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PREFACE


On February 4 and 5, 2002, the National Institute of Allergy and Infectious 

Diseases (NIAID) convened the Blue Ribbon Panel on Bioterrorism and Its 

Implications for Biomedical Research. This panel of experts was brought together 

by NIAID to provide objective expertise on the Institute’s future Biodefense 

research agenda, which is articulated in this document. Specifically, the panel was 

asked to provide the following guidance to NIAID: 

•	 Assess the current research sponsored by NIAID related to the 

development of effective measures to counter the health consequences 

of bioterrorism. 

•	 Identify goals for the highest priority areas for immediate, intermediate, and 

long-term research related to Biodefense. 

• Make recommendations on the role of NIAID in achieving these priorities. 

The panel included researchers from academic centers and private industry as 

well as representatives from government, civilian agencies, and the military. 

(See Appendix A.) Participants were selected for their scientific expertise on the 

infectious agents considered to be the major bioterrorist threats, their scientific 

leadership, and their broad research experience. An opening plenary session 

described the state of the science for each microbe identified by the Centers for 

Disease Control and Prevention (CDC) as a Category A Agent of Bioterrorism.* 

Panel members then divided into breakout groups to discuss each organism in 

more detail. 

The panel commended NIAID for developing a Biodefense research agenda and 

was supportive of the planned goals. The content of the research agenda that 

follows reflects the panel’s recommendations. Specific goals for each pathogen 

are articulated within each chapter and include priorities for immediate as well as 

intermediate/long-term research. The introduction includes general 

recommendations that are applicable for all areas of NIAID Biodefense research. 

* The Centers for Disease Control and Prevention (CDC) Category A Agents of Bioterrorism include anthrax, smallpox, plague, 

botulism, tularemia, and viral hemorrhagic fevers. (http://www.bt.cdc.gov/Agent/Agentlist.asp#categoryadiseases) 
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INTRODUCTION


As concern grows about the use of biological agents in acts of terrorism or war, 

Federal health agencies are evaluating and accelerating measures to protect the 

public from the health consequences of such an attack. In 1996, when NIAID 

made public its Research Agenda for Emerging Diseases, intentional introduction 

of infectious agents was not discussed explicitly. However, recent events have 

reminded us that bioterrorism can be a major contributor in disease emergence. 

Our ability to detect and prevent infections related to bioterrorist incidents depends 

to a large degree on the state of biomedical science. Basic and applied research 

supported by the National Institutes of Health (NIH) complements the efforts of 

other Federal agencies by developing the essential tools—diagnostics, therapeutics, 

and vaccines—that are needed by physicians, nurses, epidemiologists, and other 

public health workers to prevent and control a disease outbreak. NIAID is the 

primary NIH Institute that supports and conducts research on the diagnosis, 

prevention, and treatment of infections caused by a wide variety of emerging 

pathogens, including agents that could be intentionally introduced. 

The Institute has developed a Strategic Plan for Biodefense Research at the 

National Institute of Allergy and Infectious Diseases (NIAID), which outlines plans 

for addressing research needs in the broad area of bioterrorism and emerging 

and reemerging infectious diseases. (See Appendix B.) This Biodefense 

Research Agenda supplements the strategic plan and articulates the goals for 

research on anthrax, smallpox, plague, botulism, tularemia, and viral hemorrhagic 

fevers. The research agenda focuses on the need for basic research on the 

biology of the microbe, the host response, and basic and applied research aimed 

at the development of diagnostics, therapeutics, and vaccines against these 

agents. In addition, the agenda addresses the research resources, facilities, and 

scientific manpower needed to conduct both basic and applied research on these 

agents. 
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AREAS OF RESEARCH EMPHASIS


The following areas have been identified as priorities for Biodefense research. 

Biology of the Microbe 
Research into the basic biology and disease-causing mechanisms of pathogens 

underpins efforts to develop interventions against agents of bioterrorism. NIAID 

supports research to better understand the microbial components that define a 

pathogen’s life cycle, as well as the events or processes that are critical to initiating 

infection or influencing the severity of disease. This knowledge is crucial to the 

development of preventative and therapeutic strategies. An important tool in 

understanding the basic biology of pathogenic microbes, including potential agents 

of bioterrorism, is the ability to rapidly obtain genome-sequencing information 

about these agents. The application of genomics research, coupled with other 

biochemical and microbiological information, is expected to facilitate the discovery 

of new targets for diagnostics, drugs, and vaccines. Comparative genomics 

(comparing the sequences of different strains of particular organisms) will be a 

particularly important component of future research, helping us to understand 

virulence and pathogenicity factors. 

Host Response 
Research into both innate and adaptive immune responses is critical in the 

development of interventions against agents of bioterrorism. We must define 

pathogen-triggered protective and deleterious immune responses to inform the 

development of products aimed at controlling and preventing disease. The 

identification of innate immune receptors and the functional responses that they 

trigger will enable targeted activation of the innate immune response and induction of 

specific adaptive immunity. Only one adjuvant (alum) is currently approved for 

general vaccine use. Therefore, we need new immunostimulatory agents. To 

develop new tools for disease control, we need a more detailed understanding of 

signaling pathways, of compartmentalization of immune responses, and of pathogen-

specific immunoregulation. Little is known about the ways that immune responses 

can vary among different individuals according to age, general health status, 

treatment with immunosuppressive drugs, and genetic makeup. An enhanced 

understanding of these variables and their impact on immunity is critical for the 

design and development of effective vaccines and immunotherapeutics. 
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Vaccines 
Vaccines are the most effective method of protecting the public against infectious 

diseases. New and improved vaccines against agents of bioterrorism must be 

suitable for civilian populations of varying ages and health status. In addition, 

vaccines developed to counter civilian bioterrorist attacks must be safe, easy to 

administer, and capable of an immediate protective and/or transmission-blocking 

immune response. Scientists must develop and characterize adjuvants that can 

enhance these desirable characteristics. Basic research on the host immune 

response, including correlates of protection and the basic biology of the microbe, 

will enhance vaccine development efforts. The initial focus at NIAID has been on 

the development of vaccines against smallpox and anthrax. However, the 

development of candidate vaccines for other category A agents remains a priority. 

A critical component of efforts to achieve these goals is enhanced linkages and 

partnerships with industry. 

Therapeutics 
In the event of a bioterrorism incident, we will need effective therapeutics to address 

the immediate health needs of the public. Antimicrobial agents for treating many 

infectious diseases currently exist. However, we need a broader, more robust 

arsenal of anti-infective agents to treat the broad civilian population and to intervene 

against drug-resistant variants that may emerge. Detailed knowledge of the 

pathways that are essential for replication and pathogenesis will enhance drug 

development. However, many diseases caused by category A agents do not provide 

adequate economic incentives for the development of therapeutic or preventive 

measures by industry. Therefore, collaboration between industry and government 

will be needed to produce the next generation of anti-infectives. Another priority is 

the development of monoclonal antibodies with activity against toxins or other critical 

virulence factors. 

Diagnostics 
A successful response to a bioterrorist threat requires diagnostics that can identify 

the pathogen involved. However, the initial clinical signs and symptoms of many 

agents considered biothreats are nonspecific and resemble those of common 

infections. The ability to rapidly identify the introduction of a bioterrorism organism 
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or toxin will require diagnostic tools that are highly sensitive, specific, inexpensive, 

easy to use, and located in primary care settings. Ideally, these tests also could 

be used to evaluate the possible spectrum of antimicrobial resistance. We have 

the theoretical means to design and develop such assays. For example, 

microchip-based platforms containing thousands of microbial signature profiles 

could be developed. A centralized database could be constructed to collect this 

information and allow the rapid identification of unusual patterns or clustering 

anywhere in the country. Functional genomic tools to identify multiple organisms 

simultaneously will be important, as will enhanced linkages and partnerships with 

industry. 

Research Resources 
Basic research and the development of new vaccines, therapeutics, and diagnostics 

depend on the availability of research resources. Among the resources needed to 

conduct Biodefense research are genetic, genomics, and proteomics information; 

appropriate in vitro and animal models; validated assays to measure immune and 

other host responses; and standardized reagents. In addition, research with 

potentially deadly category A agents must be conducted in appropriate containment 

facilities and must follow procedures that eliminate the threat to laboratory and 

clinical personnel and adjacent communities. Access to biosafety level (BSL) 3/4 

facilities, particularly those with the capacity for animal model and clinical research, is 

limited and must be expanded. Expertise in a wide variety of areas, including 

structural biology, ecology, medicinal chemistry, bioinformatics, the development and 

humanization of antibodies, diagnostic validation, and therapeutic and vaccine 

candidate production, is needed. NIAID understands that a “goal oriented approach” 

to developing countermeasures against bioterrorism agents will require new 

collaborations between basic scientists, process development scientists, and 

engineers to quickly transition vaccine and therapeutic candidates into clinical 

testing. In addition, enhanced relationships among NIH, academia, and industry will 

be necessary to produce clinical material that meets good clinical practice 

requirements. NIAID’s research agenda will include the training of a new cohort of 

investigators, the physical infrastructure within which to conduct this research and 

production, and the technologies, animal models, and reagents necessary to pursue 

this line of research and clinical testing. 
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GENERAL RECOMMENDATIONS


The following recommendations apply to all areas of NIAID counter­

bioterrorism research. 

Immediate Research 
•	 Develop regional Centers of Excellence for Bioterrorism and Emerging 

Diseases Research. 

•	 Expand the capacity to conduct phase I, II, and III evaluations of candidate 

vaccines and treatments for agents of bioterrorism. 

•	 Expand nonhuman primate capability to evaluate new therapeutic and 

vaccine products. 

•	 Attract new scientific disciplines to Biodefense research, and expand the 

research training of a new cohort of investigators. 

•	 Expand extramural and intramural research and clinical infrastructure, 

including construction and renovation of BSL-3/4 laboratories. 

• Expand the availability of animal models for preclinical research. 

•	 Develop rapid, inexpensive, and broad-based clinical diagnostics 

approaches using genomics and proteomics. 

•	 Encourage structural genomics and proteomics research for the targeted 

development of drugs, vaccines, and diagnostics. 

•	 Encourage industry participation to ensure the availability of rapid, 

sensitive, and licensed diagnostics to hospital clinical laboratories. 

• Expand partnership opportunities with other agencies and governments. 

•	 Develop a centralized repository for reagents and clinical specimens for 

agents of bioterrorism. 

•	 Develop procedures and cGMP facilities capable of producing 

monoclonal antibodies, vaccines, and other immunotherapies for phase 

I and II clinical studies. 
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• Enhance adjuvant discovery and rational design of Toll system mediators. 

•	 Identify and characterize innate and adaptive immune responses that occur 

after exposure to agents of bioterrorism and enhance basic research on 

mucosal immunology. 

•	 Establish MHC/peptide and B-cell epitope databases that may be used to 

further define immune responses, including the identification of relevant 

immune polymorphisms, and maximize such responses. 

Intermediate and Long-Term Research 
•	 Examine human genetic variation in response to therapy, in drug 

susceptibility, and in infectivity. 

• Define the human microbiome in states of health and disease. 

•	 Develop predictive immunology tools that will allow for the design of 

interventions for currently unknown biological weapons. 

•	 Analyze unique responses at the genome level to infection with agents of 

bioterrorism. 

• Analyze gene expression of agents of bioterrorism in vivo. 

• Standardize and validate protocols that involve studies using animal models. 

• Expand clinical capacity for phase I safety studies. 

•	 Develop, test, and analyze novel vaccination and protective strategies in 

all populations (e.g., the very young, the elderly, and 

immunocompromised individuals). 

•	 Enhance currently available international capability by expanding existing 

clinical trial networks (e.g., the International Collaborations in Infectious 

Disease Research Program). 

•	 Address human resource needs required for supporting research through 

training grants, fellowships, travel grants, and faculty development. 
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•	 Define the genetic basis of host susceptibility to infection with agents 

of bioterrorism. 

•	 Identify pathogen-induced immunoregulatory and immunosuppressive 

effects that influence the host’s ability to mount an effective immune 

response and respond to postexposure vaccination or immunotherapy. 
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ANTHRAX


Bacillus anthracis, the agent that causes anthrax, has several characteristics that 

make it a formidable bioterrorist threat. These characteristics include its stability in 

spore form, its ease of culture and production, its ability to be aerosolized, the 

seriousness of the disease it causes, and the lack of sufficient vaccine for 

widespread use. 

Human anthrax has three major clinical forms: cutaneous, inhalational, and 

gastrointestinal. If left untreated, all three forms can result in septicemia and 

death. Early antibiotic treatment of cutaneous and gastrointestinal anthrax is 

usually curative; however, even with antibiotic therapy, inhalational anthrax is a 

potentially fatal disease. Although case-fatality estimates for inhalational anthrax 

are based on incomplete information, the historical rate is considered to be high 

(about 75 percent) for naturally occurring or accidental infections, even with 

appropriate antibiotics and all other available supportive care. However, the 

survival rate after the recent intentional exposure to anthrax in the United States 

was 60 percent for the first 10 cases. 

Biology of the Microbe 
Inhalational anthrax develops after spores are deposited in alveolar spaces and 

subsequently ingested by pulmonary alveolar macrophages. Surviving spores are 

then transported to the mediastinal lymph nodes, where they may germinate up to 

60 days or longer. After germination, replicating bacteria release toxins that result 

in disease. Major virulence factors include an antiphagocytic outer capsule and at 

least two well-characterized toxins. The two toxins, called edema factor (EF) and 

lethal factor (LF), can destroy cells or inhibit their normal functioning. A third 

component, called protective antigen (PA), when associated with both EF and LF, 

enables EF and LF to bind to a specific receptor on mammalian cells. After this 

complex is internalized, the bacteria’s toxic effects are activated. Researchers 

recently engineered mutant recombinant PAs (rPAs) that bind to the native 

receptor. These mutant rPAs also can displace wild-type PA by blocking and 

interrupting the delivery of LF and EF into cells. Recent studies also have 

identified the region of the mammalian cell receptor to which PA binds and have 

determined the structure of the LF binding site. Soluble fragments of the receptor 

containing the toxin-binding site can function as decoys to protect cells from 

damage by LF. Other recent studies have characterized the site where LF binds to 
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MAPKK (mitogen-activated protein kinase kinase), a vital intracellular enzyme 

whose disruption by LF causes cell death. 

Sequencing of the chromosomal genome of B. anthracis is nearly completed. 

The genes for LF, EF, and PA are contained on plasmids that already have been 

sequenced. NIAID is expanding sequencing efforts with a comprehensive 

genomic analysis of B. anthracis and related bacilli. Researchers will use 

sequence data derived from selected strains, isolates, and related species to 

assess the degree of genetic variation and diversity. This genetic information will 

provide a framework in which to evaluate the basis for differences in pathogenicity 

and virulence that have been noted between strains. Other uses for the genomic 

data include supporting basic research to identify specific molecular markers and 

targets for strain identification and molecular genotyping; developing sequence-

based detection technologies; and designing effective vaccines, therapies, and 

diagnostic tools. In addition, the data will enhance the detection of genetic 

polymorphisms that correlate with phenotypes, such as drug resistance, morbidity, 

and infectivity, as well as key events or processes that influence the germination 

of spores in vivo. A comprehensive bioinformatics resource will support and 

maintain microbial genomic databases and the development of associated 

software and bioinformatics tools. These approaches will serve as a prototype for 

other microorganisms with potential to be used as agents of bioterrorism. 

Host Response 
Individuals who contract anthrax produce IgG1 and IgG3 anti-PA specific antibodies. 

Vaccination with the UK human vaccine generates primarily IgG1 antibodies, but 

IgG3, IgG2, and IgG4 antibodies also are detectable. Protection in animal models 

correlates with anti-PA antibody production. Recent evidence suggests that spore 

components also induce antibody production in rabbits, monkeys, and guinea pigs 

that have been vaccinated with an unencapsulated, toxigenic live vaccine strain. 

Sera from these vaccinated animals exhibit two antispore activities associated with 

antibody function (i.e., inhibition of spore germination and stimulation of spore 

phagocytosis by macrophages). Antibiotic therapy started after initial infection does 

not interfere with the immune response to B. anthracis. These findings indicate that it 

may be feasible to design a postexposure vaccination strategy to protect against the 

persistence of small numbers of spores in the lungs after antibiotic therapy. 
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Vaccines 
Anthrax vaccine adsorbed (AVA), prepared from a cell-free filtrate of a 

nonencapsulated attenuated strain of B. anthracis, is the only licensed anthrax 

vaccine. PA of the anthrax toxin is the main component responsible for generating 

immunity. The Department of Defense (DoD) is using AVA in its mandatory 

immunization program to protect U.S. military personnel in high-threat areas. 

CDC recommends civilian use of AVA only for high-risk populations, such as 

veterinarians and laboratory workers. The schedule for administering this 

vaccine—six doses over the course of 18 months—is too protracted for use in 

response to a bioterrorism incident. Therefore, efforts are underway to devise an 

abbreviated, yet effective, postexposure immunization schedule. 

Ensuring the safety of very young, elderly, and immunocompromised 

individuals requires a different vaccine regimen than that used for the military. 

NIAID has been collaborating with DoD to support the development of next-

generation anthrax vaccines that may be more appropriate than AVA for use in 

civilians and military personnel. A vaccine based on a rPA appears to be the 

most promising candidate. 

Although the correlates of immunity have not yet been defined, several animal 

studies have shown that neutralizing antibodies to PA elicit significant protective 

immunity against inhalational spore challenge. In vitro studies have shown that 

antibodies to PA also recognize spore coat proteins, stimulate the uptake of spores 

by phagocytes, and inhibit spore germination. 

Therapeutics 
NIAID is exploring the use of alternative antimicrobials or antitoxin therapies for 

anthrax. Together with the Food and Drug Administration (FDA), CDC, and DoD, 

NIAID is working to prioritize and accelerate testing of additional antimicrobial 

candidates for inhalational anthrax. NIAID-supported investigators recently 

published the results of two studies on the mechanisms by which anthrax toxins 

destroy cells. In one study, scientists identified the site at which PA binds on 

mammalian cells as well as a compound that can interfere with binding of the 

toxin. In the other study, researchers determined the structure of the LF 

component of the anthrax toxin. The information gained through these studies will 

likely hasten the development of new drugs to treat anthrax. 
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For the treatment of inhalational anthrax in humans, FDA has approved both


penicillin G procaine and doxycycline. Ciprofloxacin also has shown efficacy in


animal studies and recently received a label indication for inhalational anthrax.


Current CDC recommendations for treating inhalational anthrax include initial


intravenous therapy with ciprofloxacin or doxycycline and one or two additional


antibiotics; patients may be switched to oral antibiotics when clinically appropriate.


Treatment should continue for 60 days. Cephalosporins are not an effective


treatment because B. anthracis isolates produce a cephalosporinase. 


However, recent cases of inhalational anthrax indicate that the combination of a


fluoroquinolone with at least one other active drug may improve efficacy. 


Diagnostics 
Rapid diagnostic tests, such as enzyme-linked immunosorbent assay (ELISA) and 

polymerase chain reaction (PCR) for PA, are available at national and state 

reference laboratories. However, these tests are not licensed. They are used 

primarily as confirmation of a clinical diagnosis because of the time required to 

transport samples and complete testing. Culture remains the standard 

confirmatory test, but definitive identification of B. anthracis requires additional 

testing beyond a standard blood culture. In the recent intentional exposures to 

anthrax, organisms could not be cultured from samples obtained after the initiation 

of antibiotic treatment. Several transportable, rapid assays are being developed 

for use in humans and veterinary practice. 

Research Resources 
Several pressing resource needs must be addressed to ensure a robust research 

program on anthrax. Although most animal species are susceptible to anthrax, 

mice are generally used in experimental studies because of their availability and 

cost. Nonhuman primates, rabbits, and guinea pigs are the animal models used in 

inhalational spore challenge studies. All animal evaluations that involve infectious 

strains of anthrax will require adequate and secure BSL-3 facilities. In addition, 

any clinical studies that involve infected patients will require appropriate facilities. 

Attracting new and experienced investigators into anthrax research also will require 

appropriate support in terms of facilities, reagents, and training. 
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Goals 
The following goals are priorities for Biodefense research on anthrax. 

Immediate Research Goals 
•	 Establish capacity for the development and production of pilot lots of 

candidate anthrax vaccines. 

•	 Conduct phase I and II trials with rPA anthrax vaccine candidates and 

alternative adjuvant formulations. 

•	 Expand clinical capability to accelerate phase I and II testing of candidate 

anthrax vaccines. 

•	 Establish a centralized immunology laboratory to develop and validate tests 

required for the licensure of anthrax vaccines. 

•	 Screen existing FDA-approved antimicrobials and immunomodulators for 

efficacy against anthrax. 

•	 Encourage exploration of new targets for antimicrobial therapies, including 

strategies to prevent germination of spores, to synthesize or neutralize 

toxins, and to interfere with the attachment and entry of toxins into host 

target cells. 

•	 Conduct comparative genomic sequencing of selected Bacillus strains to 

detect subtle differences in pathogenesis and virulence associated with 

antigens or other factors. 

• Develop and evaluate in vivo transmission and spore germination models. 

• Identify and characterize new virulence and pathogenicity factors. 

•	 Identify targets within innate and adaptive pathways that can be used to 

modulate infection. 

•	 Identify and characterize innate and adaptive immune responses that 

occur after initial exposure to anthrax, including responses associated with 

spore germination. 
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Intermediate and Long-Term Research Goals 
•	 Determine the surrogates of immunity for rPA vaccines using nonhuman 

primate challenge models. 

•	 Identify new therapeutics by translating basic research findings into targets 

for intervention, for the development and optimization of monoclonal and 

polyclonal antibodies, and for new immunotherapeutics. 

•	 Synthesize active lead compounds in sufficient quantities for preclinical 

pharmacokinetics and studies of animal model efficacy, mechanism of 

action, and toxicology. 

•	 Use genomic-sequencing information to conduct comparative genomic 

analysis and to identify genetic variations and potential targets for vaccines 

and treatments against anthrax. 

•	 Develop robust, sensitive, and specific diagnostics for the detection of 

anthrax antigens in clinical specimens. 

•	 Explore the use of microbial signatures in gene expression profiles of 

host cells. 

• Develop technologies for in situ studies of anthrax. 

•	 Continue to improve anthrax vaccines by focusing basic research on the 

identification of potential targets, the development and optimization of 

vaccine delivery systems, the optimization of B- and T-cell protective 

responses, the induction of long-term immunologic memory, and the 

development of adjuvants based on innate immunity. 
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SMALLPOX


Smallpox, which is caused by the virus Variola major, is considered one of the 

most dangerous potential biological weapons because it is easily transmitted from 

person to person, no effective therapy exists, and few people carry full immunity to 

the virus. Although a worldwide immunization program eradicated smallpox 

disease in 1977, small quantities of smallpox virus still exist in two secure facilities 

in the United States and Russia. However, it is likely that unrecognized stores of 

smallpox virus exist elsewhere in the world. 

The symptoms of smallpox infection appear approximately 12 days (the range is 

from 7 to 17 days) after exposure. Initial symptoms include high fever, fatigue, 

headache, and backache. A characteristic rash, which is most prominent on the 

face, arms, and legs, follows in 2 to 3 days. The rash starts with flat red lesions 

(a maculopapular rash) that evolve into vesicles. Unlike chickenpox, the lesions 

associated with smallpox evolve at the same rate. Smallpox lesions become filled 

with pus and begin to crust early in the second week after exposure. Scabs 

develop, separate, and fall off after approximately 3 weeks. Individuals are 

generally infectious to others from the time immediately before the eruption of the 

maculopapular rash until the time scabs are shed. Smallpox spreads directly from 

person to person, primarily by aerosolized saliva droplets expelled from an infected 

person. Contaminated clothing or bed linens also can spread the virus. The 

mortality of smallpox infection is approximately 30 percent, and patients who 

recover frequently have disfiguring scars. 

Biology of the Microbe 
The variola virus has not been well studied because of the hazards associated 

with potential exposure. However, vaccinia virus, which is used as a smallpox 

vaccine and is closely related to variola, is well studied. The few comparative 

studies of the two viruses have shown that the major differences are in the host 

ranges: whereas vaccinia infects several hosts, variola infects only humans 

naturally and cynomolgus monkeys under artificial laboratory conditions. The two 

viruses can be distinguished by the appearance of lesions on chick embryo 

chorioallantoic membranes and by tissue culture growth characteristics. The 

viruses share antigens and generate cross-neutralizing antibodies, a characteristic 

that has been exploited in the use of the vaccinia vaccine to prevent smallpox. 

The two viruses can be distinguished by PCR, ELISA, radioimmunoassays, and 
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monoclonal antibodies. Vaccinia is now being investigated extensively as a vector 

for the delivery of other vaccine genes. 

Two forms of infectious orthopoxvirus are produced in infected cells: intracellular 

mature virus (IMV) that remain in the infected cell and extracellular enveloped virus 

(EEV) that are released from the cell late in infection. The EEV form of the virus 

contains an additional lipid envelope and cellular and viral proteins, thus making 

EEV immunologically different from IMV. In addition, the EEV and IMV forms enter 

cells by different mechanisms, use different cell receptors, and have different 

sensitivities to antibodies and complement. Immune evasion by poxviruses is 

accomplished through mechanisms related to the release of proteins that bind 

chemokines, EEV resistance to neutralizing antibodies, and EEV resistance to 

complement destruction through acquisition of host complement control proteins. 

Variola and vaccinia belong to the Orthopoxvirus genus of poxviruses. These 

double-stranded DNA viruses replicate in the cytoplasm, unlike other DNA viruses 

that depend on host nuclear DNA replication enzymes. Several strains of variola 

and vaccinia have been genomically sequenced. The genes for structural, 

membrane, and core proteins appear to be highly conserved among 

orthopoxviruses. Genes responsible for growth in human cells also have been 

identified. NIAID will actively pursue further research in these areas. 

Host Response 
Sparse data are available on the duration of protection that vaccinia immunization 

confers against natural smallpox infection. However, it is known that natural 

infection confers life-long protection. After a smallpox outbreak in Europe, the 

case-fatality rate was 52 percent in unvaccinated people and 1.4 percent in 

people who were vaccinated up to 10 years previously. However, the case-

fatality rate rose to 11.4 percent in people who were vaccinated more than 20 

years previously. Individuals who recover from natural infection with variola or 

are immunized with vaccinia develop neutralizing antibodies. These antibodies 

are long-lived and can be detected up to 20 years after vaccination. Because the 

science of cellular-mediated immunity was in its infancy at the time that smallpox 

vaccination was discontinued, few data are available about the type and duration 

of both CD4 and CD8 T-cell responses or their correlation with immunity. Viral 

core and envelope proteins induce antibody responses in humans, but no specific 
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B-cell, CD4, or CD8 T-cell epitopes have been mapped. Delayed type 

hypersensitivity, a measure of T cell-mediated immunity, begins to develop as 

early as 2 days after vaccinia vaccination. 

Vaccines 
Smallpox vaccine consists of a laboratory strain of vaccinia virus and has 

proven to be highly effective in preventing infection. It is believed that in 

unvaccinated people exposed to smallpox, the vaccine can lessen the severity 

of, or even prevent, illness if given within 4 days of exposure. 

Vaccination to prevent smallpox has not been required in the United States 

since 1972. People vaccinated before 1972 very likely have diminished 

immunity to smallpox; people born in the United States after 1972 have not 

been routinely vaccinated. Currently, smallpox vaccination is recommended 

and available only for individuals who are at risk of imminent exposure, such as 

laboratory personnel who work with vaccinia and other orthopoxviruses related 

to the smallpox virus. The smallpox vaccine is highly reactogenic and often 

causes fever as well as large local reactions. In addition, the vaccine is 

associated with several complications, some of which are life threatening, 

particularly in people with immune deficiencies. 

A bioterrorist attack involving smallpox, or the accidental release of the virus 

from a clandestine laboratory, would require using stores of the existing smallpox 

vaccine. Approximately 15 million doses of the FDA-approved Dryvax vaccine 

have been stored since production stopped in 1983. This supply probably would 

not be enough to respond to a national smallpox epidemic. As an immediate 

response to this vulnerability, NIAID initiated a study to determine the feasibility 

of diluting Dryvax vaccine to make more doses available from the existing 

stores. In this study, investigators examined the skin and immune system 

responses of normal, unimmunized adult volunteers who were given a 1:10 

dilution or a 1:100 dilution of Dryvax vaccine. Researchers compared the 

responses to those of other volunteers who had received the full-strength 

vaccine. The results demonstrate that the full-strength vaccine has maintained its 

potency. In addition, 70 percent of the people who received a single dose of the 

10-percent vaccine developed a sore followed by a scab at the injection site and 

antibodies in their blood, both signs that the vaccine had conferred protection. 
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A larger study to compare 1:5 and 1:10 dilutions with the full-strength Dryvax 

vaccine is now underway. 

Therapeutics 
In collaboration with DoD, NIH has screened more than 500 compounds 

against smallpox and related viruses. Compounds were selected for antiviral 

testing from the following categories: FDA-approved drugs that are effective 

against other viruses, antiviral compounds that are in clinical development for 

other viruses, known experimental antiviral compounds, and new chemical 

entities. In addition, scientists are evaluating some drugs approved by FDA for 

nonviral indications. In vitro evaluation has shown that several drugs tested in 

these screening studies, including a number of cidofovir derivatives, are active 

against both vaccinia and cowpox. 

Diagnostics 
Most smallpox cases present with a characteristic rash that is denser on the 

extremities and face than on the torso. Confirmatory tests include electron 

microscopy of vesicular or pustular fluid or virus culture, PCR analysis of 

peripheral blood mononuclear cells (PBMCs) or vesicle fluid, or restriction 

fragment length polymorphisms (RFLPs). 

Research Resources 
NIAID supports evaluation of experimental antiviral compounds in a number of 

localized and systemic mouse models of vaccinia and cowpox. DoD also 

supports antiviral evaluations in similar rodent systems. Both resources 

increase the total capacity for mouse model evaluation and allow for 

independent confirmation of positive results. NIAID also supports a 

mouse/ectromelia model and a vaccinia model in rabbits. Compounds that are 

effective in these small-animal models are prioritized for evaluation in the 

monkeypox primate model by DoD investigators. Several pressing resource 

needs must still be addressed to ensure a robust research program on 

vaccinia/cowpox models. Attracting new and experienced investigators into 

research on surrogate models of smallpox also will require appropriate support 

in terms of facilities, reagents, and training. 
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Goals 
The following goals are priorities for Biodefense research on smallpox. 

Immediate Research Goals 
•	 Expand the existing supply of live and attenuated vaccines, with particular 

emphasis on vaccines with reduced reactogenicity. 

• Initiate and expand clinical trials of existing smallpox vaccines. 

•	 Determine the correlates of immunity for smallpox vaccines through the 

detailed evaluation of immune responses to Dryvax vaccine. 

•	 Conduct phase I and ll trials with new candidate smallpox vaccines, with 

particular emphasis on the cell culture vaccines currently under development. 

•	 Develop a centralized immunology laboratory to validate assays required 

for the licensure of smallpox vaccines. 

•	 Fully characterize cidofovir’s activity against poxviruses and ensure that an 

adequate supply of the drug is available to treat complications from 

vaccination. 

• Develop animal models for studying smallpox pathogenesis. 

•	 Expand in vitro and in vivo screening capability for oral antivirals, 

immunotherapies, and replacements for vaccinia immune globulin. 

•	 Validate current diagnostics for orthopoxvirus infections and other vesicular 

rashes (i.e., chickenpox). 

•	 Conduct comparative genomic sequencing of additional pox virus strains to 

detect potential differences in pathogenesis and virulence. 

•	 Identify and characterize host factors and viral proteins that are involved in 

the production and maintenance of the two forms of infectious 

orthopoxviruses, IMV and EEV. 

18 



NIAID B I O D E F E N S E  RE S E A R C H  AG E N D A  F O R  CDC CAT E G O RY A AG E N T S  

Intermediate and Long-Term Research Goals 

•	 Develop detailed innate and adaptive immunologic profiles of responses to 

orthopox vaccines. 

•	 Understand and prevent complications of smallpox vaccination, such as 

eczema vaccinatum and vaccinia gangrenosa. 

•	 Develop animal model capability and provide the required standardization 

and validation for the development of vaccines and therapeutics against 

smallpox. 

•	 Develop and optimize human monoclonal and polyclonal antibodies as 

potential therapies against smallpox. 

•	 Expand basic research on host-virus interactions, viral replication, and 

immune evasion mechanisms. 

• Investigate the effect of infection on cytokine production. 
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PLAGUE


Plague is caused by the bacterium Yersinia pestis. Its potential for use as a


biological weapon is based on methods that were developed to produce and


aerosolize large amounts of bacteria and on its transmissibility from person to


person in certain of its forms. An additional factor is the wide distribution of


samples of the bacteria to research laboratories throughout the world. Infection by


inhalation of even small numbers of virulent aerosolized Y. pestis bacilli can lead to


pneumonic plague, a highly lethal form of plague that can be spread from person


to person. Natural epidemics of plague have been primarily bubonic plague, which


is transmitted by fleas from infected rodents. 


Symptoms of pneumonic plague, including fever and cough, resemble those of


other respiratory illnesses such as pneumonia. Symptoms appear within 1 to 6


days after exposure and lead rapidly to death. If untreated, pneumonic plague has


a mortality rate that approaches 100 percent. Antibiotics are effective against


plague, but an effective vaccine is not widely available.


Biology of the Microbe 

Although Y. pestis is very efficient at invading host epithelial cells, the molecular


mechanisms that contribute to its invasiveness are not understood. Various iron


transport mechanisms as well as the interaction of at least three quorum-sensing


mechanisms appear to be involved. 


Because the genome of Y. pestis has been completely sequenced, it should be


possible to accelerate efforts to characterize key events in pathogenesis that will


help identify suitable vaccine candidates, diagnostic reagents, and key targets for


drug intervention. The Y. pestis outer surface membrane proteins (Yomps), of


which there are several, appear to be important virulence factors and play a major


role in pathogenesis. Y. pestis has a set of virulence-associated proteins that are


plasmid encoded. Ambient temperature and Ca++ levels regulate the expression


and secretion of these proteins through the so-called low-Ca++ response (LCR)


mechanism. Further characterization of plasmid-encoded proteins and their role in


pathogenesis could provide the basis for an effective subunit vaccine. 


To cause infection, Y. pestis and other pathogenic bacteria need to remove iron—


an essential trace nutrient—from host iron- and/or heme-chelating proteins. 


Y. pestis has three partially characterized iron transport systems that play an
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important role in iron transport and removal. One of these systems is siderophore­

dependent and involves the synthesis of yersiniabactin (Ybt). Since the Ybt 

system is essential for iron acquisition during the early stages of plague, it may be 

an excellent target for early intervention and treatment. 

Host Response 
Two Y. pestis proteins, F1 and V, are being evaluated as vaccine candidates in 

animal models. The F1 protein is considered the principle protective antigen in the 

Plague Vaccine USP. Recent protection studies in mice show that injection with 

recombinant F1, V, or F1+V protein adsorbed to an aluminum hydroxide adjuvant 

provided protection against bubonic and pneumonic forms of the disease; similar 

information is not available for humans. The F1+V vaccine provides significant 

protection as early as 14 days after immunization. Antibody titers to F1 and V 

peak at 5 to 12 weeks after immunization and last for at least 1 year. Passive 

transfer of either V protein-specific polyclonal antiserum or a monoclonal anti-V 

antibody protects animals against lethal challenge with Y. pestis. In addition, 

Yersinia outer proteins may be antigenic. Antibodies to some of these proteins 

have been identified in sera from convalescent plague patients and in sera from 

experimentally infected mice. 

Vaccines 
A killed vaccine has been licensed for use in the United States for individuals 

considered to be at high risk for developing bubonic plague, including laboratory 

workers and military personnel in areas where plague is endemic. Vaccination 

before exposure was effective in preventing or reducing disease. However, the 

vaccine did not prevent or reduce disease from pneumonic plague. The vaccine 

has not been produced since 1999 and is no longer available. Clearly, we need to 

develop a new vaccine for use in a preexposure setting or in a postexposure 

setting in conjunction with antibiotic therapy to protect against pneumonic plague. 

The V antigen has been identified as a possible vaccine candidate. However, 

other virulence-associated antigens must be defined to devise effective multivalent 

vaccines to combat the threat of new, genetically engineered resistant strains. 

Therapeutics 
Treatment of plague with antibiotics generally is effective, but success strongly 

depends on how quickly drug therapy is started, the dose of inhaled bacteria, and 
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the level of supportive care for the patient. If treatment is delayed more than 

24 hours after symptoms begin, mortality remains high. A number of drugs, 

including streptomycin, gentamicin, tetracycline, and doxycycline, are recommended 

for use in the treatment of pneumonic plague on the basis of their efficacy in animal 

models of infection. However, the potential use of engineered, multi-drug-resistant 

strains as agents of bioterrorism emphasizes the need to develop alternative 

treatment strategies and antimicrobials with novel mechanisms of action. 

Diagnostics 
A rapid diagnostic test for plague is not widely available, but confirmatory tests are 

available at some state laboratories, CDC, and military facilities. Antibody 

detection assays are not useful for diagnosis because antibodies take several days 

or weeks to develop. The relatively rare occurrence of pneumonic plague in the 

United States has resulted in a low index of suspicion of naturally occurring cases 

and a lack of early-warning sentinel systems to detect aerosol exposure. 

Research Resources 
Several resource needs must be addressed to ensure a robust research program 

on Y. pestis. Because most animal species are susceptible to plague, several 

species have been used in experimental studies. Currently, the mouse is the most 

commonly used animal model of disease. Adequate and secure BSL-2/3 facilities 

will be required for all animal evaluations that involve infectious strains of Y. pestis. 

In addition, any clinical studies that involve infected patients will require 

appropriate facilities. Attracting new and experienced investigators into Y. pestis 

research also will require appropriate support in terms of facilities, reagents, and 

training. 

Goals 
The following goals are priorities for Biodefense research on plague. 

Immediate Research Goals 
• Accelerate the search for candidate Y. pestis vaccines. 

•	 Establish capacity for the development, refinement, production, and testing 

of pilot lots of candidate Y. pestis vaccines. 

•	 Encourage exploration of new targets leading to the development of 

Y. pestis-specific chemotherapeutics and/or entities with novel modes of 
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action (e.g., Ybt, TTSS, LcrV). 

•	 Screen existing FDA-approved antimicrobials and immunomodulators for 

efficacy against Y. pestis. 

•	 Develop rapid, inexpensive, and broad-based clinical diagnostics 

approaches for plague. 

•	 Develop standards for validation and comparison of potential 

plague diagnostics. 

Intermediate and Long-Term Research Goals 
•	 Characterize natural plague foci worldwide by examining factors such as 

microbial ecology and defining infectious reservoirs and vectors. 

• Develop microarrays for functional genomics studies of plague. 

•	 Identify and characterize innate and adaptive immune responses that occur 

after initial exposure to plague. 

•	 Identify inappropriate and immunopathogenic responses to infection with 

plague and strategies for the minimization of such responses. 

• Determine correlates of immunity for Y. pestis. 

•	 Examine host-pathogen interactions and host response to infection 

with plague. 

•	 Identify novel diagnostic and prognostic signatures based on molecular and 

spectral patterns after infections with plague. 
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BOTULISM


Botulinum toxin, which is produced by the spore-forming anaerobic bacterium 

Clostridium botulinum, is a highly toxic substance that presents a major threat from 

intentional exposure. The toxin is highly lethal and easily produced and released 

into the environment. Botulinum toxin is absorbed across mucosal surfaces and 

irreversibly binds to peripheral cholinergic nerve synapses. Seven antigenic types 

(A–G) of the toxin exist. All seven toxins cause similar clinical presentation and 

disease; botulinum toxins A, B, and E are responsible for the vast majority of 

foodborne illnesses in the United States. 

Exposure to the toxin induces symptoms that include muscle paralysis; difficulty in 

speaking, swallowing, or seeing; and, in severe cases, the need for mechanical 

respiration. People exposed to the toxin require immediate and intensive 

supportive care and treatment. The onset and severity of symptoms depend on 

the rate and amount of toxin absorbed into circulation. With foodborne exposure, 

incubation varies from 2 hours to 8 days but is generally limited to 72 hours. 

Symptoms subside when new motor axon twigs reenervate paralyzed muscles, a 

process that can take weeks or months in adults. 

Biology of the Microbe 
C. botulinum does not normally infect humans. However, humans are exposed to 

the toxin after eating food contaminated with the organism. Botulinum toxin’s 

mechanism of action is well understood. The toxin consists of a heavy chain and 

a light chain joined by a single disulfide bond that is essential for neurotoxicity. 

Both the sequence and three-dimensional structure of the toxin have been 

determined. The structure consists of three functional domains: a catalytic subunit, 

a translocation domain, and a binding domain. The toxin binds irreversibly to an 

unidentified receptor on presynaptic membranes of peripheral cholinergic 

synapses, mainly at neuromuscular junctions. After internalization of the toxin and 

translocation into the cytosol, a Zn++-containing endopeptidase on the light chain 

blocks acetylcholine release from motor neurons. The release is blocked by 

preventing fusion of acetylcholine-containing vesicles with the terminal membrane. 

The seven botulinum toxins exhibit somewhat different protease activities, cleaving 

three SNARE proteins (synaptobrevin/ VAMP, SNAP-25, and syntaxin) at different 

sites. The molecular basis of this proteolytic specificity is not fully understood. 

The SNARE proteins are essential in the trafficking of synaptic vesicles to the 

presynaptic membrane. 
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Host Response

The botulinum neurotoxins that are produced by C. botulinum consist of seven


immunologic serotypes, A–G. Therapy for human botulism includes passive


immunization with equine antitoxin. The licensed antitoxin, which consists of


neutralizing antibodies to the A, B, and E toxins, is available from CDC. Recent


studies in mice identified antigenic epitopes within toxin A that activate B- and 


T-cell responses. Comparison of the amino acid sequences of toxins A, B, and E


showed considerable homology among the three proteins in some of the defined


antigenic regions. This finding suggests that it may be possible to induce cross-


protective immunity.


Vaccines 
No approved vaccine to prevent botulism exists. However, an investigational 

botulinum toxoid is available in limited quantities to induce immunity in laboratory 

workers. Since immunity develops over several months, the toxoid would not be 

useful for postexposure prophylaxis. Development of a vaccine strategy should 

take into account the therapeutic use of Botox™ for a number of human conditions 

(e.g., strabismus, spasticity, and cervical dystonia). Vaccination of the larger 

community would negate the effectiveness of Botox™ treatment. Therefore, it is 

likely that a vaccine would be used only in high-risk groups. 

Therapeutics 
Treatment of botulism consists of supportive care and the use of antitoxins. Timely 

administration of the available antitoxin minimizes subsequent nerve damage and 

disease severity, but it does not appear to alter existing paralysis. An investigational 

equine heptavalent antitoxin (A–G reactive), which covers all seven toxins, is being 

developed by DoD. The safety of this antitoxin has not been established. Although 

available data are limited, they do not indicate that the antitoxin poses safety 

concerns for special populations, such as pregnant women, older adults, and young 

children. Antibiotics are not effective against botulinum toxin, although clindamycin 

has been reported to have activity against one of the toxins. 
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Diagnostics 
Botulism is frequently misdiagnosed. Clinical diagnosis must be confirmed with a 

mouse bioassay, which is based on neutralization by specific antitoxins. This 

assay takes up to 2 days to complete and is available in only a few laboratories. A 

rapid and sensitive diagnostic for botulism is essential for treatment because 

samples must be obtained before antitoxin treatment is begun. 

Research Resources 
Unlike several other agents of bioterrorism, botulinum toxin is not an infectious 

agent. Although highly lethal, it does not require specialized facilities to ensure 

containment. However, BSL-3 procedures conducted in BSL-2 facilities are 

recommended for work with botulinum toxin. Because most animal species are 

susceptible to botulism, several species have been used in experimental studies. 

Currently, the mouse is the most commonly used animal model of disease. 

Attracting new and experienced investigators to botulinum toxin research will 

require appropriate support in terms of reagents and training. 

Goals 
The following goals are priorities for Biodefense research on botulism. 

Immediate Research Goals 
•	 Process, produce, and conduct phase I and II trials with the heptavalent 

equine antitoxin. 

•	 Scale up production and phase I testing of three human monoclonal 

antibodies to toxin A. 

• Develop and test human monoclonal antibodies to toxins B, E, C, F, G, and D. 

•	 Produce and conduct phase I and II trials of recombinant toxin B vaccine 

fragment C. 

• Develop recombinant fragment C vaccine against toxins A, F, E, C, G, and D. 

•	 Develop rapid and inexpensive diagnostics for botulism toxins and their 

genes for use in multiple settings. 

•	 Develop effective cell culture systems to study toxin binding, internalization, 

and protease activity. 
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Intermediate and Long-Term Research Goals 
•	 Identify toxin receptors on both mucosal transport cells (digestive and 

respiratory tracts) and on human cholinergic cells. 

• Clone, overexpress, and determine the structure of toxin receptors. 

•	 Develop specific pharmacologic agents as toxin-binding inhibitors for 

mucosal and nerve cells. 

• Characterize the molecular basis of proteolytic specificity of botulinum toxins. 

•	 Conduct basic research on the mechanisms of action of the seven toxin 

serotypes, including receptor-binding specificity and proteolytic 

substrate specificity. 

• Develop small molecule inhibitors of toxin protease activity. 

•	 Develop systems for the delivery of small molecule inhibitors to cholinergic 

nerve cells. 
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TULAREMIA


Tularemia is a potential bioterrorist agent because of its high level of infectivity (as


few as 10 organisms may cause disease) and its ability to be aerosolized.


Francisella tularensis, which causes tularemia, is a non-spore-forming, facultative


intracellular bacterium that can survive at low temperatures for weeks. Two strains


of the organism have been characterized—type A, which is found in North


America, is more virulent than type B, which is found in Europe and Asia. The


disease is not transmitted from person to person; it spreads naturally from small


mammals or contaminated food, soil, or water to humans. Natural infection occurs


after inhalation of airborne particles. 


Tularemia can take one of several forms, depending on the route of exposure.


The disease resulting from the inhalation of airborne F. tularensis is the most likely


intentional exposure. The inhalation form is an acute, nonspecific illness beginning


3 to 5 days after respiratory exposure; in some cases, pleuropneumonia develops


after several days or weeks. If untreated, the disease could lead to respiratory


failure. Treatment with antibiotics reduces mortality for naturally acquired cases by


2 to 60 percent. A live attenuated tularemia vaccine developed by DoD has been


administered under an IND (investigational new drug) application to thousands of


volunteers. To date, use of this vaccine has been limited to laboratory and other


high-risk personnel.


Biology of the Microbe 
The fundamental mechanisms involved in virulence and pathogenesis are not 

known. The cell wall of F. tularensis is unusually high in fatty acids. Loss of the 

capsule may lead to loss of virulence but not viability; however, the capsule is 

neither toxic nor immunogenic. Infection with F. tularensis involves the 

reticuloendothelial system and results in bacterial replication in the lungs, liver, and 

spleen. After respiratory exposure, F. tularensis infects phagocytic cells, including 

pulmonary macrophages. In the liver, F. tularensis has been shown to invade and 

replicate in hepatocytes. Destruction of infected hepatocytes results in the release 

of bacteria and subsequent uptake by phagocytes. When lysis of hepatocytes was 

prevented by the administration of a monoclonal antibody, bacteria continued to 

replicate in the hepatocytes, leading to rapid lethality. 

28 



NIAID B I O D E F E N S E  RE S E A R C H  AG E N D A  F O R  CDC CAT E G O RY A AG E N T S  

Host Response

Immunity against F. tularensis has been studied by evaluating the response of


humans and mice to live vaccine strain (LVS). In humans, LVS vaccination or 


F. tularensis infection induces the proliferation of bacterium-specific T cells and the


production of antibodies, including IgM, IgG, and IgA isotypes. The T-cell


response is directed towards a variety of bacterial proteins, including membrane


and heat-shock proteins; however, no specific epitopes have been identified.


Memory T-cell responses are long-lived and have been documented 10 to 30


years after vaccination. In the mouse, immunity is primarily cellular. In vivo


studies demonstrate that either CD4 or CD8 T cells can mediate resolution of LVS


infections. Antibodies appear to contribute little, if any, to protective immunity.


Passive antibody transfer provides only limited protection against LVS and no


protection against wild type F. tularensis infection in mice.


Vaccines

A live attenuated vaccine derived from an avirulent strain of F. tularensis is available


for laboratory workers. However, the vaccine is not effective for postexposure


immunization because of the incomplete protection it affords and the short


incubation time of inhaled tularemia. Although the correlates of immune protection


are not fully understood, vaccination appears to induce T-cell specific responses to


membrane proteins and to heat shock proteins chaperone-60 (Cpn60) and DnaK.


Long-term studies of survivors infected with tularemia indicate long-lasting


anamnestic responses of T cells to heat shock proteins from F. tularensis.


Therapeutics 
Tularemia has been successfully treated with aminoglycosides, macrolides, 

chloramphenicol, and fluoroquinolones. Recent studies in mice have shown that 

aerosolized liposome-encapsulated ciprofloxacin is more effective in treating 

infection than free aerosolized drug. Knowledge of optimal therapeutic 

approaches for tularemia is incomplete and limited because very few investigators 

are working on this disease. 
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Diagnostics 
Rapid diagnostics for tularemia are not widely available, and normal 

microbiological tests are unlikely to result in identification. Culture of F. tularensis 

from patient specimens is the definitive test, but it takes up to several days. PCR, 

antigen detection assays, enzyme-linked immunoassays, and other specialized 

tests that can be used to identify and type tularemia are available at some 

research and reference laboratories. 

Research Resources 
Several resource needs must be addressed to ensure a robust research program 

on F. tularensis. Because most animal species are susceptible to F. tularensis, 

several species have been used in experimental studies. At present, the mouse is 

the most commonly used animal model of disease. Animal evaluations that 

involve infectious strains of F. tularensis will require adequate and secure BSL-3/4 

facilities. In addition, any clinical studies that involve infected patients will require 

appropriate facilities. Attracting new and experienced investigators into F. 

tularensis research also will require appropriate support in terms of facilities, 

reagents, and training. 

Goals 
The following goals are priorities for Biodefense research on tularemia. 

Immediate Research Goals 
•	 Conduct comparative genomic sequencing of selected strains of 

F. tularensis, type A and B, LVS, and F. novicida, and develop genetic 

systems to correlate differences in pathogenesis and virulence. 

• Develop a bacterial repository of Francisella species. 

•	 Characterize responses of F. tularensis to available chemotherapeutics 

in vitro and in animal models of infection and disease. 

•	 Develop new techniques to improve conditions for the culture of the 

microbe and for rapid determination of drug sensitivity profiles. 

•	 Attract scientific researchers with expertise in a diversity of fields (e.g., 

immunology, microbiology, and lipid biochemistry) to the study of tularemia. 

•	 Develop rapid, inexpensive, and broad-based clinical diagnostics 

approaches for tularemia. 
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Intermediate and Long-Term Research Goals 
•	 Identify and characterize innate and adaptive immune responses that occur 

after initial exposure to F. tularensis. 

• Identify correlates of immunity for F. tularensis. 

•	 Develop antimicrobials and immunotherapies with novel mechanisms of 

action for treatment of tularemia. 

•	 Synthesize active chemical lead compounds in sufficient quantities for 

preclinical pharmacokinetic and pharmacodynamic analysis and studies of 

efficacy in animal models, mechanism of action, and toxicology. 

•	 Identify new F. tularensis vaccine candidates that can prevent or modulate 

infection, both before and after exposure. 

•	 Conduct phase I and II trials of F. tularensis vaccine candidates and 

alternative adjunctive vaccine formulations. 

•	 Establish capacity for development, refinement, and production of 

candidate F. tularensis vaccines. 
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VIRAL HEMORRHAGIC FEVERS


Viral hemorrhagic fevers (VHFs) encompass a group of similar diseases caused by 

four types of viruses: 

•	 Arenaviruses, associated with Argentine, Bolivian, and Venezuelan 

hemorrhagic fevers, Lassa fever, and Sabia-associated hemorrhagic fever 

•	 Bunyaviruses, including Crimean-Congo hemorrhagic fever, Rift Valley 

fever, and Hantavirus infection 

• Filoviruses, comprising Ebola and Marburg hemorrhagic fevers 

•	 Hemorrhagic flaviviruses, including yellow fever, dengue hemorrhagic fever, 

Kyasanur Forest disease, and Omsk hemorrhagic fever. 

These viruses pose a risk from intentional exposure because, with very few 

exceptions, no vaccines or proven treatments exist, and many of the diseases are 

highly fatal. Natural infections occur when people come in contact with rodents or 

insects that are infected or act as vectors. After human infection occurs, some 

VHFs can be transmitted from person to person through close contact or 

contaminated objects, such as syringes and needles. 

Initial symptoms of VHFs are nonspecific and include fever, muscle aches, and 

fatigue. Disease often progresses to bleeding under the skin and from body 

orifices and internal organs, followed by shock, coma, seizures, and nervous 

system malfunction. Symptoms begin between a few days (in Ebola) and several 

weeks after exposure, depending on the particular virus. Mortality also varies 

widely among the diseases, and it often can be quite high. Some of these viruses 

also cause significant morbidity and mortality in domestic animals that are 

economically important. 

Biology of the Microbe 
The natural life cycle of these viruses is multifaceted. For many viruses, the life 

cycle includes one or more reservoir or amplifying hosts and often an arthropod 

(tick or mosquito) vector. However, for some viruses, such as Ebola, the natural 

reservoirs and/or vectors have not been identified. Infections with viruses that 

cause VHF generally occur in areas where the reservoir hosts or vectors live. 

Contact with body fluids, urine, or feces from rodents that serve as a reservoir can 

lead to infection. Infection also can occur when people come into contact with 
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infected animals, such as monkeys. For example, laboratory workers became 

infected with Marburg hemorrhagic fever after handling monkeys infected with the 

Marburg virus. 

The viruses that cause hemorrhagic fevers are all enveloped RNA viruses. Some 

of the viruses have been extensively studied. The Ebola and Marburg viruses 

replicate in the cytoplasm of infected cells, and viruses bud from the cell surface. 

Viral proteins include a type I transmembrane glycoprotein (GP), a nucleocapsid 

protein, a matrix protein, an RNA-dependent RNA polymerase, and three other 

structural proteins. Ebola virus also codes for a nonstructural soluble GP. Soluble 

GP is found in the serum of infected people and may bind antibodies against the 

transmembrane GP. The transmembrane GP, which is located on the surface of 

the virions and infected cells, may play a role in viral entry via receptor-mediated 

endocytosis. Similar envelope and nucleocapsid proteins, as well as viral 

polymerases, have been identified for the bunyaviruses. 

The arenaviruses contain ribosomes acquired from host cells; the sandy (Latin, 

arenosos) appearance of the ribosomes within the viruses gave rise to their name. 

Replication of arenaviruses includes the transcription of viral proteins from 

genomic sense mRNA, a process termed “ambisense.” 

Host Response 
Arenaviruses induce both T- and B-cell responses that seem to provide life-long 

protection from secondary infection in humans. Neutralizing antibodies appear to 

provide good protection against New World arenavirus infections such as Junin. 

Although Old World arenaviruses, such as Lassa fever, induce high-titer IgG and 

IgM production, these responses do not always correlate with protection. 

Virus-specific T and B cells characterize the immune response to Hantavirus, 

which is a bunyavirus. For example, researchers used the Hantaan strain to 

identify at least 13 CD8 T-cell epitopes presented by the HLA-B51 molecule in 

humans. Studies of B-cell responses to the Puumala strain show that the majority 

of early IgG antibodies are directed against the nucleocapsid protein; however, 

other proteins also are recognized. 
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Relatively little is known about the human immune response to Ebola, the most 

well-characterized filovirus. Cell-mediated immunity seems to play an important 

role because surviving patients exhibit stronger T-cell responses than do 

nonsurvivors. A recent study of primary immune responses in asymptomatic 

Ebola-infected individuals identified evidence of T-cell activation and production of 

Ebola-specific antibodies of the IgG1 and IgG3 subclasses. Recent studies in 

guinea pigs, mice, and monkeys demonstrate that DNA vaccines encoding Ebola 

GP or nucleoprotein (NP) induce protective immunity. However, a similar DNA 

vaccine was not effective in primates infected with the Marburg virus. Studies to 

determine the protective effects of anti-Ebola hyperimmune sera in humans and 

animals have been inconclusive. For example, the transfer of neutralizing 

monoclonal antibodies completely protected mice from lethal Ebola infection, even 

if administered after a virus challenge. However, other studies showed the 

existence of infectivity-enhancing antibodies that are directed to the viral GP. 

Flaviviruses, such as dengue, elicit strong immune responses that are directed at 

numerous viral proteins as defined by studies in both humans and mice. Human 

B- and T-cell epitopes have been mapped for dengue. Murine B- and T-cell 

epitopes have been defined for several viruses, including dengue and yellow fever. 

Vaccines 
No vaccines exist for VHFs except for a licensed yellow-fever vaccine. Candidate 

experimental vaccines against Argentine hemorrhagic fever and Rift Valley fever 

have advanced to early human trials. Because of the rapid onset of disease with 

many VHFs, these vaccines may not be useful for postexposure prophylaxis. In 

addition, the presence of different serotypes of some viruses, such as Hantavirus 

and dengue, may require development of multivalent vaccines. 

Recent progress has been made in the development of a potential vaccine for 

Ebola virus. Priming with a DNA vaccine, including the genes for the 

transmembrane GP and nucleocapsid protein, followed by a boost with a 

recombinant adenovirus that contains the same genes, protected cynomolgus 

monkeys against a highly pathogenic challenge. A strong cellular response was 

identified in these animals and two correlates of immune protection have been 

identified, which will help guide human studies. 
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Therapeutics 
Generally, there are no effective treatments for VHFs other than supportive care. 

Lassa fever has been successfully treated with the antiviral ribavirin, and plasma 

from recovering patients has been used to treat Argentine hemorrhagic fever. 

Ribavirin was shown to be effective against Hantavirus that causes renal disease 

in China. An open-label observational study in the United States of ribavirin as a 

treatment for Hantavirus pulmonary syndrome was inconclusive. Several potential 

therapeutics showed promise against Ebola infection in mouse models but were 

not effective when tested in cynomolgus monkeys. 

Diagnostics 
Clinical diagnosis of VHFs may be difficult because initial symptoms are 

nonspecific. However, ELISA and PCR tests, as well as viral culture, can be used 

to confirm some infections within days of disease onset. These tests have been 

developed for Ebola, Marburg, Lassa, dengue, Rift Valley fever, and Hantaviruses. 

Research Resources 
Animal models exist for some of the VHFs. For example, Ebola infection of 

nonhuman primates, including African green monkeys, baboons, rhesus monkeys, 

and cynomolgus monkeys, leads to disease that is similar to human disease. 

Ebola that has been adapted to grow in mice and guinea pigs provides a small-

animal model. Animal evaluations that involve infectious strains of most VHFs 

require BSL-3/4 facilities. In addition, appropriate facilities will be required for any 

clinical studies that involve infected patients. 

Goals 
The following goals are priorities for Biodefense research on VHFs. 

Immediate Research Goals 
•	 Develop animal models that mimic human disease for studying VHF 

pathogenesis in humans. 

•	 Expand the determination of the correlates of immunity for VHF vaccines 

by using appropriate models of natural infection. 

•	 Advance the development of existing VHF vaccine candidates (e.g., Rift 

Valley fever and Junin fever). 
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•	 Establish capacity for the development, refinement, and production of pilot 

lots of candidate vaccines for VHFs. 

•	 Develop a centralized immunology laboratory for the validation of tests 

required for licensure of priority VHF vaccines. 

• Screen antibodies to evaluate their possible use as immune therapy for VHFs. 

•	 Obtain clinical samples from patients with VHFs to help validate potential 

diagnostics and aid the development of new vaccine therapies. 

• Expand the in vitro and in vivo screening capability for antivirals against VHFs. 

•	 Encourage the exploration of new targets for antiviral therapies against 

VHFs. 

•	 Complete the genomic sequencing of representative members and 

strains of the VHFs, and compare them to detect differences in 

pathogenesis and virulence. 

Intermediate and Long-Term Research Goals 
•	 Perform comparative studies of VHFs to determine shared mechanisms 

of pathogenesis. 

•	 Expand the genomic analysis of VHFs, and conduct structural studies to 

aid the understanding of function. 

•	 Explore the development of genetic systems to understand VHF replication 

and pathogenesis. 

•	 Establish partnerships as appropriate to expand the study of the ecology of 

VHFs in their natural environment. 

•	 Expand the knowledge of host and vector factors and viral proteins that 

contribute to the pathogenesis and transmission of VHFs. 

• Encourage the structure-based design of new antivirals for multiple VHFs. 

•	 Identify targets within the innate and adaptive pathways that may be used 

to modulate infection. 

•	 Expand the preclinical toxicology capability and clinical capacity needed for 

the development of antivirals against VHF. 
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•	 Synthesize lead compounds in sufficient quantities for preclinical 

pharmacokinetics and studies of animal model efficacy, mechanism of 

action, and toxicology. 

• Examine new technologies for the development of safe vaccines. 

• Conduct phase I and II trials with new candidate VHF vaccines. 

• Initiate human clinical trials of an Ebola vaccine. 

•	 Develop and optimize human monoclonal and polyclonal antibodies as 

therapies for priority VHFs. 

• Evaluate the basis of immune potentiation observed in some VHFs. 
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