Dakota. Fortunately, Dr. Heidelberger had 
continued his studies and was able to provide purified type-
specific vaccines for the predominant types identified by a 
carrier survey. This classic study demonstrated that immuni
zation of humans with type-specific capsular polysaccharides 
of selected pneumococcal types (1, 2, 5, and 7) was effective 
in preventing pneumonia caused by those types. Of equal 
interest was the observation that immunizing 50 percent of 
the population greatly reduced in nonimmunized subjects the 
incidence of pneumonia caused by the vaccine types (5). 

E. R. Squibb and Sons then developed and marketed two six
valent pneumococcal capsular polysaccharide vaccines, one 
vaccine for use in adults, the other for use in children. These 
vaccines never gained widespread acceptance. Physicians in 
the early 1950s chose to rely on new antimicrobial agents to 
treat bacterial pneumonia, rather than on prevention through 

immunization. In 1954, therefore, Squibb terminated its pro
duction of pneumococcal vaccine. The Biologics Control 
Laboratory of the National Microbiological Institute, Na
tional Institutes of Health, withdrew without prejudice 
Squibb’s license to produce these vaccines, and Squibb 
subsequently abandoned all of its pneumococcal vaccine 
research and development programs. Perception of the need 
for the development of a pneumococcal polysaccharide vac
cine generally diminished until Dr. Robert Austrian produced 
data showing that despite antibiotic treatment, the mortality 
rate for bacteremic pneumococcal pneumonia was still high 
(6). In 1967, the Infectious Diseases Advisory Committees of 
the National Institute of Allergy and Infectious Diseases 
(NIAID), of which I had just become a member, recommended 
to Dr. Dorland Davis, the institute’s director, that funds be 
provided for the research and development of pneumococcal 
vaccine. NIAID contracted with Eli Lilly and Company to 
develop an experimental polyvalent polysaccharide vaccine 
to be tested by Dr. Robert Austrian and other investigators. 
In 1976, 13 years after his first report to the Association of 
American Physicians, Austrian informed that group of the 
convincing results obtained in a population of novice gold 
miners in South Africa (7). 

Just as Eli Lilly’s vaccine was being shown to be effective in 
South Africa, the company made a corporate decision in 1975 
to stop producing it. Fortunately, Merck Sharp & Dohme 
intensified its efforts to develop a pneumococcal vaccine. 
Merck, with Dr. Maurice Hilleman leading its vaccine pro-
gram, had committed itself earlier to the task of developing 
and producing a meningococcal polysaccharide vaccine for 
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the Army. Merck conducted independent clinical trials 
among gold miners in South Africa and obtained levels of 
safety and efficacy comparable to those found by Austrian 
with the product produced by Eli Lilly. Merck applied to the 
Food and Drug Administration (FDA) in 1976 for a license to 
manufacture and market a 14-valent vaccine. The company 
was issued a product license on November 21, 1977, and 
began marketing PNEUMOVAX in February 1978. Lederle 
Laboratories obtained a product license for its 14-valent 
vaccine in August 1979 and began marketing PNU-
IMMUNE shortly thereafter. Subsequently, 23-valent vac
cines were developed and licensed in 1983. They contain 87 
percent of the serotypes responsible for bacteremia pneumo
coccal diseases in adults worldwide and are reported to be 65 
to 70 percent effective in healthy adults. Time from first suc
cessful vaccine trial: 37 years. 

Such effectiveness is lacking in children (8), for T-cell-inde
pendent polysaccharide vaccines are poorly immunogenic in 
the young, particularly those less than 2 years of age. After 
the success in the late 1980s of the Haemophilus influenzae 
(Hib) polysaccharide-protein conjugate championed by 
Robbins and Schneerson (9), steps were taken to apply this 
approach to the development of a pneumococcal vaccine for 
children. In 1987, NIAID sought the interest of industry in 
manufacturing a heptavalent conjugate vaccine. Only one 
company, Praxis Biologics, a new venture started by Dr. 
Richard Smith, Professor of Pediatrics at the University of 
Rochester and a close associate of NIAID grantee Dr. Porter 
Anderson, an expert on polysaccharides, submitted a con-
tract proposal. Merck wrote that it would proceed indepen
dently. 

Combining pneumococcal conjugates was not easy. It took 
time going from three to five to seven serotypes, trying dif
ferent proteins, and conducting phase I trials during years 
when Praxis was absorbed by Wyeth-Lederle Vaccines. Fi
nally, in 2000, 21 years after the first 14-valent polysaccharide 
vaccine was licensed, a heptavalent conjugate vaccine was 
licensed. This contains the most common serotypes that 
cause acute otitis media (4, 6B, 9V, 14, 18C, 19F, and 23Y) 
conjugated to the nontoxic diphtheria toxin analogue 
CRM197. Two efficacy trials, one in California (10) and the 
other in Finland (11), have shown the vaccine to be safe and 
moderately effective in the prevention of otitis media caused 
by serotypes included in the vaccine, but the Finnish trial 
demonstrated an increase in the incidence of otitis media 
from serotypes not in the vaccine. Merck will soon submit a 
license application for its multivalent conjugate. 

It took 5 years longer than predicted by the Institute of 
Medicine (IOM) (see Table 5 in “History and Commentary”) 
to bring conjugated pneumococcal polysaccharides to licen
sure. It is well that vaccines are now available for children 

and adults because an increasing proportion of pneumococci 
isolated around the world are resistant to penicillin and other 
antibiotics. But both vaccines can be improved (12). 
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Sexually Transmitted Diseases 

OVERVIEW 
Sexually transmitted diseases (STDs) comprise a spectrum of 
infections that are a major, yet often ignored, area of women’s 
health. Women, particularly adolescents, and infants are dispro
portionately affected by these infections. STDs also represent a 
major area of health disparity in the United States, with the 
current epidemic disproportionately affecting minority popula
tions and lower socioeconomic groups. The rates of gonorrhea 
and syphilis are greater for African Americans than for non-
Hispanic whites. African-American and Hispanic women suffer a 
proportionally greater share of the severe magnifications of 
these diseases, such as pelvic inflammatory disease (PID) 
caused by bacterial infections, and cervical cancer caused by 
human papillomavirus (HPV) infection. STDs have an impact on 
the human immunodeficiency virus (HIV) epidemic as well. Stud
ies indicate that infection with a variety of STDs can increase 
the risk of HIV transmission by at least threefold to fivefold. 

Apart from the HIV epidemic, STDs cause significant morbidity 
and mortality, as well as contribute greatly to increasing 
healthcare costs. Gonococcal and chlamydial infections cause 
PID, infertility, and ectopic pregnancy. Several common STDs 
adversely affect pregnancy and result in spontaneous abortion, 
stillbirth, chorioamnionitis, premature rupture of membranes, 
preterm delivery, and postpartum endometritis. Neonatal infec
tions include gonococcal conjunctivitis, which may lead to 

STD 
Incidence 

(Estimated number of 
new cases every year) 

Prevalence* 
(Estimated number of 

people currently infected) 

Chlamydia 3 million 2 million 

Gonorrhea 650,000 Not Available 

Syphilis 0,000 Not Available 

Herpes 1 million 45 million 

Human 
Papillomavirus (hpv) 5.5 million 20 million 

Hepatitis B 120,000 417,000 

Trichomoniasis 5 million Not Available 

Bacterial Vaginosis** Not Available Not Available 

*  recent surveys on national prevalence for gonorrhea, syphilis, 
trichomoniasis or bacterial Vaginosis have been conducted. 

** Bacterial Vaginosis is a genital infection that is not sexually transmitted but is 
associated with sexual intercourse. 

Source: CATES, 1999 
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blindness; chlamydial pneumonia, which may lead to chronic 
respiratory disease; and herpes encephalitis. Moreover, genital 
infections attributable to HPV are causally associated with cervi
cal cancer, the most common cause of cancer-related death in 
women throughout the world. 

Despite recent global efforts in health education aimed at pre-
venting the sexual transmission of HIV, STDs remain hyperen
demic in many developing countries and in the inner-city popu
lations of industrialized countries. Throughout the world, the 
majority of STDs are clustered in the resource-limited settings of 
urban and peri-urban areas, where increasing numbers of adoles
cents and young adults, poverty, unemployment, lack of educa
tion, perceived lower status of women, and social disintegration 
fuel the epidemic spread of STDs. 

A consensus has emerged that the prevention of sexually trans
mitted HIV infection and the prevention of the major sequelae of 
STDs in women and infants mandate a global initiative for the 
prevention and control of STDs. Among other things, this initia
tive will depend on the development of safe, effective vaccines 
that prevent infection, disease, and/or sequelae. Currently, ex
cept for hepatitis B infection, no such vaccines exist. 

GONORRHEA 
In the last 20 years, great strides have been made in research on 
Neisseria gonorrhoeae, the pathobiology of gonorrhea, and the 
prevention of this disease. These advances were made possible 
by developments in molecular biology technology, the genome 
sequencing initiative, and an infusion of talented young investi
gators into the field. 

Pilus as a Vaccine Target and Antigenic 
Variation in N. gonorrhoeae 
In the 1970s, scientists had a simplistic view that immunizing the 
populace with the major surface antigens of N. gonorrhoeae 
would stimulate protective and, hopefully, lasting immunity to 
infection. This attitude was not unreasonable given what was 
then known about immunization in general. The pilus was cho
sen as the most likely vaccine candidate because it was immuno
genic, it was a major structure on the surface of the bacterium, 
and because it promoted bacterial attachment to human cells. A 
number of trials were initiated in military recruits to study the 
efficacy of a pilus-based vaccine. These studies showed that the 
pilus could induce immunity in volunteers. Unfortunately, this 
immunity only protected the volunteers against infection by a 
limited number of bacterial strains. 
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Genetic studies were initiated around the time of the pilus-based 
vaccine trials. These studies revealed that the pilin gene under-
goes tremendously high rates of antigenic variation, leading to 
antigenic changes of pilin, the subunit that makes up the pilus 
structure. This explains why volunteers immunized with the pilus 
were immune only to limited strains of the species: The bacte
rium changes the antigenic character of the pilus at high fre
quency, and in so doing, escapes from the host immune re
sponse. Further work indicated that antigenic variation occurs at 
many levels, affecting many of the bacterial coat proteins. This 
phenomenon of antigenic variation is analogous to what hap-
pens to the flu virus, only the bacterial process is much more 
complicated and affects many more proteins. 

Porin: A Major Virulence Factor and Vaccine 
Target 
The porin, a protein on the surface of N. gonorrhoeae, serves as 
a portal of entry for small compounds, i.e., porin pores allow 
nutrients to enter the bacterial cell. Porin also has the interesting 
property of inserting into the membrane of human cells, and in 
so doing, sending signals to the host cell. (How these signals 
affect the cell is unclear at present.) The porin protein does not 
undergo large-scale antigenic variation, i.e., porins from a wide 
number of strains are antigenically similar to each other. Thus, 
porin promises to be a good vaccine target. Toxicity studies 
indicate that porins are safe immunogens. However, preliminary 
trials indicate that while porins can induce an antibody response 
in humans, the antibodies thus derived do not kill the bacteria. 

No vaccines are presently in human trials, nor are any licensed 
for use. The discoveries that there is antigenic variation in N. 
gonorrhoeae and that porins are not a protective immunogen 
have turned the attention of investigators to other approaches 
to identify vaccine and pharmacological candidates. Much work 
now centers on the activities of the bacterium when it is in close 
association with host cells in the body. 

Identifying the Bacterium’s Achilles’ Heel: 
The Development of Cell Culture Systems 
For years, N. gonorrhoeae was thought to exist only on the 
mucosal surfaces of humans, i.e., the dogma was that this bacte
rium does not invade cells. This view was derived in part from 
the lack of suitable animal models to study gonococcal disease. 
In the 1980s and 1990s, a variety of cell culture systems were 
developed for studying N. gonorrhoeae. These cell systems, 
representing different anatomical sites that are susceptible to N. 
gonorrhoeae infection, make it possible to study numerous 
aspects of the infection process. Using these systems, scientists 
have discovered that the life cycle of the bacterium does have 
an intracellular stage and that the bacterium not only adheres to 
the epithelial cell, but also enters it, transits across its length, 
and exits into the subepithelial space. It is at this latter site that 
the symptoms of the disease are actually elicited. 

Identifying the Bacterium’s Achilles’ Heel: 
Human Challenge Studies 
Complementing these cell culture systems is the human chal
lenge system. This system, developed in the late 1980s, is de-
signed to study early events in a N. gonorrhoeae infection of 
the urethra. The system is limited to studies of infections in the 
adult male urethra and to early times of infection. Nevertheless, 
experiments using this system have already revealed important 
aspects of a gonorrhea infection. They show that iron from 
human transferrin is important for the establishment of infection. 
They also show that antigenic variation occurs during early 
stages of the infection. 

Identifying the Bacterium’s Achilles’ Heel: 
Cell Biology and Receptor Studies 
The last decade saw the application of cell biology approaches 
to understanding the life cycle of N. gonorrhoeae. These stud
ies have revealed how certain secreted bacterial enzymes re-
model the normal cell and deactivate its infection-fighting capa
bilities. Studies also have identified numerous bacterial recep
tors on the surfaces of human cells. The cell normally uses these 
receptors in its normal day-to-day function. Yet N. gonorrhoeae 
has succeeded in using these receptors for its own gain. Upon 
contact with these receptors, the bacterium sends signals into 
the cell. These signals, in the form of protein phosphorylation 
and Ca2+ fluxes, trigger cascades of biochemical reactions within 
the cell, all designed to fool the cell into internalizing the bacte
rium and keeping it safe from harm by innate cellular defense 
systems. 

Studies have also revealed how the bacterium manages to 
outcompete the human host for certain nutrients. For instance, 
N. gonorrhoeae requires iron for growth and infectivity. At the 
mucosal surfaces, iron is derived mainly from the host protein 
transferrin. During infection, the bacterium reduces cellular 
levels of transferrin receptor, a protein that binds and internal
izes transferrin, and allows iron uptake. In so doing, the bacte
rium makes transferrin more readily available for its own use. 

Identifying the Bacterium’s Achilles’ Heel: 
How Bacteria Send Signals to Host Cells 
Many bacteria, including N. gonorrhoeae, are known to move 
along solid or semisolid surfaces. This process is known as 
twitching motility, named for the manner of the movement. 
Twitching motility requires the bacterial type IV pilus and helps 
the microbes to spread across and colonize the mucous layer on 
the surface of cells in the body. Recent studies on the funda
mental nature of twitching motility have shed light on how bac
teria move. The knowledge gained from these studies is appli
cable to a wide variety of other pathogenic bacteria that express 
type IV pili. It is also likely to shed valuable light on how motility 
on the mucosal surfaces may send signals into the host cell to 
perturb normal cell functions. 
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N. gonorrhoeae moves by extending the pilus, a filamentous 
structure, onto a substrate, such as the membrane of a cell, then 
pulling the pilus back into its body. This process is analogous to 
a climber using a grappling hook to ascend a mountain. The 
pilus retraction process occurs at a tremendous force. Similar 
forces placed artificially on the membrane of human cells in 
culture induce changes to cell morphology, perturb normal bio
chemical pathways, and change gene expression patterns. Pilus 
retraction during bacterial attachment is likely to generate forces 
on the cell membrane and stimulate biochemical pathways that 
fool the cell into internalizing the bacteria. Future work along 
these lines will undoubtedly uncover more targets for pharmaco
logical intervention in this disease. Other pathogens express 
retractable type IV pili, among them are enteropathogenic Es
cherichia coli, the causative agent of diarrheal disease, and 
Pseudomonas aeruginosa, a pathogen that affects cystic fibro
sis and burn patients. Studies on N. gonorrhoeae pilus retrac
tion will undoubtedly benefit research programs on other micro
bial pathogens. 

Identifying the Bacterium’s Achilles’ Heel: 
Genome Sequence of N. gonorrhoeae 
A great help to investigators in the field has been the completion 
of the genome sequence of this bacterium. Today, investigators 
interested in certain genes and proteins can simply search the 
genome database for their items of interest. Cumulatively, this 
database has saved scientists from having to put in thousands 
of hours of laborious laboratory work to identify their targets. 

Identifying the Bacterium’s Achilles’ Heel: 
Future Challenges 
Information gathered on N. gonorrhoeae illustrates an important 
point about this bacterium: It has evolved numerous means to 
propagate itself and survive in humans. Previous efforts to 
develop vaccines against gonococcal infection failed because 
actions were taken in the absence of an adequate knowledge 
base. Future challenges in vaccine development will require the 
expansion of this database, and the careful selection of possible 
vaccine targets. 

The lack of an animal model for gonorrheal disease hampers the 
search for suitable vaccine and pharmacological targets. N. 
gonorrhoeae has an exquisite tropism for the human body. This 
preference for infecting humans is due to the specificity of the 
bacterium for numerous human receptors as well as its require
ment for human forms of such nutrients as transferrin and 
lactoferrin iron. The bacterium also causes a wide range of dis
eases at multiple anatomical sites of the human body. Thus, 
developing suitable animal models that replicate gonococcal 
diseases will be a difficult and challenging task. Since this effort 
is not a high-yield proposition, many talented researchers have 
avoided taking on such challenges. 

Cell culture systems have been of tremendous help in under-
standing the life cycle of N. gonorrhoeae. Current knowledge is 

mostly on the initial phase of an infection process, i.e., adher
ence and cell entry. Little is known about the intracellular activi
ties of the bacterium or about the mechanisms that contribute to 
the carrier state. The latter is an important part of the disease 
process. Carriers are more likely to transmit the disease than 
people with overt infections, and women carriers are more likely 
to develop PID and infertility. At the moment, most cell culture 
studies use cells grown on a solid substrate, the plastic bottom 
of a culture dish. Future progress in N. gonorrhoeae vaccine 
research will require the refinement of these culture systems to 
mirror the conditions of the different mucosal epithelia found on 
the human body. (For instance, polarized epithelial cell cultures 
replicate the architecture of the epithelial mucosa.) As is the case 
for animal models, developing such culture systems is difficult, 
time consuming, and a low-yield proposition. 

The fields of cell biology, signal transduction, and microbial 
pathogenesis are converging and finding common languages. 
Many of the proteins and biochemical cascades used by the cell 
for normal function are redirected by N. gonorrhoeae for its own 
purposes. The challenge is to identify the molecular pathways 
usurped by the bacterium and define the end result of this inter
ference since elements in these pathways may serve as vaccine 
and/or pharmacological targets. In addition, the design of any 
vaccine and/or pharmacological agent will have to take into 
account whether the treatment itself will interfere with host cell 
function. 

Finally, the advent of microarray technology will be of tremen
dous help in vaccine development. For instance, microarray 
analysis of N. gonorrhoeae gene expression during the different 
stages of adhesion and invasion will identify new bacterial pro
teins that are upregulated during the infection process. Some of 
these proteins are likely to be good vaccine targets. Microarray 
analysis of epithelial cell genes that are up- or downregulated 
during N. gonorrhoeae infection will also be extremely valuable. 
Such studies will reveal host proteins and signal cascades that 
are perturbed or usurped by the bacteria during infection. Some 
of these cellular proteins are also likely to be good vaccine or 
pharmacological targets. 

Microarray analysis is a double-edged sword. If performed with 
stringency and precision, this technology will yield invaluable 
information. If it is performed by inexperienced individuals and 
with incomplete gene arrays, the information will be misleading 
at best. Microarray analysis, therefore, should not be imported 
into every laboratory. It is a difficult technology requiring expert 
technical knowledge ranging from nucleic acid chemistry to 
statistics. This technology is best provided by core facilities. 

CHLAMYDIA 
More cases of STD are caused by Chlamydia trachomatis than 
by any other bacterial agent, making C. trachomatis infection an 
enormous public health problem in the United States and 
throughout the world. C. trachomatis infects men and women, in 
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the majority of cases causing silent, asymptomatic infection that 
can persist for many years. Men with asymptomatic infection 
serve as carriers of the disease, spreading the infection, but only 
rarely suffering long-term health consequences as a result. 
Women are at tremendous risk of serious complications of infec
tion. Acute infection with Chlamydia can result in PID, a serious 
and painful syndrome that often leads to permanent damage of 
the reproductive tract and a dramatic increase in the likelihood of 
infertility and/or ectopic (tubal) pregnancy. C. trachomatis infec
tion in the United States has always accounted for a significant 
percentage of STD, but the number of infected individuals has 
exploded over the past 20 years. Various studies have estimated 
that there are 4 to 5 million new cases each year and that be-
tween 3 and 5 percent of women are infected at any time with C. 
trachomatis. Among inner city adolescent females, the incidence 
rate can be as high as 30 percent. As this population enters 
childbearing age, there will be not only devastating reproductive 
health problems in these women, but also tremendous economic 
costs associated with treatment. Previously, the costs of treating 
and caring for patients with PID ranged from $2 to $6 billion 
annually, and the estimates for 2000 are as high as $10 billion. 

One significant difficulty in curtailing Chlamydia infections is 
the ability to diagnose infections rapidly. Most sexually active 
patients are not screened routinely by primary care providers. 
Even in cases where Chlamydia is suspected, the test must be 
sent to a specialized laboratory for evaluation. This lack of diag
nosis is particularly discouraging in that the organisms respond 
well to antibiotic therapy and can even be treated with a single 
dose of certain drugs. Increased awareness and routine screen
ing of at-risk populations would have a significant impact on 
these infections and their cost. Infection that remains undetec
ted in girls and women causes damage to the reproductive sys
tem that is often not treatable using antibiotics. Once this dam-
age arises, costly invasive measures are the only treatment for 
infertility, and these are not successful in many patients. 

A safe vaccine administered prior to adolescence that is effec
tive through childbearing age would have a significant impact 
on the acquisition and spread of this disease and the cost of the 
resulting pathology. There are no vaccine candidates presently 
in human trials; however, the development of such vaccines is 
an active area of research. One of the major successes of this 
work has been the identification of several components of C. 
trachomatis that stimulate protective immune responses. Al
though exciting, the protection that results from immunizing 
experimental animals with any one of these components is not 
complete. These components also appear to stimulate different 
arms of the immune system. Most researchers now believe that 
an effective vaccine must incorporate multiple Chlamydia-de-
rived components that stimulate multiple arms of the immune 
system. Identification of these components has been greatly 
assisted in the past 3 years by the availability of the complete 
genome sequence of C. trachomatis. The ability to examine 
every gene in the organism has allowed for identifying and 

testing candidate proteins based on their similarity to proteins 
important in immunity to other bacterial pathogens. 

Despite these efforts to develop candidate vaccines, three major 
impediments have remained unresolved. First, the amount and 
quality of information obtainable by infecting experimental ani
mals with C. trachomatis is limited. The Chlamydia organism 
that does infect mice is not the same as those that infect people, 
it causes different pathology and responds differently to im
mune pressure in the host. Conversely, strains that commonly 
infect people do not cause severe disease in mice. Second, there 
is significant concern that the use of a Chlamydia vaccine in 
people will result in side effects. Many of the serious complica
tions of infection are thought to result not from the infection 
itself, but from the effects of the immune system attempting to 
control the infection. A vaccine that stimulates immunity might 
also cause the same destruction of the reproductive tract seen 
during actual infection. Third, C. trachomatis cannot be manipu
lated genetically. Many approaches to creating new vaccines 
depend on weakening live organisms by disrupting specific 
functions, thereby rendering the organism harmless. These 
weakened bacteria can then be used as vaccines to stimulate 
immunity to the virulent organisms. These genetic approaches 
have not been possible with C. trachomatis. Hopefully, research 
over the next few years will allow investigators to overcome 
each of these barriers in order to generate effective and safe 
vaccines. 

GENITAL HERPES 
The concept of what may constitute protective immunity has 
improved through studies of animal and human immune re
sponses to genital herpes simplex virus (HSV) infection. More 
sophisticated vaccine products have resulted from advances in 
molecular virology and immunology. The sequences of HSV 
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types 1 and 2 (HSV-1 and HSV-2) have been elucidated and used 
to prepare a variety of vaccine candidates, including subunit, 
genetically attenuated, replication-impaired, nucleic acid (DNA)
based, and vectored vaccines. Adjuvant research has yielded 
new strategies for boosting immune responses to candidate 
vaccines. New adjuvants used in herpes vaccine research in
clude 3-deactylated monophosphoryl lipid A (3-dMPL), MF59, 
and immunostimulatory nucleic acid sequences (CpGs). Im
proved understanding of the epidemiology of genital herpes has 
facilitated clinical trial designs. Animal model studies first 
showed that vaccines could be used to reduce the frequency of 
clinically apparent and inapparent (virus shedding in the ab
sence of obvious lesions) recurrent genital HSV infections. 
Trials in humans subsequently confirmed the animal studies and 
provided the first controlled clinical data supporting the concept 
of vaccine immunotherapy for the treatment of patients with 
persistent viral infections. 

There have been two important related advances. The first was 
the demonstration that a subunit vaccine (a glycoprotein D 
product developed by GlaxoSmithKline) could afford significant 
protection against genital herpes disease. The second was the 
observation that the protection was seen only in women. Gen
der-specific (female) protection was also seen with another 
subunit vaccine (a product containing HSV-2 glycoproteins B 
and D developed by Chiron Corporation), although the protec
tion was transient. 

There are no licensed vaccines for the treatment or prevention of 
genital herpes. There are two vaccines in human trials. A subunit 
vaccine developed by GlaxoSmithKline Biologicals contains 
recombinant truncated HSV-2 glycoprotein D and alum plus 3-
dMPL. The vaccine has been tested for the prevention of genital 
herpes disease in two large phase III trials in adults. There are 
plans for an additional phase III trial. A replication-impaired HSV-
2 mutant lacking the gene encoding the essential glycoprotein 
gH was developed by Xenova Research, Ltd., (formerly Cantab 
Pharmaceuticals, PLC) as a disabled infectious single-cycle 
(DISC) virus vaccine. The DISC vaccine was shown to be immu
nogenic and well tolerated in phase I trials in the United King
dom and the United States. It has been tested in a phase II trial 
in the United States as a therapeutic vaccine for the treatment of 
patients with frequently recurring genital herpes. There are plans 
for further development of the Xenova Research, Ltd., product 
as a prophylactic vaccine. 

The pathogenesis of genital herpes involves initial infection of 
epithelial cells and rapid spread of the virus to sensory ganglion 
neurons where a persistent (latent) infection is established. 
Reactivation of the latent infection causes symptomatic and 
asymptomatic recurrent infections that can result in spread to 
susceptible sexual partners, and in the case of the pregnant 
woman, perinatal transmission. One challenge with regard to 
developing a herpes vaccine is defining the expected benefit of 
vaccination: Is prevention of disease without necessarily pre-
venting acute and latent infection sufficient or must the vaccine 

protect against infection? Ideally, a vaccine would protect the 
genital epithelium against infection; however, at this time, it is 
uncertain whether 
current technology 
can produce a prod
uct that will induce 
durable protection 
of epithelial sur
faces. An alterna
tive strategy would In Winter 2002 NIAID will launch an 
be to protect the HSV vaccine efficacy study in women.
ganglion neurons 
from acute and latent infection and thereby prevent subsequent 
spread, but further research is needed in order to understand 
how to engender protection of the ganglia. Other areas of re-
search that would facilitate development of a vaccine to control 
genital herpes include: Defining immune correlates to protection, 
defining the role of local (genital) immune responses in protec
tion and exploring how vaccines can induce these local re
sponses, understanding the effect of prior HSV-1 nongenital 
infection on the risk of acquiring HSV-2 genital infection, deter-
mining whether a vaccine that affords partial protection against 
disease and reduces the magnitude of latent infection can result 
in fewer recurrent infections and less spread of the virus in the 
population, and understanding why subunit vaccines afforded 
only gender-specific protection. 

HUMAN PAPILLOMAVIRUS 
The past 20 years has been an explosive time in understanding 
the natural history of HPV infection and the role that HPV plays 
in cervical and other anogenital cancers. In the early 1980s, the 
first genital HPV types were molecularly cloned from benign 
genital warts and from cancers. Today, more than 50 genital 
types have been identified and they are classified as either high 
risk or low risk based on the likelihood that they will be found in 
cancers. Genital HPV infection has 
been shown to be extremely common, with approximately 50 
percent of women (and likely men) becoming infected. Infection 
with either high or low-risk HPVs is often subclinical, but a por
tion of individuals with low-risk types, particularly HPV 6 or 11, 
will develop genital warts, whereas a subset of women with 
high-risk HPVs will develop preneoplastic lesions [dysplasia/ 
cervical intraepithelial neoplasia (CIN)/squamous intraepithelial 
lesions]. Pap smear screening and treatment can prevent most of 
these lesions from progressing to cancer, and the majority of 
infections will be self-limiting. However, rapidly growing lesions, 
inadequate screening, or treatment failure can result in malig
nancy. It is now clear that almost 100 percent of squamous cell 
cancers (SCCs) of the cervix; the majority of adenocarcinomas of 
the cervix; and SCC of the vulva, vagina, penis, and anus harbor 
high-risk HPVs, with HPV 16 accounting for 50 percent of the 
cancers. Vaccination to prevent HPV infection, or as a therapy to 
modulate disease, would not only have tremendous importance 
in reducing the burden of anogenital cancer, but would have a 
huge impact on public health by reducing the need for screening 
and intervention. 
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There have been tremendous advances in vaccine research that 
have followed three avenues: 1) Prophylactic vaccines to pre-
vent infection, 2) therapeutic vaccines to treat cancer patients, 
and 3) therapeutic vaccines to prevent progression. Animal 
studies have shown that protection against infection can be 
achieved with neutralizing antibodies. These antibodies are 
directed against conformational epitopes on the surface of the 
virus. Importantly, research has shown that virus-like particles 
(VLPs), lacking viral DNA, can be made in the laboratory, and 
these particles elicit neutralizing antibodies. Thus, VLPs are 
good candidates for prophylactic vaccines. The rationale behind 
developing therapeutic vaccines is based on the fact that all 
HPV-associated cancers or premalignant lesions express the viral 
oncoproteins E6 and E7. Thus, vaccine strategies that can gen
erate T cells that kill E6/E7 expressing cells could have a thera
peutic benefit. 

Currently, there are no licensed vaccines for the prevention or 
treatment of genital HPV; however, there are a number of candi
date vaccines that are in various stages of clinical trials. HPV 
VLPs, either as a single type (usually HPV 16) or in combination 
(types 6, 11, 16, and 18), are being tested in several trials to 
prevent infection. Merck reported preliminary results from a 
phase II trial that provided encouraging evidence of protection. 
Similar trials using VLPs, or chimeric VLPs to which a piece of E7 
has been added, are being undertaken by Medimmune/ 
SmithKline, Medigene/Schering, and the intramural arm of the 
National Cancer Institute (NCI). Preclinical research or early 
trials are investigating other recombinants to deliver the coat 
protein. There are also a large number of trials of potential thera
peutic vaccines. Vaccination of women who have advanced 
cervical cancer using a recombinant virus that contained E6/E7 
was reported, and more studies are underway in patients with 
cancer and CIN. Peptides or portions of E6/E7 with adjuvant or 
linked to other immunostimulatory proteins are being tried by 
Xenova Research, Ltd.; Stressgen; University of Leiden; NCI; 
and others. 

There are many challenges to the development of HPV vaccines. 
As for all STD vaccines, a major challenge is how to develop a 
vaccine that will provide protection at the mucosal surface of the 
genital tract. The current strategies are based on creating a 
massive systemic response that will seep into the genital tract 
when trauma occurs. It may be necessary to find new ways to 
specifically target the immune response to the genital tract. 
Duration of the vaccination response is also important; initial 
vaccination will occur before the onset of sexual activity and 
must be protective for many decades of potential exposure. 
Another issue to consider is the multiplicity of HPV types; while 
four types are responsible for approximately 80 percent of can
cers, the remaining 20 percent involve a large number of other 
types. The challenges facing therapeutic HPV vaccines are even 
greater, as the underlying mechanisms that mediate regression 
are less well understood than for prevention. One problem is 
that HPV is a virus that only infects epithelial cells, and those 
cells are good at avoiding the immune system by having only 

limited contact with the immune system and by interacting 
poorly with the immune cells. Once the HPV lesion has become 
cancerous, further changes block the ability to present the E6/E7 
antigens for recognition, even if immune cells are present. Fi
nally, the highest incidence of cervical cancer is in the develop
ing world; thus, HPV vaccines should be simple and affordable. 

SYPHILIS 
The inability to cultivate Treponema pallidum on artificial me
dium historically has been the principal deterrent to advances in 
syphilis research. The advent of recombinant DNA technology 
in the early 1980s, more specifically the expression of T. 
pallidum antigens in E. coli, was key to circumventing this 
impediment. Throughout the 1980s, work in a number of labora
tories led to the identification and subsequent molecular charac
terization of the major B and T-cell treponemal immunogens 
recognized during syphilitic infection. In addition to comprising 
potential vaccine candidates, a number of these molecules have 
shown considerable promise as serodiagnostic antigens. For 
some of these cloned proteins, sequence similarity with proteins 
of other prokaryotes made it possible to deduce cellular location 
and physiological function. On the whole, however, the lack of 
sequence homologies at this early stage in the molecular era 
emphasized the “genetic gulf” that exists between T. pallidum 
and nonspirochetal bacteria. 

Syphilis 

DNA sequence analysis of cloned T. pallidum proteins in the 
late 1980s led to a discovery that has had far reaching conse
quences for the field. It was found that many of these protein 
immunogens have lipids covalently bound to their N-termini. In 
addition to markedly altering the physical properties of these 
proteins by providing hydrophobic membrane tethers, the lipid 
components also were found to confer proinflammatory proper-
ties of considerable relevance to the disease process. We now 
know that these lipoproteins are potent activators of innate 
immune cells (i.e., macrophages, dendritic cells, and endothelial 
cells), that these activities are lost if the proteins are not lipid 
modified, and that these molecules activate immune cells by 
interacting with the pattern recognition receptors CD14 and toll-
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like receptor 2. From the standpoint of the host, activation of the 
innate immune response is a double-edged sword. It is beneficial 
because it sounds the danger signal that alerts host defenses to 
the presence of an invader, stimulating potentially protective 
local and systemic immune responses. At the same time, the 
resulting inflammatory processes are likely to be the principal 
cause of the tissue damage that gives rise to disabling clinical 
manifestations. The presence of large numbers of activated 
lymphocytes and macrophages within primary syphilitic lesions 
(chancres) is a major factor in their ability to serve as cofactors 
for sexual transmission of the acquired immunodeficiency syn
drome (AIDS) virus. 

Investigators entered the molecular era assuming that the outer 
membrane of T. pallidum was similar to those of gram-negative 
bacteria. It also was widely assumed that the immunogenic pro
teins identified using recombinant DNA techniques were surface 
exposed. On the other hand, an extensive body of evidence 
predating the molecular era demonstrated that the syphilis 
spirochete’s surface reacts poorly with the specific 
antitreponemal antibodies present in human syphilitic sera. The 
existence of these two mutually exclusive notions about the 
treponemal surface emphasized the need for a detailed examina
tion of T. pallidum ultrastructure. The resulting studies have 
yielded a model of T. pallidum molecular architecture with impor
tant consequences for understanding syphilis pathogenesis as 
well as vaccine development. According to this model, the 
syphilis spirochete’s outer membrane contains an extremely low 
density of membrane proteins (now often referred to as rare 
outer membrane proteins). The highly immunogenic lipoproteins, 
in contrast, are located in the periplasmic space, anchored via 
their N-terminal lipids to the cytoplasmic membrane, where they 
are inaccessible to antibodies. The paucity of surface-exposed 
antigenic targets, coupled with the sequestration of the 
proinflammatory lipoproteins, is believed to explain, at least in 
part, why the spirochete so successfully disseminates through-
out the body and establishes persistent, even lifelong, infection 
in some individuals (hence the nickname stealth pathogen). 

The past several years of syphilis research have been dominated 
by the quest for rare outer membrane proteins. This extensive 
effort is motivated by the belief that identification of these sur
face antigens is the key to vaccine development. Given the low 

cellular abundance of these molecules, and the limited numbers 
of organisms obtainable, it is not surprising that this work has 
posed an enormous challenge. Throughout the 1990s, a number 
of creative strategies evolved for identifying these molecules, 
and promising vaccine candidates have been identified. Indeed, 
several of these proteins have been shown to confer partial 
protection in the experimental rabbit model. This work recently 
received a tremendous boost with the availability of the T. 
pallidum genomic sequence. With the bacterium’s entire genetic 
blueprint available, syphilis researchers now can catalog all of 
its outer membrane protein candidates as a prelude to assessing 
their cellular locations and protective capacities. The syphilis 
vaccine that has eluded investigators for decades could be at 
hand in the not too distant future, although the research is still 
far from human trials. It also must not be overlooked that the 
syphilis genome has provided investigators with many novel 
insights into the bacterium’s strategy for physiological survival 
within the host and, hopefully, will yield the information needed 
for its successful in vitro cultivation, another longstanding 
objective of syphilis research. 

In the 1930s, syphilis was designated the principal public health 
problem facing the United States. Following World War II, with 
the introduction of penicillin as the mainstay of syphilotherapy, 
syphilis rates plummeted. However, from the 1970s and into the 
early 1990s, the disease staged an impressive comeback, with 
African Americans bearing a hugely disproportionate share of 
the disease burden. The recognition that syphilitic genital ulcers 
dramatically increase the sexual transmission of HIV further 
amplified the disease’s importance as a public health threat. 
Fortunately, as a result of the 7-to-10-year cyclic nature of syphi
lis epidemics within the United States, along with the reinvigo
rated efforts of public health workers, syphilis rates are now at a 
historic low. Buoyed by these trends, the Centers for Disease 
Control and Prevention (CDC) has implemented an aggressive 
campaign to eliminate syphilis from the United States. Develop
ments emanating from basic and clinical research, including 
improved diagnostics, effective new oral therapeutic regimens, 
tools for the molecular typing of T. pallidum strains, and hope-
fully a safe and effective syphilis vaccine, are expected to 
complement epidemiologically based strategies for disease eradi
cation. 
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Vector-Borne and Zoonotic Infections 

OVERVIEW 
Arthropod-borne infectious diseases are responsible for a large 
and growing proportion of the mortality and morbidity 
throughout the world. Diseases such as malaria, dengue fever, 
Japanese encephalitis, yellow fever, West Nile fever, and 
leishmaniasis affect untold millions of people in the world’s 
poorest nations, where the opportunity for intervention is most 
limited. In the United States, these diseases are emerging as 
increasingly significant sources of morbidity, but death is 
extremely rare. The combination of adequate early diagnosis and 
treatment maintains a very low transmission rate. In developing 
countries, these resources are not always available, and 
alternative means must be found to interrupt transmission and 
prevent disease. Immune-based methods to accomplish these 
goals include development of vaccines against the pathogens 
to protect the humans who are exposed, vaccines to block 
transmission of the pathogens by killing them inside their 
arthropod vectors, and vaccines against the vectors 
themselves. Among the most promising vaccine development 
efforts underway at present are a transmission-blocking vaccine 
against Lyme disease, a protective vaccine against malaria, and 
immunological approaches to preventing the establishment of 
leishmanial parasites inside the human lymphocytes. 

ANTHRAX 

Background 
Anthrax is a life-threatening bacterial disease caused by Bacil-
lus anthracis, a gram-positive bacillus that produces heat-resis
tant spores. Anthrax is rare in humans and occurs in two natural 
forms (cutaneous and systemic), mainly among those who come 
in close contact with animals or their products. Cutaneous an
thrax is characterized by an inflamed carbuncle covered by a 
black eschar. If not treated, the bacilli may spread to regional 
lymph nodes and then to the bloodstream, resulting in systemic 
anthrax. Systemic anthrax, which is nearly always fatal, also may 
develop from initial sites of infection in either the lung (from the 
inhalation of spores) or the gut (from eating contaminated meat). 
Death results from edema, massive hypotension, shock, and 
pulmonary edema in the case of inhalation anthrax. 

Natural epidemics of pulmonary anthrax are rare. Since the threat 
of using anthrax as a bioterrorism agent has been demonstrated, 
outbreaks of pulmonary anthrax must be suspected as originat
ing from the deliberate release of spores into the atmosphere. 
This can result in an enormous number of fatalities within a 
short period of time, well before diagnosis is possible. 

Current Status of Research and Development 
In response to the threat of using various bacterial pathogens as 
agents of bioterrorism, the National Institute of Allergy and 
Infectious Diseases (NIAID) formed the Working Group on 
Anthrax Vaccines (WGAV) to review the current status of an
thrax vaccines in 1999. Anthrax Vaccine Adsorbed (AVA), which 
was licensed for human use in 1970, is the only vaccine available 
for anthrax. It is an alum-adsorbed, killed-cell vaccine with a 
shelf life of less than 1 year. It was designed mainly for use in 
textile workers to protect against cutaneous anthrax (wool 
sorter’s disease), scientists working with anthrax, and veterinar
ians, and is administered as six injections over an 18-month 
period. The efficacy of AVA for preexposure vaccination against 
pulmonary anthrax has only been demonstrated in animal mod
els, and the results of recent preclinical studies show that after 
as few as two immunizing doses it is able to confer protection 
against inhalation spore challenge in nonhuman primates. 
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Roughly 2 million doses of the vaccine have been administered, 
mostly to U.S. military personnel. But some service members 
have raised concerns about the vaccine’s safety and efficacy, 
and more than 400 military personnel have refused the shots, 
worried that vaccination could be connected to complaints of 
chronic fatigue, memory loss, and other health problems. These 
concerns prompted Congress to request a National Academies 
study of the vaccine’s adverse reactions, long-term health impli
cations, gender differences in reactions, and effectiveness 
against inhalation exposure. The committee concluded that while 
the current anthrax vaccine is safe and effective, it does have 
certain drawbacks. It relies on older vaccine technology and 
requires a cumbersome dosing schedule. 

The results of preclinical studies conducted by investigators at 
the U.S. Army Medical Research Institute of Infectious Diseases 
(USAMRIID) have established that it is the protective antigen 
(PA) of B. anthracis that induces significant protective immunity 
against inhalation spore challenge, and that PA is the compo
nent of AVA responsible for generating such immunity. The gene 
for PA has been cloned and inserted into a nonspore-forming, 
avirulent strain of B. anthracis, as well as into an Escherichia 
coli vector expression system. This enables the production of 
large amounts of purified recombinant PA (rPA) for use as a 
vaccine. The administration of two intramuscular injections of 
rPA (50ug or 5ug with alhydrogel as adjuvant) induces 90- to 
100-percent protective immunity against inhalation spore chal
lenge in rabbits and monkeys within 3 months after immuniza
tion. Levels of serum immunoglobulin G (IgG) antibodies against 
PA, as well as toxin-neutralizing antibodies, parallel the degree of 
protective immunity generated in response to rPA upon inhala
tion spore challenge. The safety of the anthrax vaccines has 
been publicly debated for the past few years. Reports from sci
entific reviews conducted by the Department of Defense, the 
Institute of Medicine, and the U.S. Army concluded that no 
patterns of unexpected local or systemic adverse events were 
identified in individuals who had received AVA. 

During the 2001 anthrax mail attacks, AVA was not initiated imme
diately as standard of care for potential exposures because of 
the limited availability of vaccine. Later in the fall it was offered 
under investigational new drug procedures for postexposure 
contacts. 

Recent scientific findings with the discovery of the crystalline 
structure of the lethal and edema factor and the sequencing of 
the B. anthracis genome are certain to provide further tools for 
researchers in the development of new and improved anthrax 
vaccines. 

On the basis of these and other findings, WGAV recommended 
that NIAID support joint, collaborative studies with USAMRIID 
to conduct phase I clinical trials on the safety and efficacy of an 
rPA vaccine for humans. Such studies are now underway. 
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DENGUE 
Dengue viruses are the most widespread arthropod-borne vi
ruses (arboviruses). They are members of the Flaviviridae family, 
which includes more than 70 related but distinct viruses, most of 
which are mosquito borne. Other major pathogens in this family 
include yellow fever and Japanese encephalitis viruses. In 2002, 
dengue was present on most continents, and more than one-half 
of all United Nations member states (discussed below) were 
threatened by dengue. Epidemics continue to emerge, and this 
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NIAID researchers working on dengue in Brazil. 
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virus causes severe infections in areas where periodic epidemics 
did not previously occur. The disease will continue to spread as 
newly urbanized areas become infested with mosquito vectors. 
In those areas where dengue is endemic, more than 1.5 billion 
people (including about 600 million children) are at risk. It is 
estimated that between 35 and 60 million people are infected with 
dengue, and that 2,000 to 5,000 children die from dengue annu
ally. These figures most likely underestimate the scope of this 
problem. 

There are four closely related, but serologically distinct, dengue 
viruses (types 1 through 4). Because there is no cross-protec
tion between the four types, a population could experience a 
dengue-1 epidemic in one year, followed by a dengue-2 epidemic 
the next. Primary infection with any serotype often causes a 
debilitating, but usually nonfatal, form of illness. To date, limited 
antiviral drug chemotherapy studies have not proved success
ful; consequently, most currently used forms of therapy for 
uncomplicated dengue are supportive in nature. 

Some infected patients experience a much more severe and often 
fatal form of the disease, called dengue hemorrhagic fever 
(DHF), the most severe form of which is referred to as dengue 
shock syndrome (DSS). Unlike other infectious diseases, the 
presence of antibodies after recovery from one type of dengue 
infection is believed to predispose some individuals, under 
certain incompletely understood circumstances, to the more 
severe form of disease (DHF/DSS) through immune-enhance
ment when infected by a different dengue virus serotype. Al
though all age groups are susceptible to dengue fever, DHF is 
most common in children. 

Dengue viruses are prevalent throughout the tropics, where the 
urban-dwelling mosquito Aedes aegypti is a major vector. Other 
related mosquitoes, such as Aedes albopictus, are also efficient 
vectors. Although the virus may circulate in endemic cycles, it 
periodically causes acute, widespread epidemics in which large 
percentages of the population may be infected. An example is 
the 1987 epidemic in Thailand, which officially involved 174,285 
cases; most were children younger than 15 years of age. Dengue 
caused 1,007 reported deaths among these children. That year in 
Thailand, dengue was the third-leading cause of illness in chil
dren, and the leading cause of childhood death. DHF has 
emerged as an important public health problem in Southeast 
Asia as new waves of epidemics occur; this appears to be hap
pening in the Western Hemisphere and the Pacific Islands as 
well. 

In the Americas, the first epidemic of cases of severe DHF oc
curred in 1981. The illness was associated with a dengue-2 epi
demic in Cuba that followed the dengue-1 epidemic of 1977. 
During the 1981 outbreak in Cuba, 116,151 hospitalized cases of 
dengue fever were reported, and 10,312 cases were classified as 
severe DHF; 158 deaths (many in adults) were reported. More 
recently, the Caribbean and South and Central America have 
experienced frequent outbreaks of dengue, with cases of fatal 

DHF now commonly reported from many countries. Most U.S. 
residents become infected with dengue during travel to tropical 
areas. However, as larger epidemics have occurred in northern 
Mexico, portions of the southern United States have experi
enced increased importation of dengue cases. Local transmis
sion of dengue has been documented in Texas in 1999. Further-
more, a U.S.-based epidemic of dengue started in Hawaii in 2001, 
and continues into early 2002 with more than 100 cases reported. 
The 1999 Texas outbreak was limited by focusing on avoidance 
of A. aegypti mosquitoes. In Hawaii, the vector appears to be A. 
albopictus, which is a less efficient vector for dengue. 

Dengue continues to spread or emerge in areas previously con
sidered not to be endemic, but usually is not associated with 
major outbreaks of the disease. The westward expansion of 
dengue in Asia was first documented in the late 1980s by the 
increased epidemics in India and Sri Lanka. Africa and the 
Middle East also were considered to be areas with a low inci
dence; however, dengue emerged in these areas in the early 
1990s, as demonstrated by the widespread occurrence of dengue 
infections in U.S. military personnel stationed in Somalia, as well 
as by reports of dengue in Saudi Arabia. 

Because attempts to eradicate mosquito vectors have not been 
successful in developing countries, the control of dengue will be 
possible only after an efficient vaccine has been developed. 
Clearly, the phenomenon of immune-enhancement may be a 
major problem in developing an effective dengue vaccine. It 
suggests that instead of a monotypic vaccine, a multivalent 
vaccine against all four serotypes of the dengue virus may have 
to be prepared to avoid inducing monotypic-enhancing antibod
ies that might lead to DHF associated with subsequent natural 
infections caused by other dengue types. The potential risks of 
administering a live-attenuated vaccine to a population with 
preexisting enhancing antibodies are another potential problem 
that remains to be examined in a systematic manner. 

NIAID is now funding several projects that address basic viro
logical and immunological aspects of flavivirus infections in 
general, and dengue infections in particular. The Centers for 
Disease Control and Prevention (CDC) has had a large, success
ful program focusing on applied dengue research. The World 
Health Organization (WHO) is also funding vaccine develop
ment programs, and dengue vaccine development programs are 
in place at a limited number of vaccine manufacturers and small 
biotechnology companies. The U.S. Army has had a productive, 
long-term research program aimed at developing a dengue vac
cine. 

Progress in dengue research has been slowed mainly because 
these viruses grow poorly in cell culture, and there is no accept-
able animal model for DHF. NIAID funds several extramural and 
intramural projects studying basic virological and immunological 
aspects of flaviviruses, such as yellow fever, dengue, West Nile 
fever, and Japanese encephalitis viruses. Discoveries from these 
projects cross-fertilize vaccine studies on these viruses. Some of 
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the most promising basic molecular studies that might be applied 
to the development of an improved dengue vaccine revolve 
around the development of full-length, infectious dengue 
cDNAs. Information from studies using the infectious clone has 
been combined with sequence immunological data to yield new 
insights into important antigenic regions on the dengue virion. 
The recent determination of the three-dimensional structure of 
the E protein of another flavivirus (tick-borne encephalitis virus) 
and dengue has allowed formulation of an even more sophisti
cated model for understanding antigenicity and pathogenicity of 
flaviviruses. It is hoped that this research can yield efficient and 
less costly ways to manufacture safe flavivirus vaccines. 

Flavivirus vaccine research has focused on five areas: Live-
attenuated or inactivated vaccines, infectious clone-derived 
vaccines, immunogens vectored by various recombinant sys
tems, subunit immunogens, and nucleic acid vaccines. 

A promising set of live-attenuated dengue vaccines has been 
developed in Thailand, with support of WHO. Preliminary trials 
in adults and children in Thailand were encouraging, with the 
tetravalent vaccine inducing broadly cross-reacting antibody in 
80 to 90 percent of the subjects. This vaccine has been 
transitioned to commercial development by agreements with 
Pasteur Merieux Connaught. Commercial lots have been manu
factured and testing is underway in collaboration with Walter 
Reed Army Institute of Research (WRAIR). 

Because of the success of flavivirus inactivated vaccines 
against Japanese encephalitis in Japan, and tick-borne encepha
litis in Australia, attempts have been made to develop a killed 
dengue vaccine. However, because of difficulties in growing 
high titers of dengue in cell culture, early attempts to make inac
tivated products were not successful. Recently, WRAIR scien
tists have used certified Vero cells and serum-free media to grow 
dengue to high titers. A prototype dengue-2 inactivated vaccine 
purified and concentrated from these cells induces protective 
levels of antibodies in mice and monkeys. Further testing is 
planned. 

Infectious clones of dengue, Japanese encephalitis, West Nile 
fever, and yellow fever are being combined to produce chimeric 
vaccines, and preliminary studies are very encouraging. In one 
of these programs, scientists at the National Institutes of Health 
(NIH) and in Australia also have attempted to alter the genetic 
structure of the dengue clone to produce live-attenuated vac
cine candidates. Mouse and monkey trials have been encourag
ing, and a number of potential vaccine candidates are entering 
clinical trials. 

The most advanced studies of flavivirus immunogens delivered 
by poxvirus vectors have been with Japanese encephalitis virus 
to deliver antigenic Japanese encephalitis proteins to humans in 
phase I trials. Further studies are needed, but these vectors 
induce cellular and antibody immunity against Japanese en
cephalitis. Preexisting immunity to the vector attenuated the 
response. To avoid this problem, vaccinia virus recombinants 

also have been used to generate subviral particles containing 
dengue and Japanese encephalitis antigens. These particles 
elicit antibody in mice, but their potential as vaccines is still 
being explored. 

Subunit vaccines for a variety of flaviviruses have been pre-
pared in E. coli, baculovirus, yeast, and insect cell systems. 
Generally, the experience with dengue-containing E. coli prod
ucts, and some other expressed products, was not promising. 
With E. coli-dengue products, mice produced good antibody 
titers, but monkey studies were not as successful. One lesson 
learned was that flavivirus proteins require extensive processing 
and folding during maturation. Studies to fine tune various 
expression systems to yield more stable flavivirus immunogens 
are in progress, and baculovirus-expressed products and prod
ucts from Drosophila cells appear promising in early mouse 
testing. 

Preliminary studies have been reported on a new nucleic acid 
vaccine for St. Louis encephalitis, a related flavivirus, and den
gue and West Nile fever. PreM and E proteins have been ex-
pressed under control of various promoters. Mice immunized 
with this product developed low levels of antibody, but were 
protected against a live virus challenge. Research by the CDC 
(Ft. Collins) and the U.S. Navy is attempting to further develop 
this approach for dengue. In the near future, this exciting area 
undoubtedly will be a focus of expanded vaccine research ef
forts. 
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JAPANESE ENCEPHALITIS 
Japanese encephalitis is endemic in parts of China, India, Korea, 
Nepal, Thailand, Vietnam, Kampuchea, Myanmar, the Philip-
pines, Taiwan, Indonesia, Malaysia, Bangladesh, and Sri Lanka 
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and poses a risk to U.S. travelers and the U.S. military. Infection 
with this mosquito-borne virus in endemic areas is common; 
however, clinical disease occurs in only 1 of every 300 to 1,000 
infections. These clinical cases have a case fatality rate of up to 
40 percent, with severe neurological sequelae occurring in 10 to 
30 percent of survivors. Like the closely related yellow fever and 
dengue viruses, Japanese encephalitis virus circulates in en
demic cycles, which periodically erupt into major epidemics. 
Consequently, the incidence of infections caused by Japanese 
encephalitis virus varies substantially and ranges from 10,000 to 
more than 50,000 cases worldwide per year. Estimates of about 
1,000 cases per year have been reported in India, Nepal, and Sri 
Lanka. An annual morbidity of 6 to 10 cases per 100,000 inhabit-
ants has been reported in heavily endemic areas, such as Viet
nam and Thailand. 

Travelers, military personnel, and others temporarily assigned to 
endemic areas may require immunization. Exposure to Japanese 
encephalitis virus has increased greatly with rapid economic 
development of the Pacific rim countries, and the large number 
of U.S. citizens visiting this region. The treatment of Japanese 
encephalitis is mainly supportive because antiviral drug chemo
therapy has not been developed. In developed countries, the 
control of mosquito vectors or the immunization of host reser
voirs has limited the spread of the virus, but these public health 
measures have been difficult to accomplish in developing coun
tries. 

An inactivated virus vaccine exists and has been used success-
fully to reduce the incidence of Japanese encephalitis in Japan, 
Taiwan, and Korea. Currently mass-produced and licensed in 
Japan, the vaccine has been tested under various experimental 
protocols. The vaccine is made by Biken and was licensed in the 
United States in late 1992. It also is distributed by Connaught 
Laboratories. The vaccine consists of partially purified, formalin
inactivated Japanese encephalitis virus that is propagated in 
mouse brain tissue. It requires a series of three to five injections 
to stimulate immunity. 

A different, live-attenuated, vaccine (SA 14-14-2) has been de
veloped and tested in China. It appears to be safe and effective 
in annual Chinese immunization programs involving millions of 
children. Efforts are underway to reconfirm safety and efficacy in 
carefully monitored trials in infants and children from 1 to 6 
years of age, to secure international approval. A review of 13,000 
vaccinated and control children in Chengdu Province, China, 
indicated low rates of acute systemic and local side effects, and 
no central nervous system infections were reported. The vaccine 
is produced in primary hamster kidney cells. Production issues 
remain a problem because this is not a widely accepted substrate 
for the production and licensure of vaccines in some countries, 
and the vaccine is not currently produced under good manufac
turing practice conditions. Further research is also needed to 
determine the vaccine’s thermostability, ability to revert to a 
more virulent form of the virus, efficacy in children with maternal 
antibody, and immunogenicity when used in combination with 
other vaccines. 

NIAID currently funds several extramural and intramural projects 
studying basic virological and immunological aspects of 
flaviviruses. Some of the most promising molecular studies that 
might be applied to the development of an improved Japanese 
encephalitis vaccine focus on the development of full-length, 
infectious Japanese encephalitis cDNAs. Information from stud
ies using this infectious clone has been combined with se
quence data and immunological data to yield new insights into 
important antigenic regions on the Japanese encephalitis virion. 
Furthermore, NIH has supported the development of a chimeric 
vaccine using yellow fever vaccine as a vector carrying Japa
nese encephalitis coat proteins. Early clinical studies are very 
encouraging. 

As mentioned above, further safety and efficacy studies are 
planned for the live SA 14-14-2. In addition, SA 14-14-2 is being 
molecularly modified, using infectious clones, to produce a 
vaccine that is highly stable to reversion. 

Poxvirus vectors have been employed to deliver antigenic Japa
nese encephalitis proteins to humans in phase I trials. Further 
studies are needed, but these vectors induce cellular and anti-
body immunity against Japanese encephalitis. 

Sources 
Barrett, A. D. (1997). Japanese encephalitis and dengue vac
cines. Biologicals, 25(1), 27-34. 

Barrett, A. D. (1997). Yellow fever vaccines. Biologicals, 25(1), 
17-25. 

Chambers, T., Tsai, T., Pervikov, Y., & Monath, T. (1997). Vaccine 
development against dengue and Japanese encephalitis: Report 
of a World Health Organization meeting. Vaccine, 15(14), 1494-
1502. 

Halstead, S. B. (1996). Vaccines for Japanese encephalitis. Lan-
cet, 348(9023), 341. 

Shope, R., & Meegan, J. (1997). Arboviruses. In A. Evans & R. 
Kaslow (Eds.), Viral infections of humans (pp. 151-183). New 
York: Plenum Publishing Corporation. 

World Health Organization. (1996). State of the world’s vaccines 
and immunization. Geneva, Switzerland: WHO Press. 

LYME DISEASE 

Background 
Lyme disease (borreliosis), which is caused by the tick-borne 
spirochete Borrelia burgdorferi, was first recognized as an 
infectious disease in 1975. It is the most prevalent tick-borne 
infectious disease in the United States. In 2000, 13,309 cases 
throughout the United States were reported to CDC. This repre
sents an 18-percent decrease from the 16,273 cases reported in 
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1999. Decreases of 6 and 24 percent were reported in the New 
England States (4,361 versus 4,642) and mid-Atlantic States 
(6,770 versus 8,902), respectively. Within the New England 
States, increases were reported for New Hampshire (84 versus 
27), Vermont (39 versus 26), Massachusetts (1,098 versus 787), 
and Rhode Island (590 versus 546), whereas a 21-percent de-
crease (2,550 versus 3,215) was reported for Connecticut. Within 
the mid-Atlantic States, another major endemic area, decreases 
of 8, 15, and 54 percent were reported for Upstate New York 
(3,916 versus 4,266), New Jersey (1,467 versus 1,719), and Penn
sylvania (1,276 versus 1,719), respectively. There was a 27-per-
cent decrease (423 versus 586) in cases reported for the East 
North Central States. Increases were reported for Ohio (89 ver
sus 47) and Indiana (32 versus 21); however, there was a 41-
percent decrease in the number of cases reported for Wisconsin 
(291 versus 407). An increase of 22 percent was reported for the 
West North Central States (495 versus 407), with a 39-percent 
increase in cases reported for Minnesota (393 versus 283). The 
data reported for these geographic areas of the United States 
represent 91 percent of all cases of Lyme disease reported to 
CDC by State public health agencies. 

Ticks infected with B. burgdorferi often are co-infected with the 
agents of human granulocytic or human monocytic ehrlichiosis 
(HGE and HME, respectively), as well as with Babesia microti, a 
malaria-like parasite that causes babesiosis. Throughout the 
United States in 2000, 192 and 102 cases of HGE and HME, re
spectively, were reported to CDC. How co-infection influences 
the ability to detect Lyme disease or the severity of infection is 
not known. 

Current Status of Research and Development 
NIAID has supported an extramural research program on Lyme 
disease since 1985. The research grant portfolio has grown from 
2 research grants in 1985 to more than 48 grants and contracts at 
present. It supports research on animal models of disease; mi
crobial physiology; mechanisms of pathogenesis; mechanisms 
involved in the development of protective immunity; identifica
tion and characterization of virulence-associated antigens and 
their use as vaccines and diagnostic reagents; vectors, vector 
competence, and disease transmission mechanisms; therapeutic 
approaches for the treatment of acute and chronic infection; and 
the development of rapid, sensitive, and specific diagnostic 
tests for Lyme disease. 

On December 21, 1998, the Food and Drug Administration (FDA) 
licensed LYMErix  (SmithKline Beecham Biologicals), a new 
vaccine designed to block the transmission of Lyme disease by 
infected ticks. The major component of this vaccine is highly 
purified, recombinant outer surface protein A (OspA), an outer 
surface protein of B. burgdorferi that is produced in the midgut 
of infected ticks. Immunization with LYMErix  stimulates the 
production of antibodies specific for OspA. When a tick takes a 
blood meal from an individual vaccinated with LYMErix , it 
ingests these antibodies, which then bind to the surface of B. 
burgdorferi present in the midgut. As a result, B. burgdorferi is 

either killed or prevented from migrating to the salivary glands of 
ticks where it can be transferred to humans to cause disease. 
Thus, LYMErix  is considered to be a transmission-blocking 
vaccine. Since it was shown to be 80-percent effective in pre-
venting borreliosis in humans 15 to 70 years of age, after three 
injections, LYMErix  was recommended for use by those living 
in endemic areas where the risk of contracting Lyme disease is 
great. 

Concerns were raised by patients and clinicians about associa
tions between the vaccine and joint pain and swelling. This led 
the FDA to sponsor a public meeting in January 2001 to review 
the product’s safety and update the advisory panel on com
plaints that LYMErix  may be linked to an untreatable type of 
arthritis. At the time, the FDA considered the link between the 
vaccine and arthritis theoretical, but planned further study of 
dozens of reports from consumers who have arthritis or similar 
symptoms. In February 2002, the company pulled LYMErixÔ 
from the market, citing poor sales. 

Separate studies, involving a total of 4,087 children from 4 to 18 
years of age, also were conducted to assess the safety and 
immunogenicity of LYMErix . The results showed that the 
administration of 30 mg of vaccine on a 0-, 1-, and 12-month 
schedule was well tolerated, safe, and immunogenic. In fact, the 
IgG antibody response in children 13 months after immunization 
was three times higher than that generated in the adult efficacy 
study; this suggests that the higher immune response in chil
dren should provide significant protection against Lyme disease. 

Although OspA-based vaccines are effective in blocking the 
transmission of Lyme disease, NIAID also is supporting basic 
research to identify other vaccine candidates that, when com
bined with OspA, will provide even greater efficacy and perhaps 
longer lasting protective immunity. Among the candidates being 
considered are in vivo-expressed, Borrelia-specific, virulence-
associated antigens that, unlike OspA, are capable of boosting 
the anamnestic immune response soon after infection. Study 
results indicate that B. burgdorferi decorin binding protein A 
(DbpA) elicits a sustained serum antibody response that is 
capable of inducing in experimental animals protective immunity 
against a wide range of needle-inoculated B. burgdorferi sensu 
stricto isolates. However, immunization with DbpA does not 
appear to protect against borreliosis transmitted by infected 
Ixodes ticks. This suggests that a DbpA-based vaccine may 
have limited utility, and that other potential candidate vaccines 
need to be examined and tested, especially under conditions that 
mimic the natural transmission of infection. 
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RABIES 
Rabies continues to be a significant international health prob
lem. Globally, attention has been drawn recently to potentially 
significant underreporting of rabies in developing countries. In 
these areas, a number of vaccines for human use, which vary in 
quality, are produced nationally and regionally, but 
postexposure treatment remains costly and often beyond the 
financial reach of those exposed. Moreover, such treatment must 
be administered properly, requiring product and delivery infra
structure. The need remains for economical, safe, and effective 
animal vaccines suitable for mass immunization of domestic 
animals and wildlife. In the United States, the continuing emer
gence of zoonotic rabies remains an expanding problem, espe
cially in the raccoon population along the east coast. About a 

dozen human fatalities occur annually in the United States, and 
the number of postexposure treatments is rapidly increasing, 
with a substantial associated financial burden. 

Research aimed to improve vaccines is underway with NIAID 
support. Vaccinia recombinants continue to be studied as an oral 
vaccine for wild animals, and there are attempts to develop a 
nucleic acid vaccine for possible oral administration. To date, 
large field trials of vaccinia recombinant wildlife vaccine have 
shown promise, but further studies should continue to better 
establish efficacy and carefully define safe, optimal application 
of the vaccine. Research on postexposure prophylaxis focuses 
on developing a one-shot, easily administered human vaccine 
and on safe, inexpensive, carefully defined rabies virus-specific 
immunoglobulins. Although not now available, an antiviral drug 
against rabies might be useful for postexposure prophylaxis. 

Interestingly, in the United States and Canada, many recent 
human victims did not report a bite by a potentially rabid animal, 
or reported only limited exposure to bats. In many of these 
cases, the virus isolated was related to the strain found in silver-
haired bats. It is thought that this bat is becoming an increas
ingly significant reservoir for rabies in the United States and that 
its bite often might go unnoticed. However, some health officials 
have questioned whether exposure might have occurred by 
inhalation of bat excretions. Although the guidelines for com
mencing postexposure treatment are well established for expo-
sure to domestic animals, updated guidelines will have to be 
developed for exposure to wildlife, particularly bats. Recently, a 
bat-associated lyssavirus similar or identical to rabies has been 
identified in Australia, a previously rabies-free area. 
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YELLOW FEVER 
Yellow fever was first distinguished from other tropical febrile 
diseases during the 1647 to 1649 epidemics in the Americas. 
Since then, it has caused periodic epidemics in the Americas and 
Africa. The yellow fever virus is mosquito borne, and in humans 
produces a clinical disease that starts with the sudden onset of 
acute fever followed by a second phase of hepatorenal dysfunc
tion and hemorrhage. Reported mortality rates vary widely from 
20 to 80 percent of all cases. 

During the latter half of the 20th century, yellow fever circulated 
in an endemic sylvatic cycle in the Americas, usually infecting 
up to 500 unvaccinated forest workers per year. In contrast, 
yellow fever in Africa periodically explodes from its endemic 
cycle to infect large numbers during major epidemics. The highly 
successful mosquito eradication campaigns of the early 20th 
century effectively eliminated urban yellow fever epidemics in 
South America and limited persistence of the virus to a monkey-
mosquito cycle in jungle areas. However, the disease now ap
pears to be slowly reemerging from the forest into those parts of 
South America where the vector A. aegypti has reinfested urban 
areas. 

In the late 1980s, the total number of cases of yellow fever 
worldwide (with case fatality rates of about 50 percent) repre
sented the greatest number reported to WHO during any 5-year 
period since 1948. Numerous studies showed that in Africa, only 
a small number of cases of yellow fever are reported. Ironically, 
1988 marked the 50th anniversary of the development of the 
attenuated vaccine for yellow fever¾a safe and effective vaccine 
for this disease. 

The 17D yellow fever vaccine was one of the first viral vaccines 
to be developed. It is a live-attenuated vaccine that is produced 
in eggs. After one injection, the vaccine induces protective 
immunity in more than 98 percent of vaccinees for a period of at 

least 10 years. In fact, protection may be lifelong because neu
tralizing antibodies have been detected as long as 40 years after 
immunization. The vaccine is one of the safest viral vaccines 
produced. Since 1965 alone, approximately 300 million doses of 
yellow fever vaccine have been administered. About 2 to 5 per-
cent of individuals report mild headaches, myalgia, and low-
grade fever after vaccination; less than 1 percent report altering 
their usual activities. The frequency of anaphylaxis attributed to 
yellow fever vaccine is approximately 1 in 130,000 vaccinees, and 
other severe illnesses attributed to yellow fever vaccination 
(including encephalitis, primarily in infants) are rare. From 1945 
through 1989, only 17 cases of encephalitis associated with 
yellow fever immunization (1 fatal in a 3 year old) were reported 
worldwide. Because all but three of these cases occurred in 
children immunized at 4 months of age or younger, a review by a 
panel of experts recommended that the yellow fever vaccine not 
be given before 6 months of age. 

However, recently there have been a series of reports of 
multiorgan system failure (MOSF) associated with yellow fever 
vaccination. Two Brazilian residents became ill after receiving 
17D yellow fever vaccine administered during a 1999/2000 immu
nization campaign initiated in response to a local yellow fever 
epidemic. Between 1996 and 2001, five other persons became ill 
after receiving 17D-204 yellow fever vaccine administered for 
international travel. All seven persons became ill within 2 to 5 
days of vaccination and required intensive care; six died. None 
had documented immunodeficiency. MOSF associated with 
yellow fever vaccination was not reported before 1996. The 
frequency of febrile MOSF after vaccination with 17D in the 
United States during 1990 to 1998 is now estimated at 1 in 
400,000 doses. 

Over the past 40 years, two vaccine-based control strategies 
have been attempted in Africa. The first consists of routine 
immunization, whereas the second involves emergency control 
measures that are implemented after the start of an outbreak. A 
routine, mandatory yellow fever immunization program was 
begun in the early 1940s in French West Africa; as a result, the 
recurring pattern of epidemics in West Africa has been inter
rupted. However, this strategy was abandoned in 1960 when a 
postoutbreak, fire-fighting type of emergency immunization and 
control strategy was adopted. Since then, there has been a se
ries of epidemics of varying severity. In recent years, with the 
help of the WHO Expanded Programme on Immunization (EPI), 
more African countries have apparently, at least partially, incor
porated the yellow fever vaccine into their immunization pro-
grams. Most give the yellow fever vaccine and measles vaccine 
to children at 9 months of age because the simultaneous admin
istration of the vaccines has been shown to be acceptable. Re
cently, the Global Advisory Group for WHO-EPI reviewed the 
status of yellow fever and recommended that all 31 nations in 
the yellow fever endemic area incorporate the vaccine into their 
routine immunization programs. 
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In South America, yellow fever control strategies have been 
primarily based on reducing mosquito vectors by altering their 
breeding environment. Extensive studies on the maintenance of 
yellow fever virus have shown that the virus exists in two 
cycles: An urban cycle involving humans and A. aegypti mos
quitoes, and a sylvatic or jungle cycle involving forest primates 
(principally monkeys) and forest canopy mosquitoes, with hu
man infections tangential to the transmission cycle. In the West-
ern Hemisphere, A. aegypti mosquitoes were the sole transmit
ters of urban yellow fever. In 1901, eradication efforts directed 
toward A. aegypti mosquitoes were launched under the direction 
of Dr. William Gorgas in Havana. These eradication efforts, with 
concomitant reduction of yellow fever, were extended through-
out Central and South America in the early 1900s. The eradica
tion program successfully broke the chain of urban A. aegypti
transmitted yellow fever. The eradication of the vector, and the 
subsequent reduction of urban yellow fever cases in the Ameri
cas, represents one of the world’s most successful public health 
campaigns against an infectious disease. Unfortunately, A. 
aegypti has now reinfested most of South and Central America 
and occupies habitats just adjacent to the areas where endemic 
yellow fever transmission occurs. A major threat is that this 
species could transmit yellow fever in an urban cycle. The Pan 
American Health Organization (PAHO) is monitoring the need 
for incorporation of yellow fever immunization into the EPI pro-
grams in South America. Some authorities believe serious con
sideration should be given to expanding yellow fever immuniza
tion in South American EPI programs in an attempt to prevent 
the reemergence of urban yellow fever. 

The EPI program provides an excellent way to deliver yellow 
fever vaccines to a larger population at a reduced cost; however, 
despite the fact that the current yellow fever vaccine is an excel-
lent public health tool, further studies are needed to better de-
fine its role in controlling yellow fever. In the past, the amount of 
vaccine available has been a limitation. The number of surviving 
infants in the 1990s in the countries where yellow fever is a 
potential risk is approximately 18 million. Although the vaccine is 
made in a number of developing countries, including Senegal 
and Nigeria, only about 6 million doses are produced yearly in 
Africa. Newer technology, combined with efficient technology 
transfer, might help solve the problem of availability. The devel
opment of a cell culture-produced vaccine might result in in-
creased vaccine production. One recent study of vaccine ther
mostability showed that further work on stabilizing the yellow 
fever vaccine is needed because only 5 of 12 manufactured lots 
met the WHO criteria for vaccine thermostability. More research 
is needed on the safety of combining this vaccine with other 
vaccines in a multiple-dose regimen for immunization. 

NIAID currently funds several extramural and intramural projects 
studying basic virological and immunological aspects of 
flaviviruses. Some of the most promising molecular studies that 
might be applied to the development of an improved yellow 
fever vaccine focus on the development of a full-length, infec

tious yellow fever cDNA. Information from studies using this 
infectious clone has been combined with sequence data and 
immunological data to yield new insights into important anti-
genic regions on the yellow fever virion. It is hoped that this 
research will yield efficient and less costly ways to manufacture 
safe flavivirus vaccines. At a minimum, a clone-derived vaccine 
seed virus might reduce yellow fever vaccine production lot 
diversity, improve quality control, and reduce the need for vac
cine safety testing in primates. 
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WEST NILE FEVER 
The identification of West Nile virus (WNV) in New York in the 
summer of 1999 was the first time the mosquito-borne microbe 
had been detected in the Western Hemisphere. Until then, the 
virus had been found chiefly in Africa, Eastern Europe, the 
Middle East, and Asia. Since 1999, WNV has been reported in an 
ever-growing number of States within the United States. From 
1999 to 2001, there were 149 confirmed cases of WNV in the 
United States, including 18 deaths. To date in 2002, the number 
of confirmed cases and deaths in the United States already 
exceed these numbers. Although infection with WNV usually 
causes only mild symptoms in humans, it can spread to the 
central nervous system and cause a potentially deadly brain 
inflammation called encephalitis, most common among the eld-
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erly. Currently, no treatment is available for WNV encephalitis, 
and no licensed vaccine exists to prevent the disease. Mosquito 
control has been the only available strategy to combat the rapid 
spread of this emerging disease, but effective spraying is diffi
cult to carry out in urban areas. 

Faced with the potential for a serious WNV epidemic, NIH-
supported researchers started to develop a vaccine that protects 
against infection with the virus. Basic research on newly emerg
ing microbes has enabled rapid progress in the development of a 
WNV vaccine. In addition, WNV vaccine development has 
benefited from the fact that WNV belongs to the group of vi
ruses known as flaviviruses, which have many characteristics in 
common. These similarities have allowed scientists to build on 
earlier discoveries about other flaviviruses that are closely re
lated to WNV, including Japanese encephalitis virus, St. Louis 
encephalitis virus, yellow fever virus, and dengue virus. 

There has been great success controlling yellow fever and Japa
nese encephalitis with well-organized vaccination campaigns 
centered on an efficacious vaccine. Therefore, NIH encouraged 
similar WNV vaccine development programs. 

Importantly, NIH-supported basic research studies discovered 
that hamsters, and to a lesser extent mice, were good models for 
West Nile disease. NIH-supported researchers at the University 
of Texas Medical Branch, Galveston, conducted a series of pre
liminary experiments to learn more precisely the degree of pro
tection that candidate WNV and other licensed flavivirus vac
cines might have against WNV. Researchers found that hamsters 
were completely protected by prototype WNV vaccines, and 
surprisingly, at least partially protected by Japanese encephalitis 
and yellow fever vaccines. Thus, this new model is an important 
resource that could be used in the development of WNV vac
cines to test the efficacy of a new vaccine candidate (or a new 
antiviral medicine). 

NIH is supporting a number of vaccine approaches. One of the 
earliest was started in 1999 when NIH funded a fast-track project 
to develop a candidate WNV vaccine with Acambis, Inc. Since 
then, scientists have developed a prototype vaccine that has 
shown promise in animal tests. The vaccine is constructed using 
vaccine licensed for preventing yellow fever (caused by another 
flavivirus) as the backbone. For WNV vaccine, researchers 
substituted the surface protein of WNV for the deleted yellow 
fever virus protein. This method of creating chimeric flavivirus 
vaccines is also being applied to developing a vaccine for den
gue and Japanese encephalitis virus. The Acambis, Inc., vaccine 
has undergone preclinical evaluations in hamsters, mice, mon
keys, and horses with encouraging results. The company is 
moving forward with phase I trials. Vaccine is now being pro

duced and an investigational new drug application will be filed 
with the FDA. Trials are anticipated to begin in early 2003. 

Other NIH scientists and collaborators from WRAIR capitalized 
on recent advances in recombinant DNA technology and previ
ous research on another flavivirus—dengue virus—to produce 
a new candidate WNV vaccine. The NIH team already had tested 
successfully a strategy that used the new technology to replace 
key genes of different flaviviruses with those of dengue virus 
type 4 (DEN4). Unlike many flaviviruses, DEN4 does not cause 
disease in the brain. The resulting weakened, or attenuated, 
virus strains were safer for use in a vaccine but still protective. 
The NIH-WRAIR research team then used this strategy to com
bine genes from WNV and DEN4. This hybrid virus did not 
infect the brain, yet still stimulated a strong immune response 
with even a single dose. When tested in mice, the hybrid vac
cine protected all animals against lethal WNV infection. The 
findings from these studies provide the basis for pursuing the 
development of a WNV vaccine. The next step for the NIH
WRAIR research team is to test the promising hybrid vaccine in 
monkeys in late 2002. Progress to vaccine trials in humans is 
expected to be rapid because one of the dengue viruses used to 
construct the hybrid virus already has been proven safe in 
people. 

Early studies are also underway by other NIH-supported scien
tists on a DNA vaccine approach and a protein vaccine ap
proach. 
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Viral Hepatitis 

OVERVIEW 
In spite of many advances impacting overall health worldwide, 
infection, disease, and death from hepatitis viruses continue 
into the 21st century. Twenty years ago, only three viral causes 
of acute and chronic hepatitis had been identified (hepatitis A, 
B, and D), with serologic assays in use to protect patients from 
exposure by transfusion. Even then, physicians were address
ing unidentifiable infections as non-A non-B. Patients with non-
A non-B were treated with interferon alpha (IFNa) therapy prior 
to the laudable discovery in 1988 by Chiron investigators of the 
principal cause of blood-borne, non-A non-B, hepatitis C. Un
able to identify the virus directly, hepatitis C was genetically 
cloned out of the plasma of a non-A non-B patient. New techno-
logical advances had facilitated this and future non-A non-B 
discoveries. 

Five distinct viruses are the known etiologic agents for hepati
tis, leading to fatigue; jaundice; liver damage; and, in chronic 
cases, cirrhosis and even liver cancer. Hepatitis A is transmitted 
fecal-orally, and outbreaks of this acute infectious agent are 
common at daycare centers, nursing homes, and restaurants 
where inappropriate food handling might occur. Hepatitis B 
virus (HBV) and hepatitis C virus (HCV) are blood-borne agents 
and may cause chronic diseases. The infections produced by 
HBV are more likely to be symptomatic and to resolve spontane
ously. The infections produced by HCV have a high chronicity 
rate at all ages and are far more likely to be asymptomatic, de-
spite ongoing liver disease. Until recently, the only licensed 
therapy for either hepatitis B or hepatitis C was IFNa, which has 
low success rates for both diseases. Infection with hepatitis D 
virus (HDV) is dependent on co-infection with HBV, and may 
lead to life-threatening superinfections. Hepatitis E virus (HEV), 
like hepatitis A virus (HAV), is transmitted via the fecal-oral 
route and produces an acute illness associated with a high 
mortality rate in pregnant women. Hepatitis E is reported prima
rily in developing countries; however, the Centers for Disease 
Control and Prevention (CDC) has determined by serologic 
screenings that more than 1 percent of the U.S. population has 
been exposed to hepatitis E. 

In addition to these agents, there are some other viruses associ
ated with hepatitis that have been identified. Hepatitis G virus 
(HGV) [or GB virus C (GBV-C)] is a flavivirus, related to HCV. It 
is a blood-borne agent that produces chronic carriage, but to 
date it has not been associated with a specific disease. Another 
similar virus, transfusion transmitted virus (TTV), is found in 
about 7 percent of healthy blood, as well as in patients with 
hepatitis as a co-infection. It is assumed to be transmitted via 
the fecal-oral route and has yet to be associated with a specific 
disease. An additional virus, SEN-V, has been isolated from a 

patient with acquired immunodeficiency syndrome (AIDS), and 
does appear to produce hepatitis. 

Several notable advances have been made in the structural 
biology of hepatitis viruses. The structure of the core protein of 
hepatitis B, a molecule that does not crystallize and was there-
fore incapable of being studied by x-ray crystallography, was 
determined by electron cryomicroscopy. Two groups have pub
lished reports on the x-ray structure of the hepatitis C 
nonstructural NS3 protease, which is important for viral replica
tion and is a target for antivirals. At least five companies are 
presently working on inhibitors for the HCV protease. Finally, 
researchers identified the structure of the helicase of hepatitis C, 
an enzyme that is needed to uncoil the viral RNA and allow it to 
make a copy of itself for reproduction. 

A novel tissue culture hepatitis C model, replicating only the 
nonstructural proteins in high numbers, may allow testing of 
targeted antivirals. The transgenic potato hepatitis B vaccine is 
in clinical trials. Due to possible associated adverse events, the 
safety of licensed hepatitis B vaccines for neonates is also un
der scrutiny. Meanwhile, the identification of a new hepatitis 
virus may explain remaining non-A-E,G chronic infections. 

HEPATITIS A 
HAV accounts for about 55 percent of acute hepatitis cases in 
the United States, with the highest incidence in the Southwest. 
There are approximately 132,000 cases per year, with elevated 
rates among Native Americans, Hispanics, people in low socio
economic levels, and people practicing risky lifestyle behaviors. 
Rates in males are 20-percent higher than in females, and preva
lence of exposure (antibody to HAV) ranges from 11 percent in 
persons less than 5 years of age to 74 percent in persons more 
than 50 years of age. Most of the symptomatic disease is seen in 
10- to 30-year-old patients. Person-to-person contact, or sexual 
contact with a person infected with HAV, accounts for most 
transmissions; but there is a viremic phase during acute infec
tions when blood-borne transmission is possible. Asymptomatic 
infection is common below the age of 2, but becomes less com
mon with increasing age. Fulminant disease may be fatal, and 
accounts for 70 to 80 deaths per year among those between the 
ages of 30 and 49. Work-loss costs associated with acute HAV 
infection in the United States are $200 million (1991) each year. 

Natural immunity levels in the United States have undergone a 
significant decline since 1980, and are currently in the 21- to 33-
percent range. Two formalin-killed, licensed HAV vaccines are 
available for adults and children more than 2 years of age—
HavrixÒ (SmithKline Beecham Biologicals) and VaqtaÒ (Merck &
Co., Inc.). HavrixÒ and VaqtaÒ contain inactivated viral particles 
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(HM175 and CR326F strains, respectively) produced in infected 
human diploid fibroblasts. Although hepatitis A outbreaks occur 
globally, the vaccine was initially marketed as a traveler’s vac
cine. Areas in the United States where HAV outbreaks commonly 
occur are also targeted. The licensing in May 2001 of a new 
combination HAV/HBV vaccine called TwinrixÒ by 
GlaxoSmithKline offers a highly protective vaccine with fewer 
injections for those 18 years of age and older. Hepatitis A and B 
vaccines are strongly recommended for patients with hepatitis C, 
to prevent harsher disease burdens. 

HEPATITIS B 
HBV infections kill 4,000 to 5,000 Americans each year, and 1

million people worldwide. Approximately 300 million people

worldwide have chronic hepatitis B infections, with endemic

areas primarily in Asia and Africa. HBV is highly contagious [100

times more con

tagious than

human immuno

deficiency virus

(HIV)] and, like

HAV, is capable

of producing

fulminant dis

ease. It is highly

transmissible

from HBV-posi

tive mothers to

their newborns. Hepatitis B Virus 

About 25 percent of infected adults become chronic carriers, and 
20 percent of those patients develop cirrhosis or liver cancer. 
Perinatal infection of infants has a much higher chronicity rate of 
70 percent, resulting in a higher rate of subsequent cirrhosis and 
liver cancer. Each year, an estimated 20,000 infants are born to 
hepatitis B surface antigen-positive women in the United States. 
From 200,000 to 300,000 new HBV infections have been reported 
in the United States annually for the past decade. Annually, 
hepatitis B accounts for 60,000 hospitalizations and 5,000 
deaths, for a total yearly cost of $800 million, excluding the cost 
of transplantation for end-stage liver disease. It is estimated that 
there are 1 million to 1.25 million chronic carriers of HBV in the 
United States. 

Vaccines were developed for hepatitis B, a chronic blood-borne 
and highly transmissible virus, starting in 1981 with the licensing
of a plasma-derived vaccine called HepatavaxÒ. Infants born to 
hepatitis B-positive mothers were immunized at birth to prevent 
transmission during birth. An added benefit was that vaccina
tion against hepatitis B also protected against superinfection 
with HDV. Although HepatavaxÒ was highly protective against 
hepatitis B, improved recombinant vaccines promoting antibod
ies to the outer envelope protein of the virus were licensed—
Recombivax HBÒby Merck, Sharp & Dohme (June 1986) and
Energix-BÒ by SmithKline Beecham Biologicals (August 1989). 
Both vaccines use a three-dose regimen at 0, 1, and 6 months. 

Initially, no plan was enacted to target at-risk populations, but 
that changed when the Government promoted universal child-
hood HBV vaccination. 

As of 10 years ago, most infants in developed countries begin 
their HBV immunizations at birth. Success of this policy has 
seen dramatic reductions in transmission to children in high-risk 
populations, such as in Taiwan, where there is a large burden of 
disease with chronic hepatitis B. Cancer incidence in 6- to 9-
year-olds also dropped from 0.52 percent to 0.13 percent. A 
study of high-risk Taiwanese infants demonstrated that anti-
body levels remained high for at least 10 years, suggesting that 
booster doses would not be needed. 

There have been delays and setbacks in universal immunization 
in the United States and abroad due to concerns about side 
effects and possible overexposure to a mercury-based preserva
tive. In July 1999, the Association of American Physicians and 
Surgeons called for an immediate moratorium on mandatory 
hepatitis B vaccines for schoolchildren, pending further research 
on serious side effects. In the same month, the American Acad
emy of Pediatrics issued precautionary recommendations to 
delay initiation of hepatitis B vaccination in healthy newborns 
due to possible ill effects of early exposure to the common vac
cine preservative thimerosol. The level of HBV vaccination in 
infants fell significantly as a result of these concerns, and 
thimerosol is being removed from childhood vaccines. 

HEPATITIS C 
Infection with HCV accounts for about 12 percent of the acute 
viral hepatitis in the United States. Approximately 35,000 cases 
occur annually (declining over the past decade from 180,000), 
with about 85 percent of those infected becoming chronic carri
ers, at a total yearly cost of $600 million, excluding transplants. 
Most carriers are asymptomatic. Many cases of hepatitis C can 
be attributed to the 1 million blood transfusions administered 
before 1990, from which an estimated 290,000 Americans became 
infected. A look-back study is currently alerting these patients to 
the potential risk. Most cases of HCV infection occur among 
young adults (especially injecting drug users); although among 
adults more than 40 years of age, HCV is often the most common 
cause of acute hepatitis. Sexual transmission may account for as 
many as 20 percent of the cases. No risk factor can be identified 
for 10 to 30 percent of HCV carriers. Each year there are 8,000 to 
10,000 deaths and 1,000 transplantations due to HCV infections. 
The current estimate, based on random serologic screenings of 
more than 21,000 serum samples, is that 3.9 million Americans are 
chronically infected with HCV—1.8 percent of the population— 
with higher rates among African Americans (8 to 10 percent), 
who are also more refractory to current therapies. Hemodialysis 
patients and hemophiliacs are at exceptionally high risk, and 
noninvasive person-to-person transmission has been docu
mented. The World Health Organization (WHO) estimates that 3 
percent of the world’s population has been infected, and that 
there are 170 million chronic carriers at risk of developing liver 
cirrhosis and/or liver cancer. 
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Several investigators have reported a relatively high efficiency 
vertical transmission of HCV from mothers who were co-infected 
with HIV. Other major studies in the United States and Europe 
have failed to demonstrate transmission from HCV-positive 
mothers. Risk factors for transmission, which is assumed to 
occur in utero, include a high HCV RNA level in the mother, and 
the presence of specific HCV variants. Results of a study of 
infants born to HCV-infected mothers demonstrated biochemical 
features of liver damage (ALT abnormalities) during the first 12 
months of life, although HCV-associated liver disease is likely to 
be mild throughout infancy and childhood. Multivariate analy
ses of risk factors for cirrhosis and/or liver cancer with HCV 
infections demonstrated that increased age, male gender, and 
excessive alcohol consumption were all important factors. Addi
tional risk factors for cancer were hepatitis B antibody positivity 
and HCV genotype. There was no relationship between the 
development of liver cancer and serum HCV levels. 

Although HCV is the leading cause of chronic viral hepatitis in 
the United States, a vaccine has been difficult to develop be-
cause of extensive genetic and possibly antigenic diversity 
among the different strains. New variants known as quasi-spe
cies arise quickly and frequently, thus allowing escape from 
neutralizing antibodies and cytotoxic T lymphocytes. Amino 
acid changes frequently observed in a region of about 27 amino 
acids, termed the hypervariable region 1 (HVR1), which is lo
cated at the amino terminus of the hepatitis C envelope protein 
E2, are postulated to lead to this viral escape from neutralizing 
antibodies. The identification of this most variable region of 
HCV, the HVR1, as a critical neutralization domain poses a major 
challenge for the development of a broadly reactive vaccine 
against HCV. Early vaccine studies in chimpanzees using recom
binant envelope glycoproteins showed limited protection upon 
challenge with the same virus. DNA vaccines are now being 
tested in chimpanzees, using envelope as well as core protein 
constructs. Virus-like particles (VLPs) made up of structural HCV 
proteins have been produced successfully in insect cells and 
may serve as a potential vaccine model. Ribozymes, catalytic 
RNA molecules that bind specifically to target RNA by an 
antisense mechanism, are also being tested as a possible strat
egy for the treatment of HCV infection. 

Tissue culture models or small animal models of infection are 
needed to study the infection process and for testing drugs and 
vaccines. Currently, a tissue culture model of a portion of the 
HCV genome is the best characterized HCV model, but an infec
tion model would be more useful. The chimpanzee remains the 
only HCV infection animal model. Also, there are no good corre
lates of immunity. Even though infection by HCV generates 
antibodies, none of these are capable of resolving or neutralizing 
the infection. A vaccine, to be successful, will need to launch 
strong antibody responses as well as cytotoxic T lymphocyte 
and T helper lymphocyte responses. In addition, HCV is charac
terized by constant immune evasion by continuous development 
of variant HCV species. HCV, like many RNA viruses, generates 
a lot of mutations, thus making a moving target for vaccine 

design. There are 6 HCV genotypes and more than 100 sub-
types. 

Potential HCV vaccine candidates that are currently under devel
opment include recombinant proteins (principally, the structural 
proteins such as the viral core protein or the two viral envelope 
glycoproteins), recombinant viruses, DNA constructs, synthetic 
peptides, and VLPs. Various vaccine candidates have been 
shown to generate antibody-producing and cellular immune 
responses in animals, primarily in mice. However, the efficacy of 
most vaccine candidates in protecting against HCV has not been 
tested because the chimpanzee, the only animal other than hu
mans that is susceptible to HCV, is endangered, is not readily 
available, requires special facilities, and is very expensive. 

HEPATITIS D 
The prevalence of HDV infection does not parallel that of HBV, 
although it is dependent on HBV for its transmission. It is high
est in those individuals with repeated percutaneous exposures, 
including intravenous drug users and hemophiliacs. Perinatal 
transmission is rarely reported (as yet undocumented in the 
United States). An estimated 70,000 people (4 percent of HBV 
cases) in the United States have chronic hepatitis D. There are 
7,500 infections each year, and about 1,000 people die annually 
of HDV infections. There are three genetically different types: 
Type 1 is found worldwide, type 2 in Southeast Asia, and type 3 
in northern South America. Vaccination against HBV prevents 
infection by HDV. As yet, there are no proven therapies for co
infection with HBV and HDV. 

HEPATITIS E 
Like hepatitis A, hepatitis E is transmitted fecal-orally, causing 
acute hepatitis principally seen in young adults in Asian or 
African countries. Surprisingly, about 2 percent of the global 
population carries antibodies to hepatitis E. It is considered a 
zoonotic disease in that it is commonly found in pigs, rats, 
sheep, monkeys, cattle, and ducks. The actual isolation of the 
virus from patient stools occurred in 1990. It was subsequently 
cloned and sequenced with the immunogenic ORF2 peptide 
being developed for vaccines. Successful passive and active 
immunization was demonstrated against hepatitis E challenge in 
monkeys, and currently a couple of vaccines are in phase II 
clinical trials in endemic regions. 

HEV infections are rare in the United States, but do pose a risk 
to persons who travel overseas to endemic areas. CDC devel
oped a mosaic protein enzyme immunoassay that, based on 
antibody titers, showed a 3-percent rate of recent exposure to 
HEV in a cohort of randomly screened patients, none of whom 
had traveled abroad, in four geographic areas of the United 
States. A 1.2-percent rate of previous exposure among the U.S. 
population was also determined. There is a high seroprevalence 
among renal transplantation and hemophilia patient populations. 
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Viral Hepatitis 

In National Institute of Allergy and Infectious Diseases (NIAID) 
studies conducted at the National Institutes of Health (NIH), 
cynomolgus monkeys were partially or completely protected 
against infection with HEV by passive and active immunization. 
Convalescent serum was used for the passive immunization, and 
a recombinant 55-kilodalton open-reading frame 2 protein known 
to induce antibody formation was used for the active immuniza
tion. These results pointed the way toward development of a 
vaccine, but so far none has been licensed. 

HEPATITIS G OR HEPATITIS GB VIRUS-C 
Much progress has been made in analyzing, sequencing, 
serotyping, and determining the prevalence of the blood-borne 
HGV and GBV-C. Discovered by Genelabs and Abbott Laborato
ries, respectively, these two viruses are now assumed to be 
different isolates of the same virus and are distantly related to 
another flavivirus, HCV (only 25-percent homology). Studies of 
stored serum specimens show that these viruses are not new. 
Their identification has awaited new methods of detection. They 
are endemic worldwide, though their potential for disease pro
duction remains unclear, as most carriers are asymptomatic. 
Cases of fulminant hepatitis have been linked to these agents; 
however, they are not generally considered to be a cause of non-
A-E hepatitis. Multiple strains of HGV/GBV-C have been found 
in dialysis patients, and the virus is common in transplantation 
settings. It is found in 10 percent of injecting drug users. HGV/ 

GBV-C infection has often been associated with co-infection 
with certain strains of HCV (types 1a, 1b, and 3), but this addi
tional infection does not seem to affect the patient. 

OTHER HEPATITIS VIRUSES 
Four percent of acute cases of hepatitis are currently classified 
as non-A-E,G. A few years ago, a novel fecal-orally spread form 
of hepatitis was named hepatitis F by a French team of research
ers. No subsequent publications have appeared about hepatitis 
F virus (HFV), but a second publication did refer to a novel 
hepatitis agent being detected from a screening of HEV-infected 
sera from an epidemic in the Andaman Islands. 

TTV, a non-enveloped DNA virus discovered initially in a patient 
with hepatitis, appears to be following a similar path as HGV/ 
GBV-C. It is still too early to determine whether it is a direct 
cause of hepatitis or merely a confounding co-infection. 

Using an unusual “degeneration” technique for screening, re-
searchers in Italy have isolated a potential hepatitis agent from 
the blood of immunosuppressed HIV patients. The new virus 
that was isolated was called SEN-V after the patient from whom 
it came. Extensive verification under code, as yet ongoing, found 
SEN-V in a high percentage of previously unclassified hepatitis 
patients and in low numbers of healthy controls. The data are 
premature, but promising. 
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National Institute of Allergy and Infectious Diseases 

ACCELERATED DEVELOPMENT OF NEW VACCINES 

In the fall of 1980, the Secretary of the Department of Health and Human Services accepted the 
recommendation of the HHS Steering Committee for the Development of a Health Research Strategy 
that an NIAID proposal for the “Accelerated Development of New Vaccines” be added as one of four new 
initiatives to 11 prior initiatives identified in December 1979. The 15 initiatives then constituted the 
Department’s proposed initiatives for FY 81. The purpose of the NIAID initiative is to develop within 
DHHS a clearly-identified, coordinated, and recognized approach to the further conquest of vaccine-
preventable disease. The incentive for an expanded effort lies in new knowledge and processes emerg
ing from recombinant DNA and hybridoma technology and in the better understanding of the workings of 
the immune system. The goal of the initiative is to expedite the availability of needed vaccines by select
ing a few candidate vaccines for extra research and development efforts.  Studies are in progress on 
more than 50 vaccine antigens for over 30 different bacterial, viral, and parasitic diseases, the majority of 
these studies being dependent on investigator-initiated projects. With the assistance of existing advi
sory committees and “state-of-the-art” reviews by workshops, and in coordination with the HHS Inter-
agency Group to Monitor Vaccine Development, Production and Usage, and with enhanced and col
laboration with industry, efforts will be made to bring a few selected, high priority candidate vaccines into 
use several years earlier than might otherwise be the case. 

The first step toward implementation of the Institute’s initiative was taken in the fall of 1981 when the 
professional staff of MIDP met for a three-day review of the status of NIAID’s vaccine development pro-
gram, and reached a consensus as to those vaccines that should be assigned priority for accelerated 
development. Following review and discussion of over 30 agents or groups of agents, excluding influ
enza, the staff updated three developmental listings: (1) development completed; ready for expanded 
clinical trials; (2) encouraging progress made; further development needed; and (3) early development; 
basic studies in progress.  Concurrently, the agents were placed in three categories for phased, sequen
tial study: (1) diseases for which safe, effective vaccines do not now exist, but that result in high morbid
ity, mortality or socio-economic costs in the U.S. population in general; (2) diseases of importance to 
special subsets of the U.S. population; and (3) diseases of importance to less technologically advanced 
nations. 

The diseases were next ranked according to priority of need in the U.S. and developing countries, 
and then ranked according to technical feasibility and the prospects for accelerated development using 
new and emerging technology.  A consensus was reached as to how these rankings should be inte
grated.  On this basis, MIDP staff assigned priority to ten agents or agent pairs, five for use in the U.S. and 
five for use in developing countries, as follows: 

5. Shigella 

Priority has yet to be assigned to limited use vaccines for special populations. 

The proposed initiative called for a review of potential vaccine-preventable diseases from the 
standpoint of socio-economic and medical needs and for an assessment of the cost/benefit ratios of 
vaccines for each of these diseases.  In the fall of 1982, the Institute of Medicine was asked to undertake 
this review and evaluation so as to assist NIAID in setting priorities for development and to develop for 

For U.S. International 

1. Haemophilus influenzae, 1. Malaria 

2 Gonococcal 2 Typhoid / E. coli 

3. Parainfluenza/RSV 3. Leprosy 

4. Pertussis (improved) 4. Streptococcal, Group A 

5. Rotavirus 
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NIAID a new model system for the decision-making process that can be applied to the setting of priorities 
in the future. To date (November 1982), workshops have reviewed three of the five high priority domestic 
candidates:  improved pertussis, Haemophilus influenzae, and the parainfluenza/respiratory syncytial 
viruses. A workshop on gonococcal vaccine is planned for FY 1983. 

A table summarizing the status of the NIAID vaccine development effort as of October 1982 is 
provided as Attachment 1. Brief descriptions of progress in the development of some of the more 
promising vaccines are included in Attachment 2. 
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National Institute of Allergy and Infectious Diseases 

STATUS OF PROGRESS IN DEVELOPMENT OF SOME NEW VACCINES 

****** 

BACTERIAL VACCINES 

Cholera

Need to mimic natural infection.  Oral immunization necessary.


1. Purified cholera toxid – no protection. 

2. Inactivated whole cell: Transient protection 

3. Inactivated 

(a) Whole vibrio plus purified B subunit of toxin molecule (Svennerholm and Holmgren). Safe 
and antigenic in volunteers. Ready for field trial after proof of efficacy in volunteers. 

(b) Procholeragenoid (Pierce and Germanier) stable, high molecular weight aggregate 
produced by heating cholera toxin to 65°C. 

Safe and protective in dogs. 

Volunteer studies of procholeragenoid combined with inactivated whole vibrios are being 
planned. 

4. Attenuated 

(a) Texas Star SR (Honda and Finkelstein) 

Attenuated mutant of an El Tor Ogawa strain obtained by nitrosoquanidine mutagenesis. 
Identity of genetic lesion not known. 

Stable clone that produces ample amounts of B subunit, the antigenic, binding portion 
responsible for immunogenicity but produces only small amounts of A subunit, the active 
portion of the toxin molecule that activates adenylate cyclase. 

Induced antitoxin or vibriocidal antibodies in 93% of 68 volunteers. Protected against 
challenge with virulent El Tor Ogawa and Inaba. 

But caused mild diarrhea in 24% of vaccines. 

(b) Genetic engineering being used to produce a better A minus, B plus vaccine candidate 
strain. Genes that produce the toxic A subunit in the toxin molecule have been replaced 
with a plasmid containing a modified or inactive gene; genes for making five proteins of B 
subunit retained. 
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(c) An A minus, B minus strain is to be tested in the spring on 1983. 

Entertoxigenic E. Coli

Two toxins; heat stable (ST) and heat labile (LT); some strains have both; some only one.


ST Sta and Stb; neither antigenic without adjuvant 

LT	 Antigenic; anti-toxin immunity not principal protective mechanism; gene that codes for this toxin 
has been cloned. 

Sta -LT Cross linked toxin vaccine protects rats against ST and LT-producing E. coli 

Colonization factors (pili or fimbriae) 

CFAI and CPAII – 25% of strains; no identified pili – 75% of strains. 

Complete amino acid sequence of the CFAI fimbrial protein (as well as that of the porcine organism, 
K88) has been elucidated. Computerized algorithms have been used to predict the potential antigenic 
determinants, envisaging the design of synthetic vaccines. 

Gonococcal 

Two types of immunogens are under study: 

Pili (now renamed fimbriae) antigen to induce local antibody to block attachment of gonococci. 

Principal Outer Membrane Protein (now renamed Protein I) antigen to induce protective serum 
antibody and prevent dissemination of gonococci. 

Results obtained to date (Buchanan) are as follows: 

Fimbrial Antigen: 

Shown to be safe in dosages of 220 mcg: induced good antibody titers (ELISA) in volunteers (62 
total) mean antibody levels of 20 mcg/ml. Antibody persistence was prolonged when aluminum 
adjuvants used. 

After cleavage by cyanogen bromide, largest fragment (101 amino acids long) – called CNBrI. Used 
as an antigen to elicit higher antibody levels. Proved to be safe in dosages up to 600 mcg in volunteers 
(total of 24). Mean antibody level of 1.87 mcg/ml (ELISA). 

The antibody raised to CNBrI antigens showed attachment – inhibiting and opsonic activity; activity 
was maximal against fimbriated gonococci of same serotype. Antibody to fimbrial antigens barely 
detectable in local secretions (unlikely to have functional activity here). There were low levels of 
cross reactivity to heterologous fimbriae. Systemic immunization with this antigen is not likely to 
prevent gonorrheal infection at mucosal sites. 

Note:  Similar results have reported by the U.S. Army (WRAIR) for the Army-developed pili candidate 
vaccine, following urethral challenge with heterologous and homologous strains of immunized 
volunteers. 
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Protein I 

Purified protein I candidate vaccine contains antigens (epitopes) that are recognized by monoclonal 
antibodies with bactericidal activity for the gonococcus. 

It can be safely given to volunteers in dosages of 100 mcg/serotype, and is immunogenic. The 
predominant antibodies induced recognize the trimeric form of each serotype of the Protein I molecule. 

Immunization produces enhanced bactericidal activity against gonococci. 

Eight lots of Protein I candidate vaccine prepared by Buchanan and used to immunize the total of 
82 volunteers. 

Lot 12, a trivalent preparation of serotypes 1, 5 and 9 

Lot 14, a pentavalent preparation of serotypes 1, 5, 7, 8 and 9. 

Estimates are that pentavalent vaccine, if it protects against these serotypes, will protect recipients 
against approximately 95% of U.S. strains of gonococci causing pelvic inflammatory disease. 

Each of these candidate vaccines contains 100 mcg of each serotype. 

Serum antibody responses (ELISA) showed good responses; mean levels for each serotype ranged 
from 0.24 to 0.75 mcg/ml ten weeks post immunization. 

Data from monoclonal antibody studies strongly indicate that serotype-specific antibodies are 
bactericidal. 

Hemophilus influenzae 

Purified capsular polysaccharide, polyribose ribosyl phosphate; is a T independent antigen; need 
to make T dependent. 

Conjugate vaccines under study; to elicit T-cell dependent response and, thus, immunologic memory. 

1. Office of Biologics 

Derivatize polysaccharide with adipic acid dihydrazide. 

Bind to protein with cayanogen bromide. 

Proteins used: tetanus toxoid; hemocyanin 

Also PRP-tetanus conjugate plus DTP 

Best results in rhesus monkeys with PRP-tetanus toxid conjugate 
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Even better if add pneumococcal 6A-tetanus toxid conjugate. 

2. Lederle 

PRP plus whole pertussis cell (discontinued) 

PRP plus DTP – under study; promising 

3. Connaught 

Derivatized diphtheria toxoid with adipic acid dihydrazide and linked to PRP via cayanogen 
bromide. 

Induces antibody response in rabbits 

4. University of Rochester 

PRP + CMR-197; prepared by conjugating via amination oligosaccharides obtained from 
PRP with cross reactive mutant (CMR-197) of Corynebacterium diptheriae. This mutant 
produces a non-toxic protein immunologically similar to diphtheria toxin. Induced good 
antibody response in animals; human studies beginning. 

5. Several Investigators are studying outer membrane proteins 

(a). 5 or 6 major ones 

antibodies to two in convalescent sera; also to minor proteins 100,000 and 39,000 dalton 
proteins seem most important. 

(b). P2 protective in infant rat model 

(c). 39,000 dalton protein 

antigenic in rats and humans 

monoclonal AB protected against homologous challenge in infant rat. 

(d). Possible approach:  couple with PRP as vaccine 

6. Two trials have shown polysaccharide alone to be effective in prevention of meningitis in 
children over 18 months of age. Immunization of children at this age could prevent up to 
50% of H. influenzae disease. 

Leprosy: 

Two glycolipid antigens specific to Mycobacterium leprae have been characterized as triglycosyl 
phenolic phthicerol diesters with trisaccharide chains specific to M. leprae. Glycolipid I, found in 
abundance in the bacillus and in infected tissue, reacts specifically with sera from leprosy patients. 
Its use as a skin test antigen should facilitate epidemiological studies, including the identification of 
susceptible. It is likely to be an essential component of any vaccine. 
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Pertussis (improved) 

There is a need for a less reactogenic vaccine that is as effective as the present whole cell one. 

The Japanese (Nahase and Doi) reported the preparation of a partially purified acellular vaccine. 
Sato and investigators of the U.S. Office of Biologics have studied the two major subunits considered 
to be protective antigens. Both are hemagglutinins. 

1. Leucocytosis Promoting Factor Hemagglutinin (LPF-HA) is also called Leucocytosis 
Promoting Toxin (LPT) or simply “Pertussis Toxin” because of its many effects: 

(a) Lymphocytosis 

(b) Stimulates insulin secretion (islet cell activation) 

(c) Sensitizes to histamine 

(d) Mitogen 

(e) Adjuvant (IgE specific) 

(f) Activates cyclic AMP 

(g) Elevates brain cyclic GMP 

LPF-HA appears as spherical structures 6nm in diameter by electron microscopy. 

Sato and associates have recently reported the separation of LPF-HA into five subunits with molecular 
weights of 25,000, 21,000, 20,000, 12,000, and 10,000. OB/NCDB investigators have identified four 
subunits. 

1. Filamentous hemagglutinin (FHA) appears as fine filaments about 2 nm in diameter and 
40-100 nm in length on electron microscopy.  Its hemagglutinating activity is 5-7 times 
greater than LPF, but it lacks the other biologic activities of LPF. 

In the intracerebral mouse protection model, the current measure of potency, LPF-HA protects 
while FHA does not.  Both protect against an aerosol challenge. When either antigen is used 
to immunize the mother, the newborn are protected, although when used for direct passive 
protection, anti-LPF protects and anti-FHA does not. 

An acellular vaccine has been in used in Japan since 1981. LPF-HA and FHA are the major 
components, but account for only 50% of the total protein in the preparation. One goal is to 
purify and concentrate the two “essential” antigens and develop precise assays of their 
quantitation.  Another is to further characterize the subunits of LPF-HA and to confirm the 
recent observations of Sato and colleagues that the protein responsible for most of the toxic 
manifestations can be separated for the protective antigen. 
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Shigella 

Plasmid genes coding for protective antigen of S. sonnei have been inserted into S. typhi 
ty21a (Formal). 

Mutant stable; protects mice against challenge with either Salmonella typhi or 

S. sonnei 

May be possible to construct and “all purpose” oral, attenuated typhoid-dysentery vaccine 
consisting of “protective” antigens of S. sonnei, S. flexnerii 2 and 3, and S. dysenteriae 1, each 
in a K12 E. coli host and combined to give a multivalent preparation. 

Streptococcal, Group B 

Vaccines are under development (Kasper and Swenson) for the prevention of neonatal 
infections caused by four types of Group B streptococci, Ia, Ib, II, and III. Two distinct syndromes 
have been recognized: early onset disease (primarily pneumonia and bacteremia) and late 
onset disease (primarily meningitis). 

The primary objective is to immunize pregnant women at risk of delivering infected infants to 
provide high titer maternal antibody trans-placentally to the neonate. A second approach 
would be to immunize human volunteers to obtain hyperimmune globulin for passive 
immunization after delivery. 

Structural analyses have been completed on all four GBS type-specific polysaccharides. All 
contain galactose, glucose, glucosamine and sialic acid, but in different molar ratios. Siatlic 
acid occurs as a terminal sugar on a side chain; it exerts important conformational control in 
antibody elicited in response to the antigen. 

Phase I studies have been conducted with types Ia, II and III polysaccharides. Over 85% of 
volunteers with pre-existing antibody levels greater than 2 mcg/ml (RABA and ELISA) respond 
to immunization with significant boost in antibody levels. Individuals with less than 2 mcg/ml 
pre-existing antibody levels have lesser post-immunization responses. 

GBS Type Ibc protein antigen is under study as a possible adjunct to polysaccharide candidate 
vaccines of GBS types III, II, and Ia. 

GBS polysaccharide type III is nearing completion of development as a candidate vaccine; 
this type accounts for 95% of neonatal infection. 

Antibody to these polysaccharide vaccines correlates well with bactericidal assays as 
measured by opsono-phagocytic assays. 

Specific and quantitative opsonic activity of immune sera showed good correlation between 
opsonic activity and assay of antigen concentration as measured by ELISA. Immune sera 
contained only IgG class. 
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ELISA assays were developed for GBS types Ia, II, and III antigens. All showed excellent 
linear responses; the O.D. values correlated with nanograms of antibody as bound by 
quantitative precipitin tests. 

Examples of serum antibody responses following immunization with GBS candidate vaccines: 

- 60 volunteers immunized with GBS type III antigen; 6 wk. antibody mean titer of 40 mcg/ml 
(ELISA) were elicited following immunization with 50 mcg antigen. 

- 80 volunteers immunized with GBS type II antigen; 6 wk. antibody mean titer of 29 mcg/ml 
were (ELISA) elicited following immunization with 50 mcg GBS type II antigen. 

- 80 volunteers immunized with GBS type Ia antigen; 6 wk. Antibody mean titer of 16 mcg/ml 
were elicited following immunization with 50 mcg of GBS type Ia antigen. This antigen is 
not as immunogenic as types II and III GBS antigens. Methods for improvement in 
immunogenic potency of this antigen are under investigation. 

Combined antigen preparations, containing 50 mcg of each GBS antigen preparation, are under 
investigation as multivalent candidates vaccines. 

Typhoid 

Live, oral, attenuated vaccine; a double mutant. Ty21a. 

Developed by Swiss Serum and Vaccine Institute (Germanier), and now licensed in Switzerland. 

Strain lacks the enzyme UDP-glactose-4 epimerase, and the activity of two other enzymes 
galactokinase and galactose-1-phosphate-uridyl-transferase - is reduced. It is incapable of utilizing 
galactose after this sugar enters the bacterium. Galactose accumulates and kills cell in 3-5 days. 

But organism proliferates in bowel to sufficient numbers to immunize. 

A field trial of this live oral vaccine administered in three doses of lyophilized vaccine with 
bicarbonate to Egyptian children showed a 95% protection rate after three years of observation. 

One dose of vaccine in an enteric coated capsule was shown to immunize volunteers equally 
well. 

A field trial of this vaccine is now in progress in Chile using one or two doses of enteric coated 
capsules. 

PARASITIC VACCINES 

Malaria 

Antibodies specific for Plasmodium falciparum sporozoites are detected in more than 90% of West African 
adults, whereas most samples from children have low or negative reactions. A sporozoite vaccine would 
ideally induce immunity in children, eliminating the long period required for the development of anti-
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sporozoite antibodies under natural conditions. Irradiated sporozoite vaccines have induced active 
immunity in mice (P. berghei and men (P. falciparum and P. vivax).  A vaccine containing the relevant 
sporozoite antigen, perhaps a few or even a single epitope, now seems feasible since monoclonal 
antibodies can be utilized to purify and characterize sporozoite antigens. 

One such antigen of Plasmodium berghei, Pb44, is a differentiation antigen involved in a unique, 
presumably essential, function associated with mature sporozoites. Incubation of sporozoites in vitro 
with antibodies to Pb44 abolished their infectivity; antibodies to P. berghei sporozoite surface antigen 
block the entry of sporozoites into cultured cells and confer complete passive protection on recipient 
mice.  Similar studies with P. knowlesi and P. cynomolgi have identified surface circumsporozoite (CS) 
antigens that induce protective monoclonal antibodies, with molecular weights of 42 (P.k.) and 48 (P.c) 
kilodaltons. The key antigens of P. falciparum have molecular weights of 80, 67, and 58 kilodaltons, with 
the latter showing the greatest immunoprecipitin reactivity with sera from volunteers. 

The challenge now is to apply new technology to the development of a P. falciparum vaccine for man, 
i.e., purification of the sporozoite antigen, extraction of mRNA coding for this antigen, sequencing and 
synthesis of the essential peptides, and administration with a safe and effective adjuvant. Experimental 
vaccines also are being developed using other extracellular stages of the parasite-merozoites and 
gametes. 

VIRAL VACCINES 

Cytomegalovirus 

There are two candidate strains of CMV being tested for attenuation and use as vaccines. 

1. AD-169 (Elek and Stern) 

2. Towne-125 (Plotkin); its DNA is 90% homologous with AD-169. 

Being tested in seronegative patients with end-stage renal disease who are candidates for 
kidney transplantation and are at risk of being infected by CMV from the donor kidney. There 
is some indication, based on small numbers, that survival is greater in vaccines. 

Hepatitis A 

Successful cultivation of the virus, particularly direct isolation in cell culture, has provided antigen for an 
inactivated vaccine. Continuous passage is being used to develop attenuated strains that are now 
being tested as candidates for a live vaccine. 

Human hepatitis A virus was attenuated in virulence for marmosets (Provost et al.; Merck) by passage in 
FRhK6 and human diploid lung fibroblast cell culture.  Some variants were over attenuated. Those 
marmosets which responded to attenuated virus were immune to challenge with virulent virus. Antibody 
stimulated by the vaccine equated with protection. 

The HM-175 strain of HAV, recovered from the stool of a patient with type A hepatitis in Melbourne, 
Australia, was isolated directly in primary African green monkey kidney, a cell substrate suitable for 
vaccine development (Purcell et al.; NIAID). Tissue culture-passaged virus was fully infectious for 
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chimpanzees but did not produce biochemical evidence of hepatitis.  Similarly, hepatitis A viral antigen 
could not be detected in liver biopsies, and little or no viral antigen could be detected in acute phase 
stool samples.  In addition, there is preliminary evidence that the tissue culture-attenuated HAV has very 
limited potential for horizontal transmission, at least in chimpanzees. 

It is quite likely that HAV with a proper degree of attenuation for man can be selected from the various 
tissue culture-passaged strains currently available. 

Hepatitis B 

Current vaccines consist of inactivated highly purified 22-nm particles of surface antigen (HBsAg) of 
hepatitis B virus (HBV). They are safe and effective, but costly to produce. The genetic engineering of 
DNA recombinant technology and other molecular manipulations are being used in the search for equally 
effective second and third generation vaccines. This has required purification and characterization of 
the subunits of HBsAg. 

Two major subunits:  one non-glycosylated, one glycosylated. 

Molecular weights of 25,000 and 30,000. It is the large subunit that contains carbohydrate; 
otherwise, two subunits may be same, since they have similar amino acid sequence. 

Subunits purified by preparative polyacrylamide gel electrophoresis shown to be immunogenic in 
mice and guinea pigs. 

Pool of P25-GP30, 4 doses of 50 micrograms each, induced anti-HBs and protection in 
chimpanzees. 

Denaturing effect of SDS and mercaptoethanol circumvented by solubilizing 22-nm particles with 
Triton x-100. 

Dimers of P25-GP30 purified by lectin affinity chromatography; upon removal of detergent by ultra 
filtration in sucrose gradients, aggregates - micelles - free of lipoprotein formed. These shown to 
be immunogenic, particularly when alum-adsorbed (Zuckermann). 

Such preparations still very expensive. Alternate approaches: 

HBsAg from hepatoma cell lines. There are at least two such lines - Alexander and Wistar B3.  But both 
of these lines would be classified as “malignant” and material derived from them would have the potential 
of transforming normal cells. 

Cloning of HBV DNA in prokaryotic cells (E. coli and B. subtilis). The antigen is not released in particulate 
form, and this approach has not been useful. 

Cloning of HBV DNA in eukaryotic cells to produce HBsAg (mouse LM, Hela and African green monkey 
cells). The latter have the advantage of being a suitable vaccine substrate.  In this instance (Moriarty and 
Gerin) inserted less than the whole genome - 1450 base pairs - in AGMK cells using a defective SV40 
vector. The 22 nm particles excreted in the culture medium were antigenic in small animals and 
chimpanzees. The one chimp available for challenge was protected. 
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Investigators at Merck (Valenzuela) inserted even a smaller piece of the genome - 830 base pairs - into 
yeast.  Since the particles are not released, the yeast must be lysed. This yields 17 nm, non-glycosylated 
particles. These also have been shown to be antigenic in small animals and chimps. 

Synthetic Peptide Vaccine 

Work being done by at least four groups: (Dressman and Hollinger; Lerner et al.; Hopp and Prince; 
Veyas). 

The search for appropriate polypeptides has been assisted by recombinant DNA technology that 
has supplied the entire nucleotide sequence (and therefore the entire amino acid sequence of the 
HBsAg gene and by computer programs that have identified the most hydrophilic (and therefore 
external) portions of the HBsAg molecule.  Such hydrophilic regions have also proven to be the 
most variable in amino acid sequence, suggesting that these regions contain the antigenic domains 
that define subtype specificity.  Other regions appear to contain antigenic domains that are mutually 
exclusive but that are identified as the group-reactive a specificity. Thus, multiple a domains 
appear to exist, and it is not clear at present which of these elicit antibody that protects against 
type B hepatitis. 

As an example, cloning of HBV DNA genome made it possible for investigators at Baylor to 
establish the amino acid sequence of P25. 

Peptides were synthesized to reproduce this sequence. 

Linear peptides may be poor immunogens. As learned with synthetic antigen for foot and 
mouth disease virus, antigenic determinants of proteins are confirmational rather than linear. 

Peptides cyclized by introduction of disulfide bond between cysteine residues at amino acid 
positions 124 and 137 (Hollinger). 

Two cyclic peptides created, and peptide 1 with mw of 2219, and 5 fewer amino acid residues 
than peptide 2, selected for study. 

Peptides linked by carbodiimide reaction through the amino terminal lysine group to tetanus 
toxoid, a carrier protein more suitable than Freund’s adjuvant. 

Major response in mice was to anti a group specificity. Thus the group a epitope is associated 
with peptide 1. 

Immunization and challenge of chimpanzees are planned.  However, a problem is the 
unpredictable immunogenicity of synthetic polypeptides; synthetic polypeptides of foot-and-
mouth disease virus appear to be highly immunogenic, whereas those of HBV appear to be 
less so in preliminary experiments in chimpanzees. It is likely that new knowledge about 
adjuvants suitable for use with polypeptides must be acquired before widespread use of 
synthetic polypeptides for vaccine development will become a reality.  Should the synthetic 
antigen induce protective antibodies, it has been estimated that the source material for the 
vaccine would cost seven cents a dose. 
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Influenza 

Prior to the initiative for the Accelerated Development of New Vaccines, NIAID had made a major 
commitment to influenza research, including the development of improved vaccines. Two current 
approaches to new influenza vaccines are summarized here for the sake of completeness. 

Live, Attenuated Vaccines 

The segmented genome of influenza A has facilitated the segregation and characterization of 
individual genes. Two genes code for the antigenic surface glycoproteins, the hemagglutinin 
(HA) and neuraminidase (NA); six genes code for nonsurface proteins. The most promising current 
approach involves the use of a donor virus [A/Ann/Arbor/6/60 (H2N2)] adapted to growth at a 
temperature (cold adapted; ca) that does not support efficient replication of wild virus.  Reassortant 
viruses have been produced (Maasab et al.) by mating the ca donor with new influenza A viruses. 
Attenuation and stability of reassortants have been achieved when all nonsurface viral protein 
genes have been received from the ca donor and the HA and NA genes from the wild-type variant. 
Vaccines derived by genetic reassortment of contemporary wild-type A influenza viruses and the 
A/Ann Arbor cold-adapted master strain have been extensively tested.  In the last year, six vaccine 
clones have been prepared as vaccine pools and are currently being tested for safety, antigenicity, 
reactogenicity and efficacy.  Influenza B influenza vaccines attenuated in this way are presently in 
an early stage of development. 

Other approaches to attenuation include the use of reassortants produced by mating restricted 
avian virus with a virulent human influenza A virus (Murphy), and by the construction of stable 
deletion mutations. This latter type of genetic engineering cannot be performed with RNA, so the 
RNA viral genomes must first be transmitted into DNA and then the manipulated DNA with the 
desired deletion transcribed into an RNA form that can be transferred back into an infectious virus 
(Lai and Chanock). 

Synthetic Vaccines 

Four antigenic sites on the three-dimensional structure of the hemagglutinin of influenza A viruses 
have been identified (Wiley, Wilson, and Skekel).  Now that amino acid sequences of the 
hemagglutinin of a new variant can be determined, peptides can be synthesized for use as vaccine 
antigens. As with other synthetic polypeptides, this will require adjuvants suitable for human use. 

Poliomyelitis 

Now that an improved IPV is available, greater attention is being focused on cases associated with the 
administration of OPV. The occurrence of such cases, although few in number, is a reason to seek totally 
avirulent, yet immunogenic, strains of the three polio virus types. This may now be possible, although 
trials to establish absolute safety will be extremely difficult. 

Investigators at MIT (Racaniello and Baltimore) used reverse transcriptase to make complementary DNA 
using poliovirus RNA as a model. A plasmid containing this complementary DNA was found to infect 
human (Hela) and monkey (CY-1) cells and bring about the development of intact poliovirus particles. 
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This was the first demonstration that cloned DNA derived from the RNA genome of a lytic animal virus 
can be infectious. Since a cDNA copy of an RNA virus can initiate the infectious process, the investigators 
propose that it should be possible to specifically mutagenize the cloned DNA and generate mutants with 
defects in any part of the genome, including mutants incapable of virulence or of reversion to virulence. 

Provided such mutants are still immunogenic, vaccines made with them would retain all of the advantages 
of OPV over IPV, including less cost. 

Rabies 

Two cell culture grown inactivated rabies virus vaccines have recently been licensed in the U.S.  Because 
of their greater antigenicity, fewer doses are required for post-exposure prophylaxis, and small intradermal 
doses can be used for pre-exposure prophylaxis. 

A cheaper vaccine may be developed using rabies virus glycoprotein. 

a. Virus codes for glycoprotein containing 524 amino acids. 

b. Gene that codes for this glycoprotein has been clones, but signal that allows expression 
has not been identified. 

c. Monoclonal antibodies have detected antigenic variations and demonstrated that 
glycoprotein possesses four antigenic sites on each molecule. These sites differ in position 
and reactivity among strains. 

Rotavirus 

There are at least four serotypes. 

Have now been grown in cell culture; selected strains to be tested for attenuation. 

Virus has segmented genome. 

Calf derived rotavirus protects calves against challenge with human rotavirus. 

One approach: immunize children against human rotavirus disease using calf virus if latter induces 
clinical immunity without inducing illness. 

Also, through co-cultivation, replace human gene segments with bovine or simian gene segments to 
produce either viruses that are easier to cultivate or that can be used as an attenuated oral vaccine. 

Another approach: clone genes that specify protective antigens in K12 E. coli; may immunize without 
risk of spread. 

Varicella 

Oka strain developed by Takahashi; vaccines produced by RIT (Belgium) and Merck (U.S.) 

Serologic tests developed that permit assessment of immunogenicity and detection of reinfection. 
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Viral markers identified that distinguish vaccine strain from wild strain. 

Clinical trials now underway in leukemic children at high risk of severe disease and in normal children. 

Preliminary results indicate protection against household exposure.  In one study, 40% of leukemic children 
lost antibody after 6 to 12 months, but it is suggested that a skin test is all that is needed to boost the level. 

No cases of herpes zoster have been seen in the U.S. as yet (approximately 3 years). 

William S. Jordan, Jr., M.D./NIAID/NIH November 1982 

226






Appendix B: Task Force on Safer Childhood Vaccines 

228




The Jordan Report 

229




Appendix B: Task Force on Safer Childhood Vaccines 

230




The Jordan Report 

231




Appendix B: Task Force on Safer Childhood Vaccines 

232




The Jordan Report 

233






The Jordan Report 

Status of Vaccine Research and Development 2002


Target Agent Vaccine Basic R&D Preclinical Phase I Phase II Phase III 
Ancyclostoma duodenale Recombinant protein + + 
Bacillus anthracis Recombinant subunit + + 
Bordetella pertussis B. pertussis surface protein expressed 

by vector (e.g., Salmonella and Vibrio 
cholerae) 

+ 

Purified PT vaccine-acellular + + + + + 
Recombinant PT vaccine-acellular + + + + 
Purified PT and FHA-acellular + + + + + 
Purified PT, FHA, pertactin, and 
agglutinogens 2 & 3-acellular 

+ + + + 

Purified PT, FHA, pertactin-acellular + + + + + 
Recombinant PT, FHA, pertactin-
acellular

+ + + + 

PT peptides-CRM conjugates + + 
Purified adenylate cyclase + + 

 DTP-Hib conjugate + + + + + 
 DTP-Hib conjugate-HBV + + + + + 
 DTP-IPV + + + + 
 DTP-Hib conjugate-IPV-HBV + + + + 
 DTaP-Hib conjugate-HBV + + + + 
 DTaP-IPV-monovalent aP + + + + 
 DTaP-Hib conjugate-IPV-HBV-bivalent

and trivalent aP 
+ + + 

 DTaP-Hib + + + + + 
 DTaP-Hib conjugate-IPV + + + + 
Blastomyces dermatitidis Purified yeast cell proteins (e.g., WI-1) + +
 Recombinant proteins (e.g., WI-1) + 
 WI-1 DWA + + 
 Live-attenuated strain + + 
Borrelia burgdorferi Recombinant Osp A + + + + + 

Osp A-based DNA vaccine + + 
BCG-expressed Osp A + + 
Purified Osp B, Osp C + + + 
Osp C (14 valent) + + + + 

 DbpA + 
 DbpB + 
Brugia malayi Purified parasite antigens

(paramyosin, etc.)
+ 

Calicivirus Norwalk VLPs in transgenic potato + + + 
Norwalk VLPs orally delivered + + 

Campylobacter jejuni Inactivated whole cell with mutant E.
coli labile toxin (mLT) adjuvant, oral
vaccine

+ + 

Whole cell (intact) + + + + 
Chlamydia pneumoniae Purified, major outer membrane

protein, heat shock protein 
+  

Outer membrane protein-based DWA
vaccine

+  

+ 

+ 

+ 

+ 

+ 

+ 
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Target Agent Vaccine Basic R&D Preclinical Phase I Phase II Phase III 
Clostridium difficile Formalin-inactivated toxins A and B + + + 
Clostridium tetani Recombinant toxin + + 

Salmonella vector + + 
Microencapsulation + + 
Transcutaneous immunization + + 

Candida albicans Cell surface oligomannosyl epitope + + 
Chikungunya virus Live, attenuated + + + + 
Coccidioides immitis Formalin-killed spherules + + + + + 

Recombinant protein for Ag2, rAg2 
(PRAg2) 

+ 

Spherule homogenate (27kxg) + + 
C-ASWS (Ag2) + + 
Urease (recombinant and cDNA) 
(rURE) 

+ 

Spherule outer wall glycoprotein 
(SOWgp) 

+ 

Corynebacterium Recombinant toxin + + 
diphtheriae almonella vector + + 

Transcutaneous immunization + + 
Coxiella burnetti Formalin inactivated + + + + 
Cryptococcus neoformans Partially purified capsular 

polysaccharide 
+ 

Glycoconjugate of capsular 
polysaccharide with tetanus toxoid 

+ + 

Cytomegalovirus Live, attenuated strains 
(conventional) 

+ + + 

(CMV) Live, attenuated strains (engineered) + + 
Glycoprotein subunit vaccine + + + + 
Multiprotein subunit vaccine + 
Nucleic acid (DNA) vaccines + + 
Canarypox vectored + + + 

Dengue virus Purified rDNA-expressed viral 
proteins 

+ 

Infectious clone + + 
Chimeric virus + + 
Inactivated whole virus particle + + + 
Vaccinia vector (live) + + 
Vaccinia subunit + + 
Baculovirus subunit + + 
Synthetic peptide + + 
Micelle/ISCOM + + 
Yeast subunit + + 
Recombinant envelope (baculovirus 
and Drosophila expression systems) 

+ 

Live, attenuated dengue virus 
(monovalent) 

+ + + 

Live, attenuated dengue virus 
(combined quadrivalent) 

+ + 

+ 

+ 

+ 

+ 

S + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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Target Agent Vaccine Basic R&D Preclinical Phase I Phase II Phase III 
Entamoeba histolytica Yeast subunit + + 

Recombinant galactose-binding 
protein 

+ 

Galactose-binding proteins expressed 
in Salmonella 

+ 

Enterohemorrhagic Nontoxic mutant toxins + + 
Escherichia coli Intimin + 
(EHEC) [Shiga LPS conjugates + + 
toxin-producing Intimin expression in plants + 
E. coli (STEC)] Stx-1 beta-subunit in Vibrio cholerae 

vector 
+ 

Enterotoxigenic Killed cells and beta-subunit of cholera 
toxin 

+ + + 

Escherichia coli Nontoxigenic ETEC derivative, live, 
attenuated 

+ + + 

ETEC Salmonella and Shigella vectored 
CFAs 

+ 

Subunit synthetic toxoid (ST) and B 
subunit of heat-labile toxin (LT) 

+ 

LTB expressed in potatoes + + + 
CFA II microencapsulated + + 

Epstein-Barr virus Glycoprotein subunit (gp350) + + + 
(EBV) Vaccinia recombinant virus expressing 

gp350 
+ + 

Peptide induction of CTL + + + 
Escherichia coli (urinary 
tract) 

Anti-FimH adhesin + + 

Filoviridae (Ebola) Recombinant subunit + + 
Replicons + + 

Francisella tularensis Live, attenuated + + + + 
Group A streptococcus Glycoconjugate Group A 

polysaccharide with tetanus toxoid 
+ 

M protein, multivalent type-specific 
epitopes 

+ + 

M protein conserved epitope 
expressed in a commensal vector (S. 
gordonii) 

+ 

M Protein conserved epitope in 
combination with M serotype epitopes 

+ 

Cysteine protease + + 
C5a peptidase + + 
Fibronectin-binding protein Sfb1 + + 
Streptococcal pyrogenic exotoxins + + 

Group B streptococcus Glycoconjugate vaccines of type Ia, lb, 
II, III, and V polysaccharides linked to 
carrier proteins 

+ + + 

Haemophilus ducreyi Major outer membrane protein + + 
Hemolysin/cytotoxin + + 
Hemoglobin receptor + + 

Haemophilus influenzae 
(nontypeable) 

Recombinant protein subunit 
containing either P1, P2, or P6 
proteins to serve as carriers in 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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Target Agent Vaccine Basic R&D Preclinical Phase I Phase II Phase III 
Haemophilus influenzae Subunit lipoprotein D (nonacylated) + + + 
(nontypeable) Subunit detoxified lipooligosaccharide 

conjugate to tetanus toxoid 
+ 

Subunit detoxified lipooligosaccharide 
conjugated to HMW protein from H. 
influenzae (nontypeable) 

+ 

OMP HiN47 + + + + 
Pili (HifE) + + 

Haemophilus influenzae Glycoconjugate of Hib PRP with 
CRM197 

+ + + + 

type b (Hib) Glycoconjugate of Hib PRP with 
diphtheria toxoid 

+ + + + 

Glycoconjugate of Hib PRP with 
tetanus toxoid 

+ + + + 

Hib-IPV-HBV + + + + + 
Glycoconjugate of Hib PRP with 
meningococcal type B outer 
membrane protein 

+ + + + 

Glyconjugate Hib with meningococcal 
type A and/or C 

+ + 

Hantaan virus Vaccinia vector + + + + 
Recombinant subunit + 
RNA replicons + + 

Helicobacter pylori Recombinant H. pylori urease and 
cholera toxin-oral vaccine 

+ + 

H. pylori antigens and mutant CT or 
LT 

+ + 

Killed whole cells + + 
Salmonella vectored H. pylori antigens + 

Hepatitis A virus Inactivated HAV particles + + + + + 
(HAV) Live, attenuated HAV + + + + + 

Virosome-formulated inactivated HAV + + + + + 
Viral proteins expressed by vectors 
(baculovirus or vaccinia virus) 

+ 

Hepatitis B virus HBV core protein expressed by rDNA + + 
(HBV) HBV proteins expressed in yeast cells 

by rDNA 
+ + + + 

Salmonella vector + + 
Variants + + 
Generation of cytotoxic T lymphocytes + + + + 
DNA vaccines + + 
rDNA, plants + + + 

Combined HAV/HBV 
vaccine 

Combined inactivated components + + + + + 

Hepatitis C virus (HCV) rDNA-expressed surface proteins and 
epitopes 

+ 

Generation of cytotoxic T lymphocytes + + 
Nucleocapsid + + 
DNA vaccines + + 

Hepatitis D virus Synthetic peptides + + 
(HDV) Baculovirus + 
Hepatitis E virus (HEV) Expressed proteins + + + + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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Target Agent Vaccine Basic R&D Preclinical Phase I Phase II Phase III 
Herpes simplex virus types 
1 and 2 
(continued) 

Heteroconjugate recombinant protein, 
T cell ligands with HSV-associated 
peptides 

+ 

Vaccinia-vectored proteins 
glycoproteins 

+ 

Histoplasma capsulatum Purified yeast cell proteins (e.g., His-
62) 

+ 

capsulatum Recombinant proteins (e.g., His 62, H 
antigen, hsp-70) 

+ 

Human immunodeficiency 
virus, HIV-1 

See Appendix F 

Human immunodeficiency 
virus, HIV-2 

Inactivated HIV-1 + + 

Live, attenuated HIV-2 + + 
rgp 125 or 130 (purified from virion) + + 
rgp 160 (insect cells) + + 
Highly attenuated, vaccinia HIV-2 gag-
pol-env 

+ 

Vaccinia HIV-2 env + + 
Canarypox HIV-2 gag-pol-env + + 
Salmonella HIV-2 env, gag + 

Human papillomavirus 
(HPV) 

Capsid protein + + 

TA-HPV (live recombinant vaccinia) 
E6 and E7 (from HPV-16, and HPV-
18) 

+ + + 

TA-GN recombinant protein L2 and E7 
(from HPV-6) 

+ + + 

MEDI-501 recombinant VLP L1 from 
HPV-11 

+ + 

Quadrivalent recombinant VLP L1 
(from HPV-6, HPV-11, HPV-16, and 
HPV-18) 

+ 

DNA vaccine + + 
LAMP-E7 (from HPV-16) + + 

Influenza virus Cold-adapted lilve, attenuated + + + + + 
Purified viral HA subunit + + + 
Liposome containing viral HA + + + + 
Purified CTL specific peptides + + + 
Microencapsulated inactivated vaccine + + 
Purified, inactivated viral 
neuraminidase 

+ + 

Baculovirus expressed recombinant 
HA subunit 

+ + + 

Baculovirus expressed nucleoprotein + + + 
Transfection with nucleic acid (DNA) 
plasmid expressing HA subunit 

+ 

Inactivated viral vaccines with novel 
adjuvants 

+ + + 

Japanese Whole, inactivated virus particles + + + + + 
encephalitis virus Infectious clone + + 

Purified DNA expressed protein + + 
Live attenuated virus + + + + 
Vaccinia vector (live) + + + 
Chimeric virus + + + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
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Target Agent Vaccine Basic R&D Preclinical Phase I Phase II Phase III 
Leishmania major Attenuated or killed whole parasites + + + + + 

Deletion mutagenized, attenuated 
parasite 

+ 

Multiple Leishmania spp. Leishmanial surface antigens (gp63, 
46 kD, and lipophosphoglycan) 

+ 

Measles virus rDNA HA and fusion proteins + + 
ISCOM + + 
Live, attenuated + + + + + 
High-titer live (multiple strains) + + + + + 
Poxvirus vector (live) + + + 

Moraxella catarrhalis High molecular weight, outer 
membrane proteins CD, E, B1, and 
LBP for use in conjugate vaccines 

+ 

Detoxified LOS conjugated to either 
tetanus toxoid or high MW proteins 
from nontypeable H. influenzae 

+ 

Mycobacterium leprae BCG plus purified M. leprae antigens 
(35 kD) 

+ 

Recombinant antigens in BCG + + 
Live BCG expressing M. leprae 
antigens 

+ 

BCG plus heat-killed M. leprae + + + + 
Heat-killed, purified M. leprae + + + + 
Mycobacterium w + + + + 
BCG + + + + + 
ICRG + + + + + 
Mycobacterium habana + + 
Vaccinia virus vector expressing 
mycobacterial antigen 

+ 

Mycobacterium 
tuberculosis 

BCG plus purified M. tuberculosis 
antigens 

+ 

T-cell reactive immunogens + + 
Recombinant antigens in BCG + + 
M. vaccae + + + 
Recombinant antigens in M. vaccae + 
M. tuberculosis culture filtrate proteins 
(CFP) 

+ 

M. tuberculosis culture filtrate proteins 
and cytokines 

+ 

Mycolic acids + + 
BCG with CFP “boost” + + 
Dendritic cells pulsed with for-met 
peptides 

+ 

Transfected EL-4 cells + + 
Recombinant Salmonella constructs + 
M. smegmatis expressing M. tb 
antigens 

+ 

rBCG expressing cytokines + + 
Auxotrophic mutant BCG + + 
DNA vaccines + + 
Auxotrophic mutant Mycobacterium 
tuberculosis 

+ 

Live Mycobacterium microti + 
Mycoplasma pneumoniae Recombinant membrane-associated 

proteins 
+ 

Purified outer membrane protein + + 
Inactivated (heat-killed) oral vaccine + + + 

+ 

+ 

+ 

+ 

+ 

+ 
+ 
+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 
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Target Agent Vaccine Basic R&D Preclinical Phase I Phase II Phase III 
Neisseria gonorrheae LPS anti-idiotype + + 

Whole cells + + 
Neisseria meningitidis Glycoconjugate with tetanus toxoid + + 
(Group A) Group A LOS + 
Neisseria meningitidis 
(Group B) 

Native outer membrane vesicle 
(NOMV)-intranasal route 

+ + 

OMP-dLPS liposome + + 
Recombinant PorA outer membrane 
protein in liposomes 

+ 

Outer membrane vesicles (OMVs), 
high MW proteins, and C 
polysaccharide 

+ + + + 

Hexvalent PorA outer membrane 
vesicle vaccine 

+ + + 

Outer membrane vesicles 
(deoxycholate extracted) 

+ + + + 

Recombinant transferrin binding 
protein (TBP1 and TBP2) 

+ + 

Recombinant low MW (NspA) outer 
membrane protein 

+ 

Glycoconjugate modified 
polysaccharide with recombinant 
PorB protein 

+ 

LOS micelle-based vaccine + 
Neisseria meningitidis 
(Group C) 

Glycoconjugate with tetanus toxoid + + + + + 

Neisseria meningitides Glycoconjugate A and C with 
CRM197 

+ + + 

A and C Glycoconjugate A and C with DT + + + 
Neisseria meningitides 
A, B, and C 

Combination glycoconjugate with 
recombinant PorB 

+ 

Neisseria meningitides 
A, B, C, and W-135 

Glycoconjugate with DT + + + 

Onchocerca volvulus Recombinant proteins + + 
Paracoccidioides brasiliensis Purified yeast cell proteins + + 

Recombinant proteins + + 
Synthetic peptide or multipeptide 
construction (P10, MAP-10) 

+ 

DNA plasmid with gp43 gene + + 
Parainfluenza virus Cold-adapted PIV3 attenuated virus + + + 

Purified HN and F protein subunit 
vaccine 

+ 

Bovine attenuated PIV3 vaccine + + + + 
Plasmodium falciparum Circumsporozoite antigen-based 

peptide or recombinant protein 
+ + + 

Circumsporozoite antigen 
expressed in various vectors 

+ + 

Circumsporozoite antigen-based 
DNA vaccine 

+ + 

Noncircumsporozoite, pre-
erythrocytic antigen-based 
constructs 

+ 

Merozoite surface protein-1 (MSP-
1) based recombinant protein 

+ + 

Non-MSP-1 asexual blood stage + + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 
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Target Agent Vaccine Basic R&D Preclinical Phase I Phase II Phase III 
Plasmodium falciparum Multivalent viral vector-based 

combination vaccines incorporating 
different stage-specific antigens (e.g., 
NYVAC Pf7) 

+ + + 

Subunit (RTS, S) + + + + 
DNA-based combination vaccines 
incorporating different stage-specific 
antigens 

+ 

Combination vaccines incorporating 
different stage-specific antigens (e.g., 
SPf 66) 

+ + + + 

Plasmodium vivax Circumsporozoite antigen-based 
peptide or recombinant protein 

+ + 

Asexual erythrocytic antigens + + 
Poliovirus Reversion-stable attenuated OPV + 

Live (nonreverting) + + 
Chimeric virus + + 

Pseudomonas aeruginosa Purified bacterial proteins, including 
flagellar Ag, LPS-O, porins, several 
inactivated bacterial toxins, and high 
MW polysaccharide antigen and 
glycoconjugate 

+ + 

Inactivated whole bacteria-oral 
preparation 

+ + 

Synthetic peptides + + + 
Pseudomonas Purified bacterial proteins, LPS + 
(Burkholderia) cepacia 
Pythium insidiosum Sonicated hyphal antigens + + 

Culture filtrate antigens + + 
Purified proteins (e.g., 28, 30, 32 kD) + + 

Rabies virus rDNA vaccinia virus recombinant for 
use in sylvatic rabies (veterinary 
vaccine) 

+ + + + 

Inactivated mammalian brain + + + + + 
Inactivated cell culture + + + + + 

Respiratory Live, attenuated ts and/or ca strains + + + 
Syncytial virus (RSV) Purified F protein subunit vaccine + + + + 

G protein expressed vaccine + + + + 
rRSVA2 live attenuated strains + + + 

Rickettsia rickettsii Subunit vaccine containing major 
surface proteins (155 and 120 kD) 

+ 

Rift Valley Fever virus Inactivated + + + + 
Live, attenuated + + + 

Rotavirus Attenuated human rotavirus (cold-
adapted) 

+ + 

Salmonella expressing VP4, VP7, or 
both 

+ 

Attenuated bovine/human virus 
reassortants (WC3) 

+ + + + 

Human nursery strains + + + + 
Purified rotavirus proteins rDNA-
derived virus-like particles (VLPs)

+ + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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Rotavirus  (continued) Vaccina virus recombinant expressing 

VP4, VP7, or both + + 
DNA vaccines + + 

Rubella Virus Live, attenuated + + + + + 
Infectious clone + 
Synthetic peptide + 

Salmonella typhi Vi carbohydrate + + + + + 
Vi carbohydrate + + + + 
Live, attenuated Ty21a vaccine + + + + + 
Live, attenuated auxotrophic mutants + + + + 

Schistosoma mansoni Purified larval antigens + + 
Schistosoma haematobium, Recombinant larval antigens + + 
Schistosoma japonicum 
Shigella Live auxotrophic, attentuated mutants + + + 
dysenteriae Polysaccharide-protein conjugate + + + + 
Shigella flexneri E. coli hybrids + + + + 

Polysaccharide-protein conjugate + + + + 
Live, attentuated oral vaccines + + + + 
LPS proteosome (intranasal) + + 

Shigella sonnei Live, attenuated (WRSS1) oral vaccine + + 
LPS proteosome (intranasal) + + 
Polysaccharide-protein conjugate + + + + 
Nucleoprotein + + 

Staphylococcus aureus Type 5/Type capsular polysaccharide + + + + 
(CPS) conjugate with Pseudomonas 
aeruginosa recombinant exoprotein A 

Staphylococcal entertoxin B Recombinant toxin + + 
Streptococcus pneumoniae Glycoconjugate vaccine (1,4, 5, 6B, 9N, + + + + + 

14, 18C, 19F, 23F) conjugated to 
meningococcal B OMP 
Glycoconjugate vaccine (1, 3, 4, 5, 6B, 
7F, 9V, 14, 18C, 19F, 23F) conjugated 
to CRM197 

+ + 

Glycoconjugate vaccine (3, 4, 6B, 9V, 
14, 18C, 19F, 23F) conjugated to either 
tetanus toxoid or diphtheria toxoid 

+ + + + 

Glycoconjugate vaccine (6B, 14, 19, 
23F) conjugated to tetanus toxoid 

+ + + + 

Glycoconjugate vaccine (4, 6B, 9V, 14, 
18C, 19F, 23F) conjugated to CRM197 

+ + + + + 

Glycoconjugate vaccine (1, 4, 5, 6B, 
9V, 14, 18C, 19F, 23F) conjugated to 
CRM197 

+ + + + + 

23-valent licensed vaccine with novel 
adjuvants (Quil A, QS21, MPL) 

+ + + 

Glycoconjugate multivalent vaccine with 
novel adjuvants (e.g., MPL) 

+ + + 

PspA + + + 
PsaA + + 
Pneumolysin + + 
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Target Agent Vaccine Basic R&D Preclinical Phase I Phase II Phase III 

Streptococcus pneumoniae Autolysin + + 
(continued) 

Neuraminidase + + 
Glycoconjugate vaccine (11-valent) + + + + 
linked to nontypeable H. influenzae 
OMP 
Glycoconjugate vaccine (1, 3, 4, 5, 6B, 
7F, 9V, 14, 18C, 19F, 23F) linked to 
either tetanus or diphtheria toxoid carrier 

+ + + + 

Phospholcholine + + 
Synthetic peptide epitopes and capsular + + 
polysaccharide combined 
Genetic fusions (PspA-IL2 and PspA-
GM-CSF) 

+ + 

CpG motifs cross-linked with 7-valent 
pneumococcal vaccine 

+ + 

Tick-borne DNA vaccine + + 
Encephalitis virus Inactivated, alum adjuvant + + + + 
Toxoplasma gondii Recombinant parasite surface protein + + 

(p30) 
Live, attenuated parasites + + 
Parasite surface protein expressed in + + 
viral vector 

Treponema pallidum Surface lipoproteins + + 
Anti-idiotype/fibronectin + + 

Trypanosoma cruzi Recombinant peptide + + 
Varicella zoster virus Live, attenuated vaccine + + + + + 

Subunit, glycoproteins + 
Vaccinia-vectored glycoprotein + 

Venezuelan equine Inactivated, whole virus particles + + + + 
Encephalitis Live, attenuated virus strain (TC-83) + + + + 

Infectious clones + + 
Vibrio cholerae Killed bacteria plus toxin B subunit + + + + + 

Live, recombinant O1 + + + + + 
Live, recombinant O139 + + + + 
Conjugate lipopolysaccharide (LPS) + + 

Yellow Fever virus Live attenuated + + + + + 
Infectious clone + + 

Western equine encephalitis Inactivated, whole virus particles + + + + 
virus 
Yersinia pestis Recombinant subunit + + 
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Division of Vaccines and Related Products Applications
Office of Vaccines Research and Review, Center for Biologics Evaluation and Research (CBER) 

Vaccines Currently Licensed in the United States 
June 2001 



Division of Vaccines and Related Products Applications
Office of Vaccines Research and Review, Center for Biologics Evaluation and Research (CBER) 

Vaccines Currently Licensed in the United States 
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Division of Vaccines and Related Products Applications
Office of Vaccines Research and Review, Center for Biologics Evaluation and Research (CBER) 

Vaccines Currently Licensed in the United States 
June 2001 (continued) 



Division of Vaccines and Related Products Applications
Office of Vaccines Research and Review, Center for Biologics Evaluation and Research (CBER) 

Vaccines Currently Licensed in the United States 
June 2001 (continued) 

T
h

e Jo
rd

an
 R

ep
o

rt 

249




A
p

p
en

d
ix D

: V
accin

es C
u

rren
tly L

icen
sed

 in
 th

e U
n

ited
 S

tates

250 

Division of Vaccines and Related Products Applications
Office of Vaccines Research and Review, Center for Biologics Evaluation and Research (CBER) 

Vaccines Currently Licensed in the United States 
June 2001 (continued) 
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ANRS, French National Agency for Research on AIDS; HIV, human immunodeficiency virus; HVTN, HIV Vaccine Trials Network; IAVI, International AIDS Vaccine Initiative; 
KAVI, Kenya AIDS Vaccine Initiative; NIAID, National Institute of Allergy and Infectious Diseases; OXAVI, Oxford AIDS Vaccine Initiative; WRAIR, Walter Reed Army 
Institute of Research 
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Appendix G: Recommended U.S. Childhood Immunization Schedule 





Appendix H: Recommended U.S. Adult Immunization Schedule 

2/4/2002 SUMMARY OF ADOLESCENT/ADULT IMMUNIZATION RECOMMENDATIONS 

Agent Indications Primary Schedule Contraindications Comments 

Tetanus and 
Diphtheria 
Toxoids 
Combined (Td) 

All adults 
All adolescents should be assessed at 11-12 
or 14-16 years of age and immunized if no 
dose was received during the previous 5 
years. 

Two doses 4-8 weeks apart, third dose 6-12 
months after the second.  No need to repeat 
doses if the schedule isinterrupted. 

Dose: 0.5 mL intramuscular (IM) 

Booster: At 10 year intervals throughout life. 

Neurologic or severe 
hypersensitivity reaction 
to prior dose. 

WOUND MANAGEMENT: 
Patients with three or more 
previous tetanus toxoid doses: (a) 
give Td for clean,minor wounds 
only if more than 10 years since 
last dose; (b) for other wounds, 
give Td if over 5 years since last 
dose.  Patients with less than 3 or 
unknown number of prior tetanus 
toxoid doses; give Td for clean, 
minor wounds and Td and TIG 
(Tetanus Immune Globulin) for 
other wounds. 

Influenza 
Vaccine 

a. Adults 50 years of age and older. 
b.  Residents of nursing homes or other 
facilities for patients with chronic medical 
conditions. 
c. Persons >6 months of age with chronic 
cardiovascular or pulmonary disorders, 
including asthma. 
d. Persons >6 months of age with chronic 
metabolic diseases (including diabetes), 
renal dysfunction, hemoglobinopathies, 
immunosuppressive or immunodeficiency 
disorders. 
e. Women in their 2nd or 3rd trimester of 
pregnancy during influenza season. 
f. Persons 6 mo.-18 years of age receiving 
long-term aspirin therapy. 
g. Groups, including household members 
and care givers, who can infect high risk 
persons. 

Dose: 0.5 mL intramuscular (IM) 

Given annually each fall and winter. 

Anaphylactic allergy to 
eggs. 

Acute febrile illness. 

Depending on season and 
destination, persons traveling to 
foreign countries should consider 
vaccination. 
Any person > 6 months of age who 
wishes to reduce the likelihood of 
becoming ill with influenza should 
be vaccinated. 
Avoiding subsequent vaccination 
of persons known to have 
developed GBS within 6 weeks of 
a previous vaccination seems 
prudent; however, for most 
persons with a GBS history who 
are at high risk for severe 
complications, many experts 
believe the established benefits of 
vaccination justify yearly 
vaccination. 

Pneumococcal 
Polysaccharide 
Vaccine (PPV) 

a. Adults 65 years of age and older. 
b. Persons > 2 y ears with chronic 
cardiovascular or pulmonary disorders 
including congestive heart failure, diabetes 
mellitus, chronic liver disease, alcoholism, 
CSF leaks, cardiomyopathy, COPD or 
emphysema. 
c. Persons > 2 years with splenic dysfunction 
or asplenia, hematologic malignancy, 
multiple myeloma, renal failure, organ 
transplantation or immunosuppressive 
conditions, including HIV infection. 
d.  Alaskan Natives and certain American 
Indian populations. 

One dose for most people* 

Dose: 0.5 mL intramuscular (IM) or subcutaneous 
(SC) 

*Persons vaccinated prior to age 65 should be 
vaccinated at age 65 if 5 or more years have 
passed since the first dose. For all persons with 
functional or anatomic asplenia, transplant 
patients, patients with chronic kidney disease, 
immunosuppressed or immunodeficient persons, 
and others at highest risk of fatal infection, a 
second dose should be given- at least 5 years 
after first dose. 

The safety of PPV 
during the first trimester 
of pregnancy has not 
been evaluated.  The 
manufacturer’s package 
insert should be 
reviewed for additional 
information. 

If elective splenectomy or 
immunosuppressive therapy is 
planned, give vaccine 2 weeks 
ahead, if possible. 

When indicated, vaccine should be 
administered to patients with 
unknown vaccination status. All 
residents of nursing homes and 
other long-term care facilities 
should have their vaccination 
status assessed and documented. 

Measles and 
Mumps 
Vaccines** 

a. Adults born after 1956 without written 
documentation of immunization on or after 
the first birthday. 
b. Health care personnel born after 1956 
who are at risk of exposure to patients with 
measles should have documentation of two 
doses of vaccine on orafter the first birthday 
or of measles seropositivity. 
c. HIV-infected persons without severe 
immunosuppression. 
d. Travelers to foreign countries. 
e.  Persons entering post-secondary 
educational institutions (e.g., college). 

At least one dose. (Two doses of measles-
containing vaccine if in college, in health care 
profession or traveling to a foreign country with 
second dose at least 1 month after the first). 

Dose: 0.5 mL subcutaneous (SC) 

a. Immunosuppressive 
therapy or
immunodeficiency 
including HIV-infected 
persons with severe 
immunosuppression. 
b. Anaphylactic allergy 
to neomycin. 
c. Pregnancy. 
d. Immune globulin 
preparation or blood/ 
blood product received 
in preceding 3-11 
months. 
e. Untreated, active TB. 

Women should be asked if they 
are pregnant before receiving 
vaccine, and advised to avoid 
pregnancy for 28 days after 
immunization. 

Rubella 
Vaccine** 

a. Persons (especially women) without 
written documentation of immunization on or 
after the first birthday or ofseropositivity. 
b. Health care personnel who are at risk 
of exposure to patients with rubella and who 
may have contact with pregnant patients 
should have at least one dose. 

One dose. 

Dose: 0.5 mL subcutaneous (SC) 

Same as for measles 
and mumps vaccines. 

Women should be asked if they 
are pregnant before receiving 
vaccine, and advised to avoid 
pregnancy for 28 days after 
immunization. 
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WEB SITES


Government Agency Web Sites:

National Immunization Program, Centers for Disease Control and

Prevention

http://www.cdc.gov/nip/default.htm


National Vaccine Program Office, Centers for Disease Control

and Prevention

http://www.cdc.gov/od/nvpo/


Center for Biologics Evaluation and Research, Food and Drug

Administration

http://www.fda.gov/cber/index.html


Bureau of Health Professions, Health Resources and Services

Administration

http://bhpr.hrsa.gov/


Division of Microbiology and Infectious Diseases


National Institute of Allergy and Infectious Diseases, National

Institutes of Health

http://www.niaid.nih.gov/dmid/vaccines/


Other Web Sites*: 
World Health Organization (WHO)

http://www.who.int/health_topics/vaccines/en/

This site’s section on vaccine safety educates visitors on

current immunization issues and how vaccines are developed

and distributed. It displays immunization statistics, maps, and

charts. The site also describes the Global Alliance for Vaccines

and Immunization (GAVI). WHO’s perspective is global and the

site’s content is also available in Spanish and French.


Global Alliance for Vaccines and Immunization (GAVI)

http://www.VaccineAlliance.org

This site provides up-to-date information about GAVI and the

Global Fund for Children’s Vaccines.


Children’s Vaccine Program

http://www.ChildrensVaccine.org

The resources section of the site offers many free materials,

including advocacy-related publications and information on

diseases and vaccines.


Immunization Action Coalition

http://www.immunize.org

This site offers information and materials on a wide variety of

diseases and vaccines. It is available in English and other

languages.


Media/Materials Clearinghouse at Johns Hopkins University

http://www.jhuccp.org/mmc/immune/

This site provides access to a wealth of immunization materials,

posters, videos, photographs, and literature. Many immuniza

tion education materials are available from sources outside the

United States.


Vaccine Page

http://www.vaccines.org

This site provides the latest vaccine news and links to high-

quality vaccine sites.


National Network for Immunization Information (NNii)

http://www.immunizationinfo.org

This site is designed to provide healthcare professionals, the

media, policymakers, and the public with up-to-date, science-

based information on immunizations. The site features a

searchable database of information on diseases prevented

through immunization; a listing of all State vaccination require

ments; and thrice-weekly Immunization Newsbriefs, which

highlight vaccine issues in the news. It also includes back-

ground on vaccine development and vaccine safety, guidelines

for how to evaluate health information on the Internet, and an

image gallery of the effects of vaccine-preventable diseases. The

NNii Resource Kit, Communicating With Patients About

Immunization, is also available here in downloadable PDF

format.


Every Child By Two (ECBT)

http://www.ecbt.org

This site contains information about the Every Child By Two

early immunization campaign, but also has information for

providers and parents. The content includes a newsletter with

current information on immunization issues, and an electronic

version of CDC’s Parents’ Guide to Childhood Immunization,

which discusses individual vaccines and topics such as keeping

immunization records.


*DMID, NIAID, and NIH are not responsible for the content of 
these Web sites. 
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