
December 17, 1999 

Via Airborne Express 

Dockets Management Branch (HFA-305) 
Food and Drug Administration 
5630 Fishers Lane, Rm. 1061 
Rockville, MD 20852 

Re: Docket No. 98N-0237; New Drug and Biological Products; Evidence 
Needed to Demonstrate Efficacy for Use Against Lethal or 
Permanently Disabling Toxic Substances When Efficacy Studies in 
Humans Ethically Cannot Be Conducted 

Dear Sir or Madam: 
,“., : .h,, c *., ,. Ax.., rh*ic;rx,~~*‘~~“,‘;,~.‘. . . . 

EluSys Therapeutics, Inc. (EluSys) is pleased to submit comments on the proposed 
rule identified above, and supports the proposal in concept and in detail. Most of the 
exceptions noted below are intended to clarify and improve the rule. A final regulation 
that does not differ substantially from the proposal is imperative if the United States is to 
protect itself from “The Looming Threat of Bioterrorism.“’ Given this threat, the price of 
unpreparedness could well be a public health disaster; thus, the agency is wise to establish 
standards as expeditiously as possible by which new drug and biological products for use 
against bioterrorism may be approved. 

EluSys was founded in 1998. It is focused on the development and 
commercialization of products to treat a wide variety of blood-borne infections and 
autoimmune diseases by rapidly, safely, and efficiently removing and destroying viral 
particles, bacteria, toxins, and autoantibodies from the bloodstream. Our technology 
platform has a high potential for removing toxins and/or organisms that are biowarfare 
agents. 

* Donald A. Henderson, “The Looming Threat of Bioterrorism,” 283 Science 
1279-82 (February 26, 1999); see also Philip H. Abelson, “Biological Warfare,” 283 
Science 1677 (November 26, 1999). A copy of each of these articles is enclosed. 
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COMMENTS ON CERTAIN PROVISIONS 

1. EluSys notes that the proposed regulation is unclear inasmuch as it does not, but 
should, explicitly cover disabling infectious as well as disabling “toxic” substances. The 
use of the term “biological” substances in the preamble and the proposal appears to signal 
FDA’s intent to cover “infectious” substances; because such substances do not always 
produce toxins, the scope provisions are ambiguous on this point. This possible source of 
confusion could be eliminated by inserting the words ‘&d/or infectious” after the word 
“toxic” in proposed $5 3 14.600 and 610.60 each time the word “toxic” appears in these 
sections. 

2. EluSys agrees that, in the circumstances described in the preamble to the 
proposed regulation, field trials are not feasible. Certainly, during drug development it 
cannot be anticipated whet&r one will be able to conduct such studies, even if they were 
conducted in the past, as in the case of the currently licensed anthrax vaccine. It is also 
important to distinguish between a vaccine for a high risk population (the anthrax 

s. ‘vaccine), in which a field- study may be possible, and treatment of an exposed population, 
in which a field study may well be impossible. For example, there are no natural. 
infections with Smallpox at this time; hence the use of outbreaks as in the case of anthrax 
is not possible. And, in the case of Ebola, the number of outbreaks in the human 
population is insufficient and too unpredictable to test in a manner analogous to the 
anthrax vaccine. 

More generally, the ability to conduct a field trial for an infectious substance may 
change over time as disease prevalence, immunization practices, or the natural history of 
the disease change. In addition, products intended to defend against a substance may 
have different mechanisms of action or modes of administration that would affect the 
ability to conduct a field trial. Further, although a disease may be endemic in a foreign 
country, conducting a field trial there may be impossible for ethical, political, logistical, 
practical or economic reasons. 

In considering whether a field trial is feasible, FDA also should consider the time- 
it will take to complete the trial when small numbers of cases are reported. Conceivably, 

-- the.data FDA would expect the sponsor to gather might become available only after years 
of.study. &der these circumstance& where the results of independent animal studies 
substantiate effectiveness (and safety is established), NDA or BLA approval should be 
granted. 

- 
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Finally, even though a field trial may have been conducted in the past against a 
particular substance, that should not preclude the agency from approving another product 
against the same substance absent a field trial under the provisions of a final regulation 
that does not differ substantially from the proposed rule. 

3. The criteria FDA will apply in determining whether “an important medical need 
is not met by currently available therapies” (64 Fed. Reg. at 53,963) are not discussed in 
the proposed regulation or the preamble. EluSys believes that the agency should apply 
the criteria identified in Guidance for Industry: Fast Track Drug Development Programs 
- Designation, Development, and Application Review (September 1998), and requests 
that FDA confirm it will apply these criteria or comment on its deliberations regarding the 
criteria it will apply. 

4. EluSys requests that FDA revise $9 3 14.6 10 and 60 1.6 1 to state that 
substantiation in “multiple” animal species is required only where appropriate. We agree 
that substantiation is required, but the agency should not limit itself to approving an NDA 
or a BLA & when there is substantiation in “multiple” animal species. There is nothing 
to be gained by such a self-imposed limitation on FDA’s discretion. By contrast, where 
independent studies in a single species (e.g., a primate) meet the general principles of 
independent substantiation as described in Guidance for Industry: Providing Clinical 
Evidence of Effectiveness for Human Drugs and Biological Products (May 1998) and are 
sufficient to substantiate effectiveness as a matter of science, a requirement of 
substantiation in “multiple species” would result in an unnecessary delay of agency 
approval and would ill serve the public health. 

Such a case is not purely hypothetical and is particularly true for viruses with a 
narrow host range, e.g., Monkey B, Ebola, Marburg, Smallpox. These infectious 
substances are species restricted, and a multiple species requirement may not be 
appropriate in these cases. Doing efficacy trials in more than one animal species in these 
cases either is not feasible or provides only limited information that is relevant to the full- 
blown disease in humans. Thus, whether substantiation in multiple species is required in 
a given case should depend on the known host range and the availability of animal model 
systems. 

COMMENTS ON SECTION VII. DISCUSSION 

1. EluSys believes that FDA’s proposed approach is necessary, appropriate and 
lawful, and commends the agency for seeking to enable the government to counter “The 
Looming Threat of Bioterrorism.” In comment to your quest& regarding a compromise 
to the efficacy standard, we believe it would not diminish the standard in that the data on 
the animal models and the burden of substantiation would be subjected to the same degree 
of review within the agency as other products. Additionally, the proposal does not 
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represent a “slippery slope” or a “camel’s nose in the tent” any more than 21 C.F.R. part 
3 12 subpart E represented the end of agency control of clinical investigations, or 2 1 
C.F.R. part 3 14 subpart H or 2 1 C.F.R. part 60 1 subpart E, respectively, represented the 
end of agency control of the new drug approval or biological product licensure processes. 
Further, approval or licensure under anything resembling the proposal is virtually certain 
to draw more attention and scrutiny than conventional approval or licensure decisions, 
and will be safeguarded by public advisory panel review as well. 

2. EluSys believes that the labeling and post-marketing study requirements (when a 
study is “feasible and ethical”) proposed by the agency ($6 3 14.610 (a) and (c) and 
601.61 (a)and( c )) are sufficient. But, as proposed in 3 14.610 (b) and 601.6 1 (b), FDA 
does not have the authority to impose controls over the channels of distribution of drugs 
or biologics, the physicians or other health care practitioners who may prescribe or 
administer drugs or biologics, or the facilities in which drugs or biologics may be 
administered2. 

If FDA disagrees and nonetheless proceeds, it should not automatically impose 
distribution, medical follow up, or record keeping restrictions on a product solely due to 
the fact that approval was based on adequate and well-controlled animal trials. Such 
restrictions should be reserved for those unique situations where these are truly necessary 
for the protection of the public health or proper delivery of the product. FDA should 
articulate in the preamble to the final rule examples of situations and circumstances where 
it would be likely to conclude that a product could be safely used only if distribution or. 
use were restricted. 

2 American Pharmaceutical Ass ‘n v. Weinberger, 377 F.Supp. 824 (D.C.D.C. 
1974), aff d sub. nom, American Pharmaceutical Ass ‘n v. Mathews, 530 F.2d 1054 (D.C. 
Cir. 1976)(per curiam). The judicial interpretation has stood for more than twenty years. 
It is supported by Congress’ inclusion in the new animal drug provisions of the Federal 
Food, Drug, and Cosmetic Act of direct and unequivocal language requiring that safety be 
determined, in part, by considering whether proposed conditions of use are “reasonably 
certain to be followed in practice.” 21 U.S.C. 6 360b(d)(2)(D); see 21 U.S.C. 
6 36Ob(a)(l)(B) ( new animal drug is unsafe and therefore adulterated unless its use 
conforms to approved application). The interpretation is further supported by Congress’ 
inclusion in the medical device provisions of the statute of explicit authority to restrict use 
in order to provide reasonable assurance of safety. 2 1 U.S.C. $0 360j(e)( l), 
360e(d)( l)(B)(ii) 
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3. EluSys agrees that consistency of results across species is relevant to 
substantiation of effectiveness in those cases where data from more than one species are 
appropriate. Such consistency, however, should not be an absolute requirement; i.e., the 
lack of consistency should not automatically bar approval of an NDA or BLA. Rather, 
the sponsor of the drug or biological product should bear the burden of persuading the 
agency that approval is still warranted, taking into account knowledge about the product, 
the lethal or permanently disabling toxic or infectious substance, and the animal model(s). 
For example, in the case of an infectious substance, host defense mechanisms may be 
species specific and this could affect outcomes where different animal species are studied. 
FDA would need to fully consider these issues. 

4. The largest dose needed in any species may not necessarily be the best choice. 
FDA needs to take into account that the dose of the product should be related to the 
amount of the challenging substance and the known mechanism of action (e.g., removal) 
of the product and of the substance. In the case of an infectious substance, the amount of 
substance may be small at first but may subsequently increase significantly by virtue of 
multiplication. Study of dose would be affected by these and other issues. 

5. Substantiation is discussed above under COMMENTS, 4. 
. ., ,d. *,c ..^_ “,,‘V., +.,y “rl .,;. 

6. FDA states in the preamble that the “safety [of covered products] will be studied 
under existing rules in human volunteers” (64 Fed. Reg. at 53,963). However, special 
considerations should apply to the safety data base. These considerations derive from the 
ethical issues associated with administering to human volunteers a product with 
questionable benefit to them. The dominant principle to be followed is a risk/benefit 
analysis for the volunteer. Under the existing rules and normal drug development, the 
number of subjects in the safety database is comprised of a small number of volunteers 
and a much larger number of patient volunteers or-volunteers at high risk for an illness 
(hundreds to thousands) who have some possibility of benefiting from the drug or 
biological product. In a safety study of a covered product the risk/benefit analysis 
principle dictates that the number of subjects required to establish safety be substantially 
reduced. 

Animal studies should be designed to maximize use of the resulting data and to 
minimize the need for human data, taking into account mechanism of action and effects 
on different organ systems. The greatest possible use also should be made of human data 
from other indications and from related substances. Where there is not an “at risk” 
population to test (such as in bioterrorism), FDA should retain the discretion to use safety 
data from appropriate animal model systems. FDA guidance in the area of safety study of 
covered products in human volunteers is critically important, especially where there is no 
at risk population to test. 
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CONCLUSION 

EluSys urges FDA to promulgate a final regulation without delay, taking into 
account: (1) the comments enclosed in this letter regarding infectious agents; (2) detailed 
comments on field trials, unmet medical need criteria, substantiation in multiple species; 
and (3) comments on the areas in Section VII where you have sought input, including 
safety data. 

If you have any questions regarding the enclosed, please contact the undersigned at 
(973) 808-0222. 

Sincerely yours, 

yJiikA?dL 

Linda Nardone, Ph.D., RAC 
Vice President, Regulatory and Clinical Affairs 

Enclosures 

_......._, “. . 

. 



The looming Threat of Bioterrorism 
Donald A.. Henderson 

Biological Incident Response Force and the 

T he past 4 years have beeti marked by 
escalating concerns in the United 
States about the threat of biological 

weapons. At first, discussions about the im- 
plicationS of this threat and its pos&le sce- 
narios were c&fined primarily to those in the 
military, diplomatic, ‘law enforcement, and 
intelligence communities and to those con- 
cerned with arms reduction issues. Only re- 
cently have the civilian medical and public 
health communities begun to be engaged in 
examining the practical challenges posed by 
this threat. Professional societies for the first 
time have begun to incorporate discussidns of 
bioterrorism in national meetings. On the in- 
ternational scene, in 1998 the World Health 
Organization (WHO) decided to establish an 
expert group to review and revise its 1970 
landmark document, Health Aspects of 
Chemical and Biological Weapons (I). 

Clearly, there is growing public aware- 
ness of the. threat of bioterrorism, and there is 
nascent concern among medical and public 
health professionals as well. This is important 
because if real progress is to be made in 
addressing this difficult problem, a substan- 
tially greater input of good science, medicine, 
&d public health will be needed 

Beginnings of a National Response 

The threat of bioterrorism has not been ignored 
Substantial national preparedness measures 
were taken in June 1995 with Presidential De- 
cision Directive 39 (PDD-39), which was fur- 
ther elaborated in May 1998 by PDD-62 and 
PDD-63, all classified documents. PDD-39 de- 
fined the broad responsibilities and coordina- 
tion ielationships among the federal agencies 
involved (2). PDD-62 and PDD-63 sought to 
define a better organizational strum. The 
Federal Bureau of Investigation (FBI) was as- 

The author is at the Johns Hopkins Center for Civilian 
Biodefense Studies.’ Johns Hopkins School of Public 
Health, Suite 850, Candler Building, 111 Market Place, 
Baltimore, MD 21202, USA. 

signed lead responsibility for crisis m&age- 
men6 in implementing,m to resolve the 
immediate emergency and to investigate the 
scene with the goal of gathering evidence to 
support crimimd prosecution of a perpetmtor. 
Thi f&ieral lead role in coon&a@ subse- 
quent sssistance, termed cgq manage 
ment, was delegated to the Federal Emergency 
Management Agency. The Public Health Ser- 
vicfs office of Emergency Preparedness 
(OEP) was asked to cooate all he&h and 
medical sssistance. However, OEP was given 
fewfundswithwhichtodothis,andtheDe- 
p&h-nerd of Health’ and Human Services 
(HITS), in which OEP is housed, was itself 
pmtia d& virtnaliy no *wm. me 

domimmt role and’ most of the timds were as- 
signed to the Department of Defense (DOD) 
lmder thi? 1997 Defe Against weapons of 
MassDe&uctionAct.Theactdire&dDO~to 
develop and implement a domestic prepared- 
ness program to improve the ability of local, 
state, and federal agencies to cope with chem- 
ical, biological, and nuclear threats and to con- 
duct exercises and preparedness tests. 

Metropolitan Medical Response Teams, 
funded by OEP, are now, being kined in a 
program that will eventually reaoh 120 major 
cities (3). These teams are to be composed of 
first responders (fire fighting, law enforct- 
ment, and emergency medical personnel) that 
are akeady employed by their municipal gov- 
emme@., Limited funds & available for 
training and for the cities to lease equipment 
but not for operating costs. Meanwhile, 10 
National Guard units of 22 full-time people 
each, called Rapid Assessment and Initial 
Detection Teams, are being trained. One unit 
is planned for each federal region. Under con- 
sideration is the possibility of providing one or 
more such units for each state. The units will be 
on a standby basis, able to be mobilized quickly 
should a chemical or biological substance be 
released. Two other specialized units, each con- 
sisting of several hundred people, have b-n 
establish-e Marine Corps’ Chcrnical and 

Army’s Technical Escoti Unit. Additional re- 
yxmeshaveaIsobemprovidedtotheFBIto 

‘permit additional agents to be hir@ intelli- 
gence efforts are being augmented, atul DOD 
and the Department of Energy have mounted 
greatl~expanded~~rograms.R~h 
areas include the development of envimnmen- 
tal detection devices for chemical agents and 
some fbr biological agents, plus the develop- 
ment of equipment such as masks and suits for 
working in chemically contaminated areas. 

The Challenge -of Biological Agents 

Of the weapons of mass destruction (nucl& 
chemical, and biological), the biological ones 
are the most greatly feared (4), but the coun- 
try is least well prepared to deal with them. 
Virtually all federal efforts in strategic plan- 
ning and training have so far been directed 
toward crisis management after a chemical 
release or an explosion. Should such an event 
occur, fire, police, and emergency rescue 
workers would proceed to thescene and, with 
the FBI assuming lead responsibility, stabi- 
lize the situation, deal with casualties, decon- 
taminate, and collect evidence for identifica- 
tion of a perpetrator. This exercise is not 
unfamiliar. Spills of hazardous materials, ex- 
plosions, fires, and oth& ,civil emergencies 
are not uncofnmon events. 

The expected scenario after release of an 
aerosol cloud of a biological agent is entirely 
different (Table 1). The release could be si- 
lent and would almost certainly be undetec- 
ted. The cloud would be invisible, odorless, 
and tasteless. It would behave much like a gas 
in’ penetrating interior areas. No one would 
know until days 0~ weeks later that anyone 
had been infected (depending on the mi- 
crobe). Then patients would begin appearing 
in emergency rooms and physicians’ offices 
with symptoms of a &range disease that few , 
physicians had ever seen. special tieasures 
would be needed for patient care and ho@- 
talization, obtaining laboratory .confirmaton 
regarding the identity of microbes unknown 
to most laboratories, providing vaccine or 
antibiotics to large portions of the population, 
and identifying and possibly quarantining pa- 
tients. Trained epidemiologists would be 
needed to identify where and when infection 
had occurred, .so as to identify how and by 
whom it may have been spread. Public health 
administrators would be challenged to under- 
take emergency management of a problem 
alien to their experience and in a public en- 
vironment where pestilential disease, let 
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alone in epidemic form, has been unknown. 
The implicit assumption has frequently 

been that chemical and biological threats and 
the responses to them are so generically sim- 
ilar that they can be readily handled by a 
single “chembio” expert, usually a chemist, 
This is a serious misapprehension (Table 1). 

First responders to a biological weapons 
incident (in contrast to an explosion or chem- 
ical release) would be emergency room phy- 
sicians and muses, ‘ftily physicians, infec- 
tious disease specialists, infection control 
practitioners, epidemiologists, hospital and 
public health administrators, and laboratory 
experts. Surprisingly, to date there has been 
little involvement of any of these groups in 
planning for appropriate responses or in train- 
ing. One recent .measure to address this def- 
icit is the convening, by the Hopkins Center, 
of a national Working Group on Civilian 
Biodefense, which is composed of govem- 
ment and nongovemment experts. The prin- 
cipal goal of this group hasbeen to identify 
which biological agents require priority atten- 
tion and what should be the most appropriate 
response to each. 

Emergence of the Bioweapois Threat 
Bioweapons progmms began to receive sub- 
stantial attention during World War II. An in- 
famous Japanese program ceased with the end 
of the war, but programs in the United States, 
Canada, the Soviet Union, and the United King- 
dom expmied steadily until 1972 (5). At that 
time, the Biological and Toxin Weapons Con- 
vention (BWC) was opened for signature and 
was eventuslly ratitied by 140 nations, includ- 
ing the Soviet Union and Iraq (6). It called for 

, 
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the termination of all research on offensive 
bioweapons and the. destruction of existing 
stocks of agents. The .Westem countries com- 
plied but, as time passed other countries took 
‘an interest in developing their own capacities. 
There was no mechanism for verification of 
this. Iu the United States during the 1970s and 
198Os, there was a mood of complacency about 
bioterrorism; funds for defensive activities all 
but evaporated, and a highly regarded research 
progmn and team were partially dismantled. 

That complacency has been shattered in 
recent years by events in Iraq and Japan, by 
revelations from Soviet defectors that docu- 
mented the extent of the program in Russia, 
and by the disclosure that at least 10 nations 
now have a biological weapons capacity (7). 
Discoveries during and a&r the ,199O Gulf 
War brought new concerns about bioweapons 
(8). Iraq used chemical weapons in the Iran- 
Iraq war; it was known to be developing a 
nuclear capability; and theie were signs that it 
had been engaged in developing anthrax as a 
weapon. Concerns about anthrax arose too 
late, however, for enough vaccine to be pro- 
duced to vaccinate more than a small propor- 
tion of the allied forces. After the war, it was 
learned that Iraq’s bioweapons program was 
substantially !aiger and more advanced thau 
had been appreciated. In 1995, with the de- 
fection of the President’s son-m-law Hussein 
Kamel Hassan, Iraqi documents were ob- 
tained *at pomyd an @&&,ior&yp&$i~ 

ously unknown scope and sophistication.. The 
acknowledged production included 20,900 li- 
ters of botulinum toxin and 8000 liters of 
anthrax spore suspension. SCUD missiles 
with a range of 300 to 600 km and carrying 

Table 1. Important distinctions between chemical and biological terrorism. 

Chemical terrorism Biological terrorism 

Speed at which attack results in ilhess 
Rapid-usually minutes to hours after Delayed-usually days to weeks after attack 

attack 
Dktribution of a&ted patients 

Downwind area near point of release Widely spread through city or region; major 
international epidemic in worst-case scenario 

First responders 
Paramedics, firefighters, police, emergency 

rescue workers. and law enforcement 
Emergency department physicians and nurses, 

infectious disease physicians, infection’control 
practitioners, epidemiologists, public health 
officials, hospital administrators, and laboratory 
experts 

Release site of weapon 
Quickly discovered; possible and useful to 

cordon off area of attack 
Difficult to identify; probably not possible or useful 

to cordon off area of attack 
Decontamination of patients and environment 

Critically important in most cases Not necessary in most cases 
Medical interventions 

Chemical antidotes Vaccines and/or antibiotics 

Patient isola tiodquaran tine 
After decontamination there is no need Crucial if easily communicable disease is involved 

(such as smallpox); advance hospital planning ‘for 
isolating large numbers of patients is critical 

. 

400-lb bombs had been outfitted with botuli- 
mnn toxin and anthrax warheads, and drone 
aircraft had been equipped with aerosol dis- 
persal systems. Iraq’s bioweapons capability 
remains intact. 

In 1995, the sat& gas attack on metropol- 
itan Tokyo by the Japanese religious cult 
Aum Shimikyo came as an unexpected sur- 
prise. This little known cult foresaw the com- 
ing of an apocalyptic war from which its 
followers would emerge to assume control 
first of Japan and then the world (9). To speed 
this process, they sought to use weapons of 
mass destruction to kill hundreds of’ thou- 
sands, if not millions, and to spread panic. 
Only in 1998 was it learned that the cult had 
actually sought to aerosolize anthrax and bot- 
ulinum toxin throughout metropolitan Tokyo 
on eight occasions between 1990 and 1995. 
Although its leader has been imprisoned, the 
cult remains intact and legal today; it operates 
electronic, computer, and other stores with a 
net revenue of $30 million annually. It is said 
to have about 5000 adherents in Japan and to 
have branches in Russia,.Ukraine, Belarus, 
and,Kazakhstan (IO). 

Perhaps of greatest concern is the status of 
Russia’s bioweapons establishment. The 
scope of the Soviet program and details of its 
operation have become increasingly available. 
during the 1990s as a result of defections by 
senior officials of its bioweapons program. 
The signing of the BWC in 1972 is reported 
to have been seen by the Soviet Union as an 
opportunity to gain an advantage over its 
Cold War adversaries. Accordingly, a mas- . 
sive expansion of its bioweapons program 
was begun (II). The eradication of smallpox 
and the cessation of vaccination in 1980 were 
considered another opportunity to be exploit- 
ed. A program was begun to produce small- 
pox virus on a very large scale and to weap- 
onize it. By 1989, this had been achieved 
with a production capacity of dozens of tons 
of smallpox virus annually. Ken Alibek, a 
former first deputy chief of research and pro- 
duction for the Russian biological weapons 
program, has reported that smallpox virus 
had been mounted in intercontinental ballistic 
missiles and in bombs for strategic use. 

The biological weapons R&D programs in 
the former Soviet Union were funded and 
managed by at least two different entities: the 
first, called Biopreparat, was in the Ministry 
of Medical and Microbiological Industry; the 
second was in the Ministry of Defense. Still 
operative is a significant proportion of a mul- 
tilaboratory complex [the vestiges of Bio- 
preparat) extending across at least eight dif- 
ferent cities, which once employed 60,000 
workers. One of these laboratories, the Russia 
State Research Center of Virology and Bio- 
technology, is located in Koltsovo, No- 
vosibirsk Region (12). It houses one of the 
two WHO-sanctioned repositories of small- 
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pox virus [the other being the U.S. Centers 
for Disease Control (CDC)]. It has extensive 
biosafety level 4 containment facilities, per- 
mitting it to work with the most virulent 
pathogens, and is currently utilizing small- 
pox, Marburg, and hemorrhagic fever viruses 
in recombinant research studies. Like other 
laboratories in Russia, it is experiencing ‘fi- 
nancial difficulties; substantial numbers of 
scientists have departed and security is more 
lax. Where the scientists have gone is un- 
kuown, but Libya, Iran, Syria, Iraq, and 
North Korea have actively been recruiting 
such expertise (13). Relative to Biopreparat, 
flu less is known about the activities of the 
biological weapons programs centered in the 
Ministry of Defense (14). 

A mixture of rogue states and well-fi- 
nanced religious cults with scientists desper- 
ately seeking funds creates a volatile situation 
with potentially &ious consequences. 

Probable Agents ~ 

Any ozie of thousands of biological agents 
that are capable of causing human infection 
could be considered a potential biological 
weapon. Realistically; only a few pose seri- 
ous problems. The NATO handbook dealing 
with potential biological warfare agents lists 
31 infectious agents (25). only a very small 
number of these, however, can be cultivated 
and dispersed effectively so as to cause cases 
and deaths in numbers that would threaten the 
fimctioning of a large community. other fac- 
tom. also determine which microbes are of 
priority concern: specifically, the possibility 
of further human-to-human spread, the envi- 
ronmental stability of the organism, the size 
of the infectious dose, and the availability of 
prophylactic or therapeutic measures. 

A Russian panel of bioweapons experts 
reviewed the microbial agents and concluded 
that there were 11 that were “very likely to be 
used” The top four were smallpox, plague, 
anthrax, and botulism (la). Lower on their 
list were tnlaremia, glanders, typhus, Q fever, 
Venezuelan equine encephalitis, and Mar- 
burg and influenza viruses. Each of the four 
top-rated agents is associated with high case 
fatality rates when dispersed as an aerosol. 
The rates range upward from 30% for small- 
pox to more than 80% for anthrax. Smallpox 
and anthrax have other advantages in that 
they can be grown reasonably easily and in 
large quantities and are sturdy organisms that 
are resistant to destruction. They are thus 
especially suited to aerosol dissemination to 
reach large areas and numbers of people. 

Plague and botulinum toxin are less likely 
prospects. From experience in the now de- 
funct U.S. bioweaporis development pro- 
gram, producing and dispensing substantial 
quantities of plague organisms or botulinum 
toxin (I 7) pose virtually insurmountable 
problems. Thus, smallpox and anthrax are 
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effectively alone at the top of the list among 
potential agents. 

likely Perpetrators 

Some argue that almost anyone with intent 
cau produce and dispense a biological weap- 
on. It is unlikely, however, that more than a 
few would be successful in obtaining any of 
‘the top-rated agents in a form suitable to be 
dispensed as an aerosol. Naturally occurring 
cases of plague, anthrax, and botulism do 
occur on almost every continent and so pro- 
vide a potential source for strains. However, 
there is .considerable variation in the viru- 
lence of different strains, and a high levelof 
expertise, which is much less obtainable thau 
the agents themselves, is needed to identify 
an especially pathogenic one. Moreover, pro- 
ducing these particular organisms in huge 
qua&y and iu the ultra-small particle form 
needed for aerosolixation is beyond the aver- 
age laboratory. 

Soviet laboratories had the sophistication 
and capacity to produce all of the most patho- 
genie organisms in large quantities. It is as- 
sumed that a number of other countries now 
also possess this capacity because the costs of 
equipping and staffing a bioweapous labora- 
tory are modest when compared to those 
required for a nuclear or chemical tacility. 
Any group with sufficient resources could 
purchase prepared supplies of aerosol&able 
oiganisms and could transport them easily, 
because only small quantities are needed to 
inflict “casualties’oV~~ver$r-wide=No 
mechanisms currently exist for screening to 
intercept such materials at state or national 
borders. 

Discrete outbreaks of less virulent organ- 
isms could certainly be propagated by dissi- 
dent groups with less access to resources and 
sophisticated laboratories. One such outbreak. 
occurred in 1984, when members of the Ra- 
jneeshi religious sect introduced Salmonella 
typhimurium into salad bars in Dallas, Ch-e- 
gon (28). In all, some 750 people became ill; 
none died or were hospitalized. Other epi- 
sodes of this type could occur but would be 
unlikely to panic or cripple a city as would an 
outbreak of smallpox or anthrax. 

Greatest Threats SmaUpax and A&ax 

Of the potential biological weapons, small- 
pox and anthrax pose by far the greatest 
threats, albeit because of different clinical 
and epidemiological properties. So far there 
have been no examples of the potential dev- 
astation of biological weapons like those pro- 
‘vided by nuclear weapons during World War 
II. Epidemics of smallpox in Yugoslavia 
(1972) (19) and of anthrax in the Soviet 
Union (1979) (20) after an accidental release 
from the Sverdlosk bioweapons production 
facility provide some sense of the magnitude 
and nature of the problems posed (21). 

Comprehensive reviews of these two dis- 
eases and consensus views as to appropriate 
medical and public health responses have 
already been completed by the working group 
convened by the Hopkins Center (22). 

Smallpox poses an unusually serious 
threat; in part, because virtually everyone is 
now susceptible, vaccination having stopped 
worldwide 20 or more years ago as a result of 
the eradication of the disease; Because of 
waning immunity, it is probable that no more 
thau 20% of the population is protected. 
Among the unprotected, case fatality rates 
after infection with smallpox are 30%. There 

I is no treatment. Virus, in aerosol form, can. 
survive for 24 hours or more and is highly 
infectious even at low dosages (23). 

An outbreak in which as few as 100 peg- 

pie were ‘in&ted would quickly tax the re- 
sourcesof any community. There would be 
both actual cases and people with a fever and 
rash for whom the diagnosis was uncertain. In 
all, 200 or more patieuts would probably 
have to be treated in the first wave of cases. 
Most of-the patients would be extremely ill 
with severe aching pains and high fever and 
would normally be hospitalized. Hospitaliza- 
tion poses problems, however. Because of the 
risk of widespread transmission of the virus, 
patients would have to be confined to rooms 
under negative pressure that were equipped 
with special filters to prevent the escape of 
the virus. Hospitals have few rooms so ven- 
tilated, there would, for example, probably be 
less than 100 iu the Washington, DC., met- 
ropolitan area. _ 

A vaccination prograin would have to-be 
uudertsken rapidly to protect as many as pos- 
sible of those who had been iu contact with the 
patie$s. Vaccination given within 3 to 4 days 
after exposure cau protect most people against a 
fatal outcome and may prevent the disease en- 
tirely. It is unlikely, however, that smallpox 
would be diagnosed early enough and vaccina- 
tion programs launched rapidly enough to pre- 
vent infection of msny of the people exposed 
duriug the tirst wave. Few physicians have ever 
seen sniallpox and few, if any, have ever ‘ie- 
ceived training in its ‘diagnosis. Moreover, 
mounting a vacciuation i-ampaign mquires time 
unless there has been advance planuiug,‘aud no 
city has yet done such planning. The human 
immunodeficiency virus epidemic and the more 
general issue of vaccine complications among 
immuumed populations introduce add- 
ed complexity to decision&aking regarding 
smallpox vaccinatioll admiuistration. 

A second wave of cases would be almost 
inevitable. From experiences with smallpox 
imported into Europe over the past 40 years, 
it is estimated that there would be at least 10 
secondary cases for every case in the first 
wave (21), or 1000 cases in all, appearing 
some 14 days after the first wave. Vaccina- 
tion would initially ‘be needed for health 
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workers. essential service uersonuel. and con- 
tacts of.patients at home-and at work. With 
mounting numbers of cases, contacts, and 
involved areas, mass vaccination would soon 
be the only practical approach. That would 
not be possibie, however, because present 
vaccine supplies are too limited, there being 
approximately 5 to 7 million doses currently 
available. To put this number in perspective, 
in New York City in 1947, 6 million people 
were vaccinated over approximately 1 week 
in response to a total of eight cases of small- 
pox. Moreover, there are no’longer any man- 
ufacturers of smallpox vaccine. Best esti- 
mates indicate that substantial additional sup- 
plies could not be ensured sooner than 36 
months from the initial outbreak. 
., Ascenarloforani&dationanthraxepi- 
demic is of no less concern. Like,smallpox+ the 
aerosol would ahno&&t&ly be unobtrusive- 
ly released and would dri8 throughout a build- 
hg or even a city without being noticed. After 
2 to 3 days, hfkcted individuals would appear 
inemergencyroomsanddoctom’officeswitha 
variety of nompe&ic symptoms such as fever, 
cough, and headache. Within .a day or two, 
pajknts wouldbecome critically ill andthen die 
witl$n24to72hours.Itisdoubtfulthatanti- 
btottc therapy given after symptoms develop 
would be of benefit. The case fatality mte is 
80% or greater. . 

Although anthrax does not spread from 
person to person, it has another dangerous 
attribute., Iudividuals who are exposed to an 
aerosol may abruptly develop illness up to 8 
weeks after the initial exposure. Cases can be 
prevented by the adniinistration of antibiot- 
ics, but such treatment would have to be 
continued daily for at least 60 days. This 
period might be shortened by the prompt 
administration of vaccine. Experimental stud- 
ies suggest that two doses of vaccine given 15 
days apart may provide protection begirming 
30 days after the initial inoculation. At this 
time, however, there is no vaccine available 
for,,ci.$+n use; building of sto$piles of . 
antibiotics is still iu the planning stage, and 
no city at present has a plan for distributing 
antibiotics so as to ensure that drugs are given 
over a 60&y period. 

A look at the Future 

Biologists, especially those in medicine and 
public he&h-are as critical to confronting the 
problems posed by biological weapons as are 
physicists in dealing with nuclear threats and 
chemists with chemical weapons. During 
1998, steps were taken to facilitate such in- 
volvement. Nonetheless, the need to discuss 
bioterrorism in national forums remains. One 
fiist step was the National Symposium on 
Medical and Public Health Response to Bio- 
terrorism convened by the IRIS, the Hopkins 
Center, and 12 other sponsoring organiza- 
tions,on 16 and 17.Febrnaiy 1998. 
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“&es and at least 120 major cities, but it is a 

In May, Assistant Secretary Margaret 
Hamburg was assigned responsibility for de- 
veloping a strategic plan for HI-IS. Formerly 

begilliling. 

New York City Commissioner of Health, she 
guided;‘& nation’s most advanced counter- 
terrorist planning effort from the perspective 

The provision of fimds to HI-IS is conso- 

of public health and medical consequence 

nant with the general belief that the most 

management. At the request of the president 

effective step now .is to strengthen the public 

and with bipartisan support from Congress, 
$133 million was appropriated to I-HIS for 
fiscal 1999 for counteriug biologi&l and 
chemical threats, $51 million of which is for 
an emergency stockpile of antibiotics and 
vaccines. Most ,of the funds are allocated to 
the CDC, primarily ,for the strengthening of 
the infectious disease surveillance network 
and for enhancing the capacity of federal and 
state, laboratories. This is not a large sum of 
money, consider&g the needs of a fragile 
public health i&astru&re extending over 50 

Feasibility studies suggest that substantially 
improved second-generation vaccines can be 
developed quickly. 

Finally, there is a need both now and in 
the longer term to pursue measures that will 
prevent acts of terrorism. Whatever can be 
done to strengthen the provisions of the BWC 
deserves all possible support. The strength- 
ening of our intelligence capabilities so as to 
anticipate and perhaps interdict terrorists is of 
the highest priority. The fostering of interua- 
tional cooperative research programs to en- 
courage openness and dialogue as is now 
being done with Russian laboratories is also 
important. 

- respect to the realities of biological weapons, 
which are now considered to be a more seri- 
ous threat than the nuclear ones. 
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Bid&al Warfare 
Philip H.Abelson 

n uring a recent talk at the American Association for the Advancement of Science, 

u 
I %a.nk Young, former commissioner of the U.S. Food and Drug Administration and 

cdirector of the National Disaster.Medical System,- said that it is almost certain that 
at some time in the future we will experience a terrorist attack with bi~ological weapons. 
Authorities have been aware of this risk for many years. m i!y,~~ht+cal and biological ,., .” ,. _i2:_ ,_ .,.., :i/3 ., 
weapons were discovered in Iraq’s arsenal. Reports of’deaths, as the result of anthrax 
leaked from a military facility in Sverdlovsk, Russia, and from &in released .by a cult in 
Tokyo, Japan, added to concerns. A large number of toxic or infectious agents have been .~ ..,_ .‘” _.+.~ ,i ,a 
i&entified ‘as possible’weapons, including bioengi-’ * 1 ‘: ‘- “‘-‘;,“.:: 
neered microorganisms. and the recines for ri&rie’ .a _ . a 

many of them can be found on the Internet. However, 
despite 80% by the Clinton Admiriistmtion’to im- ‘This country has 
prove defenses, a large’ imbalancd&rren~ exists be- 

_ .: _ 

tweeu the ease of attack and the ‘ability to~rninirn@‘~~” ‘_” 
the~scientif ic I 

an attacks effects. 
Methods for identifying dangerous organisms al- 

ready exist in the laboratory. However, the tests re- 
quire lengthy procedures, expert technicians, and 
wet-laboratory environments with perishable’ 
reagents. Several organizations, including the De- 
fense Advanced Research Projects Agency (DARPA) 
and the Defense Threat Reduction Agency Chemf$io 
Directorate (DTRA), are sponsoring research on 
rapid identification of lethal organisms, which will 
facilitate appropriate emergency medical responses; 

“’ an,dengineering 

talent to 

@nind~e the 

threat of 

There are many examples of relevant technologi- 
cal approaches, but examination of one recent devel- 

With support from DARPA and DTRA, 
s Laboratory (APL), The Johns Hopkins 

School of Medicine, The Johns Hopkins School of Hygiene and Public Health, the Uni- 
versity of Maryland and several contractors have been developing and testing a small, 
portable mass spectrometer designed to.rapidly collect aerosol samples and identify bio- 
logical substances.* A goal of the system is to detect aerosols containing dangerous or- 
ganisms in less than 5 minutes. One difftculty has been sample preparation--a rapid in- 
terface between air sampling and analysis in a vacuum environment is needed. To solve 
this problem, air samples are .concentrated, and aerosols are collected onto a contiriuous 
tape feed. These samples are fed in stages into .a small vacuum chamber that is quickly 
evacuated. Matrix-assisted laser desorption .ionization is used to desorb and ionize large 
biomolecules, and the ions then enter the time-of-flight (TOF) niaas spectrometer. De- 
tailed analysis ,of the mass’distribution of a molecule and its fragments can sometimes be 
done at the 10-r* mole level. To support the system, a database of biological warfare 
agents is being ‘assembled and valuable reference information is being acquired through 
laboratory research on less pathogenic relatives of lethal organisms. Improved models of 
the portable TOF mass spectrometer have been developed that can operate unattended 
are light in weight, and drain little power. They are scheduled to undergo testing with 
nonpathogenic microorganisms at the U.S. Army Dugway Proving Grounds in 2000. Suc- 
cessful results could lead to large-scale manufacture and wide distribution of the instru- 
ments to military and civilian agencies. 

.This country has the scientific and engineering talent to minimize the threat of biolog- 
ical terrorism. The United States should tap into. its broad range of technological exper- 
tise in this area and make it clear to would-be users that we are making a long-term com- 
mitment to developing defensive technology, The commitment itself may be one.of our 
most effective’means of discouraging the,use of such weapons. 

*More details of the R&D efforts at APL are included in the~ohnsHop&-APL TechicelLXgest 20, no. 3 
(July-September 1999). Information is also available atwww.jhuapl.eduldigest/. A description of many 
other DARPA activities appeared in Science 285,1476 (1999). 
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