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I t is generally considered that a
large-scale effective bioterrorist
attack is of low probability; how-
ever, even if casualties were to be

low, it is more than likely that panic and
civil disruption would prevail. Mass casu-
alties from an effective bioterrorist event
would rapidly overwhelm the public
health facilities and capabilities, with
many victims requiring some degree of
critical care, such as ventilator or hemo-
dynamic support (1–4). Critical care phy-
sicians could find themselves playing a
central role in dealing with such a catas-
trophe. Their effectiveness in doing so
will be dependent on specific knowledge
of the possible bioterrorist agents and
preattack preparedness, the two corner-
stones in dealing with such a catastrophe.
This article will focus on the history and

relative risk of a bioterrorist attack, cur-
rent surveillance, the identification and
management of various likely biological
agents to be used, and the role of the
intensivist in preparing to deal with such
an event.

History of Biological Weapons

Historically, diseases have accompa-
nied armies, inadvertently causing dis-
ease and death of opposing forces and
sometimes proving more effective than
the military campaign itself. However,
despite this, there have been relatively
few instances of biological weapons (BW)
use through history and even rarer in-
stances of a successful campaign. Exam-
ples of the use of BW through history
include the following: (5, 6):

● Hurling of biological material in siege
warfare—Europe, 14th–15th centuries
(uncertain casualties)

● Biological attack on Native Ameri-
cans—North America, 18th–20th cen-
turies (transmission of smallpox via fo-
mites; uncertain of the actual numbers
affected secondary to the use)

● Use of inoculation to transmit smallpox
by the British during the American
Revolutionary War (uncertain of the
numbers affected)

● German biological sabotage in World
War I (infection of animals with glan-
ders and anthrax; uncertain of the ef-
fectiveness)

● Japanese biological warfare in World
War II by units 731 and 100 in China
(agents and modes of spread include
dropping of plague-infected fleas from
planes, human experimentation with
aerosolized anthrax, contamination of
food and water supplies with enteric
pathogens; the casualties inflicted by
these tactics are uncertain but vary
from 10,000 in direct laboratory exper-
iments on humans to several hundreds
of thousands in epidemics of cholera
and dysenteric diseases, while the re-
lease of anthrax and plague from planes
is thought not to have resulted in large
numbers of casualties)

● Allegation of Soviet use of tularemia
against Germany in 1942 (unsubstan-
tiated)

● Allegations of United States use of bio-
logical agents against North Korea and
China, 1952 (Use of T2 mycotoxins; un-
certain)

● Allegations of United States use of bio-
logical agents against Cuba, 1960s and
1970s (unsubstantiated)

● Assassination of Bulgarian dissident
Georgii Markov (ricin via injection)

● Allegations of anthrax use during the
Zimbabwean civil war 1979 –1980
(thought ultimately to be secondary to
poor veterinary practices)

● Sverdlovsk, USSR, 1979 (leakage of
weapons-grade anthrax from plant
swept 4 miles downwind to the city of
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Sverdlovsk. There were 66 fatalities of
the 77 patients identified)

● Allegations of Soviet/Vietnamese use of
T2 mycotoxins in Cambodia and Laos;
1981

● Allegations of Soviet use of mycotoxins
and glanders in Afghanistan

● Use of Salmonella by the Rajneesh
Sect, United States, 1984 (750 cases of
salmonellosis with 45 hospitalizations
and no deaths)

● Attempt of the Aum Shunrikyo sect in
Japan 1990–1995 (failed attempts at
the use of aerosolized anthrax and bot-
ulinum toxin; no casualties)

● Use of anthrax spores in letters, United
States, 2001 (22 cases of both inhala-
tional and cutaneous, five were fatali-
ties)

The effectiveness of biological weap-
ons has never been clearly demonstrated,
in contrast to the natural pandemics of
human disease throughout history. Thus,
the concern for the potential for their use
remains.

It has been a long-held assumption
that subnational groups and terrorists
will not use chemical or biological weap-
ons except as a last resort based on inter-
national legislature (7). Recent escalation
of terrorist activities such as the World
Trade Center bombings of September 11,
2001, the distribution of mail containing
anthrax spores that led to seven deaths in
the United States, and the March 2004
Madrid train bombings have in many
ways disproved this. The Monterey Insti-
tute for International Studies’ Weapons
of Mass Destruction Database found a rise
in the number of incidents involving
biological agents, with a total of 121
committed between 1960 and 1995 (8). In
1999, there were a total of 175 incidents
accounting for 25% of the total number
since 1900. This was followed by a dra-
matic peak in 2001 of 629 incidents (603
of which were hoaxes) (9). Although the
number of casualties that resulted was by
percentage very small, the hysteria that
was produced was disruptive. It is likely
that the number of hoaxes will continue
to outnumber real events.

Scientific advances in the field of mi-
crobial genomics, proteonomics, and
host-related technologies further con-
tribute to the fear of biological weapons
use with potentially devastating results.
With the dissolution of state-sponsored
biological weapons programs, the secu-
rity surrounding this vast intellectual
property is questioned, theoretically

making it easier for a rogue nation or
crazed cult to buy or steal it for use in
terrorist activities. Thus, despite the lack
of historical evidence, the possibility of a
catastrophic bioterrorist attack remains.

Assessment of the Current Risk

The possibility of a bioterrorist event
is dependent on multiple factors. The re-
lationship of these factors is what deter-
mines the likelihood and impact of an at-
tack. The Chemical and Biological Arms
Control Institute in a recent report exam-
ined several factors and constructed matrix
pathways for use in determining the likeli-
hood of a successful bioterrorist attack, as
well as to demonstrate the complexity of
such an assessment. Factors involved in the
matrix were the specific perpetrator, bio-
logical agent used, the target, and the mode
of attack. In addition, historical records
were examined to determine pathways that
might be exploited; however, given the pau-
city of historical data, its analysis had lim-
ited utility (10).

Several conclusions were arrived at:

● Higher risk of successful bioterrorist
attack is not necessarily related to a
catastrophic number of casualties. In
fact, the higher the desired level of
casualties is, the lower the risk of the

threat, in that it becomes less likely.
This is based on the fact that at the
current time, few terrorists have the
necessary combination of size, re-
sources, skills, motivation, or organi-
zational structure to achieve mass ca-
sualty capabilities. Traditional type A
agents (Table 1) capable of inflicting
mass casualties are difficult to acquire,
cultivate, produce, and disseminate ef-
fectively.

● Although it is thought that the likeli-
hood of a massive casualty attack is
low, there is still much to be concerned
about in that much is unknown of how
massive an attack needs to be to cause
disruption, overburden the public
health system, and an impact on the
psychology of the civilian population. A
worst-case scenario need not have to
happen to achieve these latter effects.

● Two categories of terrorists warrant at-
tention—those with government rela-
tionships and those without such ties.
Government-linked terrorists are
among the few who would have the
resources, skills, and materials to con-
duct a successful attack to produce sig-
nificant casualties. Biological agents
may be appealing to such organizations
that may not have the resources to
fight a conventional war. Non-govern-

Table 1. Categorization of potential biological agents (11)

Biological Agent Disease

Category A
Variola major Smallpox
Bacillus anthracis Anthrax
Yersinia pestis Plague
Clostridium botulinum (botulinum toxins) Botulism
Francisella tularensis Tularemia
Filoviruses and arena viruses (e.g., Ebola virus, Lassa virus) Viral hemorrhagic fevers

Category B
Coxiella burnetii Q fever
Brucella species Brucellosis
Burkholderia mallei Glanders
Burkholderia pseudomallei Melioidosis
Alphaviruses (VEE, EEE, WEE) Encephalitis
Rickettsia prowazekii Typhus fever
Toxins (e.g., ricin, staphylococcal enterotoxin B) Toxic syndromes
Chlamydia psittaci Psittacosis
Food safety threats (e.g., Salmonella species, Escherichia

coli O157:H7)
Water safety threats (e.g., Vibrio cholera, Cryptosporidium

parvum)
Category C

Emerging threat agents
Nipah virus Encephalitis
Hantaviruses Hantapulmonary virus syndrome
Tickbone hemorrhagic fever viruses Crimean Congo Hemorrhagic Fever
Yellow fever
Multiple-drug resistance tuberculosis

VEE, Venezuelan equine; EEE, eastern equine; WEE, western equine encephalomyelitis viruses.
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mental-linked terrorists inspired by re-
ligious ideals, apocalyptic world views,
and radical single-issue groups may
also be more attracted to using biolog-
ical weapons. However, they would not
generally have the resources to carry
out an attack resulting in mass casual-
ties (an example is the Aum Shunrikyo
cult). On the other hand, the smaller
scale attacks such as the Rajneesh
cult’s attack could still produce disrup-
tion despite not having mass casual-
ties, using lesser type B agents.

● Speculation and uncertainty about bio-
terrorism will remain. Globalization of
information, advancement in biologi-
cal technologies, and the unemploy-
ment of previous bioweapons experts
will all add to the potential of a threat.

When examining the resources needed
to develop and effectively use a type A
agent, it is evident that it is beyond the
capabilities of most nonstate-sponsored
terrorists. At the height of the United
States biological weapons program, Fort
Detrick had 250 buildings with �3,000
employees, and it took an extraordinary
number of man hours to weaponize a
single agent such as botulinum toxin.
Ken Alibek (former Soviet BW director)
has stated that nearly 60,000 people were
employed by the former USSR’s biologi-
cal weapons program, with only about
100 persons knowledgeable in how to
take an agent through all the production
steps. The Aum Shunrikyo cult is
thought to have spent about $10 million
over 4 yrs for its failed anthrax aerosol
attack. Obtaining an appropriate strain
and having the expertise to handle, pro-
duce, and disperse it are major obstacles
that make a successful bioterrorist attack
less likely (7, 9).

The Centers for Disease Control and
Prevention’s strategic planning work-
group categorizes biological warfare
agents into groups A, B, and C, based on
ability to cause illness or death, stability
of the agent, ease of delivery, ease of mass
production, person-to-person transmissi-
bility, potential for creating public fear
and civil disruption, and the ability of the
public health systems to deal with such
an attack (11). Category A agents are con-
sidered to be high-priority agents in
terms of national security. They are char-
acterized by easy dissemination/transmis-
sion from person to person, capable of
high mortality rates, with the greatest
impact on the public health system and
civilian psyche. Category B agents are of

the second highest priority, are moder-
ately easy to disseminate, have moderate
morbidity rates, have relatively low mor-
tality rates, and would require specific
enhancements of the CDC’s diagnostic
capacity and disease surveillance systems.
Category C agents include emerging
pathogens that could be engineered for
mass dissemination in the future but are
currently limited by availability and diffi-
culty in production. However, they still
have potential for high morbidity, mor-
tality, and impact on the public health
system (11, 12) (Table 1).

Most biological agents (especially type
A) are most effectively used as an aerosol.
Effective delivery of an aerosolized agent
requires that the particle size be 1–10
microns to be able to reach the terminal
bronchioles and alveoli (13). Successful
aerosol dispersion of a biological agent is
also inherently dependent on the envi-
ronmental and meteorological conditions
(14). Models calculating the number of
casualties inflicted by an aerosol attack
have ranged in the hundreds of thou-
sands to the millions. Theoretically an
aircraft dispersing 100 kg of anthrax over
a 300-km2 area could cause 3 million
deaths in a population density of 10,000
people per km (2, 15). Aerosolized botu-
linum toxin has been estimated to decay
at between �1% to 4% per min, depend-
ing on the ambient temperature. At a
decay rate of 1% per min, substantial
inactivation (�13 logs) of toxin occurs by
2 days after aerosolization (16). In the
case of plague, the major shortcoming is
that it is inactivated by sunlight. On the
other hand, unlike anthrax and botuli-
num toxin, it is capable being transmit-
ted from person to person (17). However,
as evidenced by the recent anthrax letters
of 2001, aerosolization of an agent via a
plane or machine may not be needed to
strike fear and uncertainty in the public
(18).

Dissemination of a category A bio-
logical agent through the contamina-

tion of food and water is considered less
likely as most category A agents are not
effectively transmitted via food and wa-
ter. Although category B agents can be
transmitted by these routes, they usu-
ally cause only short-term vomiting and
diarrhea, with a relatively quick recov-
ery. Present public water treatment
methods, as well as the boiling of water
and cooking of food, are highly effective
in neutralizing many biological agents.
Contaminating a water or food supply
effectively would require large amounts
of toxin and bacteria to overcome any
dilution factor. However, a recent study
warns of the United States’ vulnerabil-
ity to such an attack based on very
centralized food processing and dis-
tribution methods of the foods over
large areas. Likely agents are botuli-
num toxin, Salmonella, Shigella, Esch-
erichia coli, and Vibrio cholerae (19).
The proposed use of botulinum toxin to
contaminate a public water source is of
questionable efficacy as the amount of
botulinum toxin needed to effectively
negate any dilution factor would be
enormous, as well as the fact that it is
naturally deactivated in fresh water
within 3– 6 days and within 20 mins of
standard water treatment. In terms of
contamination of a food supply, it
should be noted that the toxin is inac-
tivated by heating food to 85°C (20).
Infection via contact of intact skin with
any of the agents is unlikely to result in
casualties. However, if the skin integ-
rity is compromised, the potential for
disease exists. The recent anthrax let-
ters resulted in 11 cases of cutaneous
anthrax causing significant disruption
and fear in postal services and mail
handlers (4). Current studies suggest
that thorough washing with soap and
water is sufficient to overcome even
this threat. Currently, with the excep-
tion of anthrax, none of the category A
agents have environmental stability af-
ter release, especially outdoors.

Table 2. Distinguishing features of a biological attack (1)

● A rapid rise and fall of the epidemic curve over a short period of time (few hours to days)
● Instead of the peaks and troughs seen in natural outbreaks, there may be a steady rise in cases
● A disproportionate number of people seeking care for similar symptoms
● Large numbers of patients arriving from a similar geographical area
● Large numbers of rapidly fatal cases
● A lower attack rate in people who were indoors compared with those outdoors
● Appearance of an uncommon disease that has bioterrorism potential (anthrax, plague, tularemia,

botulism)
● Increased numbers of sick or dead animals
● A large number of cases within 48–72 hrs of an attack suggest a bacterial agent, while those

presenting within a few hours suggest a toxin agent
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Surveillance

Ideally, a bioterrorist attack would be
a covert one, with its realization being
only after a significant number of per-
sons, animals, or plants have manifested
with the disease. The manifestations of
such an event are summarized in Table 2
(21, 22). Obviously, if this were to be a
method of detection of an attack, the per-
petrators would have already achieved
their objective. Surveillance of a popula-
tion can be achieved by continually mon-
itoring clinical manifestations of certain
diagnoses (syndromic surveillance), labo-
ratory data, and environmental surveil-
lance for likely presence of biological
agents. Data points for clinical surveil-
lance include the unusual cases of illness,
number of emergency room and hospital
admissions, patient complaints and syn-
drome information, emergency medical
services runs, purchase of medications,
animal and plant incidents, and unusual
deaths. Several syndromic surveillance
systems are currently being proposed and
developed. One potentially valuable
source of information is diagnoses as-
signed during routine ambulatory care,
including office visits and nurse tele-
phone triage lines. A national bioterror-
ism syndromic surveillance demonstra-
tion project involving multiple health
plans and approximately 20 million cov-
ered lives is currently being developed in
conjunction with the Centers for Disease
Control and Prevention (CDC), the Amer-
ican Association of Health Plans, Harvard
Medical School, and several other health
plans (23). This system relies on health
plans reporting aggregated data rather
than encounter level data to public health
agencies. Members of the health plans are
assigned to geographic areas (for in-
stance, ZIP code), and diagnoses of inter-
est from encounter data are transmitted
to a data center where the counts of new
episodes in each area are generated.
When a cluster is detected, these extracts
are used to generate lists that can be sent
automatically to the health department
in the affected area. The health plans will
designate individuals able to respond
promptly to requests by public health
agencies for more information about spe-
cific patients than is contained in the line
lists. This method of aggregating reports
from multiple health plans with overlap-
ping catchment areas should allow detec-
tion of signals that are too weak to be
observed in any single health plan’s data.
Many logistic issues need to be addressed

for this system to work as intended in-
cluding electronic transfer, compilation
and interpretation of data, as well as re-
sponse of health plan clinicians and pub-
lic health officials. Because of the many
uncertainties, even a large ambulatory
care–based syndromic surveillance sys-
tems should be considered to provide in-
formation that is complementary to other
surveillance systems.

In 1999, the CDC and the Association
of Public Health Laboratories established
the Laboratory Response Network (LRN)
of about 120 laboratories. The network
includes the following types of laborato-
ries:

● Federal—laboratories at CDC, the
United States Department of Agricul-
ture, the Food and Drug Administra-
tion (Food and Drug Administration)

● State and local public health—labora-
tories run by state and local depart-
ments of health

● Military—Department of Defense, in-
cluding the United States Army Medi-
cal Research Institute for Infectious
Diseases (USAMRIID)

● Food testing—Food and Drug Admin-
istration laboratories and others that
are responsible for ensuring the safety
of the food supply

● Environmental—laboratories capable
of testing water and other environmen-
tal samples

● Veterinary—laboratories of the United
States Department of Agriculture

● International—LRN has laboratories
located in Canada, the United King-
dom, and Australia.

The laboratories involved in the LRN
are divided into levels A through D, based
on capabilities and function. Level A lab-
oratories are those included in hospitals
and clinics and are likely to be the first to
the receive specimens in questions. Their
role in detecting biological agents is to
rule out and mostly refer to a laboratory
within the network to confirm a diagno-
sis. In this respect, they need to be at-
tuned to likely agents such as Gram-
positive bacilli that are common
laboratory pathogens but also the prelim-
inary finding in anthrax. Level B and C
laboratories are those with increased ca-
pabilities to confirm diagnoses of a bio-
logical agent. They predominantly in-
clude state and county public health
laboratories. Their role is primarily in
confirmatory testing, initial susceptibility
testing, and referral to the national labo-

ratories for further characterization of
the agent. The level B and C laboratories
are generally well integrated and attuned
to the possibilities of a biological threat.
The level D laboratories include national
laboratories whose primary responsibility
is to further characterize the agent. In
addition to identifying agents, the LRN is
responsible for developing protocols for
the handling, identifying, and reporting
of potential biological agents to other na-
tional security agencies. It is one recom-
mendation that the awareness of level A
laboratories be increased by education
and that clinicians be encouraged to take
culture specimens in patients presenting
with flu-like symptoms to distinguish a
syndrome due to a biological agent. The
latter would manifest in a surge in labo-
ratory specimens and potentially drive
them to capacity, necessitating the need
for increased funding for the LRN (24).

Environmental surveillance has been
developed to varying degrees, but no one
technique is all encompassing for the de-
tection of all the possible biological
agents. The “gold standard” in terms of
detection remains culturing; however,
this remains a slow and inefficient
method. There are essentially two catego-
ries of environmental detection systems
that can be employed, the remote or
standoff detection of aerosol clouds and
the point detection systems of the envi-
ronment. Examples of remote detection
systems include cloud recognition by
Doppler radio and radar, the Army’s long-
and short-range biological standoff detec-
tion systems. These latter systems are
capable of detecting aerosol clouds from
long distances, as well as determining
whether they are composed of biological
or nonbiological materials using ultravi-
olet light reflectance. However, the po-
tential for false-positive results from pol-
len and night soil still exists (25).

Point detection systems are those that
actually sample an environmental source,
attempting to detect and identify the
agent. Examples include aerosol particle
sizers to determine whether the particles
in a cloud are likely to be inhaled, based
on their size. Specific identification of an
agent by rapid diagnostics at the site of
the attack can be done using immuno-
logic assays, genetic assays, and mass
spectrometry, each with its own merits
and drawbacks. In July 2003, the Depart-
ment of Homeland Security working with
the Environmental Protection Agency
and the CDC revealed a 31-city program
to monitor for airborne BW agents in the
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air (26). The program named “Biowatch”
employs 500 air filters that are collected
every 12 hrs, and the filter contents are
analyzed for BW agents using genetic-
based detection equipment. A recent re-
view by JASON (a governmental advisory
group) stated that it was unrealistic to
undertake a nationwide blanket deploy-
ment of biosensors and advised for the
focused deployment of these instruments
in high-value locations and in response to
specific threats (27). The integration of
this information with other surveillance
systems would be the most useful and
effective way of harnessing the current
technology. Thus, surveillance for a bio-
terrorist event is dependent on the inte-
gration of public awareness information,
as well as syndromic, laboratory, and en-
vironmental surveillance technologies
and systems.

Anthrax

Bacillus anthracis is an encapsulated,
Gram-positive, spore-forming bacteria
and usually grows within 6–24 hrs on
conventional culture media. The spores
are highly resistant and can survive for
many decades. The vegetative form is in-
capable of surviving outside of a warm-
blooded host, and colony counts are un-
detectable in water after 24 hrs. Delivery

of anthrax spores as a biological weapon
is likely to be as an aerosol, giving rise to
inhalational anthrax, the deadliest and
rarest form of the disease (28). The cuta-
neous form is not considered lethal with
current antibiotic regimens, and the gas-
trointestinal form is exceedingly rare,
with essentially no cases having been re-
ported in the United States (29, 30).

Inhalation anthrax occurs after alveo-
lar macrophages phagocytose inhaled
spores and are transported via regional
lymphatics to mediastinal lymph nodes.
Disease manifests rapidly after germina-
tion to the vegetative bacilli occurs, typ-
ically within 2–5 days but may be delayed
as much as 60 days (30–32). The major
virulence factors are the antiphagocytic
capsule and three toxin components (le-
thal factor, edema factor, and protective
antigen) (33). These factors cause edema,
hemorrhage, and necrosis, producing a
thoracic lymphadenitis and hemorrhagic
mediastinitis. Death can occur despite
antibiotic administration if toxin levels
have reached a critical threshold.

The first stage of the disease is char-
acterized by nonspecific symptoms of fe-
ver, chills, weakness, headache, vomiting,
abdominal pain, dyspnea, cough, and
chest pain, lasting for hours up to a few
days, after which there is a short period of
apparent recovery (30, 31, 34). The sec-

ond stage is marked by a sudden resur-
gence of fever, shortness of breath, pro-
found sweating that drenches the patient,
and shock. Hypocalcemia, hypoglycemia,
hyperkalemia, depression of the respira-
tory centers, and terminal acidosis are
some of the biochemical and physiologic
signs that develop in severe infections
(35, 36). A hemorrhagic meningitis oc-
curs in 50% of cases, leading to delirium,
meningismus, obtundation, seizures, and
coma (28, 37, 38). Hematogenous seed-
ing of the bowel (different from primary
gastrointestinal anthrax) gives rise to ab-
dominal pain (present in 33% of cases)
and can lead to necrotizing enteritis of
the bowel (31, 37, 39). In a series of 11
cases in the United States, there was a
33% incidence of supraventricular ar-
rhythmias and one case that had fatal
pericardial effusion (31). Severe infection
leads to hypotension and cyanosis, pro-
gressing rapidly to death (31, 34, 40, 41).
The lag period between infection and the
onset of disease seems to be inversely
proportional to mortality (30). Given the
rapidity at which death can occur, a delay
in the administration of empirical antibi-
otics greatly decreases the chances of sur-
vival (31, 41–43).

Diagnosis of inhalation anthrax clini-
cally requires a high degree of suspicion
as its presentation can be confused with a

Table 3. Differential for a large number of persons presenting with febrile illness and respiratory symptoms

Agent
Time to
Onset Chest Radiograph Fatality

Onset to
Respiratory

Failure
Man-to-Man

Infection Complications Diagnosis Treatment

Anthrax (28,41,44)
(inhalation)

1–6
days

Mediastinal widening,
pleural effusions

90% 1–3 days None/use standard
precautions

Meningitis Blood culture, Gram
stain, ELISA for
serology and
antigen

Ciprofloxacin or
doxycycline, addition
of rifampin likely
useful

Plague (55,60)
(pneumonic)

2–3
days

Bilateral infiltrates, may
have pleural
effusions

90% Within 1 day High/respiratory
isolation

Early hemoptysis Gram/Wayson stain,
cultures, F1 Ag
assay by ELISA,
Fluorescent Ab
for F1 AG

Streptomycin,
gentamycin,
ciprofloxacin, or
doxycycline

Tularemia
(7,79,72,75)

2–10
days

Bilateral infiltrates hilar
adenopathy

�

pleural effusions

30% w/o therapy,
�5% with
therapy

Low
incidence

None/use standard
precautions

Regional adenopathy in
ulcer glandular type,
sepsis/shock in
typhoidal type

Cultures usually not
revealing,
fluorescent Ab,
ELISA and PCR

Streptomycin,
gentamycin,
ciprofloxacin, or
doxycycline

Legionella 2–10
days

Variable, bilateral
subsegmental
infiltrates, or
consolidation

15% Variable
incidence

None/use standard
precautions

Sepsis, ARDS Urine Ag assay Azythromycin, or
flouroquinolone;
severe cases, add
rifampin

Influenza 1–2
days

Variable bilateral
interstitial or
alveolar infiltrates

10–25% in those
with underlying
diseases

Variable
incidence

High/use standard
precautions

ARDS, secondary
bacterial pneumonia

Immunofluorescence
Ab staining,
ELISA, tissue
culture

Amantidine, oseltamivir,
or rimantidine;
supportive care

Staphylococcal
enterotoxin B
(SEB) (121)

3–12
hrs

No abnormalities �1% None
reported

None/use standard
precautions

Gastrointestinal anorexia Ag ELISA, Ab ELISA Supportive, antiemetics,
oxygen support

Ricin (inhalation)
(122)

18–24
hrs

Likely bilateral
infiltrates/ARDS

High Likely within
30 hrs

None/use standard
precautions

Hemoptysis likely,
gastrointestinal
bleeding and hepatic
necrosis if ingested

ELISA for Ag, ELISA
for Ab

Supportive, activated
charcoal if ingested

ELISA, enzyme-linked immunosorbent assay; PCR, polymerase chain reaction; ARD, acute respiratory distress syndrome.
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seasonal viral syndrome (Table 3). Rou-
tine laboratory tests are generally non-
specific, and the earliest clue to the diag-
nosis may be a widened mediastinum on
chest radiograph (44). Autopsies of vic-
tims from the Sverdlovsk incident failed
to reveal any diffuse bronchopneumonic
process (37). However, the recent series
of cases in the United States suggest a
parenchymal process is likely to be more
common, although sputum samples gen-
erally remain negative for the organism
(31). Small pleural effusions that rapidly
progress to a large size appear to be a
consistent finding and may correlate with
the progression of the disease. Examina-
tion of the pleural fluid yields a hemor-
rhagic fluid, with relatively few white
blood cells, but is generally positive for
the bacteria by Gram stain and culture
(31). Computed tomography scan of the
chest is extremely helpful in determining
the extent of mediastinal adenopathy and
edema (41). The case fatality rate of the
2001 series of cases in the United States
was 45%.

Up to 50% of the cases show menin-
geal signs, and contrast computed to-
mography scan of the brain reveals a dif-
fuse leptomeningeal enhancement, with
intracerebral and subarachnoid hemor-
rhages (38). Examination of the cerebro-
spinal fluid is usually bloody and Gram
stain/culture positive. Blood cultures are
almost always positive within 24 hrs, and
caution must be used not to presump-
tively assume a contamination of speci-
mens with Bacillus cereus, thus microbi-
ology laboratories need to be notified of
the suspicion, so they may use selective
media to isolate anthrax (45, 46).

Confirmatory testing, such as growth
on special nutrient agars, susceptibility
to lyses by � phage, direct fluorescence
antibody staining, nucleic acid signa-
tures, and enzyme-linked immunosor-
bent assay (ELISA) for protective and cap-
sule antigens, is performed at level B and
C laboratories of the LRN for Bioterror-
ism, CDC, or the USAMRIID (28, 40, 47–
50).

Patients with advanced disease will
need an intensive care unit (ICU) for con-
tinued management of respiratory failure
with mechanical ventilation, vasopres-
sors for distributive shock, and continual
management of severe meningitis. Chest
tube placement for moderately large
pleural effusions is necessary as they can
increase rapidly and worsen respiratory
distress (31). Patients with meningeal in-
volvement may require steroids, phenyt-

oin, and benzodiazepines to control
edema and seizures.

Of the 77 cases of anthrax in the Sver-
dlovsk incident, only 11 patients sur-
vived. There was a reported hospital stay
of 1–2 days for those who died and 3 wks
for those who survived. There are no de-
tails of the medical therapy that they had
received but some of the survivors did
need mechanical ventilation (30). Before
1978, inhalation anthrax in the United
States had a mortality of 80% to 90%
(34). However, the more recent experi-
ence in the United States showed a 45%
mortality, and this may be due to early
recognition, better antibiotics, and mod-
ern ICUs (31).

Person-to-person transmission does
not occur in inhalational anthrax, and
patients can be cared for under standard
precautions. However, in a situation of
suspected intentional release of a biolog-
ical weapon, distinguishing a transmissi-
ble agent such as plague from a nontrans-
missible one may not be easily done and
warrant respiratory droplet isolation pre-
cautions as well (Fig. 1). Patients with
cutaneous anthrax should be cared for
under contact isolation. Specimens
should be handled under biosafety level 2
precautions (51). Decontamination of in-

dividuals exposed to the initial aerosol
attack is not necessary, and washing with
soap and water is sufficient to eliminate
any secondary aerosolization. For con-
taminated hospital areas, bleach solu-
tions and 0.5% hypochlorite solution are
adequate for decontamination (28, 51).

Empirical postexposure prophylaxis
for adults (including pregnant women
and those immunosuppressed) is with
ciprofloxacin or doxycycline. If the strain
is susceptible, then amoxicillin can be
taken. These regimens should be taken
for 60 days owing to the unpredictable
latency of inhalation anthrax (28, 52). An
aluminum hydroxide adsorbed, licensed
vaccine (Biothrax) made of noninfectious
sterile culture filtrate from attenuated B.
anthracis is available, and evidence
shows it protects against aerosol chal-
lenge. However, currently, it is not rec-
ommended for postexposure prophylaxis
in either healthcare workers or the public
(47) (Table 4).

Current CDC recommendations for
empirical treatment of inhalation anthrax
in adults (including pregnant women and
those immunosuppressed) are ciprofloxa-
cin or doxycycline combined with an-
other one or two additional antibiotics
that have in vitro activity against anthrax

Figure 1. Isolation guidelines. Reprinted with permission from the Saint Louis University School of
Public Health’s Center for the Study of Bioterrorism and Emerging Infections. Available online at
http://www.bioterrorism.slu.edu/bt/quick/Isolation.pdf
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(rifampin, penicillin, ampicillin, vanco-
mycin, imipenem, clindamycin, chloram-
phenicol, or clarithromycin) (52, 53). If
the strain is susceptible, then 4 million
units of penicillin G intravenously every 4

hrs can be used (28, 52). High dose in-
travenous penicillin may provide better
central nervous system penetration in
cases associated with meningitis. Recent
survivors of inhalation anthrax were

treated with a combination of ciprofloxa-
cin, rifampin (for increased Gram-
positive coverage and for its intracellular
mechanism of action), and clindamycin
(for its ability to prevent expression of

Table 4. Recommendations

Contained Setting Mass Casualty Settings Postexposure Prophylaxis Vaccination and Preexposure Prophylaxis

Inhalational anthrax (28,
48, 49)

Ciprofloxacin 400 mg IV Q 12 hrs � 60
days

or
Penicillin G 4 million units Q 4 hrs IV �

60 days (if strain proven susceptible)
or
Doxycycline, 100 mg every 12 hrs
and
One or two additional antimicrobials

(agents with in vitro activity include
rifampin, vancomycin, penicillin,
ampicillin, chloramphenicol, imipenem,
clindamycin, and clarithromycin)

Ciprofloxacin 400 mg PO
Q 12 hr � 60 days

or
Amoxacillin 500 mg PO Q

8 hrs � 60 days
or
Doxycycline 100 mg PO Q

12 hrs � 60 days

Ciprofloxacin 400 mg PO Q 12 hr � 60
days

or
Doxycycline 100 mg PO Q 12 hrs � 60

days
or
Anthrax vaccine is not currently licensed

for postexposure use and must be
given under IND application with the
FDA; exposed persons should receive a
3-dose regimen of vaccine (0, 2, and 4
wks following exposure) and at least a
30-day course of antimicrobial therapy

AVA (Biothrax) contains no live or dead
bacteria; given subcutaneously; each dose
is 0.5 mL; series of 3 doses 2 wks apart;
booster doses every 6 months

Populations where warranted:
● Laboratory personnel engaged in B.

anthracis cultures and confirmatory
testing for B. anthracis in LRN reference
laboratories

● Workers making repeated entries into
known B. anthracis spore-contaminated
areas after a terrorist attack

● Military personnel and those at risk for
exposure to weaponized B. anthracis

Pneumonic plague (17,
54, 55)

Streptomycin, 1 g IM twice daily for 10
days

or
Gentamicin, 5 mg/kg IM or IV once daily

or 2 mg/kg loading dose followed by 1.7
mg/kg IM or IV 3 times daily for 10
days

Alternative therapy—doxycycline, 100 mg
IV twice daily or 200 mg IV once daily
for 10 days

or
Ciprofloxacin, 400 mg IV twice daily for 10

days
or
Chloramphenicol, 25 mg/kg IV 4 times

daily for 10 days

Doxycycline, 100 mg orally
twice daily

or
Ciprofloxacin, 500 mg

orally twice daily
Alternative

therapy—chloramphenicol,
25 mg/kg orally 4 times
daily

Doxycycline, 100 mg orally twice daily
or
Ciprofloxacin, 500 mg orally twice daily
Alternative therapy—chloramphenicol, 25

mg/kg orally 4 times daily

Currently no approved vaccine available; a
licensed vaccine against plague was
available in the United States until 1999
when the sole manufacturer discontinued
production

Tularemia (84) Streptomycin, 1 g IM twice daily � 10
days

or
Gentamicin, 5 mg/kg IM or IV once daily

� 10 days
Alternative therapy—doxycycline, 100 mg

IV twice daily � 14–21 days
or
Chloramphenicol, 15 mg/kg IV 4 times

daily � 14–21 days
or
Ciprofloxacin, 400 mg IV twice daily � 10

days

Doxycycline, 100 mg orally
twice daily

or
Ciprofloxacin, 500 mg

orally twice daily

Doxycycline, 100 mg orally twice daily
or
Ciprofloxacin, 500 mg orally twice daily

A live attenuated vaccine was used in the
United States until recently to protect
laboratory workers at high risk for F.
tularensis exposure. The vaccine currently
is not available and is under review by the
US Food and Drug Administration

As the incubation period is 3–5 days and
immunity following vaccination takes 2
wks to develop, postexposure vaccination is
not considered a viable public health
strategy to prevent disease in a mass
exposure

Botulinum toxin (92, 93) Primarily supportive care: antitoxin for use
in the United States is available
through the CDC via state and local
health departments; most effective if
given within 24 hrs; maintained as part
of SNS push package.

Currently, two separate formulations
available: botulism antitoxin bivalent
(equine) for types A and B (licensed by
the FDA) and botulism antitoxin
(equine) type E (an investigational
product).

Each vial of bivalent AB antitoxin contains
7,500 IU of type A antitoxin and 5,500
IU of type B antitoxin. Each vial of type
E antitoxin contains 5,000 IU of type E
antitoxin. One IU neutralizes 1,000
mouse LD50 of toxin E or 10,000
mouse LD50 of toxins A and B

The vial(s) should be diluted in 0.9% saline
for intravenous infusion at a 1:10
dilution

In a bioterrorist attack additional doses
may be necessary at least 2 to 4 hrs
after an initial dose or between doses if
the patient’s condition continues to
deteriorate

Primarily supportive care Immunization with a pentavalent (ABCDE)
botulinum toxoid available through the
CDC is recommended for laboratory
personnel who work with cultures of C.
botulinum or its toxins

and
Military personnel who may be at risk of

exposure to botulinum toxin; given as deep
subcutaneously as a 0.5-mL dose at 0, 2,
and 12 wks with a booster dose at 1 yr

Toxoid immunization precludes its recipient
from showing a response to treatment with
medicinal botulinum toxin
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toxin) (41). Important to note is that B.
anthracis isolates produce cephalospori-
nase, making treatment with cephalospo-
rins such as ceftriaxone useless.

Plague

The causative agent for plague is Yer-
sinia pestis, a nonmotile, Gram-negative
bipolar coccobacillus. In the years follow-
ing World War II, biological weapons pro-
grams in the United States and the Soviet
Union developed techniques for aerosol-
izing Y. pestis, thus enhancing the effec-
tiveness of this agent as a potential bio-
logical weapon (54, 55). The effect of a
hypothetical intentional release of aero-
solized plague has been the subject of two
studies in which it is estimated to cause
widespread serious illness and a high case
fatality rate. In addition, since it is rapidly
fatal and highly communicable, it is esti-
mated that it will not likely be easily
contained, leading to widespread panic
and rapidly overwhelming the public
health infrastructure (3, 17, 55). Human
plague occurs worldwide and is endemic
to the southwestern United States, with
an average of ten cases reported each year
(56). Its natural reservoirs are urban and
rural rodents. The transmission vector is
the oriental rat flea (Xenopsylla cheopis).
Humans serve as incidental hosts after
being infected by an infected flea’s bite
and are rarely responsible for propaga-
tion, except in the pneumonic form of the
disease (57). Human infection occurs af-
ter being bitten by an infected flea, inhal-

ing respiratory secretions of animals or
humans with pneumonic forms of
plague, or by direct handling of infected
animal tissues (57). Infection causes the
following clinical syndromes: bubonic
plague, primary septicemic plague, pri-
mary pneumonic plague, plague menin-
gitis, plague pharyngitis, pestis minor,
and subclinical infection. Between 1947
and 1996, there were 390 cases of plague
reported in the United States, of which
84% were bubonic, 13% septicemic, and
2% pneumonic. Fatality rates were 14%,
22%, and 57%, respectively (58).

Y. pestis has a number of virulence
factors including V and W antigens (for
virulence & intracellular growth), lipo-
polysaccharide endotoxin, capsular enve-
lope (antiphagocytic fraction I antigen),
coagulase, and fibrinolysin. After inocu-
lation into the skin by an infected flea,
bacteria become phagocytosed by mono-
nuclear cells where they multiply intra-
cellularly, eventually lysing the cells, and
become resistant to further phagocytosis.
Eventually, bacteria are transported via
lymphatics to regional lymph nodes caus-
ing inflammation and hemorrhagic ne-
crosis, giving rise to the typical bubo (57,
59).

Incubation period for bubonic plague
is 2–8 days, with patients presenting with
sudden onset of fever, chills, weakness,
and headache. Within a few hours to a
day, a bubo is noticeable and character-
ized by its sudden onset, the absence of
any overlying skin lesions, marked sur-
rounding edema, and extreme pain that

limits the motion of the region. Buboes
are generally 1–10 cm in size, and are
firm, extremely tender, and nonfluctuant
(18, 57, 60, 61). During the next 2–4
days, the patient deteriorates rapidly,
having high fever, tachycardia, malaise,
headache, vomiting, chills, alterations in
mental status, prostration, and chest
pain, eventually progressing to vasodila-
tion, and septic shock. During this time
patients may have signs of disseminated
intravascular coagulation (DIC), with ac-
ral purpura that may progress to gan-
grene. Hematogenous spread can give
rise to complications such as plague
pneumonia (5% to 15%), meningitis, he-
patic and splenic abscesses, and endoph-
thalmitis. Patients ultimately manifest
signs of multiple organ failure and acute
respiratory distress syndrome (ARDS)
(57, 59, 61–65). Without antibiotic ther-
apy the mortality exceeds 50% but with
proper antibiotic therapy is �5%. A mi-
nority of patients will present with the
septicemic phase of disease (primary sep-
ticemic plague, without bubo formation).
Patients in this group present earlier, are
more likely to be elderly, are more toxic
in appearance, and are hospitalized
sooner than patients with bubonic
plague. Despite this, they have a higher
mortality likely related to the delay in the
diagnosis, with case fatality rates between
30% to 50% with antibiotic therapy and
nearing 100% without antibiotic therapy
(65, 66).

Inhalation of aerosolized bacteria
from patients who have lung involvement

Table 4. (Continued)

Contained Setting Mass Casualty Settings Postexposure Prophylaxis Vaccination and Preexposure Prophylaxis

Smallpox (108, 112, 114) Treatment is primarily supportive
Adequate fluid intake (difficult because of

the enanthem)
Alleviation of pain and fever
Keeping the skin lesions clean to prevent

bacterial superinfection

Treatment is primarily
supportive

Immunity to variola develops within 8–11
days after vaccination. Since the
incubation period for smallpox
averages about 12 days, vaccination
within 4 days may confer some
immunity to exposed persons and
reduce the likelihood of a fatal
outcome

Studies on the utility of postexposure
vaccination have shown conflicting
results

How late after exposure individuals can be
vaccinated and not become ill is
unclear (11, 12)

Preexposure vaccination is indicated in the
following groups

Laboratory workers directly handling vaccinia
virus cultures, contaminated dressings or
other infectious material, recombinant
vaccinia viruses, or other orthopoxviruses
that infect humans (e.g., monkeypox)

Military personnel
smallpox response teams comprised of public

health staff and healthcare workers likely
to be involved in the initial care of any
patients with smallpox

Smallpox vaccinations also are being offered
to other healthcare workers and to first-
responders (including police officers,
firefighters, and emergency medical
technicians)

Published data indicate that the current
Dryvax vaccine may be diluted 1:5 without
significant loss of vaccine potency

Currently the diluent is prepackaged at a
volume of 1.25 mL, affording one-step
reconstitution-dilution at a 1:5 dilution
with a sufficient margin of excess virus
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secondary to fulminant bubonic plague,
animals (cats) with secondary plague
pneumonia, or weaponized Y. pestis gives
rise to primary pneumonic plague (67).
The incubation time is 1–3 days and is
rapidly fatal if not treated early with ap-
propriate antibiotics. Patients manifest
suddenly with fever, chills, headache,
body pains, weakness, and chest discom-
fort (58, 68). As the disease progresses,
there is an increase in cough, sputum
production, increasing chest pain, he-
moptysis, and hypoxia, progressing rap-
idly to frank respiratory failure. Buboes
are distinctly absent in primary pneumo-
nic plague. The presence of hemoptysis
should alert the clinician of possible pri-
mary pneumonic plague since it is less
likely to present in inhalation anthrax
(Table 3). Death usually occurs within
18–24 hrs after the onset of symptoms.
Pulmonary complications include local-
ized necrosis, cavitation, pleural effusion,
and ARDS (62–64, 67–69). In addition,
the course is complicated by endotoxemia
and septic shock. Case fatality rates are
estimated at 100% if appropriate antibi-
otic therapy is not implemented within
24 hrs, and death usually occurs within
2–5 days after the onset of symptoms.

Primary pneumonic plague is highly
infectious from the very onset of the dis-
ease. Affected patients are not usually de-
bilitated as are patients with bubonic or
septicemic plague and are capable of a
vigorous and highly infectious cough.
Secondary plague pneumonia, on the
other hand, is usually a result of hema-
togenous spread of the disease to the
lungs. Usually the patient is ill for several
days, debilitated, and unable to cough
vigorously, making them less infectious.
However, primary or secondary pneumo-
nic plague should always be considered
extremely infectious (60, 63).

Routine blood tests are nonspecific.
The chest radiograph findings in a series
of nine cases of secondary pneumonic
plague revealed alveolar infiltrates
(100%) and pleural effusion (55%), con-
solidation was reported as a common
finding, and massive mediastinal adenop-
athy only rarely occurs (unlike that in
inhalational anthrax) (62–64, 67). Rap-
idly progressing multilobar alveolar and
consolidated infiltrates are expected to
occur in primary pneumonic plague.
Gram stain of the sputum usually reveals
the organisms in pneumonic forms of
plague (unlike that of inhalational an-
thrax). Bacteremia initially is transient,
and single blood cultures at presentation

are only 27% positive. Blood, bubo aspi-
rates, and cerebrospinal fluid Gram stains
can reveal Gram-negative bipolar cocco-
bacilli, while the Wayson stain shows
light blue bacilli with dark blue polar
bodies on a pink background. Samples for
microbiological study should not be re-
frigerated. Automated culture detection
systems may present a delay or even mis-
identification. Thus, a high level of clin-
ical suspicion of the disease should
prompt immediate notification to the lab-
oratory. State level B or national level C
(CDC, USAMRIID) laboratories should be
notified through the LRN. Direct fluores-
cent staining for fraction 1 envelope an-
tigen, phage lyses of cultures, or poly-
merase chain reaction assay should
confirm identification. Acute and conva-
lescent serum titers for antibody to frac-
tion 1 antigen are retrospectively diag-
nostic (17, 50, 51, 54, 57, 59).

Treatment requires the prompt ad-
ministration of antibiotics, especially in
the septicemic and pneumonic forms. As
the bacteria is capable of inducing an
endotoxemia leading to DIC, septic
shock, ARDS, and multiple organ failure,
close observation of the patient and early
resuscitative measures are warranted at
the earliest sign of progression toward a
more fulminant course. These patients
require aggressive volume resuscitation
and may need mechanical ventilation, as
well as vasopressor support (1, 68, 69).

Based on the Working Group on Civil-
ian Biodefense’s recommendations for
pneumonic plague, first-line therapy is
with streptomycin or gentamicin (Table
4). In a bioterrorist event or epidemic,
therapy should be implemented in any-
one exposed with a temperature �38.5°C
or a new cough (18). In the setting of
mass casualties where public health facil-
ities may be overwhelmed, first-line ther-
apy recommendations for postexposure
prophylaxis in adults include doxycycline
or ciprofloxacin. The reader is referred to
the article for dosing in children and
pregnant women (18). Currently, no rec-
ommendations exist for vaccination of
public or healthcare providers in the
postexposure setting (Table 4) (17, 60,
70).

As patients with pneumonic forms of
plague are highly infectious, they should
be placed under respiratory droplet isola-
tion plus eye protection, in addition to
standard precautions (Fig. 1) until they
have received at least 48 hrs of appropri-
ate antibiotic therapy or show improve-
ment. Asymptomatic exposed individuals

do not require isolation but need to be
watched and treated at the first sign of
cough or fever. The use of standard dis-
posable surgical masks is recommended.
Microbiology laboratory personnel
should be aware of the potential to get
infected from handling samples during
high-risk laboratory procedures, and bio-
safety level 3 precautions should be ob-
served during such times (Fig. 1) (17, 51,
59).

In general, environmental decontami-
nation following an aerosol event has not
been recommended, since experts have
estimated that an aerosol of Y. pestis or-
ganisms would be infectious for only
about 1 hr (17). Commercially available
bleach or 0.5% hypochlorite solution
(1:10 dilution of household bleach) is
considered adequate for cleaning.

Tularemia

Tularemia is a zoonotic disease of
small mammals and is transmitted by ar-
thropod vectors (primarily ticks). It is
caused by a Gram-negative, facultative
intracellular bacterium, Francisella tula-
rensis (71). The bacteria are highly resis-
tant and can survive for long periods in
soil, water, and animal carcasses. Organ-
isms infect humans by direct contact
with mucous membranes, broken skin,
ingestion, or inhalation (72). Hunters,
animal handlers, and laboratory person-
nel working with the bacteria are at
greater risk for developing disease. Only
10–50 organisms are needed to cause in-
fection in humans, via contact, inocula-
tion, or inhalation (73). Person-to-person
transmission has not been documented.

During the 1950s and 1960s, the
United States biological weapons pro-
gram developed aerosolized F. tularensis,
but these stockpiled weapons were de-
stroyed in 1973. The former Soviet Union
also weaponized F. tularensis; the Soviet
program included development of antibi-
otic- and vaccine-resistant strains (74).
The most likely form of intentional re-
lease for F. tularensis organisms would
be via aerosols and lead to most of the
patients presenting with primary pneu-
monic tularemia, some with a nonspe-
cific febrile illness of varying severity (ty-
phoidal tularemia), oculoglandular
tularemia from eye contamination, glan-
dular or ulceroglandular disease through
exposure of broken skin to aerosol, and
oropharyngeal disease could also occur
through inhalation of organisms. In
1969, the World Health Organization es-
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timated that an aerosol dispersal of 50 kg
of virulent F. tularensis over a metropol-
itan area with 5 million inhabitants in a
developed country would result in
250,000 illnesses, including 19,000
deaths (55).

Following entry into the body, the
bacteria are ingested by macrophages and
transported to regional lymph nodes
where they multiply and disseminate.
The disease is marked by the formation of
granulomas at the site of the entry, as
well as those in the target organs after
dissemination (72, 75). After an incuba-
tion period of 3–5 days, patients present
with abrupt onset of fever, chills, head-
ache, coryza, malaise, and weakness. Pa-
tients may complain of cough and chest
discomfort without having signs of pneu-
monia. Patients may have varying de-
grees of sore throat, abdominal pain, ar-
thralgias, and myalgias. If untreated,
anorexia, continued weight loss, and de-
bility occur during a period of weeks to
months (72, 73, 76). Clinically, the dis-
ease may present as either ulceroglandu-
lar (which includes glandular, oculoglan-
dular, and pharyngeal), or pneumonic
(typhoidal) forms.

Ulceroglandular tularemia accounts
for about 85% of natural cases, present-
ing as a tender cutaneous ulcer measur-
ing 0.4 to 3 cm at the inoculation site
within a few days of the onset of symp-
toms. The lesion is characterized by its
heaped up edges and is associated with
regional lymphadenopathy. Affected
lymph nodes are also tender and can be-
come fluctuant and suppurate. A minor-
ity present with the glandular form and
no signs of skin involvement (72, 75, 77).
The oculoglandular and pharyngeal
forms refer to the primary sites of inoc-
ulation and have similar findings. The
pharyngeal form of the disease is fre-
quently associated with pneumonia (76).

Typhoidal tularemia accounts for 15%
of natural cases and refers to illness with-
out lymphadenopathy or signs of any cu-
taneous manifestation. It is likely that
this is actually a primary pneumonic
form of the disease, acquired by inhala-
tion of the organism. Its onset is more
abrupt, and patients appear more toxic,
with pronounced abdominal pain, pros-
tration, and watery diarrhea. Respiratory
complaints and pneumonia are associated
with 80% of cases. Pharyngitis, pleuritic
chest pain, cough with minimal sputum
production, and bronchiolitis are com-
mon, while hemoptysis is distinctly un-
common (72, 76–78). Unlike both pri-

mary pneumonic plague and inhalation
anthrax, the disease does not usually rap-
idly deteriorate to respiratory failure and
death (Table 3).

Although both forms of tularemia can
cause pneumonia, ARDS, septic shock,
with the need for mechanical ventilation
and vasopressor support, only a handful
of such cases exist in the postantibiotic
literature (79). Mortality is 35% in pneu-
monic forms of the disease without ther-
apy, but with appropriate antibiotics, fa-
talities would be �5%. Most patients
respond rapidly to appropriate antibiotic
therapy, with fever and generalized symp-
toms improving in 24–48 hrs. In the
event of its use, the potential for wide-
spread disability would be great (40, 80).

In a large series of inhalation-acquired
tularemia, 50% of the patients had chest
radiograph abnormalities. Forty percent
had infiltrates described as 2–8 cm oval
shaped with indistinct borders mostly in
the juxtahilar position, 21% had unilat-
eral hilar adenopathy always associated
with other radiograph abnormalities, and
11% had pleural effusions (78, 81). Inter-
stitial patterns, cavitary lesions, broncho-
pleural fistulas, and frank ARDS have
been reported on chest radiographs (78,
82). Analysis of the pleural fluid shows a
serosanguinous exudate, with a lympho-
cytic predominance, as well as increased
adenosine deaminase, lysozyme, and �2-
microglobulin similar to tuberculous ef-
fusions (76, 78, 83).

The laboratory tests are nonspecific
with leukocytosis, elevations in lactic de-
hydrogenase, serum transaminases, and
alkaline phosphatase. Spinal fluid analy-
sis is also nonspecific (72, 76). Typically,
blood cultures are not positive, owing to
poor growth on standard media adding a
delay of several days for identification.
However, organisms have been recovered
from blood, ulcers, conjunctival exu-
dates, sputum, gastric washings, and pha-
ryngeal exudates (76, 81, 84). Direct mi-
croscopic examination using fluorescent-
labeled antibodies provides a means of
rapid diagnosis, as does antigen detec-
tion, polymerase chain reaction, and
ELISA assays (72). These methods are,
however, available only at state and na-
tional reference laboratories through the
LRN. Manipulation of cultures is a well-
known hazard to laboratory personnel
and should only be done under biosafety
laboratory-3 containment. A four-fold in-
crease in serum antibody of patients is
also diagnostic, but of only retrospective
importance (51, 84).

First-line therapy recommendations
for treatment of adults in a contained
casualty setting is streptomycin or genta-
micin for 10 days (Table 4). Alternative
therapies are doxycycline, chlorampheni-
col, or ciprofloxacin. In a mass casualty
setting where hospital resources are over-
whelmed, adults can be treated with twice
daily doxycycline or ciprofloxacin orally.
Recovery from the illness is usually within
5–7 days. Currently, vaccination is only rec-
ommended for microbiology laboratory
workers handling cultures. As the incuba-
tion period is 3–5 days and immunity fol-
lowing vaccination takes 2 wks to develop,
postexposure vaccination is not considered
a viable public health strategy to prevent
disease in a mass exposure (76, 80, 84).

Isolation of proven cases is not re-
quired since human-to-human transmis-
sion does not occur (Fig. 1). Standard
precautions can be applied to care of pa-
tients with draining lesions or pneumo-
nia. Decontamination of soiled linen and
equipment can be carried out with heat
and standard disinfectants. A 1:10 dilu-
tion of household bleach and water is
considered adequate for cleaning con-
taminated surfaces. Following direct ex-
posure to powder or liquid aerosols con-
taining F. tularensis, body surfaces and
clothing should be washed with soap and
water. The risk of environmental contam-
ination following an intentional release of
F. tularensis is expected to be minimal,
and no special environmental decontam-
ination procedures are recommended
(84).

Botulinum

Clostridium botulinum is a ubiquitous
Gram-positive spore-forming anaerobic
bacillus that produces a group of seven
potent neurotoxins (types A–G). Expo-
sure to the toxin can occur by ingestion
of preformed toxin, inhalation of pre-
formed toxin, or by local production of
toxin by C. botulinum organisms in the
gastrointestinal tract or in devitalized tis-
sue at the site of a wound. Consumption
of contaminated food has lead to sporadic
outbreaks of food-borne botulism in the
United States, while no waterborne cases
have ever been reported (85–87). Toxin
can be absorbed from the gut, lung, or
wounds into the bloodstream but is not
absorbed through intact skin.

Absorbed toxin is carried to the pe-
ripheral neuromuscular junctions, where
it is endocytosed into the nerve terminus
by virtue of its heavy chain component.
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Subsequently, the toxins light chain
cleaves various components of the synap-
tic fusion complex preventing release of
acetylcholine into the synaptic cleft. This
causes presynaptic inhibition of neuro-
muscular transmission, affecting cholin-
ergic muscarinic and nicotinic receptors.
Toxin is bound irreversibly; recovery may
take weeks or months and is dependent
on regeneration of new motor axon twigs
to reinnervate muscle (88, 89).

The United States produced botuli-
num toxin as a potential biological
weapon beginning in World War II; how-
ever, the United States destroyed its
stockpile after the 1972 Biological and
Toxin Weapons Convention agreement.
The former Soviet Union conducted re-
search on use of botulinum toxin as a
biological weapon as late as the early
1990s, and Iraq had produced 19,000 L at
the time of the Gulf War (90). Aum Shin-
rikyo attempted to use aerosolized botu-
linum toxin in Japanese cities on at least
three occasions between 1990 and 1995,
none of which were successful.

Dispersion of aerosolized toxin is
thought to be a favorable means for a
bioterrorist attack with botulinum toxin.
Aerosolized particles of botulinum toxin
are approximately 0.1–0.3 �m in size,
making them possible for inhalation (91).
Experts have estimated that 1 kg of aero-
solized botulinum toxin is enough to kill
up to 1.5 million people. Deliberate con-
tamination of food or beverages is also

possible but would probably result in
fewer casualties because these vehicles
are less efficient than aerosols for mass
exposure. Food and beverage items that
are not heat processed at 85°C (185°F) for
5 mins before consumption can be a pos-
sible vehicle for botulinum toxin (for ex-
ample, typical temperatures employed for
pasteurization of commercial beverage
products will not sufficiently denature all
botulinum toxin). Although contamina-
tion of a water supply is feasible, this
approach is unlikely since a large amount
of toxin would be needed to initially con-
taminate water. Also, toxin is naturally
inactivated in fresh water within 3– 6
days, and toxin is rapidly (within 20
mins).

Aside from the general epidemiologic
clues to a bioterrorist attack, identifica-
tion of toxin types C, D, F, and G should
arouse suspicion, since types A, B, and E
are the most common naturally occur-
ring forms found in the United States
(86). Botulinus toxin is the most potent
toxic agent (per weight) known. Toxin A
given in doses of 0.09 –0.15 �g intrave-
nously or intramuscularly, 0.7–0.9 �g in-
haled, or 70 �g orally is enough to kill a
70-kg human. The toxin itself is colorless
and odorless. It is quickly denatured un-
der environmental conditions: 12 hrs in
air, 3 hrs in sunlight, several minutes
with heat �100°C, and 20 mins at 0.4%
mg/mL free available chlorine in water
(92, 93).

The incubation period for inhalational
and food-borne botulism can vary from
12 to 72 hrs (82, 86). Patients present
with an acute afebrile, descending paral-
ysis. Initial signs include cranial nerve
palsies and prominent bulbar signs of
blurred vision, mydriasis, ptosis, diplopia,
dysphonia, dysarthria, and dysphagia. A
progressive symmetric descending flaccid
muscle paralysis follows, the rapidity of
which is variable. Patients may also man-
ifest anticholinergic signs, postural hypo-
tension, and nausea and vomiting from
ileus (85, 88, 94). Eventually, the respi-
ratory muscles are involved, and there is
progression to hypercapnic respiratory
failure within 24 hrs in severe food-borne
botulism (86, 88, 94, 95). During this
process, it is important to note that the
patient remains conscious.

The diagnosis of botulism in the sce-
nario of a bioterrorist attack should be
made on the basis of its clinical features
and epidemiologic features because the
definitive diagnosis can be delayed for
days. The differential diagnosis for iso-
lated cases includes stroke syndromes,
intoxication, Guillain-Barré syndrome
(Miller-Fischer variant), myasthenia gra-
vis, and tick paralysis. However, for mul-
tiple cases presenting within a short pe-
riod of time, the differential would be
organophosphate poisoning and nerve
agent poisoning (Table 5).

Routine laboratory tests, cerebrospi-
nal fluid examination, and brain imaging

Table 5. Large numbers of afebrile people presenting with paralysis (11, 82, 94, 101)

Nerve Agent/Organophosphate Toxicity Botulinum Toxin

Mechanism of action Inhibits acetyl cholinesterase Inhibits presynaptic acetyl-choline neurotransmission
Routes of acquiring Inhalation and dermal Inhalation, ingestion, and contamination of wounds; not

dermally active
Onset to action Minutes to hours 12 hrs to several days
Central nervous system effects Agitation, confusion, delirium, seizures, and

coma
Patients remain conscious but anxious

Motor system (nicotinic receptors) Muscle fasciculation’s pain, progressive weakness
to rigid paralysis

Bulbar palsy (dysarthria, dysphonia, dysphagia, diplopia),
progressive descending flaccid muscle paralysis

Autonomic system (muscarinic
receptors)

Salivation, lacrimation, urine incontinence,
diarrhea, vomiting

Dry mouth, variable degree of GI symptoms

Respiratory signs Variable bronchoconstriction, rapid progression
to respiratory failure within minutes

Comparatively slower progression to respiratory failure

Ocular signs Progressive miosis Mydriasis, early ptosis, 4th, & 6th nerve palsy
Cardiovascular Bradyarrythmias � tachycardia None
EMG Normal nerve conduction, decrease amplitude at

low rates of repetitive nerve stimulation
Normal nerve conduction, increased amplitude at high

rates of repetitive stimulation
Diagnosis Blood butyrocholinesterase and erythrocyte-

cholinesterase levels
Mouse neutralization bioassay; specific toxin typing

Decontamination Only for dermal agents, charcoal and sorptive
resins; do not wipe (blot only)

None needed if inhalational; if ingested, give activated
charcoal

Therapy Atropine, pralidoxime anticonvulsants,
antiarrythmics, ventilator support

Trivalent or heptavalent antitoxin, anxiolytics; ventilatory
support

Recovery Hours to few days Weeks to months in severe cases
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are unremarkable. Electromyograph
studies show normal nerve conduction
velocity, normal sensory function, and
decreased amplitude of action potentials
in affected muscle groups. Incremental
increase in amplitude after repetitive
30–50 Hz stimulation helps distinguish
from Guillain-Barré syndrome and myas-
thenia gravis, but not Eaton-Lambert
syndrome. Interestingly, the edropho-
nium test can be transiently positive (96).

Monitoring for impending type II re-
spiratory failure by following vital capac-
ity and carbon dioxide tension on arterial
blood gases can supplement observation.
Patients without gag reflex are at a high
risk for aspiration and may need endotra-
cheal intubation for protection. One large
series of patients reportedly had signifi-
cant hypoxia without significant hyper-
capnia, with the time to mechanical ven-
tilation being up to 5 days after the onset
of symptoms and was required for an
average of 97 days (95). Respiratory mus-
cle function returned later than in other
muscle groups. Death from sepsis and
shock were related to aspiration or ven-
tilator-associated pneumonia (97). Case
fatality rates for food-borne botulism var-
ies between 5% to 10% while that for
wound infection is up to 44% (85).

Definitive diagnosis of botulism is by
mouse neutralization (bioassay), where
type-specific antitoxin is used to protect
mice against toxin in a patient’s serum.
Serum should be obtained before admin-
istration of antitoxin as it may interfere
with the assay. Results may take up to 2
days. Gastric, stool, and vomitus samples
can also be used (86). Samples should be
handled under biosafety level 2 condi-
tions at a level B laboratory (51).

The mainstays of therapy are support-
ive care, ventilatory assistance, and the
early administration of antitoxin. Pa-
tients presenting with food-borne botu-
lism should be given activated charcoal
until antitoxin is available. In cases of
wound botulism, the wound should be
surgically débrided and antibiotics should
be administered (usually penicillin). Cur-
rently, an equine botulinum antitoxin
that provides passive immunity against
types A, B, and E toxins is available from
the CDC and through state and local
health departments. Early administration
limits the severity of disease but does not
reverse existing paralysis. An investiga-
tional heptavalent antitoxin against types
A–G is available from the United States
Army for other toxin types (Table 4). Un-
like organophosphate poisoning, atropine

is not indicated and would possibly exac-
erbate symptoms (93).

Patients unable to handle oropharyn-
geal secretions can be placed in the re-
verse Trendelenburg position with fre-
quent oropharyngeal suctioning to avoid
aspiration. Patients with respiratory fail-
ure would require mechanical ventila-
tion. Importantly, patients remain con-
scious throughout and require sedation
to relieve anxiety if intubated. Aminogly-
cosides, clindamycin, and steroids should
be avoided as they may worsen muscle
atrophy and exacerbate neuromuscular
blockade and myopathy (98, 99).

Postexposure prophylaxis with anti-
toxin is currently neither recommended
nor practical, and exposed persons who
are not symptomatic should be watched
closely and given antitoxin if symptoms
develop. Vaccination against botulinum
toxin with a multivalent toxoid is advo-
cated only for military personnel and lab-
oratory workers who may be at great risk
(93). Decontamination is not required, as
the agent is not dermally active. How-
ever, the possible use of a nerve agent
should be thought of in a scenario of
many patients presenting with muscular
weakness and dealt with appropriately
with decontamination (Table 5).

Smallpox

Since the eradication of smallpox and
the cessation of public vaccinations, a
civilian population under 30 yrs of age
has been left totally susceptible to an
intentional release of the virus (100). If
smallpox were ever intentionally re-
leased, its high person-to-person trans-
mission, relatively low infectious does,
viability outside its human host, and high
fatality rate would impose colossal dam-
ages on the world (101).

Smallpox is caused by the variola virus
of the orthopoxvirus family. It is consid-
ered highly infectious and spreads from
person-to-person via inhalation of expec-
torated respiratory droplet nuclei, by di-
rect contact of the mucous membranes,
and fomites. Following deposition on the
upper airway mucosa the virus migrates
rapidly to regional lymph nodes. An
asymptomatic viremia occurs on the 3rd
or 4th day after infection, with further
dissemination of the virus to spleen, bone
marrow, and other lymph nodes. By the
8th to 12th day, a secondary viremia fol-
lows with the onset of fever and toxemia.
The virus localizes in small blood vessels
of the dermis and oropharyngeal mucosa,

leading to initial onset of the enanthem
and exanthem, at which point (about day
14) the patient becomes infectious. The
spleen, lymph nodes, kidneys, liver, bone
marrow, and other viscera also may con-
tain large amounts of virus (102).

The clinical manifestations of small-
pox are of five types. The classic or ordi-
nary type accounts for 90% of cases, with
a fatality rate of 30%. The modified type
occurs in 25% of unvaccinated and 2% of
vaccinated cases with rare fatalities. The
flat type occurs in 7% of cases and is
characterized by slow evolution of flat
soft focal skin lesions and severe systemic
toxicity. It has a fatality rate of 95% and
33% in the unvaccinated and vaccinated,
respectively. Hemorrhagic type is almost
uniformly fatal, occurring in 3%, and is
characterized by diffuse hemorrhagic
manifestations and rapid progression to
death, even before any skin lesions can be
discerned. Variola sine eruptione is seen
in vaccinated persons and is character-
ized by a 48-hr period of febrile illness.
Unfortunately, the various types cannot
be distinguished until they start to man-
ifest (103).

Classic type begins acutely with pro-
dromal symptoms, followed by an enan-
thema of the tongue, mouth, and oro-
pharynx. Following this, there is a
discrete centrifugal rash, characterized
by 2–3 mm reddish macules beginning
on the face, hands, and forearms. By day,
4–7, these lesions progress to become
papules and then vesicles of 3–5 mm and
spread centrally to cover the whole body.
By the 8th day, pustules of 4–6 mm are
formed. During the next 5–8 days, the
pustules become larger and have a cen-
tral depression (umbilicated). Later, they
become flattened and more confluent.
During this phase of rash, another fever
spike occurs. By the 13th day, the lesions
start to crust and during the ensuing
week start to scab and separate, leaving
depressed depigmented lesions. The rash
is typically more peripherally distributed
and homogeneous in stage when com-
pared with the rash of chickenpox (102,
103). Secondary infections of the rashes
were reportedly not common. Complica-
tions of the disease include panoph-
thalmitis and secondary infection causing
blindness in 1%, arthritis in 2% of chil-
dren, and encephalitis in 1%. Bronchitis
was occasionally reported; however,
pneumonia was rare (101, 103). Patients
are typically infectious in the first 24 hrs
and when the rash is manifested until the
scabs fall off.
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Death from the classic type of disease
is reported to be most common during
the second week. Confluence of the le-
sions is reported to be proportional to the
mortality rate. This may be a reflection of
the degree of fluid sequestration and pro-
tein loss during the vesicular and pustu-
lar stage. Complications of renal failure,
electrolyte imbalance, protein loss, and
metabolic derangements are reportedly
similar to those of burn victims and likely
account for the majority of the morbidity
of shock, infection, and death (103, 104).

The two most dreaded forms of small-
pox are the hemorrhagic and flat types.
The hemorrhagic type has a predilection
for pregnant women and is characterized
by a shorter, more severe prodromal
phase with marked prostration. It is also
manifested by diffuse hemorrhagic le-
sions involving the mucous membranes
and skin, leading to sloughing of these
surfaces. Pulmonary edema and hemop-
tysis are common. Patients are reportedly
conscious until the very end, and death
often occurs within a week (103). The
flat-type disease is rare in vaccinated in-
dividuals. The prodromal fever is present
throughout the eruptive phase of the dis-
ease, and patients are extremely toxic in
appearance. Mucous membrane slough-
ing was also characteristic. Historically,
death occurs in the 8th–12th day of the
disease (103).

The differential diagnosis of smallpox
includes chickenpox, erythema multi-
forme with bullae, various dermatitides,
secondary syphilis, monkeypox, various
cutaneous drug reactions, and atypical
measles. Chickenpox is more infectious
than smallpox, has a less pronounced
prodromal illness, a more centripetal
rash, asynchronous evolution of the rash,
quicker scab formation (1 wk), and a fa-
tality rate of �1%. Cases of hemorrhagic
and flat-type smallpox would be problem-
atic diagnosing clinically and would likely
be misdiagnosed as severe meningococ-
cemia, DIC from other diseases, Stevens-
Johnson syndrome, or a Filovirus hemor-
rhagic fever (105).

Notification of local, state, and na-
tional public health authorities is of the
utmost importance as the diagnosis of
smallpox is an international public
health emergency. Specimens should
be sent to state and national health
authorities using the LRN, under bio-
safety level 4 precautions. Information
regarding handling of specimens is detailed
on the CDC Web site (http://www.bt.cdc.

gov/DocumentsApp/Smallpox/RPG/
GuideD/Guide-D.pdf).

Demonstration of the characteristic
brick-shaped virus under electron mi-
croscopy is confirmatory for an orthopox-
virus, and aggregations of variola virus
particles called Guarnieri bodies can be
found under light microscopy. However,
none of these tests are capable of discrim-
inating variola from other orthopox vi-
ruses. Definitive diagnosis is by isolation
of the virus on chorioallantoic membrane
culture and further testing with polymer-
ase chain reaction (50, 105).

In a recent report, it was estimated
that if as few as ten persons were initially
infected by a covert biological attack with
smallpox, within 1 yr as many as 224,000
persons would be infected if the disease
went unchecked. Furthermore, a combi-
nation of quarantine (25% removal of
cases from society daily) and a mass vac-
cination program (reducing the number
of transmissions by 33%) would lead to
halting an epidemic within 1 yr, and the
cumulative number of cases would be
4,200. For this scenario to be feasible, it
was estimated that �9 million doses of
vaccine would be necessary (106).

Strict airborne and contact isolation
in a negative pressure room is of primary
importance in dealing with a case of
smallpox. However, this is only feasible in
a small-contained outbreak. In a massive
outbreak, separate hospitals would need
to be designated for those with complica-
tions or more severe forms of the disease.
More likely, people would have to be
quarantined within their homes for rou-
tine supportive care. Patients requiring
admission to the hospital in a scenario
such as this would likely be critically ill.
Keeping pace with fluid losses, electrolyte
imbalances, and nutritional needs would
be a major goal of therapy in these pa-
tients. This is especially true for patients
with more confluent rashes, flat-type, and
hemorrhagic-type variants of the disease.
Meticulous skin care should be per-
formed. Early placement of central ve-
nous access and invasive hemodynamic
monitoring catheters may be warranted
in severe cases as progressive distortion
of the superficial anatomy occurs (103,
104). Patients with flat type and hemor-
rhagic types would most likely need some
mechanical ventilatory support, as the in-
cidences of pulmonary edema are higher.
In addition, they would likely need trans-
fusion therapy for complications related
to DIC.

Currently, there is no definitive treat-
ment of the disease. Cidofovir (currently
approved by the Food and Drug Admin-
istration approved for cytomegalovirus
retinitis) is reportedly useful in prevent-
ing the monkey pox and vaccinia in ani-
mals. It may have roles in postexposure
prophylaxis and treatment of vaccinia
vaccination complications (50) (Table 4).

Vaccination is done with reconstituted
lyophilized vaccinia. It is applied with a
bifurcated needle via 15 punctures at
right angles into the skin overlying the
deltoid without drawing blood. Success-
ful vaccination is confirmed by the ap-
pearance of a characteristic Jennerian
pustule after a week, and this provides
immunity for up to 10 yrs and up to 20
yrs with revaccination. The vaccinee
must understand that there is a viable
vaccinia virus in the lesion from the mo-
ment the papule forms (occurs 2–5 days
after vaccination) until the scab dislodges
(on days 14–21). The lesions should be
covered as there is a risk of transmission
to an unvaccinated individual (“contact
vaccinia”) (107).

A three-phase smallpox vaccination
program was recently put forth by the
United States government, under which
medical and healthcare personnel are of-
fered smallpox vaccination on a voluntary
basis. The plan also calls for the creation
of smallpox vaccination teams in each
state, comprising of first responders,
healthcare workers, and public health of-
ficials. These teams will assist in epide-
miologic investigation and vaccination
efforts during the first 7–10 days of an
outbreak. Vaccination within 4 days of
exposure will provide some protection
from getting the disease and will decrease
mortality (108). Vaccination of patients
with suspected smallpox should also be
considered (50). Recently, it was estab-
lished that an increase in the dilution of
the vaccine from 1:5 to 1:10 establishes
immunity, and this practice could sub-
stantially boost the availability of the vac-
cine to the public (109) (Table 4).

Contraindications for vaccination in-
clude immunosuppressed individuals,
human immunodeficiency virus infec-
tion, history of exfoliative dermatological
conditions, patients with systemic lupus
erythematosus, those that are moderately
to severely ill, those who are pregnant/
breast feeding, and those with drug aller-
gies to smallpox vaccine, tetracyclines,
polymixin B, streptomycin, or neomycin.
Complications of vaccination in order of
frequency are local infection, generalized
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vaccinia (usually self-limited), eczema
vaccinatum, postvaccinial encephalitis
(10% significant neurologic morbidity),
and vaccinia gangrenosa (occurs in im-
munosuppressed individuals and has a
high fatality rate), myopericarditis, and
cardiac ischemia (110). Vaccinia immune
globulin is indicated for eczema vaccina-
tum and vaccinia gangrenosa (101, 103,
111).

Viral Hemorrhagic Fever

Viral hemorrhagic fevers (VHF) are
caused by a group of RNA viruses that are
transmitted to humans from their natu-
ral animal and arthropod reservoirs. They
produce clinical syndromes characterized
by fever, myalgias, prostration, increased
vascular permeability, disturbances in re-
gional circulation, and bleeding. Several
of the hemorrhagic fevers (Marburg,
Ebola, Lassa, Junin, and Machupo vi-
ruses) have been weaponized and experi-
mented with for aerosol infectivity by the
former Soviet Union, Russia, and the
United States. Experimental infection of
animals via aerosol is highly effective.
However, aerosol infection of humans
has never been documented, except in
the case of hantavirus. This is likely due
to their poor viability outside a host. The
agents are, however, highly infective by
direct contact with needles, fluids, and
tissues of other infected persons (112).
Important human pathogens are as fol-
lows:

● Arena viruses: Lassa, Junin, and Ma-
chupo viruses that cause Lassa fever
and Argentinean and Bolivian hemor-
rhagic fevers, respectively

● Bunya viruses: Rift Valley Fever (RVF)
virus, Crimean-Congo Hemorrhagic
Fever (CCHF) viruses that cause RVF,
and CCHF. Hantavirus causes hemor-
rhagic fever renal syndrome (HFRS)
and Hantavirus pulmonary syndrome

● Filovirus: Marburg and Ebola viruses
● Flaviviruses: Dengue, Kyasanur forest

disease, and Omsk hemorrhagic fever.

VHF viruses target vascular endothe-
lium, causing microvascular damage and
derangement in vascular permeability.
Common presenting complaints are fe-
ver, myalgias, and prostration. At exami-
nation, patients may have conjunctival
injection, mild hypotension, flushing,
and petechial hemorrhages. Bleeding is
variable and generally not life threaten-
ing, but it is an index of severity. Progres-
sion to shock and generalized bleeding

from the mucous membranes is often ac-
companied by neurologic, hematopoietic,
or pulmonary involvement. Hepatic in-
volvement is common; however, jaundice
and frank hepatic failure is seen in a
small percentage of patients with RVF,
CCHF, Marburg and Ebola hemorrhagic
fevers, and yellow fever. Death is second-
ary to increased vascular permeability,
intravascular volume loss, and multiple
organ failure (113). The Working Group
on Civilian Biodefense has excluded Den-
gue, CCHF, and HFRS as Dengue only
rarely causes VHF, and both CCHF and
HFRS are thought to be technically diffi-
cult to produce in large quantities.

Each virus has unique features that
set it apart clinically. Lassa fever endemic
in West Africa has a high mortality in
children and pregnant women. Hemor-
rhagic and neurologic complications are
not pronounced and occur only in the
severely ill. Case-fatality rates in hospital-
ized patients average 15% to 25%. In
survivors, deafness is a frequent sequela.
In contrast, the South American Arena
viruses (Argentine and Bolivian hemor-
rhagic fevers) have prominent neurologic
and hemorrhagic manifestations.

RVF is endemic in sub-Saharan Africa.
Frank hemorrhagic disease is seen in a
minority of patients. Retro-orbital pain
and blindness from retinitis occurs in
10%. In 1%, fulminant disease with hem-
orrhage, jaundice, and hepatitis develop,
with a 50% fatality. Fatal encephalitis oc-
curs in �1% (114, 115). Marburg and
Ebola viruses produce prominent macu-
lopapular rashes, and DIC is a major
component in their pathogenesis. Both
are characterized by pronounced bleed-
ing. A total of 41% of the patients mani-
fest bleeding from puncture sites and
mucous membranes; however, it does not
distinguish fatalities from survivors. Pul-
monary involvement is uncommon, and
death usually results from multiple organ
system failure and cardiovascular col-
lapse (116, 117). The fatality rate for
Ebola and Marburg hemorrhagic fevers is
80% and 25%, respectively (116).

Routine laboratory tests for VHFs
are nonspecific, but the presence of
early thrombocytopenia and coagula-
tion abnormalities should arouse suspi-
cion. Definitive diagnosis of VHF is
done by isolation in cell culture or im-
munohistochemical staining of forma-
lin-fixed tissues. These techniques
should only be attempted under bio-
level safety 4 conditions at the CDC or
USAMRIID. In the field, viral identifi-

cation can safely be done following
chemical inactivation with the ELISA
technique to detect viral antigen, im-
munoglobulin-M and immunoglobu-
lin-G antibodies. Reverse transcriptase
polymerase chain reaction has also
been successfully applied to field diag-
nosis (113).

Medical management for VHF is
largely supportive. Patients should be
handled as gently as possible as they are
especially prone to bleeding. Aspirin and
other anti-platelet drugs should be
avoided. Immunosuppression with ste-
roid or other agents is contraindicated.
Uncontrolled clinical observations sup-
port the transfusion of red cells for severe
hemorrhage and platelet and clotting fac-
tors for DIC. Hemodialysis is of particular
help in the treatment HFRS. Mechanical
ventilation may be necessary. Treatment
of hypotension and shock is often diffi-
cult, and the use invasive hemodynamic
monitoring techniques may help to guide
therapy. Limited experience has shown
that rapid infusion of fluids may quickly
worsen pulmonary edema because of in-
creased vascular permeability. Fluids are
best administered carefully using crystal-
loids first and later with the addition of
colloids (113, 118). In the cases of Han-
tavirus pulmonary syndrome, the use of
inotropes may be warranted (119). The
limited experience suggests dopamine
would be the pressor of choice in shock
unresponsive to fluids; this may be sec-
ondary to a fear of worsening edema with
more powerful pressors (113).

The only specific antiviral therapy
available for VHF is ribavirin, a nonim-
munosuppressive nucleoside analog with
broad antiviral properties. It is shown to
reduce mortality in Lassa fever and shows
promise with the treatment of the other
Arena and Bunya viruses. Passive immu-
notherapy has been used successfully in
Argentine hemorrhagic fever and shows
promise in Bolivian hemorrhagic fever.
However, it is contraindicated in HFRS
since an active immune response is al-
ready evolving in most patients who are
diagnosed. Currently, the only licensed
vaccine is for yellow fever and is manda-
tory for all travelers to endemic areas
(113).

Isolation of suspected VHF cases is
essential as secondary infections of close
contacts and medical personnel are well
documented. Until the definitive diagno-
sis has been made, patients should be
isolated in a single room with an adjoin-
ing anteroom serving as an entrance.
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Negative pressure rooms and strict respi-
ratory precautions may be more appro-
priate in confirmed severe end-stage dis-
ease where the viral load is maximal (Fig.
1). These precautions may not be possible
in the case of large outbreaks. However, it
is essential to enforce stringent barrier
nursing, with the use of mask, glove,
gown, and needle precautions, along with
hazard labeling of all laboratory speci-
mens. Patient access should be restricted,
and the incineration or autoclaving of all
contaminated materials including linens
is mandatory. Decontamination of areas
can likely be carried out by detergents,
bleach, and hypochlorite solutions as the
these viruses have lipid envelopes making
them susceptible (112).

Other Category B Agents and
Toxins

Toxins are any toxic substance that
can be produced by an animal, plant, or
microbe. They differ from chemical weap-
ons in several respects: 1) are more diffi-
cult to produce; 2) are nonvolatile; 3) are
usually more toxic by weight than chem-
ical weapons; 4) are generally not der-
mally active; 5) are odorless and tasteless;
6) are effective immunogens; 7) have a
delayed onset of action generally ranging
from several hours to days as compared
with the immediate action of most chem-
ical weapons; 8) delivery is generally via
aerosol, when they are not in aerosol

form and �15 �g in size, they are likely
to simply fall to the ground and be inac-
tivated, generally incapable of secondary
aerosolization (120).

In considering which toxins are likely
candidates to be used as a weapon of mass
destruction, several factors are relevant.
A toxin that cannot be produced in suffi-
cient quantities or that is too unstable to
be delivered is unlikely to be a real threat
regardless of how toxic it is. Similarly, a
toxin that is not as toxic but stable and
can be delivered to a target is more likely
to be a real threat as a weapon. Figure 2
shows the relationship of lethality and
dose of a few aerosolized toxins. It be-
comes obvious that T2 mycotoxin would
need to be delivered in enormous doses to
be considered lethal while botulinum
toxin would not. In determining the ef-
fectiveness of an agent, the circumstance
of use needs to be considered. Agents that
are highly toxic but hard to produce may
be more of a threat in a closed space
delivery system, while those that are sta-
ble and easily produced may be better
used in open air delivery.

In addition to the aerosolized delivery,
there are some toxins that are effective
when ingested (ricin and abrin), as well
as those that are dermally active (T2 my-
cotoxins). Murine toxins that are pre-
dominantly neurotoxins are generally
considered to be very difficult to produce
to be considered a real threat as a weapon
of mass destruction. Staphylococcal en-
terotoxin B, Trichothecin mycotoxins,
and ricin toxin deserve attention as they
have been weaponized or used in warfare.
These agents can all present as an upper
respiratory viral illness, making differen-
tiation of biological attack from a natural
viral epidemic difficult (Table 3). Below is
the discussion of staphylococcal entero-
toxin B, ricin, and T2 mycotoxin.

Staphylococcal enterotoxin B is a
heat-stable pyrogenic toxin produced by
Staphylococcus aureus. It can be mass
produced and is stable as an aerosol. It is
attractive as a military agent even though
the doses required to kill are extraordi-
nary. The amount needed to incapacitate
are a hundred-fold less in comparison.
When inhaled, it binds to the major his-
tocompatibility complex class II mole-
cules that stimulate T cells and a massive
release of cytokines including interfer-
on-�, interleukin-6, and tumor necrosis
factor-�. Within 3–12 hrs of exposure,
high fever (up to 106°F), myalgias, non-
productive cough, chest tightness, dys-
pnea, headache, and vomiting develop.

Conjunctival signs are notably absent. At
chest examination, rales are the promi-
nent finding. Chest radiograph typically
is normal but can show interstitial pul-
monary edema. Postural hypotension as
well as profound vasodilatory shock can
occur, producing a classic toxic shock
syndrome. Patients usually progress rap-
idly to a relatively stable level of disease
but can be incapacitated for weeks. Le-
thality is low. Diagnosis is clinical, but
serum detection of the toxin is possible
with ELISA. For at least 12–24 hrs after
the exposure, toxins should be identifi-
able in nasal swabs from individuals ex-
posed to a respirable aerosol. Therapy is
currently limited to supportive care for
nausea, vomiting, diarrhea, and respira-
tory failure (40, 121).

Recently, ricin toxin has come back
into the media after being discovered in
the office of Senate majority leader, Bill
Frist. Ricin toxin is made from the ex-
tract of castor beans. Its ease of produc-
tion and its wide availability make it
highly likely to be used in a terrorist
attack. As a military weapon, its use is
limited as the minimum lethal dose is
high compared with other toxins avail-
able. It is highly lethal via ingestion, in-
jection, and inhalation. At the cellular
level, it kills through the inhibition of
protein synthesis. Its clinical features
are route specific. Studies in primates
show that several hours’ inhalation re-
sults in a severe diffuse acute tracheo-
bronchitis, fibrin purulent pneumonia
with diffuse severe alveolar flooding,
peribronchovascular edema, and medi-
astinal lymphadenitis. Respiratory fail-
ure and ARDS are likely to occur within
30 hrs. Distinguishing an attack with
ricin from either anthrax or pneumonic
plague would be extremely difficult. Di-
agnosis would be largely clinical, but
antigen ELISA of nasal swabs should be
done within 24 hrs.

Ingestion would also cause edema and
necrosis of the alimentary tract, causing
prostration, gastrointestinal hemorrhage,
perforation and translocation of enteric
flora and endotoxin. Ultimately, shock
and death would occur. The latent period
after ingestion would be 8–10 hrs. The
assassination of Bulgarian dissident
Georgii Markov by injection of ricin made
the toxin infamous. In Mr. Markov’s case,
the amount injected was estimated to be
500 �g. It resulted in immediate pain at
the site, and within 5 hrs, he was noted to
weak, with fever, had nausea and vomit-
ing, and had tender lymphadenopathy in

Figure 2. Toxicity, in mouse median lethal dose,
plotted against the quantity of toxin required to
provide a theoretically effective open-air aerosol
exposure, under ideal meteorological conditions,
to an area of 100 km2. Reprinted with permission
from Franz D: Part I: Defense against toxin weap-
ons. In: Medical Aspects of Chemical and Biolog-
ical Warfare (Textbook of Military Medicine).
Sidell FR, Takafuji ET, Franz DR (Eds). Office of
the Surgeon General, Department of the Army,
1997, p 606. Available and in the public domain at
http://www.bordeninstitute.army.mil/cwbw/
default_index.htm)
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the groin. Within 2 days of the attack, he
became suddenly hypotensive and tachy-
cardic; his pulse rate was 160 beats/min,
and vascular collapse and shock had oc-
curred. Early on the third day after the
attack, he was noted to be in multiple
organ failure with anuria and elevated
liver enzymes. He was also noted to have
hematemesis and severe pulmonary
edema. An electrocardiogram demon-
strated complete atrioventricular con-
duction block, and he died shortly there-
after. At the time of death, his white
blood cell count was 33,200/mm3. Intra-
muscular or subcutaneous injection of
high doses results in severe local lym-
phoid necrosis, gastrointestinal hemor-
rhage, liver necrosis, diffuse nephritis,
and diffuse splenitis, manifesting in mul-
tiple organ failure similar to septic shock.
Treatment for ricin would be largely sup-
portive, although vaccination with a tox-
oid in animals is very effective and in
development by the United States Army
(122, 123).

Trichothecin mycotoxins are a diverse
group of �40 toxins produced by several
species of fungi, including the genera
Fusarium, Myrotecium, Trichoderma,
Stachybotrys, and others. Incidents of
disease secondary to ingestion are known
to sporadically occur. The toxin is a low
molecular nonprotein that is extremely
stable even at high temperatures and un-
der ultraviolet light (stable after autoclav-
ing). It is insoluble in water and dermally
active. It is a major threat as a vesicant. It
has a median lethal dose by inhalation of
50–100 �g/kg, 5–10 by ingestion, and
�50 ng for dermal action. It is highly
cytotoxic to rapidly dividing cells by in-
hibiting protein nucleic acid synthesis,
thus it acts preferentially on the epithe-
lial cells, gastrointestinal tract, mucous
membranes, as well as lymphoid and he-
matopoietic tissues. Clinically, it causes
burning, redness, tenderness, and blister-
ing of the skin on contact within minutes
to several hours. At higher doses, it
causes necrosis and sloughing. Its ocular
effects are similar causing pain, tearing,
redness, and corneal injury. When in-
haled via aerosol exposure, it causes
wheezing, cough, and mouth and throat
pain. Patients from the yellow rain inci-
dents are said to have more tracheobron-
chitis and hemoptysis secondary to this
as opposed to a true alveolitis. Gastroin-
testinal signs from ingestion include nau-
sea, vomiting, and watery or bloody diar-
rhea. Alimentary toxic aleukia is a
protracted illness related to chronic con-

sumption of the toxin. It is manifested by
the same initial symptoms as with acute
ingestion, followed by fever, chills, myal-
gias, and bone marrow suppression. If the
patient survives beyond this point, a third
stage characterized by painful ulcerations
over the skin and mucosal surfaces be-
gins causing hemoptysis, hematemesis,
and airway obstruction. Diagnosis can be
established by the clinical features, ruling
out chemical agents, high attack and fa-
tality rates, and evaluation of the animal
population that will suffer similarly.
Physical evidence includes yellow rain or
red, green, or white smoke. Examination
of the urine and feces by gas liquid chro-
matography and mass spectrometry is the
standard. 50% to 75% of the toxin me-
tabolites are eliminated in the urine and
feces within 24 hrs; however, metabolites
can be detected as late as 4 wks after
exposure (124).

Treatment for mycotoxin exposure is
largely supportive. The use of superacti-
vated charcoal with magnesium sulfate is
thought to be efficacious in binding the
toxin, thus limiting secondary enteral ex-
posure from the clearance of respiratory
secretions. It is capable of binding 0.48
mg of T2 toxin per 1 mg of charcoal, and
treatment either immediately or 1 hr af-
ter oral or parenteral exposure to T2
toxin significantly improves the survival
of mice. Superactivated charcoal with
magnesium sulfate is stocked in the
chemical and biological warfare kits of
United States Army field hospitals. Glu-
cocorticoid therapy is also thought help-
ful in decreasing airway inflammation. In
addition, patients are prone to large fluid
and electrolyte shifts, warranting judi-
cious fluid therapy (124).

Preparation for a Bioterrorist
Attack

Although the likelihood of an effective
catastrophic mass casualty scenario due
to a bioterrorist event is considered low,
it is still feasible. With any bioterrorist
event, the effects on the public psyche are
likely to outweigh actual casualties. Thus,
the public health infrastructure may find
itself overwhelmed in dealing with a pub-
lic that is more scared than is actually ill.
The scenario of a biological weapons at-
tack with a type A agent poses several
unique challenges. Unlike most external
disasters that will occur with some de-
gree of warning, the exposure to a bio-
logical agent is more likely to be made
within a hospital, perhaps a few days after

the environmental release (125). Patients
are more likely to seek medical care at
the most convenient medical facility in-
stead of responders going to the patients
(126, 127). Unlike natural disasters or
conventional wars, victims in a biological
attack are likely be a more homogeneous
population. Potentially enormous num-
bers of ill and exposed patients presenting
with the same level of severity will rapidly
overwhelm the healthcare system’s infra-
structure and supplies. Furthermore, un-
like other disasters where a significant
number of patients will appear at a hos-
pital to be treated and then discharged,
patients from a bioterrorist attack will
likely present to a hospital and require to
be admitted. Issues of supplies and distri-
bution of medical resources would be a
major problem, as already predicted in
the TOPOFF exercise (3).

Readiness for a bioterrorist event is
based on the principles of conventional
disaster planning. These include the fol-
lowing:

Incident Command System—also re-
ferred to as a “command and control”
function, the Incident Command
System serves as the center for all
operations and defines roles and re-
sponsibilities of all disaster response
participants

System integration—this refers largely
to communications capability; hospi-
tals must integrate response functions
within their facilities and coordinate
efforts with outside agencies

Logistics—includes a supply manage-
ment system, plan for facilities use,
and system for transporting patients,
providers, and materials

Security—critical to enable the other
components to operate the way they
are intended

Clinical care

Human resources

Public relations.

In addition to these, a bioterrorist at-
tack would require the following vari-
ables to be factored in because of the
infectious nature of the agents used and
the possibility of person-to-person trans-
mission:

● Defining the area that is to covered by
a health facility

● Participation and communication with
regional public health surveillance sys-
tems (both laboratory and syndromic
surveillance systems)
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● Preestablishing regional links with
state and local disaster response teams,
as well as other regional health facili-
ties (see National Disaster Medical Sys-
tem [NDMS] below)

● An established hospital bioterrorism
readiness plan

● Education of personnel about diagno-
sis, triage decisions for specific disease
states, treatment, infection control, de-
contamination, and isolation-related
issues for specific biological agents
(Fig. 2)

● Education of personnel about the hos-
pital’s bioterrorism disaster plan

● Training and exercise drills with con-
tinuous evaluation and rectification of
these

● Establishing inventory of equipment,
pharmaceuticals, diagnostic capabili-
ties, and personnel, as well as identify-
ing caches of pharmaceuticals and
medical equipment in the community

● Inventory identified for mass public
immunizations and prophylaxis ther-
apy

● Corroboration with regional laborato-
ries

● Identification of volunteer and profes-
sional staff

● Deployment of the strategic national
stockpile (SNS; see below)

● Communications and information sys-
tems

● Intrahospital communications, com-
munications with national, state, and
local authorities

● CDC, Homeland Security, Federal Bu-
reau of Investigation, local emergency
response personnel

● Establish capacity and capabilities for
treatment in the hospital, emergency
room, and ICUs

● Safety and psychiatric support
● Executing mass prophylaxis and vacci-

nation program
● Decontamination of victims
● Protection of healthcare workers from

infection
● Containing infectious agents
● Staff exhaustion and establishing

sleep–work schedules, appropriate use
of volunteers

● Anticipation of posttraumatic stress
disorder and a program of critical inci-
dent stress management

● Surge capacity (see below)
● Security and management of emer-

gency room overcrowding

The NDMS, SNS, and surge capacity
variables deserve further mention. The

NDMS is a cooperative effort of the De-
partment of Health and Human Services,
the Department of Defense, the Federal
Emergency Management Agency, the
Veterans Administration, state and local
governments, and the private sector. The
NDMS comprises 150 disaster medical re-
sponse units including Disaster Medical
Assistance Teams comprising profes-
sional and paraprofessional personnel, as
well as mortuary, veterinary, nurse, and
pharmacy response teams to assist with
civilian casualties, an evacuation system,
and 100,000 precommitted beds in hos-
pitals throughout the United States. Hos-
pitals that are �100 beds in size that are
accredited enter voluntarily into the
NDMS and agree to commit a number of
their acute care beds for the NDMS pa-
tients. Patients at the disaster site are
evacuated to hospitals participating in
the NDMS (128). However, this is inher-
ently problematic in the event of a bio-
logical agent exposure with a potential
for person-to-person transmission.

The SNS replaced the National Phar-
maceutical Stockpile in 2003 and is now
jointly managed by the Department of
Homeland Security, the Department of
Health and Human Services, and the
CDC. The SNS works with governmental
and nongovernmental partners in aiding
communities with large quantities of es-
sential medical materials during an
emergency within 12 hrs of the federal
decision to deploy. The first line of sup-
port is with the immediate response of
12-hr push packages, which are caches of
pharmaceuticals, antidotes, and medical
supplies designed to provide rapid deliv-
ery of a broad spectrum of assets for an
ill-defined threat in the early hours of an
event. These packages are strategically
located in secure warehouses, ready for
immediate deployment to a designated
site. If the incident requires additional
supplies, then vendor managed inventory
supplies will be shipped to arrive within
24–36 hrs. The decision to deploy SNS
assets is based on evidence of the overt
release of an agent that might adversely
affect public health or by indicators from
syndromic and laboratory surveillance
systems indicating a possible biological
incident. To receive SNS assets, the af-
fected state’s governor’s office will di-
rectly request the deployment of the SNS
assets from CDC or Department of Home-
land Security. Department of Homeland
Security, Department of Health and Hu-
man Services, CDC, and other federal of-

ficials will evaluate the situation and de-
termine a prompt course of action (129).

Surge capacity refers to more than
just the maximum patient load a hospital
can handle during a crisis situation. In a
catastrophic situation, hospitals will need
to convert quickly from their current
care capacity to “surge capacity.” This
entails understanding their institution’s,
as well as the surrounding region’s, ca-
pacity to handle an emergency by exam-
ining the following:

● Beds: emergency department beds, ICU
beds, general beds, mental health beds,
and pediatric beds

● Staffing: physicians, nurses, pharma-
cists, mental health professionals,
emergency medical technicians, public
health professionals, and others

● Supplies and equipment: pharmaceuti-
cals, personal protective equipment,
portable and fixed decontamination
systems, isolation facilities, and rapid
diagnostic systems.

Hospitals will need to have advanced
knowledge of caches of equipment and
pharmaceuticals in the surrounding
community and be able to communicate
with these institutions and the state au-
thorities their needs and possible deploy-
ment of the SNS. Hospitals will need to
evaluate their surge capacity not only
within their own facilities, but also
within the context of their communities
and at the broader regional level. Partic-
ipation in the NDMS includes identifica-
tion of local, state, and federal represen-
tatives who can work to ensure adequate
staffing and bed space in the event of a
worst-case scenario. The Health Re-
sources Services Administration has pro-
posed benchmarks for regional surge ca-
pacity (130):

● Hospital beds: beds for 500 acutely ill
patients requiring hospitalization from
a bioterrorist incident per million pop-
ulation

● Decontamination facility: adequate
portable or fixed decontamination sys-
tems for 500 patients and workers per
million population

● Negative pressure, high-efficiency par-
ticulate air-filtered isolation facility:
one per health system able to support
ten patients at a time

● Healthcare personnel: Response sys-
tem allowing immediate deployment of
250 additional personnel per million
population in urban areas and of 125
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additional personnel per million in ru-
ral areas

● Personal protective equipment: ade-
quate personal protection equipment
for 250 additional healthcare personnel
per million population in urban areas
and of 125 additional personnel per
million in rural areas

An effective bioterrorist attack with
a virulent agent is considered unlikely
at the current time but is still feasible.
Such an event would possibly cause
mass casualties, undoubtedly cause
public fear, and lead to an overwhelm-
ing of the nations public health sys-
tems. Preparing for this type of an event
would require a high degree of pre-
paredness in setting up surveillance
systems and regional healthcare infra-
structure. A high degree of cooperation
and communication between individual
health facilities and regional and fed-
eral authorities would also be needed.
In 2003, the Department of Health and
Human Services through the CDC and
Health Resources Services Administra-
tion released $1.4 billion in funding
under the bioterrorism cooperative
agreement for states, territories, and
municipalities, illustrating the growing
concern and the extraordinary task in
attempting to prepare for such an
event. The reader is directed to http://
www.bt.cdc.gov/planning/index.asp for
additional information in planning for
bioterrorism.

SUMMARY

Intensivists have a key role to play in
the planning for and coping with such an
event. The need for the critical care per-
sonnel to be involved in the planning
process cannot be overstated. The inten-
sivist will become a key figure in govern-
ing the flow of patient traffic, making
triage decisions, and allocating ICU re-
sources for patients in the emergency
room, operating room, recovery room,
and the rest of the hospital. Intensivists
should understand capabilities, re-
sources, and limitations of various gov-
ernmental and nongovernmental disas-
ter-related agencies, as should they
consider their hospital’s location and
community resources in anticipating a
likely disaster scenario (1, 125). The like-
lihood of exposed patients requiring hos-
pitalization and specifically critical care is
high, and specific knowledge of the pos-
sible agents and estimating the needs of a

healthcare facility and community will be
the cornerstones in disaster preparedness
for a biological attack. Aside from the
delivery of critical care to the patient in
the ICU, the intensivist will be involved in
making triage decisions, managing re-
sources related to the ICU, and coordinat-
ing a multidisciplinary effort in caring for
the exposed. This will inevitably lead
them out of the ICU and into the field to
deliver critical care services to victims, as
the resources of the ICU would poten-
tially be exhausted (1, 125).
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Appendix: Useful information from various agencies dealing with bioterrorism

Address

Government and environmental resources
1. Centers for Disease Control & Prevention Web site for bioterrorism http://www.bt.cdc.gov/
2. National Disaster Management System http://ndms.dhhs.gov/index.html
3. Environmental Protection Agency http://www.epa.gov
4. National Response Team http://www.nrt.org/
5. Federal Emergency Management Agency http://www.fema.gov/
6. Federal Bureau of Investigation http://www.fbi.gov/
7. State Department Counter-Terrorism Coordinator http://www.state.gov/www/global/terrorism/index.html
8. U.S. Army Medical Research Institute of Infectious Disease http://www.usamriid.army.mil/
9. Department of Defense Global Emerging Infections http://www.geis.ha.osd.mil/

Useful professional organizations
1. Association for Professionals in Infection Control & Epidemiology http://www.apic.org/
2. American Public Health Association http://www.apha.org/
3. National Association of EMS Physicians http://www.naemsp.org
4. American College of Emergency Physicians http://www.acep.org/
5. American Society for Microbiology http://www.asmusa.org/

Institutions
1. Johns Hopkins Center for Civilian Biodefense Studies http://www.hopkins-biodefense.org/
2. Saint Louis School of Public Health/Center for the Study of Bioterrorism and

Emerging Infections
http://bioterrorism.slu.edu/

3. Center for Nonproliferation Studies/Monterey Institute for International Studies http://www.cns.miis.edu/
Chemical & Biological Hotline 1-800-424-8802 (emergency only)
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