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ht at both USAMRIID and USAMRICD trains over 560 military medical 
professionals each year on biological and chemical medical defense.  The highly 
succ anagement 

onnel since 

rofessionals 
termeasures are available against many of the 

bacteria, viruses, and toxins that might be used as biological weapons against 
our s education 
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 The global BW threat is serious, and the potential for devastating 
cas 10 countries 

s programs.  
 of medical 
ent, many 

ave not read the text thoroughly, the purpose of this 
handbook is to serve as a concise pocket-sized manual that can be pulled off the 
shelf (or from a pocket) in a crisis to guide medical personnel in the prophylaxis 
and management of biological casualties.  It is designed as a quick reference 
and overview, and is not intended as a definitive text on the medical 
management of biological casualties.  More in-depth discussion of the agents 
covered here may be found in infectious diseases, tropical medicine, and 
disaster management textbooks. 
 

 Medical defense against the use of biological pathogens a
weapons of warfare or terrorism is an area of study previously unfam
health-care providers.  The U.S. military has maintained an ongoi
agenda against biological weapon threats since World War II, but 
attacks on the U.S. mainland in September 2001 and the anthrax m
October 2001 provided a wake-up call for lawmakers, the public a
medical providers of all backgrounds that the threat of biological attac
and required planning, training, and resources for response.  Co
there has been an explosion of interest 

rstand better how to manage the medical consequences of e
biological weapons that can lead to mass casualties. 
 
 Numerous measures to improve preparedness for and 
biological warfare (BW) or terrorism are ongoing at local, state, 
levels.  Training efforts have increased in both military and civilian
week-long Medical Management of Chemical and Biological Casua
taug

essful USAMRIID international satellite courses on the Medical M
of Biological Casualties have reached over 110,000 medical pers
1997. 
 
 Through this handbook and courses noted above, medical p
learn that effective medical coun

military forces or civilian communities.  The importance of thi
cannot be overemphasized and it is hoped that health-care profes
develop a solid understanding of the biological threats we face and t
medical defenses against these threats. 
 

ualties is high for certain biological agents.  There are more than 
around the world suspected to have offensive biological weapon
However, with early recognition, intervention, and appropriate use
countermeasures either already developed or under developm
casualties can be prevented or minimized.  
 
 Even if providers h
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 initiating an 
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of the city of 
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s hurled the 
wed forced 

fa may have 
th pandemic, which spread throughout Europe and is 

believed to have resulted in the death of one-third of the population of Europe – 
as m same tactic 

 used as a 
ican natives 
English did 

ians loyal to 
f the French 
ed epidemic 

 which directly contributed to the loss of the fort to the English.  
General George Washington ordered variolation (an early form of smallpox 
vacc the siege of 

allpox, and 
he colonials 

, the stakes 
ew level of 

orld War I, 
ders at the 
937, Japan 

iles south of 
y Japanese 
yed in 1945.  
 researched 

cts.  About 
 apparently were carried out at Unit 731, mostly on 

victims exposed to aerosolized anthrax.  Many more prisoners and Chinese 
nationals may have died in this facility - some have estimated up to 3,000 human 
deaths.  The Japanese also apparently used biological agents in the field: after 
reported overflights by Japanese planes suspected of dropping plague-infected 
fleas, plague epidemics ensued in China and Manchuria.  By 1945, the Japanese 
program had stockpiled 400 kilograms of anthrax to be used in a specially 
designed fragmentation bomb. 
 

 The use of biological weapons in warfare has been recorde
history.  During the 12th –15th centuries BC the Hittites are known to
diseased animals and people into enemy territory with the intent of
epidemic. In the 6th century BC, the Assyrians poisoned enemy w
ergot, and Solon used the herb hellebore to poison the water source 
Krissa during his siege.  In 1346, plague broke out in the Tartar arm
siege of Kaffa (at present day Feodosia in Crimea).  The attacker
corpses of plague victims over the city walls; the epidemic that follo
the defenders to surrender, and some infected people who left Kaf
started the Black Dea

any as 25 million people.  Russian troops may have used the 
against the Swedes in 1710. 
 
 On several occasions throughout history, smallpox was
biological weapon.  Pizarro is said to have presented South Amer
with variola virus-contaminated clothing in the 15th century, and the 
the same when Sir Jeffery Amherst ordered his troops to provide Ind
the French with smallpox-laden blankets in 1763 towards the close o
and Indian Wars.  Native Americans defending Fort Carillon sustain
casualties,

ination) for the Continental Army in 1777 after the loss of 
Quebec, in part due to devastation rendered on his forces by sm
because of the potential for purposeful spread of smallpox among t
by the British. 
 
 Use of biological weapons continued into the 1900s; however
became higher as the science of microbiology allowed for a n
sophistication in producing agents.  There is evidence that during W
German agents inoculated horses and cattle with anthrax and glan
Port of Baltimore before the animals were shipped to France.  In 1
started an ambitious biological warfare (BW) program, located 40 m
Harbin, Manchuria, code-named “Unit 731.” Studies directed b
General and physician Shiro Ishii continued there until it was destro
A post-World War II investigation revealed that the Japanese
numerous organisms and used prisoners of war as research subje
1,000 human autopsies
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 In 1943, the U.S. began its own research and developmen
the use of biological agents for offensive purposes.  Similar program
Canada, the United Kingdom (UK), and probably several other cou
work was started, interestingly enough, in response to a perceived G
threat as opposed to a Japanese one.  The U.S. research p
headquartered at Camp Detrick (now Fort Detrick), which was a sm
Guard airfield before that time, and produced agents and conducted
at other sites until 1969, when President Nixon stopped all offensi
and toxin weapon research and production by executive order.  Be
1971 and May 1972, all stockpiles of biological agents and munitio
now defunct U.S. program were destroyed in the presence 
representing the U.S. Department of Agriculture, the Departmen
Education, and Welfare, (now Health and Human Services), and th
Arkansas, Colorado, and Maryland.  Included among the destroyed a
Bacillus anthracis, botu

t program in 
s existed in 
ntries.  This 

erman BW 
rogram was 
all National 

 field testing 
ve biological 

tween May 
ns from the 
of monitors 
t of Health, 
e states of 
gents were 

linum toxin, Francisella tularensis, Coxiella burnetii, 
Venezuelan equine encephalitis virus, Brucella suis, and staphylococcal 
ente  1953 that 

tion on the 
cteriological 
ly called the 
added their 

for offensive 
an peaceful 
atory states 
gh 2006 to 
 biosecurity, 
se, disease 
 this historic 

ng nations, BW research continued to flourish in many countries 
host uspected or 

se were the 
ssassination 
x spores at 

uchea were 
attacked by planes and helicopters delivering colored aerosols.  After being 
expo ll percentage 

omprised of 
are grouped 
versy about 
t the clouds 

were nothing more than feces produced by swarms of bees. 
 
 In 1978, a Bulgarian exile named Georgi Markov was attacked in London 
with a device disguised as an umbrella, which injected a tiny pellet filled with ricin 
toxin into the subcutaneous tissue of his leg while he was waiting for a bus.  He 
died several days later.  On autopsy, the tiny pellet was found and determined to 
contain ricin toxin.  It was later revealed that the Bulgarian secret service carried 

rotoxin B.  The U.S. began a medical defensive program in
continues today at USAMRIID. 
 
 In 1972, the U.S., UK, and USSR signed the Conven
Prohibition of the Development, Production and Stockpiling of Ba
(Biological) and Toxin Weapons and on Their Destruction, common
Biological Weapons Convention.  Over 140 countries have since 
ratification.  This treaty prohibits the stockpiling of biological agents 
military purposes, and also forbids research on agents for other th
purposes.  To strengthen efforts to combat the BW threat, sign
agreed in November 2002 to have experts meet annually throu
discuss and promote common understanding and effective action on
national implementation measures, suspicious outbreaks of disea
surveillance, and codes of conduct for scientists. However, despite
agreement amo

ile to the U.S.  Moreover, there have been several cases of s
actual use of biological weapons.  Among the most notorious of the
“yellow rain” incidents in Southeast Asia, the use of ricin as an a
weapon in London in 1978, and the accidental release of anthra
Sverdlovsk in 1979. 
 
 Testimony from the late 1970s indicated that Laos and Kamp

sed, people and animals became disoriented and ill, and a sma
of those stricken died.  Some of these clouds were thought to be c
trichothecene toxins (in particular, T2 mycotoxin).  These attacks 
under the label “yellow rain.”  There has been a great deal of contro
whether these clouds were truly BW agents.  Some have argued tha
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out the assassination, and the technology to commit the crime was supplied by 
the former Soviet Union.  
 

terinburg) in 
ol release of 
: Compound 
h fever and 
y of Health 
d for years 
utbreak. All 
 release of 
intelligence 

oris Yeltsin, 
 to military 
 colleagues 

 of the Sverdlovsk incident.  They documented that 
all of the cases from 1979 occurred within a narrow zone extending 4 kilometers 
dow  at least 66 

f Iraq’s BW 
resentatives 
ission Team 

, 
oxins, and Clostridium perfringens (presumably one of its toxins).  

This any of the 
 redundant 

re destroyed 

 was made 
search and 
perfringens, 
ted with B. 
gical agents 
bombs, and 
th botulinum 
ein (SCUD) 
th aflatoxin.  
 In all, Iraq 
0 liters filled 
s filled into 

to munitions).  The 
extent of Iraq’s biological weapons program between 1998 when UNSCOM left 
Iraq and the U.S. coalition invasion in March 2003 remains unknown.  Current 
information indicates the discovery of a clandestine network of biological 
laboratories operated by the Iraqi Intelligence Service (Mukhabarat), a prison 
laboratory complex possibly used for human experimentation, an Iraqi scientist’s 
private culture collection with a strain of possible BW interest, and new research 
activities involving Brucella and Crimean-Congo hemorrhagic fever virus. 
 

 In April, 1979, an incident occurred in Sverdlovsk (now Yeka
the former Soviet Union which appeared to be an accidental aeros
Bacillus anthracis spores from a Soviet military microbiology facility
19.  Residents living downwind from this compound developed hig
had difficulty breathing; a large number died.  The Soviet Ministr
blamed the deaths on the consumption of contaminated meat, an
controversy raged in the press over the actual cause of the o
evidence available to the United States government indicated a
aerosolized B. anthracis spores.  In the summer of 1992, U.S. 
officials were proven correct when the new Russian President, B
acknowledged that the Sverdlovsk incident was in fact related
developments at the microbiology facility.  In 1994, Meselson and
published an in-depth analysis

nwind in a southerly direction from Compound 19.  There were
fatalities in the 77 patients identified.  
 
 In August, 1991, the U.N. carried out its first inspection o
capabilities in the aftermath of the Gulf War.  On August 2, 1991, rep
of the Iraqi government announced to leaders of U.N. Special Comm
7 that they had conducted research into the offensive use of B. anthracis
botulinum t

 open admission of biological weapons research verified m
concerns of the U.S. intelligence community.  Iraq had extensive and
research facilities at Salman Pak and other sites, many of which we
during the war. 
 
 In 1995, further information on Iraq’s offensive program
available to United Nations inspectors.  Iraq conducted re
development work on anthrax, botulinum toxins, Clostridium 
aflatoxins, wheat cover smut, and ricin.  Field trials were conduc
subtilis (a simulant for anthrax), botulinum toxin, and aflatoxin.  Biolo
were tested in various delivery systems, including rockets, aerial 
spray tanks.  In December 1990, the Iraqis filled 100 R400 bombs wi
toxin, 50 with anthrax, and 16 with aflatoxin.  In addition, 13 Al Huss
warheads were filled with botulinum toxin, 10 with anthrax, and 2 wi
These weapons were deployed in January 1991 to four locations. 
produced 19,000 liters of concentrated botulinum toxin (nearly 10,00
into munitions), 8,500 liters of concentrated anthrax (6,500 liter
munitions) and 2,200 liters of aflatoxin (1,580 liters filled in
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 The threat of BW has increased in the last two decades, wit
of countries working on the offensive use of these agents.  Th
program of the former Soviet Union is now primarily under the control of Russia.
Former Russian president Boris Yeltsin stated that he would put an e
offensive biological research; however, the degree to which the p
scaled back is not known.  Revelations from Ken Alibek, a senior B
manager who defected from Russia in 1992, outlined a remarkably
program, which included active research into genetic enginee
biologicals and chimeras, and capacity to produce industrial quantitie
There is also growing concern that the smallpox virus, stored 
laboratories a

h a number 
e extensive 

  
nd to further 
rogram was 
W program 
 robust BW 
ring, binary 
s of agents.  
in only two 

t the Centers for Disease Control and Prevention (CDC) in Atlanta 
and the Institute for Viral Precautions in Moscow, may be in other countries 

 proliferation 
the western 

patriate Russian scientists.  Iraq, 
Iran, and Syria have been identified as countries “aggressively seeking” nuclear, 

r, Libya has 

possibility of 
 or civilian 
hat could be 
n the Tokyo 
d potentially 
ainst civilian 
casions, the 
thrax (1995) 
essful.  The 

s in 
120 orist incident 

 Department 
rsonnel, and 
 in biological 

mail attacks 
 in the U.S..  Anthrax-

laden letters placed in the mail caused 23 cases of anthrax-related illness and 
five  On October 

ontamination 
ngton, D.C.  
2003. Ricin 

was also found in a South Carolina postal facility in October, 2003 and the 
Dirksen Senate Office Building in Washington, D.C. in February, 2004. 
 
 The National Strategy for Homeland Security and the Homeland Security 
Act of 2002 were developed in response to the terrorist attacks.  The Department 
of Homeland Security (DHS), with over 180,000 personnel, was established to 
provide the unifying foundation for a national network of organizations and 
institutions involved in efforts to secure the nation. Over $8 billion from the DHS 

around the globe. 
 
 There is intense concern in the west about the possibility of
or enhancement of offensive programs in countries hostile to 
democracies, due to the potential hiring of ex

biological, and chemical weapons.  Libya was also included; howeve
recently renounced further pursuit of offensive programs. 
 
 The 1990s saw a well-placed increasing concern over the 
the terrorist use of biological agents to threaten either military
populations.  Extremist groups have tried to obtain microorganisms t
used as biological weapons.  The 1995 sarin nerve agent attack i
subway system raised awareness that terrorist organizations coul
acquire or develop weapons of mass destruction (WMD) for use ag
populations.  Subsequent investigations revealed that, on several oc
organization had released botulinum toxin (1993 and 1995) and an
from trucks and rooftops.  Fortunately, these efforts were unsucc
Department of Defense initially led a federal effort to train the first responder

American cities to be prepared to act in case of a domestic terr
involving WMD.  This program was subsequently handed over to the
of Justice in 2000.  First responders, public health and medical pe
law enforcement agencies have dealt with the exponential increase
weapons hoaxes around the country over the past several years. 
 
 The events of September 11, 2001, and subsequent anthrax 
brought immediacy to planning for the terrorist use of WMD

deaths, mostly among postal workers and those handling mail. 
17, 2001, U.S. lawmakers were directly affected by anthrax c
leading to closure of the Hart Senate Office Building in Washi
Terrorist plots to use ricin were uncovered in England in January, 
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has been awarded since March, 2003 to help first responders and sta
governments to prevent, respond to and recover from potential acts
and other disasters. The Office for Domestic Preparedness (ODP) is
component of the DHS responsible for preparing the U.S. for acts of
providing training, funds for the purchase of equipment, support for 
and execution of exercises, technical assistance and other suppo
states 

te and local 
 of terrorism 
 the principal 
 terrorism by 
the planning 
rt to assist 

and local jurisdictions to prevent, plan for, and respond to acts of 
terro

ct of 2002 
sments; all 
ould pose a 
 Health and 

 steps were 
. Smallpox 
n program, 

id to the States.  Prior to the March 
2003 invasion of Iraq, state and local health departments and hospitals 

s and have 

ilitary forces 
due to the 

 widespread knowledge of production 
methodologies, and potential dissemination devices.  Therefore, awareness of 
and preparedness for this threat will require the education of our government 
officials, health-care providers, public health officials, and law enforcement 
personnel and is vital to our national security. 
 

rism. 
 
 The Public Health Security and Bioterrorism Response A
requires drinking water facilities to conduct vulnerability asses
universities and laboratories that work with biological material that c
public-health threat have to be registered with the U.S. Department of
Human Services or the U.S. Department of Agriculture; and new
imposed to limit access to various biological threat agents
preparedness was implemented, including a civilian vaccinatio
vaccine injury compensation program, and a

nationwide conducted smallpox immunizations of healthcare worker
since prepared statewide bioterrorism response plans. 
 
 The threat of the use of biological weapons against U.S. m
and civilians is more acute than at any time in U.S. history, 
widespread availability of agents,
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DISTINGUISHING BETWEEN NATURAL AND 
INTENTIONAL DISEASE OUTBREAKS 

 
 

s regarding 
apon attack, 
s biological 

t attack, the 
r of patients 
with clinical 
y exists that 
er medical 
e more than 
m a number 

use animals may be sentinels of disease in 
humans and many of the high-threat BW agents discussed in this book are 

n event in 

ak, whether 
ntifying the 
terventions.  
 signs and 

symptoms of disease, along with rapid laboratory identification of the causative 
age edical and 

 guide the 
ssist in risk 

resent with 
ognize as a 

idemic may be important in differentiating 
between a natural and a terrorist or warfare attack.  Epidemiologic clues that may 
ind l guide, it is 

ne or more 
 However, if 
cion for an 

spected, the 
uct of the 
ional or not, 

there are some important differences.  Because the use of a biological weapon is 
a criminal act, it will be very important for the evidence gathered to be able to 
stand up to scrutiny in court.  Therefore, samples must be handled through a 
chain of custody and there must be good communication and information sharing 
between public health and law-enforcement authorities.  In addition, because the 
attack is intentional, one must be prepared for the unexpected – there is the 
possibility of multiple outbreaks at different locations as well as the use of 

Determining who is at risk and making appropriate decision
prophylaxis as well as other response measures after a biological we
whether in a civilian setting as bioterrorism or on the battlefield a
warfare (BW), will require the tools of epidemiology.  With a cover
most likely first indicator of an event will be an increased numbe
presenting to individual care providers or emergency departments 
features caused by the disseminated disease agent.  The possibilit
the recognizing authority for something unusual may be oth
professionals, such as pharmacists or laboratorians, who may receiv
the usual numbers of prescriptions or requests for laboratory tests fro
of different care providers.  Beca

zoonoses, it is also possible that veterinarians might recognize a
animals before it is recognized in humans. 

 
A sound epidemiologic investigation of a disease outbre

natural or human-engineered, will assist medical personnel in ide
pathogen and lead to the institution of appropriate medical in
Identifying the affected population, possible routes of exposure,

nts, will greatly increase the ability to institute an appropriate m
public health response.  Good epidemiologic information can
appropriate follow-up of those potentially exposed, as well as a
communication and responses to the media. 

 
Many diseases caused by weaponized biological agents p

nonspecific clinical features that may be difficult to diagnose and rec
biological attack.  Features of the ep

icate an intentional attack are listed in Table 1.  While a helpfu
important to remember that naturally occurring epidemics may have o
of these characteristics and a biological attack may have none. 
many of the listed clues are recognized, one’s index of suspi
intentionally spread outbreak should increase. 

 
Once a biological attack or any outbreak of disease is su

epidemiologic investigation should begin.  Although, the cond
investigation will not differ significantly whether the outbreak is intent
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multiple different agents, including mixed chemical and biological agents or 
multiple biological agents depending upon the intentions of the perpetrator. 

utbreak has 
r rate of an 
ful to have 

being seen 
housands of 
e summer, it 
ery unusual 
d should be 
can be used 
d the attack 
ded by the 
e separated 
k.  The use 

ase definition is critical to determining an accurate 
case number, as additional cases may be found and some cases may be 

 complaints 

e described 
formation in 
ic curve is 

ak, which is 
 exposed to 
he epidemic 
 In addition, 

seen with a natural outbreak if 
individuals are exposed to higher inoculums of the agent than would occur in the 

hases of the 
m person to 

 extremely 
ant for determining effective disease control measures. 
 

atment, and 
eeded for a 
ther control 
r spread of 

surveillance 
omes that could 

indicate the early manifestations of a BW attack.  The system must be timely, 
sensitive, specific, and practical.  To recognize any unusual changes in disease 
occurrence, surveillance of background disease activity should be ongoing, and 
any variation should be followed up promptly with a directed examination of the 
facts regarding the change.  In the past several years, many public health 
authorities around the country have initiated such syndrome-based surveillance 
systems in an attempt to achieve near real-time detection of unusual events. 

 

 
The first step in the investigation is to confirm that a disease o

occurred.  Because an outbreak generally means there is a highe
illness than is normally seen in a specific population, then it is help
background surveillance data to determine whether what is 
constitutes a deviation from the norm.  For example, in mid-winter, t
cases of influenza may not be considered an outbreak, whereas in th
might be highly unusual.  In addition, even a single case of a v
illness, such as inhalation anthrax, might constitute an outbreak an
viewed with suspicion.  The clinical features seen in the initial cases 
to construct a case definition to determine the number of cases an
rate [the population that is ill or meets the case definition divi
population at risk].  The case definition allows investigators who ar
geographically to use the same criteria when evaluating the outbrea
of objective criteria in the c

excluded, especially as the potential exists for hysteria and subjective
to be confused with actual disease. 
 

Once the attack rate has been determined, the outbreak can b
by time, place, and person.  These data will provide crucial in
determining the potential source of the outbreak.  The epidem
calculated based upon cases over time.  In a point-source outbre
most likely in a biological attack or terrorism situation, individuals are
the disease agent in a fairly short time frame.  The early parts of t
curve may be compressed compared to a natural disease outbreak. 
the incubation period could be shorter than what is 

natural setting.  The peak may occur in days or even hours.  Later p
curve may also help determine if the disease is able to spread fro
person.  Determining whether the disease is contagious will be
import

Once the disease is recognized, appropriate prophylaxis, tre
other measures to decrease disease spread, such as isolation (if n
contagious illness) would be instituted.  The ultimate test of whe
measures are effective is whether they reduce ongoing illness o
disease. 
 

Before any event, public health authorities must implement 
systems so they can recognize patterns of nonspecific syndr
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In summary, it is important to understand that the recogn
preparation for a biological attack will be similar to that for any infect
outbreak, but the surveillance, response, and other demands on re
likely be of an unparalleled intensity.  Public anxiety will be grea
intentionally caused event; therefore, a sound risk-communicatio
involves public health authorities will be vital to an effective response
the fears of the public.  A strong public-health infrastructure with a
epidemiologic investigating capability, practical training programs, and 

ition of and 
ious disease 
sources will 
ter after an 
n plan that 
 and to allay 

n effective 

preparedness plans are essential to prevent and control disease outbreaks, 
whether they are naturally occurring or intentional.  

r syndrome, 
pulation 

ted for a specific pathogen or failure 

nal route for 
s that normally occur through other exposures 

n season 
ot present in the local area 

pidemics of different diseases in the same 

ational anthrax, pneumonic plague) 

ce patterns 
 those known to be circulating 

 distinct sources at 

 as inside a 
doors, or lower rates in those inside a sealed building if 

released outside 
•  Disease outbreaks of the same illness occurring in noncontiguous areas 
•  A disease outbreak with zoonotic impact 
• Intelligence of a potential attack, claims by a terrorist or aggressor of a release, 
and discovery of munitions, tampering, or other potential vehicle of spread (spray 
device, contaminated letter) 

 
 
Table 1.  Epidemiologic Clues of a BW or Terrorist Attack 
 

• The presence of a large epidemic with a similar disease o
especially in a discrete po
•  Many cases of unexplained diseases or deaths 
•  More severe disease than is usually expec
to respond to standard therapy 
•  Unusual routes of exposure for a pathogen, such as the inhalatio
disease
•  A disease that is unusual for a given geographic area or transmissio
•  Disease normally transmitted by a vector that is n
•  Multiple simultaneous or serial e
population 
• A single case of disease by an uncommon agent (smallpox, some viral 
hemorrhagic fevers, inhal
•  A disease that is unusual for an age group 
• Unusual strains or variants of organisms or antimicrobial resistan
different from
• A similar or exact genetic type among agents isolated from
different times and or locations 
• Higher attack rates among those exposed in certain areas, such
building if released in
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TEN STEPS IN THE MANAGEM
BIOLOGICAL CASUALTIES O

ENT OF 
N THE 

BATTLEFIELD 
 
 

certain key 
ences of a 
 battlefield.  
rorist attack 
thogenesis, 
t options for 
g such an 

he agent is 
 

ger problem 
ome cases, 

her such an 
sualties are 

al agent, or 
tbreak or an 
p process to 
utbreaks of 

 etiology.  We feel that such an algorithmic approach (as 
exe onsored by 

hen dealing 
s expected 

hemical or 
k might be 

 geographic 
very of the 
gical agents 

ubation periods.  These incubation periods, typically days to 
even weeks long, permit the wide dispersion of victims (in both time and space).  

ttack would 
rsonnel), but 

and public 
hy ‘index of 

, very early 
treatment is mandatory if patients are to be successfully treated.  Anthrax, 
botulism, plague, and smallpox are readily prevented if patients are provided 
proper antibiotics, antisera, and/or vaccination promptly after exposure.  
Conversely, all of these diseases may prove fatal if therapy or prophylaxis is 
delayed until classic symptoms develop.  Unfortunately, symptoms in the early, 
or prodromal, phase of illness are non-specific, making diagnosis difficult.  
Moreover, many potential BW diseases, such as brucellosis, Q-fever, and 
Venezuelan equine encephalitis (VEE), may present simply as undifferentiated 

Military medical personnel will require a firm understanding of 
elements of biological defense to manage effectively the consequ
biological attack amidst the confusion expected on the modern
Civilian providers who might be called upon to respond to a ter
require a similar understanding.  Familiarity with the behavior, pa
modes of transmission, diagnostic modalities, and available treatmen
each of the potential agents thus becomes imperative.  Acquirin
understanding is relatively straightforward once the identity of t
known; many references (FM 8-9, FM 8-33, FM 8-284), including this handbook,
exist to assist medical personnel in agent-based therapy.  A lar
presents itself when the identity of a causative agent is unknown. In s
an attack may be threatened, but it may remain unclear as to whet
attack has actually occurred.  Similarly, it may be unclear whether ca
due to the intentional release of a biological agent or a chemic
whether they are due to a naturally occurring infectious disease ou
accidental toxic industrial exposure.  We recommend here a ten-ste
guide medical personnel in the evaluation and management of o
unk own origin andn

mplified by the Advanced Trauma Life Support Course (ATLS) sp
the American College of Surgeons) is desirable and will be helpful w
with the unknown, especially under the austere conditions and chao
on the modern battlefield. 

 
I. Maintain an index of suspicion.  In the case of c

conventional warfare and terrorism, the sinister nature of an attac
obvious.  Victims would likely succumb in close temporal and
proximity to a dispersal or explosive device.  Complicating disco
sinister nature of a biological attack, however, is the fact that biolo
possess inherent inc

Moreover, they make it likely that the ‘first responder’ to a biological a
not be the traditional first responder (fire, police, and paramedical pe
rather medics, primary care physicians, emergency room personnel, 
health officials.  In such circumstances, the maintenance of a healt
suspicion’ is imperative.   

 
Additionally, with many of the biological warfare (BW) diseases
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febrile illnesses.  Without a high index of suspicion, it is unlikely t
personnel, especially at lower echelons of care, removed from s
laboratory and preventive medicine

hat medical 
ophisticated 

 resources, will promptly arrive at a proper 
diagnosis and institute appropriate therapy.  

 a potential 
These steps 
ic forms of 

 a protective 
M-40 series 

W threats. 
d adequate 

ical threats.  
st-exposure 
ent-specific 

in this book.  Immunologic protection principally involves active 
vaccination and, in the present climate, applies mainly to protection against 
ant e discussed 

nalogous to 
y should be 
 attention is 
cted before 
e need for 

ng chemical 
.  Historical 

gathered, and 
might include information about illnesses among other unit members, the 
pre ces, vector 

and MOPP 
lmonary and 

r findings. 

ays a very 
e incubation 
a BW attack 
the need for 

 rare cases where 
decontamination is warranted, simple soap and water bathing will usually suffice. 
Ce ypochlorite), 

be effective 
kills anthrax 
substances, 

especially on human skin, however, is rarely warranted after a biological attack. 
More information on decontamination is included elsewhere in this text. 

 
V. Establish a diagnosis.  With decontamination (where warranted) 

accomplished, a more thorough attempt to establish a diagnosis can be carried 
out.  This attempt, somewhat analogous to the secondary survey used in the 
ATLS approach, should involve a combination of clinical, epidemiological, and 
laboratory examinations.  The amount of expertise and support available to the 

 
II. Protect yourself.  Before medical personnel approach

biological casualty, they must first take steps to protect themselves.  
may involve a combination of physical, chemical, and immunolog
protection.  On the battlefield, physical protection typically consists of
mask. Designed primarily with chemical vapor hazards in mind, the 
mask certainly provides adequate protection against all aerosolized B
In fact, a HEPA-filter (or even a simple surgical) mask will often affor
protection against biological agents, although not against chem
Chemical protection refers, in general, to the pre- and/or po
administration of antibiotics; such strategies are discussed on an ag
basis elsewhere 

hrax and smallpox.  Again, specific vaccination strategies ar
throughout this book. 

 
III. Assess the patient.  This initial assessment is somewhat a

the primary survey of ATLS management. As such, airway adequac
assessed and breathing and circulation problems addressed before
given to specific management.  The initial assessment is condu
decontamination is accomplished and should thus be brief, but th
decontamination and for the administration of antidotes for rapid-acti
agents (nerve agents and cyanide) should be determined at this time
information of potential interest to the clinician should also be 

sence of unusual munitions, food and water procurement sour
exposure, vaccination history, travel history, occupational duties, 
status. Physical exam at this point should concentrate on the pu
neuromuscular systems, as well as unusual dermatologic and vascula

 
IV. Decontaminate as appropriate.  Decontamination pl

important role in the approach to chemical casualty management. Th
period of biological agents, however, makes it unlikely that victims of 
will present for medical care until days after an attack. At this point, 
decontamination is minimal or non-existent. In those

rtainly, standard military decontamination solutions (such as h
typically employed in cases of chemical agent contamination, will 
against all biological agents. In fact, even 0.1% bleach reliably 
spores, the hardiest of biological agents. Routine use of caustic 
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clinician will vary at each echelon of care.  At higher echelons, a f
laboratory capabilities might enable prompt definitive diagnoses.
echelons, every attempt should be made to obtain diagnostic spec
representative patients and forward these through laboratory chan
swabs (important for culture and polymerase chain reaction (PCR)
clinician is unsure which organisms are present), blood cultures, ser
cult res, blood and uri

ull range of 
  At lower 
imens from 

nels.  Nasal 
, even if the 
um, sputum 

ne for toxin analysis, throat swabs, and environmental 
 should be obtained.  

u
samples

 
Respiratory 
Rapid-Ons
          Nerv
          Cyanid
          Mustard 

          SEB

Casualties 
Delayed-Onset 
          Inhalational Anthrax 

umonic Plague 
monic Tularemia 

   Q Fever 
halation 
nhalation 

  Mustard 

e 

          Pne
          Pneu
       
          SEB In
         Ricin I 
        
          Lewisite 
          Phosgen

et 
e Agents 

e 

          Lewisite 
          Phosgene 

 Inhalation 

Neurological Casualtie
Rapid-Onset 
    

s

      Nerve Agents 
          Cyanide 

          Botulism-Peripheral Sym
          VEE-CNS symptoms 

Table 1. Diagnostic Matrix: Chemical & Biological Casualties  
 

While awaiting laboratory confirmation, a physician must
clinically diagnose the infection.  Access  at higher echelons t
disease, preventive medicine, and other specialists, can assist in t
At lower echelons, the clinician should, at the very least, be fami
concept of syndromic diagnosis.  Chemical and BW diseases can b
divided into those that present “immediately” with little or no incubat
latent periods (principally the chemical agents) and those with a c
delay in presentation (principally the biological agents).  Moreover, B
are likely to present as one of a limited number of clinical syndrom
tularemia, and staphylococcal enterotoxin (SEB) disease all m

 
Delayed-Onset 

ptoms 

 attempt to 
o infectious 
his process.  
liar with the 
e generally 
ion or have 
onsiderable 
W diseases 
es. Plague, 

ay present as 
pneumonia.  Botulism and VEE may present with peripheral and central 
neu of a simple 

 however, is 
ellosis) may 
er diseases 
odromes. 

isely in the 
ffective.  For 
e illness on 

the battlefield might be indicated under certain circumstances.  Table 2 was 
constructed by eliminating from consideration those diseases for which definitive 
therapy is not warranted, not available, or not critical.  Empiric treatment of 
respiratory casualties (patients with undifferentiated febrile illnesses who might 
have prodromal anthrax, plague, or tularemia would all be managed similarly) 
might then be entertained.  Doxycycline, for example, is effective against most 
strains of Bacillus anthracis, Yersinia pestis, and Francisella tularensis, as well 
as against Coxiella burnetii, and the Brucellae. Other tetracyclines and 

romuscular findings, respectively.  This allows the construction 
diagnostic matrix as shown in Table 1.  Even syndromic diagnosis,
complicated by the fact that many BW diseases (VEE, Q-fever, bruc
present simply as undifferentiated febrile illnesses.  Moreover, oth
(anthrax, plague, tularemia, smallpox) have undifferentiated febrile pr

 
VI. Render prompt treatment.  Unfortunately, it is prec

prodromal phase of many diseases that therapy is most likely to be e
this reason, empiric therapy of pneumonia or undifferentiated febril

 12



fluoroquinolones might also be considered.  Keep in mind that such t
no way, a substitute for a c

herapy is, in 
areful and thorough diagnostic evaluation, when 

conditions permit such an evaluation. 

y
 

Respirator
Rapid-Ons

Casualties 
eDelayed-Ons

          Inhalation
  

Neurological Casu

 
et 

          Cyanide 
t 

al Anthrax 
        Pneumonic Plague 

          Pneumonic Tularemia 

Rapid-Onset 
alties 

          Nerve Agents Delayed-Onset 
          Botulism 

Table 2. CW & BW Diseases Potentially Requiring Prompt Empiric The
 

VII. Practice good infection control.  Standard precauti
adequate protection against most infectious diseases, including thos
employed in a biological attack.  Anthrax, tularemia, brucellosis, 
fever, VEE, and the toxin-mediated diseases are not generally con
victims can be safely managed using standard precautions.  Such 
should be familiar to all clinicians.  Under certain circumstances, how
three forms of transmission-based precautions would be warranted
victims sh

rapy  

ons provide 
e potentially 

glanders, Q-
tagious, and 
precautions 
ever, one of 
.  Smallpox 

ould, wherever possible, be managed using ‘airborne precautions’ 
(including, ideally, a HEPA-filter mask).  Pneumonic plague warrants the use of 
‘dro earing of a 

ire ‘contact 

e command 
exposed to chemical or 

biological agents.  The clinical laboratory should also be notified.  This will enable 
lab cimens and 

mical Corps 
ssist in the 

ade through 
r cities often 
y represents 

the lowest echelon health jurisdiction.  In some rural areas, practitioners would 
access the state health department directly.  Once alerted, local and regional 
health authorities are normally well-versed on the mechanisms for requesting 
additional support from health officials at higher jurisdictions.  Each practitioner 
should have a point of contact with such agencies and should be familiar with 
mechanisms for contacting them before a crisis arises.  A list of useful points of 
contact is provided in Table 3. 

plet precautions’ (which include, among other measures, the w
simple surgical mask), and certain viral hemorrhagic fevers requ
precautions.’ 

 
VIII. Alert the proper authorities.  In any military context, th

should immediately be notified of casualties potentially 

oratory personnel to take proper precautions when handling spe
will also permit the optimal use of various diagnostic modalities.  Che
and preventive medicine personnel should be contacted to a
delineation of contaminated areas and the search for further victims. 

 
In a civilian context, such notification would typically be m

local and/or regional health department channels.  In the U.S., large
have their own health departments.  In most other areas, the count
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Local Law Enforcement Authorities * 

lth Department * 

 770-488-7100 
  404-639-0385 
ww.bt.cdc.gov 

ate Health Dept 
02-324-3000 
01/mail3.pdf 

amriid.army.mil 
pgea.army.mil 
.nbc-med.org 
iodefense.org 

ca:                                 http://www.idsociety.org/bt/toc.htm 

Local or County Hea
State Health Department * 
CDC Emergency Response Hotline:                                                                      
CDC Bioterrorism Preparedness & Response Program:                                       

wCDC Emergency Preparedness Resources:                                               http://
Strategic National Stockpile:                                                    Access through St
FBI (general point of contact):                                                                                 2
FBI (suspicious package info):                           http://www.fbi.gov/pressrel/pressrel
USAMRIID General Information:                                                      http://www.us
USAMRICD Training Materials:                                                             http://ccc.a
U.S. Army Medical NBC Defense Information:                                        http://www
Johns Hopkins Center for Civilian Biodefense:                       http://www.hopkins-b
Infectious Diseases Society of Ameri

Table 3. Points of Contact and Training Resources.  *Clinicians and Response 
Pla ific local and 

anage the 
ave a basic 
onditions, a 
and in the 
least, query 
it members, 
osures; and 
ght, in turn, 
rbidity and 

epidemiologic investigations and should be contacted as soon as one suspects 
the e medicine 

vironmental 
 clinician in 

asures and 
repared to 

d exposure. 
nxiety in the 
ing medical 

d many may 
anxiety and 

e side effects of postexposure antibiotic 
prophylaxis may suggest prodromal disease due to biological-agent exposure, 
and gion’ is best 

government 
authorities.  Such communication should include a realistic assessment of the 
risk of exposure, information about the resulting disease, and what to do and who 
to contact for suspected exposure.  Risk communication must be timely, 
accurate, consistent, and well coordinated.  

 
Effective risk communication is predicated upon the pre-existence of 

thorough risk communication plans and tactical approaches.  Similarly, plans 
must be made to rapidly deploy resources for the initial evaluation and 

nners are encouraged to post this list in an accessible location.  Spec
state points of contact should be included. 

 
IX. Assist in the epidemiologic investigation and m

psychological consequences.  All health-care providers must h
understanding of epidemiological principles.  Even under austere c
rudimentary epidemiologic investigation may assist in diagnosis 
discovery of additional BW victims.  Clinicians should, at the very 
patients about illness onset and symptoms, potential exposures, ill un
food/water sources, unusual munitions or spray devices, vector exp
develop a line listing of potential cases.  Such early discovery mi
permit post-exposure prophylaxis, thereby avoiding excess mo
mortality.  Public health officials would normally conduct more elaborate 

 possibility of a biological attack.  In a military setting, preventiv
officers, field sanitation personnel, epidemiology technicians, en
science officers, and veterinary officers are all available to assist the
conducting an epidemiologic investigation. 

 
In addition to implementing specific medical counterme

initiating an epidemiologic investigation, the clinician must be p
address the psychological effects of a known, suspected, or feare
Such an exposure (or threat of exposure) can provoke fear and a
population, and may result in overwhelming numbers of patients seek
evaluation.  Many of these will likely have unexplained symptoms an
demand antidotes and other therapies.  Moreover, symptoms due to 
autonomic arousal, as well as th

 pose challenges in differential diagnosis.  This ‘behavioral conta
prevented by good, proactive, risk communication from health and 
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administration of postexposure prophylaxis (ideally decentralized to unit level on 
the battlefield or to residential areas in a civilian context).  Finally, pl
made to proactively develop patient and contact tracing and vaccin
tools, to access stockpiled vaccines and medications, an

ans must be 
e screening 

d to identify and prepare 
local facilities and healthcare teams for the care of mass casualties. 

y, the threat 
l. Inability to 

d 
dealing with 
e, in part, by 
e Surgeon 

il) web sites 
 handbook.  
 as well as 
g in medical 
anual (Army 
s.  Multiple 

ine.  Finally, 
ained to deal with it, must 

ensure that other personnel in their units receive training as well.  It is only 
through ongoing training that personnel will be ready to deal with the threat 
posed by biological weapons.  By familiarizing yourself with the contents of this 
handbook, you have taken a large step towards such readiness. 

 
X. Maintain Proficiency and Spread the Word.  Fortunatel

of BW has remained a theoretical one for most medical personne
practice casualty management, however, can lead to a rapid loss of skills an
knowledge.  It is imperative that the medic maintains proficiency in 
this low-probability, but high-consequence problem.  This can be don
availing oneself of several resources.  The OTSG (Office of th
General) (www.nbc-med.org) and USAMRIID (www.usamriid.army.m
provide a wealth of information, including the full text of this
Numerous satellite television broadcast sponsored by USAMRIID,
other video course resources, provide in-depth discussion and trainin
biodefense.  CD-ROM training aids are also available, and a field m
FM 8-284) summarizes BW disease management recommendation
web sites provide a wealth of training materials and information on-l
medical personnel, once aware of the threat and tr
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BACTERIAL AGENTS 
 
 

nd size from 
 to long rod-
f bacilli may 
 by the rigid 
, cytoplasm, 
ium.  Many 
 in bacterial 
some types 
cell is more 

radiation than the vegetative 
bact e the seeds 

am-negative 
cillary organisms of the genera Rickettsia and Coxiella.  Rickettsiae are 

uniq xceptions) in 
atment with 

als by one of 
ns (toxins).  
ey produce 

o distinguish 
ism and the name of the disease it causes (in 

parentheses below).  This manual covers several of the bacteria or rickettsiae 
considered to be potential BW threat agents:  Bacillus anthracis (anthrax), 
Brucella spp. (brucellosis), Burkholderia mallei (glanders), Burholderia 
pseudomallei (melioidosis), Yersinia pestis (plague), Francisella tularensis 
(tularemia), and Coxiella burnetii (Q fever). 
 

 Bacteria are unicellular organisms.  They vary in shape a
spherical cells - cocci - with a diameter of 0.5-1.0 µm (micrometer),
shaped organisms - bacilli - which may be from 1-5 µm.  Chains o
exceed 50 µm in length. The shape of the bacterial cell is determined
cell wall.  The interior of the cell contains the nuclear material (DNA)
and cell membrane, that are necessary for the life of the bacter
bacteria also have glycoproteins on their outer surfaces which aid
attachment to cell-surface receptors.  Under special circumstances, 
of bacteria can transform into spores.  The spore of the bacterial 
resistant to cold, heat, drying, chemicals, and 

erium itself.  Spores are a dormant form of the bacterium and, lik
of plants, they can germinate when conditions are favorable. 
 
 The term rickettsia generally applies to very small, gr
coccoba

ue from classical bacteria in their inability to grow (with rare e
the absence of a living host cell, but many are susceptible to tre
antibiotics. 
 
 Bacteria generally cause disease in human beings and anim
two mechanisms: by invading host tissues, and by producing poiso
Many pathogenic bacteria utilize both mechanisms.  The diseases th
often respond to specific therapy with antibiotics.  It is important t
between the disease-causing organ
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ANTHRAX 
 

SUMMARY 

n period is 
er, malaise, 

t progresses to severe respiratory 
distress with dyspnea, diaphoresis, stridor, cyanosis, and shock.  Death typically 

astinum and 
ons may be seen on CXR or CT scan in later stages of illness.  The 

re late in the 

ness may be limited after symptoms are present, 
high dose intravenous antibiotic treatment with ciprofloxacin or doxycycline 

. Intensive 

Prophylaxis: Oral ciprofloxacin or doxycycline for known or imminent exposure. 
is 0.5 ml 
ary series), 

  
Isolation and Decontamination: Standard precautions for healthcare workers.  
Avoid invasive procedures or autopsy; but if performed, all instruments and 
proximate environment should be thoroughly disinfected with a sporicidal agent 
(e.g., hypochlorite). 
 

 
Signs and Symptoms of Inhalational Anthrax (IA):  Incubatio
generally 1-6 days, although longer periods have been noted.  Fev
fatigue, dry cough, and mild chest discomfor

occurs within 24-36 hr after onset of severe symptoms. 
 
Diagnosis:  Physical findings are non-specific.  A widened medi
pleural effusi
organism is detectable by Gram stain of the blood and by blood cultu
course of illness. 
 
Treatment:  Although effective

combined with one or two additional antibiotics should be considered
supportive therapy may be necessary. 
 

An FDA-licensed vaccine is available.  Vaccine schedule 
subcutaneously at 0, 2, 4 weeks, then 6, 12, and 18 months (prim
followed by annual boosters. 
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OVERVIEW 
 

am-positive, 
lly occurring 
heep, goats, 
her animals 
en handling 
animals and 
ced through 
insufficiently 
r intentional 
mination of 

spores.  All human populations are susceptible.  The spores are very stable and 
may remain viable for many years in soil and water.  They resist sunlight for 

 

 and 1960s 
es, including 
uspected of 
e U.S. mail, 
e.  Anthrax 
.  Moreover, 

 - properties 
.  This agent 

either a wet or dried form, stabilized for weaponization by an 
adversary, and delivered as an aerosol cloud either from a line source such as 

ind of friendly positions, or as a point source from a spray 
device.  Coverage of a large ground area could also be theoretically facilitated by 
mult determined 

ndromes in 

rred to as  
f disease. It 

occurs most frequently on the hands and forearms of persons working with 
infected livestock or livestock products, but during epizootics it has been 
transmitted to humans by the bites of flies, and more recently occurred in as 
many as 11 people exposed to anthrax spores in the U.S. mail.  After a 1 to 12 
day (mean 7 days) incubation period, a painless or pruritic papule forms at the 
site of exposure, enlarging into a round ulcer by the next day. Vesicles or bullae 
containing clear or serosanguinous fluid and bacilli may form on the edge of the 
ulcer, which can be surrounded by various degrees of non-pitting edema.  The 

 Bacillus anthracis, the causative agent of anthrax, is a gr
sporulating rod.  The spores are the usual infective form.  Natura
anthrax is primarily a zoonotic disease of herbivores, with cattle, s
and horses serving as the usual domesticated animal hosts, but ot
may be infected.  Humans generally contract the disease wh
contaminated hair, wool, hides, flesh, blood, and excreta of infected 
from manufactured products such as bone meal.  Infection is introdu
scratches or abrasions of the skin, wounds, inhaling spores, eating 
cooked infected meat, or by fly bites.  The primary concern fo
infection by this organism is through inhalation after aerosol disse

varying periods.   

HISTORY AND SIGNIFICANCE 
 
 Anthrax spores were weaponized by the U.S. in the 1950s
before the old U.S. offensive program was terminated.  Other countri
the Soviet Union and Iraq, have weaponized this agent or were s
doing so.  In the fall of 2001, anthrax spores were delivered in th
resulting in 22 cases of confirmed or suspected anthrax diseas
bacteria are easy to cultivate and spore production is readily induced
the spores are highly resistant to sunlight, heat, and disinfectants
which create concerns for environmental persistence after an attack
can be produced in 

an aircraft flying upw

iple spray bomblets disseminated from a missile warhead at a pre
height above the ground. 
 

CLINICAL FEATURES 
 
 Anthrax presents as three somewhat distinct clinical sy
humans:  cutaneous, gastrointestinal, and inhalational disease.   
  
 Cutaneous anthrax.  The cutaneous form (also refe
“malignant pustule”) is the most common naturally occurring form o
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ulcer subsequently dries and forms a coal-black scab (eschar), wh
over the ensuing 1 to 2 weeks.  Regional lymphadenopathy with
systemic symptoms can occur.  If untreated, this local infection may
into a fatal s

ich falls off 
 associated 

 disseminate 
ystemic infection in 10-20 percent of cases.  Treated, mortality is less 
nt. 

 
ontracted by 
s thought to 
 contrast to 
stinal, have 
 is heralded 
lcers which 
ften over a 

d symptoms 
severe neck 

nd disease 
  Intestinal 
ain.  These 

r melena, massive 
sero ty is greater 

stroenteritis 
ed. 

, known as 
 by inhaling 
ainly among 
the rarity of 
s a result of 
ation period 
 of inhaled 

, headache, 
ociation with 
 discomfort.  
e disease.  

xams, often 
al widening 

 scan. These 
rt period of 

elopment of 
resis, stridor, and cyanosis.  

Septicemia, shock, and death usually follow within 24-36 hr after the onset of 
 Historically, 

orrhagic meningitis in up to 50 percent of cases 
and GI hemorrhage in 80 percent of cases. For the attacks of 2001, mortality was 
only 45 percent, while before this time mortality rates for IA were > 85 percent.  
This improvement in outcomes is likely a reflection of advancements in intensive 
care medicine and the aggressive treatment of recent victims. 
 
*During an outbreak of IA in the Soviet Union in 1979, persons are reported to have become ill up 
to 6 weeks after an aerosol release occurred.  Studies performed in nonhuman primates confirm 
incubation periods which can be up to 100 days. 
 

than 1 perce
 

 Gastrointestinal (GI) anthrax is rare in humans, and is c
eating insufficiently cooked meat from infected animals.  Infection i
occur as a result of the ingestion of viable vegetative organisms in
spores.  The two forms of GI anthrax, oropharyngeal and inte
incubation periods of 1-6 days.  Disease in oropharyngeal anthrax
by the onset of fever and severe pharyngitis, followed by oral u
progress from whitish patches to tan or gray pseudomembranes (o
palatine tonsil and unilateral, but variable in location).  Other signs an
include dysphagia, regional lymphadenopathy (non-purulent), and 
swelling (often unilateral). Edema can lead to airway compromise, a
can progress to sepsis, with case mortality rates of 10 to 50%. 
anthrax begins with fever, nausea, vomiting, and focal abdominal p

can progress to hematemesis, hematochezia osymptoms 
sanguinous or hemorrhagic ascites, and sepsis.  Overall mortali

than 50 percent.  Some evidence exists for a mild, self-limited ga
syndrome associated with intestinal anthrax, but this is poorly describ
  
 Inhalational (IA) anthrax. Endemic inhalational anthrax
Woolsorters’ disease, is also an extremely rare infection contracted
the spores.  It has historically occurred in an industrial setting, m
workers who handle infected hides, wool, and furs. Because of 
human IA, a single case of this disease should be presumed to be a
intentional exposure to anthrax until proved otherwise.  After an incub
of 1 to 6 days*, presumably dependent upon the dose and strain
organisms, a non-specific febrile syndrome begins.  Fever, malaise
fatigue, and drenching sweats are often present, sometimes in ass
nausea, vomiting, confusion, a nonproductive cough, and mild chest
Physical findings are typically non-specific in the early phase of th
Patients are often tachycardic, and despite normal lung physical e
have (albeit sometimes subtle at this stage) evidence of mediastin
(hemorrhagic mediastinitis) or pleural effusions on chest X-ray or CT
initial symptoms generally last 2-5 days and can be followed by a sho
improvement (hours to 2-3 days), culminating in the abrupt dev
severe respiratory distress with dyspnea, diapho

respiratory distress unless dramatic life-saving efforts are initiated. 
IA has been complicated by hem
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DIAGNOSIS 

rax disease are diagnosed using a combination of clinical and 
dings.   

 
 presence of 

 
All forms of anth
laboratory fin

 
 Cutaneous anthrax.  The key to diagnosis centers upon the
the characteristic painless skin lesion which progresses to a vesicle
eschar, with surrounding edema. While arachnid bites or cutaneo
may appear similar, these lesions are characteristically painful.  Know
history or risk may also be present. To perform Gram stain and bac
of the lesion, samples should be collected by using two dry Dacr
swabs, ideally with the fluid of an unopened vesicle.  If no vesicle is 
moistened swabs (sterile saline) to swab under an eschar or in the
ulcer.  Gram stain often demonstrates large gram-positive bacilli if the
not yet received antibiotics.  If the gram stain and c

, ulcer, then 
us tularemia 

n exposure 
terial culture 
on or rayon 
present, use 
 base of an 
 patient has 

ulture are negative, collect a 
and vesicle are present) of the leading 

marg lood culture 

stion of the 
 be elevated 

can mimic 
am stain and 
ected before 
teritis, acute 
r dysentery.  
g diffuse air-
may include 
cites, bowel 

cecum), edema, and necrosis. Stool culture is 
nt for Gram 
 for culture, 
ender tube, 
can be sent 

hich may be 
 absent in 
ea, coryza, 
ly does not 

 not typically 
 a complete 
d cell count 
liter in 2001 

cases) with a neutrophil predominance.  Hemoconcentration may be evidenced 
by elevated serum sodium and hematocrit. Mildly elevated serum AST and ALT 
may be present as well as hypoalbuminemia.  Bacillus anthracis will be 
detectable even in the early phase of disease by routine blood culture and may 
even be seen on Gram stain of blood later in the course of the illness; however, 
even one or two doses of antibiotics will render blood (and other sites) sterile. In 
patients with neurologic symptoms, CSF may show evidence of hemorrhagic 

4-mm punch biopsy (or two if both eschar 
in of the lesion for general histology and immunostaining.  B

should be collected in all patients suspected of having anthrax. 
  
 Gastrointestinal anthrax.  History of exposure to or inge
meat of sick animals should be obtained.  Clinical suspicion should
for multiple cases of similar disease. Oropharyngeal disease 
diphtheria, and vaccination and travel history should be obtained. Gr
culture of the oral lesion may often be positive for B. anthracis if coll
initiation of antibiotics.  Intestinal anthrax may mimic acute gastroen
abdomen with peritonitis (thus focal and rebound tenderness), o
Abdominal radiographic studies are non-specific, sometimes showin
fluid levels, bowel thickening, and peritoneal fluid. Surgical findings 
hemorrhagic mesenteric adenitis, serosanguinous to hemorrhagic as
ulceration (usually ileum and 
variably positive in intestinal anthrax.  Peritoneal fluid should be se
stain, culture, immunostaining, and PCR.  Blood should be collected
serology (paired frozen serum 3-4 weeks apart, -70oC) and PCR (lav
refrigerated) in patients with either form of GI disease. Ascitic fluid 
for culture, PCR, and immunostaining. 
  
 Inhalational anthrax.  Early IA is a non-specific syndrome w
difficult to distinguish clinically from other illnesses.  Notably
inhalational anthrax are upper respiratory symptoms (rhinorrh
congestion) as one would see with influenza.  Pneumonia general
occur; therefore, lung exam may be unrevealing and organisms are
seen in the sputum.  Patients suspected of having IA should have
blood count (CBC), blood culture, and serum electrolytes. White bloo
is typically elevated only slightly at presentation (mean 9,800/micro
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meningitis with numerous gram-positive bacilli.  Pleural effusions m
and bloody; Gram stain may show organisms.  If cultures are steril
other fluids may be sent for PCR; CSF, pleural fluid, and tissue may
immunostaining; and acute and convalescent serum may be c
serology. All patients suspected of having IA should have a chest
(CXR) to look for mediastinal adenitis (seen as a widened med
mediastinal “fullness”) and pleural effusions.  If the radiograph is n

ay be large 
e, blood and 
 be sent for 
ollected for 
 radiograph 
iastinum or 
ormal, then 

chest CT should be performed. In the attacks of 2001, CXR and/or chest CT 
were abnormal in all cases.   

MED

ramount for 
 strain with 

 

ICAL MANAGEMENT 
 
 Inhalational.  Early initiation of appropriate antibiotics is pa
patient survival of IA.  Initial therapy for adults with IA due to a
unknown antibiotic susceptibilities should include ciprofloxacin
intravenous q 12 hr for adults, and 10-15 mg/kg IV q12 hr (up to 
children)  OR doxycycline (200 mg intravenous load, followed 
intravenous q12 hr for adults and children > 8 yr and >45 kg, and 2.2
hr for children < 8 yr (up to 200 mg/day))* PLUS one or two additional 
effective against anthrax.  Some additional antibiotics to which natural
strains of B. anthracis are susceptible include imipenem, m
daptomycin, quinupristin-dalfopristin, linezolid, vancomycin, rifampin,
(e.g., erythromycin, azithromycin, and clarithromycin), 
chloramphenocol, and aminoglycosides (e.g., gentamicin). Wh
combination antibiotic therapy for IA is not known, many infectio
physicians have suggested a combination of a quinolone, clinda
rifampin for susceptible B. anthracis strains.  Penicillin (or other 
antibiotics) should NEVER be used as monotherapy for severe anth
as B. anthracis genome encodes for both constitutive and ind
lactamases and resistance may occur in vivo despite appare
susceptibility.  Antibiotic choices must be adjusted for strain s
patterns, and consultation with an infectious disease physician is i
meningitis is suspected, at least one antibiotic with good CSF pene
rifampin or chloramphenicol) should be used, as quinolones and tetr
not enter the CSF well. Generally, ciprofloxacin or doxycycline use
during pregnancy and in children due to safety concern

 (400 mg 
1 g/day) for 
by 100 mg 

mg/kg q12 
antibiotics 

ly occurring 
eropenem, 

 macrolides 
clindamycin, 
ile optimal 
us disease 
mycin, and 
beta-lactam 
rax disease 

ucible beta-
nt in vitro 
usceptibility 

mperative.  If 
tration (e.g., 
acyclines do 
 is avoided 

s; however, a consensus 
gro  suggested that 
cip e therapy in life-

anthrax disease until strain susceptibilities are known.  In fact, 
cipro treatment of 

0 days, and 

*other quinolone antibiotics (levofloxacin, trovofloxacin) or tetracyclines (minocycline, 
tetracycline) would likely be affective as well, although they have not been specifically 
approved by the FDA for this purpose. 

  
 In the event of a mass-casualty situation intravenous antibiotics may not 
be available.  In this case oral ciprofloxacin OR doxycycline may have to suffice 
as initial therapy.   The doses for ciprofloxacin are 500 mg po bid for adults, and 
10-15 mg/kg po bid (up to 1 g/day) for children.  The doses for doxycycline are 

up and the American Academy of Pediatrics have
rofloxacin or doxycycline should still be used as first lin

threatening 
floxacin has been approved by the FDA for prophylaxis and 

anthrax in children.  Recommended treatment duration is at least 6
should be changed to oral therapy as clinical condition improves.   
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200 mg po initially then 100 mg po bid thereafter for adults (or children > 8 yr and 
d 2.2 mg/kg po bid (up to 200 mg/day) for children < 8 yr. 

 
dequacy of 

ggressive 
l outcome.  
 with severe 
ial diseases. 
 for IA under 

C (see Appendix L for instructions on Investigational New 
Drug (INDs).   The role of postexposure anthrax vaccine for patients with IA has 
not y

ease should 
lts or 10-15 

line (100 mg 
yr (up to 200 

atment may 
ed tid (up to 
s for beta-
moxicillin) if 

the exposure 
antibiotics 

> 45 kg), an
 

 Supportive therapy for shock, fluid volume deficit, and a
airway may be needed.  In the IA cases from the 2001 attacks, a
drainage of pleural effusions seemed to improve clinica
Corticosteroids may be considered as adjunct therapy in patients
edema or meningitis, based upon experience in treating other bacter
Human anthrax immune globulin may be available soon as a therapy
an IND from the CD

et been determined. 
 
 Cutaneous anthrax   Uncomplicated cutaneous anthrax dis
be treated initially with either ciprofloxacin (500 mg po bid for adu
mg/kg/day divided bid (up to 1000 mg/day) for children) or doxycyc
po bid for adults, 5 mg/kg/day divided bid for children less than 8 
mg/day)). If the strain proves to be penicillin susceptible, then the tre
be switched to amoxicillin (500 mg po tid for adults or 80 mg po divid
1500 mg/day) for children). While B. anthracis’ genome encode
lactamases, the organism may still respond to penicillins (such as a
slowly growing as in localized cutaneous disease. In the event that 
route is unknown or suspected to be related to a BW event, then 
should be continued for at least 60 days.   If the exposure is known to
due to contact with infected livestock or their products, then 7

 have been 
-10 days of 

ay suffice.  For patients with significant edema, non-steroidal anti-
infla of benefit.  

ccompanies 
tered as per 

perience in 
tive care to 
. Both forms 
escribed for 
romise is a 

inistration of 
development of airway edema.  If despite medical 

thera ation should 
not generally 

atients with 
 minimum 

peutic (and 

 
 Infection Control.  Standard precautions are recommended for patient 
care in all forms of anthrax disease.  There are no data to suggest direct person-
to-person spread from any form of anthrax disease.  However, for patients with 
systemic anthrax disease, especially before antibiotic initiation, invasive 
procedures, autopsy, or embalming of remains could potentially lead to the 
generation of infectious droplets; thus, such procedures should be avoided when 
possible.  After an invasive procedure or autopsy, the instruments and materials 

antibiotics m
mmatory agents (NSAIDS) or corticosteroids may be 

Debridement of lesions is not indicated. If systemic illness a
cutaneous anthrax, then intravenous antibiotics should be adminis
the inhalational anthrax recommendations discussed above. 
  
 Gastrointestinal anthrax.  Documentation of clinical ex
treating oropharyngeal and intestinal anthrax is limited.  Suppor
include fluid, shock, and airway management should be anticipated
of GI disease should receive the intravenous antibiotic regimen d
inhalational anthrax above.  For oropharyngeal anthrax, airway comp
significant risk, and consideration should be given for the early adm
corticosteroids to reduce the 

py, airway compromise develops, early airway control with intub
be considered.  Incision and drainage of affected lymph nodes is 
indicated.  No specific guidance exists for drainage of ascites in p
intestinal anthrax.  However, large fluid collections could at a
compromise respiration and consideration should be given to thera
potentially diagnostic) paracentesis. 
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used should be autoclaved or incinerated, and the immediate environ
the procedure took place should be thoroughly disinfected with 
agent.  Iodine can be used, but must be used at disinfectant s
antiseptic-strength iodophors are not usually sporicidal.  Chlorine, in
sodium or calcium hypochlorite, can also be used, but with the 

ment where 
a sporicidal 
trengths, as 
 the form of 

caution that the 
pochlorites is greatly reduced in the presence of organic material. 

 clinical laboratory should be warned before the delivery of anthrax 
spec tions. 

rcasses and 
ce.  A prior 
ly lined with 

lye (sodium hydroxide); however, this practice may still leave a significant 
proportion of viable spores.  This has led a consensus group to recommend 

ideration” of cremation of human anthrax victim remains.  
 

VA) Bioport, 
en from an 
 not contain 

six 0.5-ml 
ths, followed 
d doses (for 
issed dose 

ecent dose.  
er, 2003 that 

gardless of 
phylaxis of 

preexposure use in children, and 
e prophylaxis (PEP) in adults and children only under INDs through 

the C pends upon 
ction could 
Thus, even 
exposed to 

vity reaction 
 temporary 

 fever, or a 
ity is mild to 

f recipients may experience mild discomfort at the 
inoculation site for up to 72 hr (e.g., tenderness, erythema, edema, pruritus), 
fewer experience moderate reactions, while less than 1 percent may experience 
more severe local reactions, potentially limiting use of the arm for 1-2 days. 
Modest systemic reactions (e.g., myalgia, malaise, low-grade fever) are 
uncommon, and severe systemic reactions such as anaphylaxis, which precludes 
additional vaccination, are rare.  The vaccine should be stored between 2-6oC 
(refrigerator temperature, not frozen). 

activity of hy
  
 The

imens as growth of B. anthracis in culture requires BSL-2 precau
  
 Animal anthrax experience indicates that incineration of ca
contaminated ground is the environmental control method of choi
recommendation was deep burial (at least 6 feet deep) in pits copious

“serious cons

PROPHYLAXIS 
 
 Vaccine:  A licensed vaccine (Anthrax Vaccine Adsorbed (A
Lansing, MI) is derived from sterile culture fluid supernatant tak
attenuated (non-encapsulated) strain.  Therefore, the vaccine does
live or dead organisms.  The vaccination series consists of 
subcutaneous doses at 0, 2, and 4 weeks; then 6, 12, and 18 mon
by yearly boosters.  Current Department of Defense policy for misse
those individuals required to remain immune) is to administer the m
ASAP and reset the timeline for the series based upon the most r
The Food and Drug Administration (FDA) further clarified in Decemb
AVA “is safe and effective for the prevention of anthrax disease - re
the route of exposure.”  AVA is licensed only for preexposure pro
anthrax in adults.  It is available for 
postexposur

DC and DoD.  As with all vaccines, the degree of protection de
the magnitude of the challenge dose; vaccine-induced prote
presumably be overwhelmed by extremely high spore challenge.  
fully immune personnel should receive antibiotic prophylaxis if 
aerosolized anthrax, per the guidelines given below. 
  
 Contraindications for use of this vaccine include hypersensiti
to a previous dose of vaccine and age < 18 or > 65.  Reasons for
deferment of the vaccine include pregnancy, active infection with
course of immune-suppressing drugs such as steroids.  Reactogenic
moderate.  Up to 30 percent o
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 Current DoD policy is to require AVA vaccination for 
personnel (without specific contraindications) as well as some 
essential DoD civilians and contractors to deploy for more than 15
days or more than 15 cumulative days over 12 months in designa
threat” areas.  The vaccination series should be initiated, when feas
45 days before deployment.  DoD has continued to make vaccine

on

active duty 
emergency-

 consecutive 
ted “higher-
ible, at least 
 available to 
gressionally-

nthrax vaccine researchers.  Details of the DoD (and service specific 
guid olicies.asp. 

f Health and 
munization 
 personnel 

ing workers 
owders) and performing 

confirmatory testing for anthrax in Reference and National labs in the U.S. 
Labo rsonnel who 

special mission units, manufacturing and DoD lab workers, and c
mandated a

ance) can be found at http://www.anthrax.osd.mil/resource/policies/p
  
 Some AVA has been made available to U.S. Department o
Human Services (HHS).  In 2002 the Advisory Committee on Im
Practices (ACIP) recommended that HHS prioritize AVA availability to
at risk for repeated occupational exposure to anthrax spores, includ
handling environmental specimens (especially p

ratory Response Network (LRN), and emergency response pe
may have to enter anthrax spore-contaminated areas repeatedly. 
 
 Antibiotics:  No antibiotics are approved for preexposure p
anthrax spores.  Thus, official DoD policy is not to initiate prophylact
until AFTER an attack is suspected to have occurred.  After a
exposure to aerosolized anthrax spores of unknown antibiotic s
prophylaxis with ciprofloxacin (500 mg po bid for adults, and 10-15 m
(up to 1 g/day) for children) OR doxycycline (100 mg po bid for adults
>8 yr and >45 kg, and 2.2 mg/kg po bid (up to 200 mg/day) for ch
should be initiated immediately.  Should an attack be confirmed 
antibiotics should be continued for variable lengths of time depende
patient’s anthrax immune status and suspected inhaled dose of a
antibiotic susceptibilities allow, patients who cannot tolerate tetr
quinolone antibiotics can be switched to amoxicillin (500 mg po tid fo
80 mg/kg divided tid (≥ 1.5 g/day) in children).  The DoD pos
vaccination with AVA is a critical part of postexposure 

rophylaxis of 
ic antibiotics 
 suspected 
usceptibility, 
g/kg po bid 
 or children 

ildren < 8yr) 
as anthrax, 
nt upon the 
nthrax.   If 

acyclines or 
r adults and 
ition is that 
 for inhaled 
 are unlikely 
d by spores 
 agreed that 
 of PEP of 
atients who 

r at least

prophylaxis
anthrax; without vaccine, victims exposed to inhaled anthrax spores
to develop the immunity necessary to prevent anthrax disease cause
that germinate after antibiotics are discontinued.  Recently the ACIP
AVA should be made available as an IND to civilians as a part
inhalational anthrax as well (MMWR, 51(45);1024-26, 15 Nov 2002) P
were fully immune* before the attack should continue antibiotics fo
days.  If vaccine is available, previously unvaccinated patients shou
least three doses of AVA at 2-week intervals, and then continue anti
least 1-2 weeks

 30 
ld receive at 
biotics for at 

 after receipt of the third dose of AVA.   If the vaccine is not 
ava me other reason, 
ant

ilable or the patient cannot receive the vaccine for so
ibiotics should be continued for at least 60 days.  Upon discontinuation of 

antibiotics, patients should be closely observed.  If clinical signs of anthrax occur, 
empiric therapy for anthrax is indicated, pending etiologic diagnosis.  Optimally, 
patients should have medical care available upon discontinuation of antibiotics 
from a fixed medical care facility with intensive care capabilities and infectious 
disease consultants. 
 

* Vaccinated = completed six doses of AVA and up-to-date on boosters, or minimum of 
three doses within past 6 months.  Those who have already received three doses within 6 
months of exposure should continue with their routine vaccine schedule. 
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BRUCELLOSIS 
 

SUMMARY 

, myalgias, 
generalized 
ermittent or 
have been 

sion and other mental status 
changes, localized suppurative organ infection, and osteoarticular complications.  

y infections 
 Laboratory 
ts, ELISA, 
ndard blood 

, respectively.  Bone 
y be tested 

rmation may 
s. 

Treatment:  Antibiotic therapy with doxycycline + rifampin or doxycycline in 
ases.  More 
ns such as 
s. 

laxis is not 
 to endemic disease.  Treatment should be 

 Inadvertent 
s and body 
rosols or to 
calving and 

odily fluids 
workers.  If 

an attack with Brucella sp. is suspected, special care should be taken to avoid 
the generation of secondary aerosols.  Person-to-person transmission has been 
reported via tissue transplantation and sexual contact.  Contact surfaces that are 
free of organic matter can be decontaminated with a 0.5% hypochlorite solution; 
higher concentrations (>5%) or other disinfectants for gram-negative 
microorganisms should be used where organic matter cannot be effectively 
reduced or controlled. 
 
 

 
Signs and Symptoms:  When present, include fever, headache
arthralgias, back pain, profuse sweats, chills, weight loss, and 
malaise.  Onset may be acute or insidious.  Fever may be int
continuous and recurrences are common.  Subclinical infections 
reported.  Other manifestations include depres

Disability may be pronounced, but fatalities are uncommon. 
 
Diagnosis:  Diagnosis requires a high index of suspicion, as man
present as non-specific febrile illnesses or are asymptomatic. 
diagnosis can be made by serum agglutination tes
immunofluorescence, and by standard culture.  Radiometric and sta
cultures require a minimum of 10 to 30 days incubation
marrow cultures may produce a higher yield.  Other body fluids ma
depending on infection distribution (synovial, pleural, CSF).  Confi
require phage-typing, oxidative metabolism, or genotyping procedure
 

combination with other medications for 6 weeks is sufficient in most c
prolonged regimens may be required for patients with complicatio
hepatitis, splenitis, meningoencephalitis, endocarditis, or osteomyeliti
 
Prophylaxis:  A human vaccine is not available.  Chemoprophy
recommended after possible exposure
considered for high-risk exposure in the following situations:  (1)
wound or mucous membrane exposure to infected livestock tissue
fluids and to livestock vaccines.  (2)  Exposure to laboratory ae
secondary aerosols generated from contaminated soil particles in 
lambing areas.  (3)  Confirmed BW exposure. 
 
Isolation and Decontamination:  Brucellosis is spread readily via b
and aerosols.  Standard precautions are appropriate for healthcare 
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OVERVIEW 
 

ntries and is 
llae, a group of gram-

tiv cocco-ba llary fa intracellular pathogens (Table 1). 
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Table 1.  Select characteristics of brucellosis infection in livestock and
 
Brucellosis is primarily a disease of the reproductive system

and, depending on the species affected, is associated with infertil
retained fetal membranes, orchitis, and infection of the male acc
glands.  Transmission in 

 humans. 

 of livestock 
ity, abortion, 
essory sex 

most livestock is primarily via ingestion of organisms 
eith etuses, and 

cellae also 
ounds, and 

ith infected 
nd vaginal 
se workers, 
een infected 
 also occurs 

roducts from infected animals.  Though 
less common, airborne infections have also occurred in livestock husbandry 

 in birthing 
exposure to 
d.  Brucella 
abortus, B. 

 is sufficient to 
cause disease in humans.  Subclinical infections are relatively common.  
Brucellosis has a low mortality rate (5% of untreated cases), with rare deaths 
caused by complications such as endocarditis or meningitis.  When disease is 
naturally-occurring, the incubation period may be several days to several months.  
However, large aerosol doses (as would be expected in a BW scenario) would 
shorten the incubation period, lead to higher clinical attack rates, and result in 
more prolonged, incapacitating, and disabling disease than in its natural form. 
 

er shed from or contaminated with fetal membranes, aborted f
uterine discharges, and occasionally from dams to nursing young.  Bru
enter the body through mucous membranes, conjunctivae, w
occasionally through intact skin. 

 
Zoonotic transmission to humans has occurred by contact w

tissues and discharges (aborted fetuses, fetal membranes a
discharges), blood, urine, and semen.  Veterinarians, slaughterhou
ranchers, and other livestock husbandry workers and hunters have b
in occupational and recreational settings.  Transmission to humans
by ingesting raw milk and other dairy p

settings (inhalation of contaminated particles from soil and bedding
areas) and in laboratory settings.  Finally, accidental percutaneous 
modified-live livestock vaccines (e.g., veterinarians) has also occurre
spp. most commonly associated with human infection includes B. 
melitensis, B. suis, and rarely B. canis (Table 1). 

 
It is estimated that inhalation of only 10 to 100 bacteria
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HISTORY AND SIGNIFICANCE 
 

. melitensis 
ers on Malta 
ctions on the 

e incidence 
 isolated by 
 for human 
 rock fever, 
, Bang fever 
ized by the 

 survive well 
in aerosols and resist drying.  Brucella and all other remaining biological 
we .S. offensive 

t 100 cases 
the majority 
ucts made 
and USDA 
ur in meat 
 that are not 
.  Human 
nd Arabian 

tral America. 
ce vary regionally, with some reporting annual 

incidences of over 80 cases per 100,000 population.  Serologic evidence of 
abic peninsular country was near 20% with more 

than 2% having active disease (WHO).  A few regions in Kuwait have reported 
ann ese highlight 

 
 system and 
lla localizes 

, and bone 
 serve as a 

hs (although 
t suddenly, 

over a few days, or insidiously over weeks to months.  Patients usually complain 
of non-specific symptoms such as fever (90-95% of cases), malaise (80-95%), 
sweats (40-90%), and myalgias/arthralgias (40-70%).  Other common symptoms 
include fatigue, chills, and backache.  Fever is usually intermittent, and can 
assume an undulant pattern in patients who go untreated for long periods.  
Neuropsychiatric symptoms including depression, headache, and irritability, are 
common. GI symptoms (abdominal pain, anorexia, constipation, diarrhea, 
vomiting) are reported in nearly 70% of adult cases but are less frequent 

Marston described disease manifestations caused by B
(Mediterranean fever, gastric intermittent fever) among British soldi
during the Crimean War. Goats were identified as the source.  Restri
consumption of unpasteurized dairy goat products soon decreased th
of brucellosis among military personnel.  B. abortus (Bang) was first
Bruce and described by Bang and Stribolt in 1897.  Synonyms
disease vary by region and include undulant fever, Malta fever,
Gibraltar fever, melitoccie goat fever, Texas fever, Rio Grande fever
and Brucella fever.  In 1954, B.suis became the first agent weapon
U.S. at its Pine Bluff Arsenal located in Arkansas.  Brucella species

apons in the US arsenal were destroyed in 1969 when the U
biological weapons program was disbanded. 

Human brucellosis is now a rare disease in the U.S. with abou
per year reported.  Most are reported from CA, FL, TX, and VA, and 
of these are associated with ingestion of unpasteurized dairy prod
outside of the U.S. and privately imported (thus escaping FDA 
regulatory food-safety initiatives).  Rare infections may still occ
processing or livestock handling settings in areas with herds or flocks
certified ‘brucellosis-free’ by regional animal health authorities
brucellosis is highly endemic in some Mediterranean basin a
peninsular countries, as well as India, Mexico, and South and Cen
Disease incidence and prevalen

Brucella spp. exposure on an Ar

ual incidences as high as 128 cases per 100,000 population.  Th
a risk to military personnel in the region. 

CLINICAL FEATURES 

Brucellosis is a systemic disease that can involve any organ
can present in a variety of clinical manifestations.  Untreated, Bruce
in reticuloendothelial system organs, primarily the liver, spleen
marrow, where granuloma formation ensues.  Large granulomas
source for persistent bacteremia. 

 
After an incubation period ranging from 1 week to many mont

most patients are symptomatic within 3-4 weeks), illness can presen
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complaints in children.  Cough, dyspnea, chest pain, and testicul
occur less frequently.  Common physical signs include hepatomega
and / or spleno

ar pain can 
ly (10-70%) 

megaly (10-30%), arthritis (up to 40%), weight loss, and 
adenopathy (10-20%). 

itis, arthritis, 
orted in 20-

ith fever and 
ominantly in 
emities may 
but can be 
steomyelitis 
atients with 

spondylitis tend to be older and have a more chronic, destructive disease course 
tha ae are most 

anulomatous 
hosis if pre-
is present. 
ay take the 

ung abscess, single or miliary nodules, bronchopneumonia, enlarged 
hilar lymph nodes, or pleural effusions.  While inhalational exposure to Brucella 
has nfection has 

sease (e.g., 
pneumonic). 

ale patients 
nd swelling, 

encephalitis, 
loneuropathies or 

meningovascular syndromes.  However, direct CNS invasion occurs in less than 
5 p  psychoses 

he degree of fever and may be only occasionally 
ass es.  These 

al infections 
cess. 

Endocarditis occurs in less than 2 percent of cases, but accounts for the 
ma

y has been 
reported to lead to spontaneous abortion on up to 40 percent of cases if 
untreated, while untreated disease may be associated with intrauterine fetal 
death in only 2 percent of cases with onset in the third trimester. 

 
Disease type and severity may vary with the infecting strain of Brucella.  

B. melitensis is the most pathogenic; human infection is associated with an acute 
course with disabling complications.  B. suis infection is associated with localized 

 
Osteoarticular complications including bursitis, tenosynov

osteomyelitis, sacroiliitis, discitis, and paravertebral abscess are rep
60% of all brucellosis cases.  Sacroiliitis typically presents acutely w
focal lower back pain and occurs in up to 30 percent of cases, pred
young men.  Arthritis of large, weight-bearing joints of the lower extr
occur in 20 percent of cases.  Arthritis is usually monoarticular, 
polyarticular up to 30 percent of the time.  Spondylitis or vertebral o
may affect from up to 30 percent of all cases of brucellosis.  P

n those with sacroiliitis or peripheral arthritis; the lumbar vertebr
commonly affected. 

 
Gastrointestinal disease can manifest as Ileitis, colitis, or gr

or mononuclear infiltrative hepatitis.  Hepatitis only progresses to cirr
existing liver disease (hepatitis C or alcoholic liver disease) 
Pulmonary disease may be present in <1 to 5 percent of cases and m
form of l

 been described in laboratory or abattoir workers, this route of i
not proven to lead with regularity to any particular form of di

 
Epididymoorchitis has been described in 2-20 percent of m

with brucellosis.  Patients typically present acutely with scrotal pain a
and continuous fever.  Orchitis is unilateral in the majority of cases. 

 
Neurologic disease can take the form of meningitis, 

peripheral neuropathy, brain or epidural abscesses, radicu

ercent of cases of brucellosis.  Behavioral disturbances and
appear to occur unrelated to t

ociated with the aforementioned syndromes during acute phas
data coupled with the case histories from a few apparent congenit
from the UK, suggest the possible existence of a neurotoxicologic pro

 

jority of brucellosis-related deaths. 
 
Acute brucellosis during the first two trimesters of pregnanc
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abscess formation and a chronic course.  B. abortus and B. canis infections are 
associated with frequent relapses and insidious onset. 

 

DIAGNOSIS 
 

diagnosis of 
ry products 
nd travel to 

ideration of 
ents with acute 

or insidious onset of fever, night sweats, undue fatigue, GI symptoms, anorexia, 
megally. 

, non-spore 
obes.  While 
, automated 
 of cases; 

m, often as 
d culture is 

 method for (Castaneda bottle) may improve the 
chances of isolation, as may re-culturing onto solid medium every week for 2 
mo iate therapy.  

however, it 

ile phase of 
espectively.  

with accompanying clinical signs (CSF with 
meningitis, joint fluid with effusion, urine with genitourinary signs).  Bone marrow 

d.  Clinical 
 suspected.  
entation of 

a sp. from a 
tination titer 

ained at least 2 weeks apart and 
stu rescence of 

A high index of suspicion is critical to firmly establish a 
brucellosis.  Animal contact history, consumption of unpasteurized dai
(including goat), travel to areas where such consumption occurs, a
endemic areas should prompt a differential diagnosis cons
brucellosis.  Brucellosis should be suspected when a patient pres

weight loss, headache, arthralgias and splenomegally, and / or hepato
 
Brucella species are small, non-motile, non-encapsulated

forming, slow-growing, coccobacillary gram-negative intracellular aer
traditional culture methods were held for many weeks to show growth
blood culture systems will grow Brucellae within 7 days in 95%
however, rapid identification systems may mis-identify the organis
Psychrobacter phenylpyruvicus.  If traditional, non-automated bloo
performed, a biphasic culture

nths.  Clinically, identification to the genus level is adequate to init
Speciation is epidemiologically necessary and aids prognostically; 
requires more specialized analyses. 

 
Blood and bone marrow cultures taken during the acute febr

illness yield the organism in 15-70 percent and 92 percent of cases, r
Other fluid cultures are encouraged 

and liver biopsies (granulomatous disease) may also be indicate
laboratories should always be alerted if a diagnosis of brucellosis is
This permits the use of selective isolation media and the implem
biosafety level-3 (BSL-3) safety containment. 

 
Diagnostic laboratory criteria include:  1) isolation of Brucell

clinical specimen; 2) at least a fourfold rise in Brucella sp. agglu
between acute and convalescent sera obt

died at the same laboratory; 3) demonstration by immunofluo
Brucella sp. in a clinical specimen.  A probable case is one that
compatible and epidemiologically linked to a confirmed case o
supportive serology (i.e., Brucella agglutination titer of at least 16

 is clinically 
r that has 

0 in one or more 
ser d caseum specimens obtained after onset of symptoms).  A confirme
clinically compatible case that is laboratory confirmed. 

 is a 

 
A serum agglutination test (SAT) for IgM and IgG, and a tube agglutination 

method for anti-O polysaccharide antibody are available; titers of at least 1:160 
by each indicate active disease. ELISA and PCR methods are also available.  
CSF and joint fluid may also be used for antibody testing with some test kits. 

 
The leukocyte count in brucellosis patients is usually normal but may be 

low; anemia, neutropenia, and thrombocytopenia may occur in a minority of 
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cases.  AST and ALT may be mildly elevated, and ESR is normal or only mildly 
elevated in the majority of cases. 

sistent fever 
l complaints 
 scans are 
ial skeletal 
respiratory 
ic signs or 

 occasional 
 identified.  
st common 

nus of Valsalva), followed by the mitral valve.  Testicular 
ultrasound may be helpful in distinguishing Brucella epididymoorchitis from 

or. 
 

s in adults 
 weeks plus 

ycin is not 
tive.  For 

 are usually 
tient setting 
mbinations.  

over 8 years 
200 mg/day) 

g/kg (up to 
ofloxacin or 

P-SMX) + 
ent suitable alternatives.  Relapse rates are 5-10% for most 

combination oral regimens and higher for monotherapy (up to 30 percent with 
TM ars old the 

 doxycycline 
and dental 
 alternative 

arditis) often 
ation of oral 

old), plus 
used most 

 be a suitable substitute for streptomycin.  For 
skeletal disease 6-8 weeks of antibiotics may be necessary for cure; persisting 
musculoskeletal complaints may be present in patients with chronic infection and 
sacroiliitis.  Meningoencephalitis and endocarditis should receive at least 90 days 
of therapy and may require > 6 months.  Endocarditis typically responds poorly to 
antibiotics alone and generally requires surgical excision of the affected valve.   
Necrotizing orchitis and other suppurative complications of brucellosis may 
require surgical excision or drainage. 

 
Imaging studies may help to identify localized infection.  Per

after therapy or the prolonged presence of significant musculoskeleta
should prompt CT or MR imaging.  99mTechnetium and 67gallium
reasonably sensitive means for detecting sacroiliitis and other ax
infections.  Chest radiographs may be unremarkable even with 
symptoms.  Cranial CT scan may be useful for patients with neurolog
deficits.  Though cranial CT studies are also often normal,
leptomeningitis, cerebral abscess, or other pathology may be
Echocardiography may find endocarditis.  Vegetative lesions are mo
on the aortic valve (si

testicular abscess or tum

MEDICAL MANAGEMENT 
 

The most effective proven treatment for acute brucellosi
historically is the combination of doxycycline 100mg po bid for 4-6
streptomycin 1 g intramuscular qd for the first 2-3 weeks.  If streptom
available, gentamicin probably represents a suitable alterna
uncomplicated acute brucellosis, combinations of oral antibiotics
sufficient, or even preferred, as they are simpler to use in the outpa
and have comparable cure rates to doxycycline-aminoglycoside co
The most widely recommended combination for adults and children 
old is doxycycline (100 mg PO bid for adults 2.2 mg/kg po bid (up to 
for children) + rifampin (600-900 mg/d PO qd for adults and 15-20 m
600-900 mg/day) for children) for 4-6 weeks; quinolone (e.g. 
ciprofloxacin) + rifampin  or trimethoprim-sulfamethoxazole (TM
rifampin may repres

P-SMX alone).  During pregnancy and for children < 8 ye
combination of TMP-SMX and rifampin is historically preferred, as
poses a potential risk to the fetus or young child’s skeletal 
development.  The quinolone-rifampin combination may be a suitable
in these patients as well. 

Acute, complicated brucellosis (e.g., skeletal disease, endoc
requires long-term triple-drug therapy for effective cure.  A combin
rifampin and doxycycline (or TMP-SMX in children < 8 years 
intramuscular streptomycin for the first 2-3 weeks has been 
frequently.  Gentamicin may
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Patient education is a critical component of medical manage
must include emphasis on the importance of antibiotic 
Complications are rare in complying patients who are appropria
Periodic follow-up is also critical, and referral to specialists (infectio
other) may be indicated.  As is the case with all bacterial BW agen
resistance can be engineered into the organism, and thus

ment and 
compliance.  
tely treated. 
us disease, 
ts, antibiotic 

 determination of 
ant ount. 

 managing 
m person-to-
 respiratory 

ndling body fluids.  BSL-3 containment practices should be 
ndling suspected Brucella sp. cultures in the laboratory because of 
sol exposure. 

pasteurized 
is occurs in 
ublic health 
llosis risks.  

m domestic 
d goat flocks by multifaceted control programs.  These 

may include periodic testing and slaughter of positive and contact animals and 
able and are 
sed human 

le exposure 
e.  A 3-6-week course of therapy (with one of the oral regimens 

discussed above) should be considered after a high-risk exposure such as 
percutaneous or mucus membrane exposure or aerosolization of infectious 
material in the laboratory or livestock husbandry setting, or exposure in a BW 
context.  Brucellosis is a reportable human and livestock disease in the U.S. and 
many other countries. 

ibiotic susceptibilities in an intentional attack with Brucella is param

Infection control.  Standard precautions are adequate in
brucellosis patients, as the disease is not generally transmissible fro
person.  Mask, gloves, and eye protection are indicated for
procedures and for ha
used when ha
potential aero

PROPHYLAXIS 
 

The risk of foodborne brucellosis is reduced by avoiding un
dairy products particularly while traveling in areas where brucellos
livestock.  Travelers should consult with animal health and p
authorities before travel to assess foodborne and endemic bruce
Most developed countries have largely eradicated brucellosis fro
cattle herds and sheep an

periodic batch testing of raw milk.  Livestock vaccinations are avail
tightly controlled by regional animal health authorities.  No licen
brucellosis vaccine is available. 

Chemoprophylaxis is not generally recommended after possib
to endemic diseas
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GLANDERS AND MELIOIDOSIS 
 

SUMMARY 

eks (usually 
or gradual. 
rs, sweats, 

adenopathy, 
tular eruptions.  Acute 

pulmonary disease can progress and result in bacteremia and acute septicemic 

l scant small 
edium and 

omallei (the 
 Radiograph 
tes involving 

solidation and cavitation.  Abdominal ultrasound may show 
r elevated. 

serology do 

the clinical 
d with oral 

antibiotics for 60-150 days.  Severe illness should be treated initially with a 
enem (plus 
y prolonged 

therapy and lifelong follow-up.  Abscesses respond best to surgical 

prophylaxis 
 but is of 

Isolation and Decontamination:  Standard precautions for health-care workers.  
Person-to-person airborne transmission is unlikely, although secondary cases 
may occur through improper handling of infectious materials.  Contact 
precautions are indicated while caring for patients with skin involvement.  
Laboratory cultures should be managed under BSL-3 conditions.  Environmental 
decontamination using a 0.5%-1.0% hypochlorite solution should be effective. 

 
Signs and Symptoms:  Incubation period ranges from days to we
within 14 days) after inhalation.  Onset of symptoms may be abrupt 
Inhalational exposure produces fever (usually above 102 F.), rigo
myalgias, headache, pleuritic chest pain, cervical lymph
hepatosplenomegaly, and generalized papular / pus

disease.  Both diseases are almost always fatal without treatment.   
 
Diagnosis:  Methylene blue or Wright’s stain of exudates may revea
bacilli with a safety-pin bipolar appearance.  Standard culture m
procedures can be used to identify both B. mallei and B. pseud
causative agents of glanders and melioidosis, respectively).  Chest
may show miliary lesions, small multiple lung abscesses, or infiltra
upper lungs with con
splenic or hepatic abscesses.  Leukocyte counts may be normal o
Serologic tests can help confirm diagnosis, but low titers or negative 
not exclude the diagnosis. 
 
Treatment:  Therapy will vary with the type and severity of 
presentation.  Patients with localized disease may be manage

parenteral regimen containing ceftazidime, imipenem, or merop
trimethoprim-sulfamethoxazole (TMP-SMX) if septicemic) followed b
oral antibiotic 
drainage. 
 
Prophylaxis:  No vaccines are currently available.  Postexposure 
with TMP-SMX, doxycycline, or ciprofloxacin may be attempted,
unproved benefit. 
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OVERVIEW 
 

m-negative 
examination.  

imals, which, like humans, acquire 
the d

, mules, and 
requent and 
 exposure to 
nd because 
re four basic 
 common in 
after illness 
and humans 
that ulcerate 

f regional lymphatics on 
the e uration seen 

 primarily in 

any tropical 
nd northern 
le who have 
itions (e.g., 

ccounted for 
acquired septicemia cases and the organism can be isolated 

from 50% of rice paddies.  Melioidosis presents in humans in several distinct 
ia, with up 

set.  Also, 
 chronic and 

oculation of 
membranes, 

h abraded or lacerated skin, or more rarely, by inhalation into the lungs.  
Person to person spread is rare.  Aerosols from cultures have been observed to 

oratory workers.  Biosafety level 3 containment 
practices are required when working with these organisms in the laboratory. 
Beca e or reliable 

otential BW 

 

HISTORY AND SIGNIFICANCE 
 
 Despite the efficiency of spread in a laboratory setting, glanders has only 
been a sporadic disease in humans, and no epidemics of human disease have 
been reported.  There have been no naturally acquired cases of human glanders 

 The causative agents of glanders and melioidosis are Burkholderia 
mallei and Burkholderia pseudomallei, respectively.  Both are gra
bacilli which may have a “safety-pin” appearance on microscopic 
Both pathogens affect domestic and wild an

iseases from inhalation or contaminated injuries.  
 
 B. mallei is primarily noted for producing disease in horses
donkeys.  In the past, humans have seldom been infected, despite f
often close contact with infected animals.  This may be the result of
low concentrations of organisms from infected sites in ill animals a
strains virulent for equids are often less virulent for humans.  There a
forms of disease in horses and humans.  The acute forms are more
mules and donkeys, with death typically occurring 3 to 4 weeks 
onset.  The chronic form of the disease is more common in horses 
and causes generalized lymphadenopathy, multiple skin nodules 
and drain, and induration, enlargement, and nodularity o

xtremities and in other areas.  The lymphatic thickening and ind
in infected horses is known as ”farcy.”  Human cases have occurred
veterinarians, horse and donkey caretakers, and abattoir workers.   
 
 B. pseudomallei is widely distributed in water and soil in m
and subtropical regions.  Melioidosis is endemic in Southeast Asia a
Australia, where it is most prevalent during the rainy season in peop
direct contact with wet soils and who have predisposing medical cond
diabetes mellitus.  In northeastern Thailand, B. pseudomallei has a
20% of community-

forms, ranging from a subclinical illness to an overwhelming septicem
to a 90% mortality rate and death within 24-48 hours after on
melioidosis can reactivate years after primary infection and result in
life-threatening disease. 
 
 These organisms spread naturally to humans by in
contaminated materials into nasal, oral, or conjunctival mucous 
throug

be highly infectious to lab

use aerosol spread is efficient, and there is no available vaccin
therapy, B. mallei and B. pseudomallei have both been viewed as p
agents.  
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in the U.S. since 1942.  Sporadic cases continue to occur in Asia
Middle East, and South America.  During World War I, glanders was
have been spread deliberately by German agents to infect large
Russian horses and mules on the Eastern Front.  This had an effect o
supply convoys as well as on artillery movement, which were de
horses and mules.  Human cases in Russia increased with the infec
and after WWI.  The Japanese deliberately infected horses, c
prisoners of war with B. mallei at the Pinfang (China) Institute durin
II.  The U.S. studied this agent as a possible BW weapon in 1943-4
weaponize it.  The former Soviet Union is believed to have been int
mallei as a potential BW agent after World War II.  The low transmis
B. mallei to humans from infected horses is exemplified by the fact th
during World War II, thirty percent of te

, Africa, the 
 believed to 

 numbers of 
n troop and 
pendent on 
tions during 

ivilians, and 
g World War 
4 but did not 
erested in B. 
sion rates of 
at in China, 

sted horses were positive for glanders, but 
hum  susceptible 

water in the 
is day.  It is 
n Southeast 
-like illness” 
Rangoon in 
riod, French 

returning from Viet Nam would sometimes years later 
develop disease (the “Vietnamese time-bomb”).  B. pseudomallei, like B. mallei, 

.S. as a potential BW agent, but was never weaponized.  It 
has been reported that the former Soviet Union was experimenting with B. 
pseu

 The manifestations of both glanders and melioidosis are protean; 
dise ss from one 

W weapon 
duce any of 

es are more 

m, virulence 
ired human 

o symptoms 
es of human 
 from 10-14 

 more difficult to 
determine, as environmental exposure to the agent in endemic regions may be 
continuous.  Many people within endemic regions asymptomatically seroconvert 
to B. pseudomallei early in life.  Documented incubation periods for overt 
melioidosis disease are typically 1-21 days, and extended incubation periods of 
months to years can occur.  Of greater relevance to the weaponization of these 
agents, animal models of high dose inhalational exposure to either B. mallei or B. 
pseudomallei  result in incubation periods that are usually 1-4 days in length. 
 

an cases were rare.  B. mallei exists in nature only in infected
hosts and is not found in water, soil, or plants. 
 
 In contrast, melioidosis is widely distributed in the soil and 
tropics, and remains endemic in certain parts of the world, even to th
one of the few genuinely tropical diseases and is well established i
Asia and northern Australia.  It was first described as a “glanders
caused by a unique bacillus among debilitated opiate addicts in 
1912.  As a result of B. pseudomallei’s potentially long incubation pe
and later U.S. soldiers 

was studied by the U

domallei as a BW agent. 
 

CLINICAL FEATURES 
 

ase can be localized or systemic, acute or chronic, or progre
form to another over time.  Aerosol infection produced by a B
containing either B. mallei or B. pseudomallei could presumably pro
these syndromes, although acute respiratory or systemic syndrom
common after aerosol exposure. 
 
 The incubation period varies by route of entry, size of inoculu
of the organism, and host factors.  Historic data on naturally acqu
glanders suggests that mucus membrane or skin exposure led t
within 1-5 days (range 1-21 days).  In the only well-documented cas
glanders due to respiratory exposure the incubation period varied
days.  The incubation period of naturally acquired melioidosis is
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 Acute, septicemic glanders and melioidosis, especially as
intentional high-dose aerosol exposure to virulent organisms, can be
be clinically indistinguishable; differentiation will depend heavily upo
studies.  Such patients would likely present within a few days of ex
acute onset of fever, chills, malaise, fatigue, and myalgias, with 
cough and pleuritic chest pain.  Pneumonia would likely develop and
multiple forms, including unilateral or bilateral, multifocal, nodul
consolidation, often progressing to abscess formation and cavitary 
time.  Cough is likely to become productive, and hemoptysis is poss
to provide prompt therapy is likely to lead to fulminant sepsis, shock
organ system failure.  Should the patient survive the initial

 a result of 
 expected to 
n laboratory 
posure with 
our without 
 could take 

ar, or lobar 
disease over 
ible.  Failure 
, and multi-

 phase of illness, 
metastatic septic foci become evident, with hepatic, splenic, and cutaneous 

cted. 

in the presentation and clinical course of glanders and 
melioidosis are likely to be more noticeable with mucocutaneous or low inoculum 

sms is well-

ute onset of 
g), rigors, 

 to erosive 
Cutaneous 

subsequent 
ution) and 

lymphadenitis.  Nodules typically break down and ulcerate.  With oronasal and 
ocul lacrimation, 

may occur.  
can lead to 

ally produces the preceding constitutional signs 
and adenopathy 

 or purulent 
lenomegaly.  
s or arise 

us course, 
 it is typically 
s signs and 
matous and 

ion occurs 
r rash may 

occur that may be mistaken for smallpox.  Absent treatment, disseminated 
infection via hematogenous spread is the rule.  Evidence of disseminated 
infection may include regional or generalized cutaneous pustules, internal organ 
abscess formation (especially liver, spleen, and lungs) and intramuscular 
abscess, particularly within skeletal muscles of the legs and arms.  Enlargement 
and induration of regional lymph channels and nodes may also occur.  
Osteomyelitis, brain abscess, and meningitis have also been reported.  
Disseminated infections carry a high risk of rapidly progressive septic shock and 

abscesses being the most likely, but any organ can potentially be affe
 
 Differences 

exposures, described below.  Natural disease due to both organi
described in the literature. 
 
Glanders.  Mucocutaneous exposure usually leads to acute or subac
constitutional signs including fever (may be low-grade or recurrin
sweats, headache, fatigue and myalgias, with localized nodular
infection, mucopurulent discharge, and regional lymphadenopathy.  
exposure typically leads to local inflammatory nodule formation with 
lymphangitis (sometimes with sporotrichoid nodule distrib

ar entry or involvement, severe headache, photophobia, 
mucopurulent nasal, and ocular exudates leading to ulceration, 
Chronic infection and erosion of the nasal septum and turbinates 
severe disfigurement.   
 
 Inhalational exposure usu

pulmonary involvement with pleuritic chest pain, cervical 
(particularly with upper respiratory involvement including pharyngitis
rhinitis), and possibly other organ signs such as hepatosp
Pulmonary involvement may follow direct inhalation of organism
secondarily via hematogenous spread.   
 
 Septicemia may occur at any time during the infectio
regardless of the mode of entry.  When it occurs with initial infection,
rapidly progressive and may include any combination of the previou
symptoms as well as tachycardia, jaundice, diarrhea, and granulo
necrotizing lesions in virtually any organ.  Particularly if systemic invas
from mucosal or cutaneous lesions, a diffuse papular and/or pustula
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subsequent mortality.  Chronic symptomatic infection is common 
natural cases) and is eventually always fatal without treatment
infections with less virulent strains may also be periodically as
Mortality rates dropped to 20% for localized disease and 40% 
sulfadiazine the

(50% of all 
.  Chronic 
ymptomatic.  
overall after 

rapy became available; experience with treatment using modern 
antibiotics is limited. 

allei do not 
do develop 
lly diabetes 

 alcoholism, 
suppressive 

tomatic after 
initial acquisition, and can remain quiescent for decades; these patients may 
pre d with onset 

 formational 
th glanders.  

symptomatic 
matogenous 
distal, focal 

 without obvious site of primary inoculation; most commonly as a 
primary purulent parotitis in children (more common in Thailand) or as a primary 

-septicemic 
patients with focal disease, and with appropriate surgical and medical therapy, 
pro

ia infectious 
ticemia.   

ight sweats, 
 can include 
iarrhea, and 

, particularly 
isseminated 
 Pneumonia 

sent in many 
ation with a 
cm nodules.  
 be present. 
survives) is 
lly liver and 

) abscesses even weeks to months later.  Prostatic abscess occurs in 2-
15% of cases as well.  Without proper treatment most septicemic patients will die 
within 2-3 days.  Poor prognostic indicators for severe melioidosis include 
positive blood culture within 24 hours of incubation and neutropenia.  Overall 
mortality (treated) for severe melioidosis is up to 50% in Thailand and 19% in 
Australia.  Death is a rare outcome for melioidosis patients who did not have 
predisposing risk factors.  Even after prolonged antimicrobial therapy relapse is 
common. 
 

 
Melioidosis.  Most individuals exposed naturally to B. pseudom
develop symptomatic melioidosis.  50-70% of individuals who 
symptomatic disease have predisposing medical conditions, especia
mellitus (present in up to 50% of melioidosis cases), but also
cirrhosis, renal disease, thallassemia, cystic fibrosis, and immuno
drugs (e.g., corticosteroids).  Also, melioidosis may remain asymp

 
sent with active melioidosis up to 29 years later, often associate

of an immune-compromising state. 
 

Mucocutaneous exposure may lead to local nodule / abscess
and regional lymphadenitis, but this is not as commonly seen as wi
In fact, most suspected percutaneous exposures which have led to 
disease initially presented with either pneumonia (presumably via he
spread) and / or sepsis.  Rarely, melioidosis will present as a 
abscess with or

prostatic abscess (more common in northern Australia).  For non

gnosis is good.   
 

Inhalational exposure, either through near drowning or v
aerosols, typically results in an acute or subacute pneumonia and sep
 

Septicemic melioidosis typically presents with fever, rigors, n
myalgia, anorexia, and headache.  Additional signs and symptoms
regional adenopathy, lymphangitis, papular or pustular skin lesions, d
hepatosplenomegaly.  Most patients (up to 60%) are bacteremic
those with risk factors.  With septicemia, flushing, cyanosis, d
pustular eruption, regional lymphadenitis and cellulitis may be seen. 
can be present in 50-80% of cases.  Melioidosis pneumonia can pre
forms, but is most commonly seen as a lobar or segmental consolid
predilection for the upper lobes, or as multiple, widespread 0.5-1.0 
Cavitation is common, sputum is often purulent, and hemoptysis may
Even with a primary pneumonic infection, dissemination (if patient 
likely to produce cutaneous (10-20% of cases) and internal (especia
spleen
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DIAGNOSIS 

rly staining, 
eal bipolar 

ntified from 
times blood 
lucose, 5% 
ary isolation 

methods are 
ing and less 

B. mallei.  Selective medium (e.g., Ashdown’s media for B. 
pseudomallei) may be necessary for isolation from non-sterile sites (sputum, 

 
Microbiology.  Gram stain of lesion exudates reveals small irregula
gram-negative, bacilli.  Methylene blue or Wright’s stain may rev
“safety pin” staining.  The organisms can be cultured and ide
abscesses / wounds, secretions, sputum (in pneumonia), and some
and urine with standard bacteriological medium; adding 1-5% g
glycerol, or meat infusion nutrient agar may accelerate growth.  Prim
requires 48-72 hours in agar at 37.5º C; automated blood culture 
typically more rapid.  B. pseudomallei is generally more rapidly grow
fastidious than 

pharyngeal cultures). 
 
 Blood cultures for B. mallei are rarely positive upon present
the patient is moribund.  In contrast, blood cultures for B. p
septicemia are often

ation unless 
seudomallei 

 positive and urine culture may be positive, especially if 
prostatitis or renal abscesses are present.  Culture of either of these organisms 

ol risk these 

 Specific, rapid immunoassays may be available in some reference 
ain reaction 
ce/research 

t least 7-10 
normal sera 

fixation (CF) tests 
are more specific but less sensitive and may require 40 days for conversion. CF 

:20.  For B. 
elioidosis.  A 
gests active 

regions due to high seroprevalence. 
 

 with a shift 
th systemic 
ucopenia / 
d evidence 

monia may 
strate lobar or segmental opacification, or diffuse nodular opacities.  

Cavitary lesions are common, but effusions and hilar adenopathy are rare.  
Abdominal ultrasound should be considered on all patients with suspected 
glanders or melioidosis to exclude the possibility of hepatic and splenic 
abscesses.  Prostatic abscess in melioidosis can be delineated, usually as a 
heterogeneous multiloculated fluid collection within an enlarged prostate, using 
transrectal ultrasound, or by computerized tomography or magnetic resonance 
imaging. 
 

should be performed under BSL-3 precautions due to the high aeros
agents pose to laboratory workers.   
 

laboratories for B. pseudomallei capsular antigens.  Polymerase ch
(PCR) is sensitive and specific, but available in only a few referen
laboratories.   
 
Serology.  For B. mallei, agglutination tests are not positive for a
days (sometimes up to 3 weeks), and a high background titer in 
(1:320 to 1:640) makes interpretation difficult.  Complement 

tests are considered positive if the titer is equal to, or exceeds 1
pseudomallei, a fourfold increase in titer supports the diagnosis of m
single IgM titer above 1:160 with a compatible clinical picture sug
infection; IgG is less useful in endemic 

Other laboratory studies.  In septicemic glanders, mild leukocytosis
to the left or leukopenia with a relative lymphocytosis may occur.  Wi
melioidosis, significant leukocytosis with left shift is common, and le
neutropenia are poor prognostic indicators; anemia, coagulopathy, an
of hepatic or renal dysfunction may be present. 
 
Radiographic studies.  Chest radiograph in cases with pneu
demon

 37



Pathology.  Individual chronic lesions may be granulomatous and th
tissue diagnosis may simulate tuberculosis, which can cause con usion in ar

e pathologic 
f eas 

where both diseases are endemic (such as Thailand). 
 

MEDICAL MANAGEMENT 

portive care 
agulopathy.  

scesses should be drained when possible; prostatic and parotid 
abscesses in patients with melioidosis are unlikely to resolve without surgical 

and severity 
ate medical 

rience with 
i and 

h, unlike B. 
sceptible to 

aminoglycosides and macrolides in vitro) and thus it is generally felt that empiric

 
Supportive Care.  Septicemic patients often require aggressive sup
to include fluid resuscitation, vasopressors, and management of co
Large ab

intervention. 
 
Antimicrobials.  The recommended therapy will vary with the type 
of the clinical presentation.  An understanding of appropri
management of glanders is confounded by the fact that clinical expe
this disease waned before the modern antibiotic era.  Fortunately, B. malle
B. pseudomallei have similar antibiotic susceptibility patterns (althoug
pseudomallei, natural B. mallei strains generally remain su

 
y antibiotic 

ptibilities for 

initially with 
ipenem (60 

openem (75 
experts add 
8 mg/kg/day 
 intravenous 
ot available, 
se inhibitor 

 Intravenous 

antibiotic regimens for melioidosis would also work for glanders; an
regimen must be reevaluated upon receipt of specific antibiotic susce
the bacterial isolate in question.    
 
Severe disease.  Systemic melioidosis should be treated 
ceftazidime (120 mg/kg/day intravenous in three divided doses), im
mg/kg/day intravenous in four divided doses, max 4 g/day), or mer
mg/kg/day intravenous in three divided doses, max 6g/day).  Many 
trimethoprim / sulfamethoxazole (TMP/SMX) to this regimen (TMP 
IV in four divided doses); oral TMP/SMX has been substituted if the
formulation is not available. If ceftazidime or a carbapenem are n
ampicillin/sulbactam or other intravenous beta-lactam/beta-lactama
combinations may represent viable, albeit less-proven alternatives. 
antibiotics should be continued for at least 14 days and until the pa
clinical

tient shows 
 improvement.  Patients may remain febrile for prolonged periods despite 

appropriate antimicrobial therapy.  Median time to fever resolution is 9 days, but 
ma that are 
nce therapy 
tinued for at 
 to identify 

Melioidosis septic shock.  Australian researchers have combined intravenous 
antibiotics with granulocyte colony-stimulating factor (G-CSF) 300 µg intravenous 
per day for 10 days (or longer if clinic shock persists) in melioidosis patients 
meeting a diagnosis of septic shock.  Mortality in study patients dropped from a 
historic value of 95% to 10% with G-CSF; however limitations in the study 
preclude attributing success entirely to G-CSF and further studies are warranted 
to determine its role in treatment. 
 

can be significantly longer in patients with large abscesses or empye
not drained.  Upon completion of intravenous therapy, oral maintena
(with one of the oral treatment regimens listed below) should be con
least 4-6 months.  Lifelong follow-up is indicated for all patients
relapse.   
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Maintenance therapy.  Oral antibiotic maintenance therapy 
melioidosis should continue for at least 20 weeks

of severe 
 to reduce the rate o

less than 10%; however, longer courses (6-12 months
f relapse to 

) may be
depending upon response to therapy and severity of initial illness (
courses for extrapulmonary suppurative disease). Historically, m
therapy in endemic regions has been with a combination of fou
(doxycycline and TMP/SMX for at least 20 weeks, plus chloramphe
first 8 weeks); but side effects with this regimen are common and com
poor.  Good results have been demonstrated with doxycycline (100
plus TMP/SMX (4 mg/kg/day in two divided doses) for 
Amoxicillin/clavulanic acid has been used in some areas and m
antibiot

 necessary 
e.g., longer 
aintenance 

r oral drugs 
nicol for the 

pliance is 
 mg po bid) 
20 weeks.  
ay be the 

ic of choice during pregnancy or for children less than 8 years old.  
 not been 

r antibiotic 
mild, localized disease.  Monotherapy with oral TMP/SMX (4 

mg/kg/day in two divided doses), doxycycline (100 mg b.i.d.), or 
0-150 days 

may be sufficient. 

ce regimens 

vent person-
to-person transmission in proven or suspected cases.  Person-to-person airborne 
transmission is unlikely, although secondary cases may occur through improper 

fectious materials.  Contact precautions are indicated while caring 
for patients with skin involvement.  Environmental decontamination using a 0.5%-

 

an use.  
 
Antibiotics:  Postexposure chemoprophylaxis may be tried with TMP-SMX or 
doxycycline based upon success in limited animal studies.  These animal studies 
indicate that ciprofloxacin may have utility as well, but it was associated with 
higher relapse rates than doxycycline.  Optimum duration of prophylaxis is 
unknown, but at least 10 days and perhaps more should be attempted. 

Combinations including fluoroquinolones show promise, but have
validated. 
 
Localized disease without toxicity.  No consensus exists fo
treatment of 

amoxicillin/clavulanate (60 mg/kg/day in three divided doses) for 6

 
Localized disease with toxicity.  One of the two drug maintenan
(above) should be used. 
 
Isolation precautions.  Standard precautions should be used to pre

handling of in

1.0% hypochlorite solution is effective. 

PROPHYLAXIS 
 
Vaccine: There are currently no vaccines available for hum
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PLAGUE 
 

SUMMARY 

 onset of 
 high fever, 
emoptysis), 

strointestinal 
, circulatory 
 by swollen 
 fever, and 

ontaneously to the septicemic form 
) or to the 

y individuals 
present with 

.  Presumptive diagnosis can be made by 
inal fluid, or 

ganism from 

nic plague is 
antibiotic therapy is delayed more than 1 day after the onset of 

 gentamicin, 
of therapy is 
as a second 

osol or to a 
plague, doxycycline 100 mg is given orally 

twice daily for 7 days or the duration of risk of exposure plus 1 week.  Alternative 
o vaccine is 
le licensed, 
 plague, but 
ymptomatic 

 
 
Isolation and Decontamination:  Use Standard precautions for bubonic plague, 
and respiratory droplet precautions for suspected pneumonic plague.  Y. pestis 
can survive in the environment for varying periods, but is susceptible to heat, 
disinfectants, and exposure to sunlight.  Soap and water are effective if 
decontamination is needed.  Take measures to prevent local disease cycles if 
vectors (fleas) and reservoirs (rodents) are present. 

 
Signs and Symptoms:  Pneumonic plague begins with sudden
symptoms after an incubation period of 1-6 days. Symptoms include
chills, headache, malaise, followed by cough (often with h
progressing rapidly to dyspnea, stridor, cyanosis, and death.  Ga
symptoms are often present.  Death results from respiratory failure
collapse, and a bleeding diathesis.  Bubonic plague is characterized
painful lymph nodes called buboes (often in the inguinal area), high
malaise. Bubonic plague may progress sp
(septic shock, thrombosis, disseminated intravascular coagulation
pneumonic form.  Plague meningitis is also possible. 
 
Diagnosis:  Suspect plague if large numbers of previously health
suddenly develop severe pneumonia, especially if hemoptysis is 
gram-negative coccobacilli in sputum
Gram, Wright, Giemsa or Wayson stain of blood, sputum, cerebrosp
lymph node aspirates.  Definitive diagnosis requires culture of the or
those sites.  Immunodiagnosis is also helpful. 
 
Treatment:  Early administration of antibiotics is critical, as pneumo
invariably fatal if 
symptoms.  The treatment of choice is parenteral streptomycin or
with ciprofloxacin or doxycycline representing alternatives.  Duration 
at least 10-14 days.  For plague meningitis add chloramphenicol 
drug to the treatment. 
 
Prophylaxis:  For asymptomatic persons exposed to a plague aer
patient with suspected pneumonic 

antibiotics include ciprofloxacin, tetracycline, or chloramphenicol.  N
currently available for plague prophylaxis.  The previously availab
killed vaccine (manufactured by Greer) was effective against bubonic
not against aerosol exposure.  No prophylaxis is required for as
contacts of individuals with bubonic plague.
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OVERVIEW 
 

ting, gram-
s plague, a 
s that live on 
develop the 
 septicemic 
minant form 
susceptible.  

he organism 
s.  At near 
 killed by 15 

minutes of exposure to 55°C.  It also remains viable for some time in dry sputum, 
flea feces, and buried bodies but is killed within several hours of exposure to 

 

agent in the 
ted.  Other 

ormer Soviet 
dedicated to 
 731, of the 

ircraft over 
npredictable.  The U.S. and 

Soviet Union developed the more reliable and effective method of aerosolizing 
the organism.  The interest in the terrorist potential of plague was brought to light 

Wayne Harris was arrested in Ohio for the illicit procurement 
of a Y. pestis culture through the mail.  The contagious nature of pneumonic 

 septicemic, 
flea bites a 
of 2-8 days, 
 high fever, 
Up to half of 
 the onset of 
wollen, very 

painful, infected lymph node.  Buboes are normally seen in the femoral or 
inguinal lymph nodes as the legs are the most commonly flea-bitten part of the 
adult human body.  The liver and spleen are often tender and palpable.  One 
quarter of patients will have various types of skin lesions: a pustule, vesicle, 
eschar or papule (containing leukocytes and bacteria) in the lymphatic drainage 
of the bubo, and presumably representing the site of the inoculating flea bite. 
Secondary septicemia is common, as greater than 80 percent of blood cultures 

 Yersinia pestis is a rod-shaped, non-motile, non-sporula
negative bacterium of the family Enterobacteraceae.  It cause
zoonotic disease of rodents (e.g., rats, mice, ground squirrels).  Flea
the rodents can transmit the bacteria to humans, who then typically 
bubonic form of plague.  The bubonic form may progress to the
and/or pneumonic forms.  Pneumonic plague would be the predo
after purposeful aerosol dissemination.  All human populations are 
Recovery from the disease is followed by temporary immunity.  T
remains viable in water, moist soil, and grains for several week
freezing temperatures, it will remain alive from months to years but is

sunlight. 

HISTORY AND SIGNIFICANCE 
 
 The United States worked with Y. pestis as a potential BW 
1950s and 1960s before the old offensive BW program was termina
countries are suspected of having weaponized this organism.  The f
Union had several separate institutes and thousands of scientists 
researching and weaponizing plague.  During World War II, Unit
Japanese Army, reportedly released plague-infected fleas from a
Chinese cities.  This method was cumbersome and u

in 1995 when Larry 

plague makes it particularly dangerous as a biological weapon. 
 

CLINICAL FEATURES 
 
 Plague normally appears in three forms in humans:  bubonic,
and pneumonic.  The bubonic form may occur after an infected 
human host.  The disease begins after an typical incubation period 
with acute and fulminant onset of nonspecific symptoms, including
malaise, headache, myalgias, and sometimes nausea and vomiting.  
patients will have abdominal pain.  Simultaneous with or shortly after
these nonspecific symptoms, the characteristic bubo develops – a s
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are positive for the organism in patients with bubonic plague.  However, only 
about a quarter of bubonic plague patients progress to clinical septicemia.  
 

ell as those 
icemia), the 
ever, chills, 
ver, plague 
ly leading to 
ion.  Black 
ndotoxemia 

se.  Organisms can spread to the central 
nervous system, lungs, and elsewhere.  Plague meningitis occurs in about 6 

nhalation of 
lungs from 
riod varying 
 days, and 

 first signs 
as, followed 
y sputum is 
y, purulent.  
d abdominal 

ight result from an inhalational 
expo only reveal 

 pneumonia 
he disease 

 a leukocytosis, with a total white 
blood count up to 20,000 cells per ml with increased bands, and greater than 80 

d fibrin split 
ntravascular 
and bilirubin 

oximately 60 
apy.  This is 

significantly different from untreated pneumonic plague where the mortality rate 
is nearly 100 percent, and survival is unlikely if treatment is delayed beyond 18 

r onset of symptoms.  In the U.S. in the past 50 years, four of the 
seven pneumonic plague patients (57 percent) died.  Recent data from the 
ongo t figure; the 

ile that for 

 

DIAGNOSIS 
 
 Diagnosis is based primarily on clinical suspicion.  The sudden 
appearance of large numbers of previously healthy patients with severe, rapidly 
progressive pneumonia with hemoptysis strongly suggests plague.  A 

 In those that do progress to secondary septicemia, as w
presenting septicemic but without lymphadenopathy (primary sept
symptoms are similar to other gram-negative septicemias:  high f
malaise, hypotension, nausea, vomiting, and diarrhea.  Howe
septicemia can also produce thromboses in the acral vessels, possib
necrosis and gangrene, and disseminated intravascular coagulat
necrotic appendages and more proximal purpuric lesions caused by e
are often present in advanced disea

percent of septicemic and pneumonic cases. 
 
 Pneumonic plague is an infection of the lungs due to either i
the organisms (primary pneumonic plague), or spread to the 
septicemia (secondary pneumonic plague).  After an incubation pe
from 1 to 6 days for primary pneumonic plague (usually 2-4
presumably dose-dependent), onset is acute and often fulminant.  The
of illness include high fever, chills, headache, malaise, and myalgi
within 24 hours by a cough with bloody sputum.  Although blood
characteristic, it can sometimes be watery or, less commonl
Gastrointestinal symptoms, including nausea, vomiting, diarrhea, an
pain, may be present.  Rarely, a cervical bubo m

sure.  The chest X-ray findings are variable, but most comm
bilateral infiltrates, which may be patchy or consolidated.  The
progresses rapidly, resulting in dyspnea, stridor, and cyanosis.  T
terminates with respiratory failure, and circulatory collapse.   
 
 Nonspecific laboratory findings include

percent polymorphonuclear cells.  One also often finds increase
products in the blood indicating a low-grade disseminated i
coagulation.  The blood urea nitrogen, creatinine, transaminases, 
may also be elevated, consistent with multiorgan failure. 
 
 In humans, the mortality of untreated bubonic plague is appr
percent but this is reduced to <5 percent with prompt effective ther

hours afte

ing Madagascar epidemic, which began in 1989, corroborate tha
mortality associated with respiratory involvement was 57 percent, wh
bubonic plague was 15 percent.   
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presumptive diagnosis can be made microscopically by identifica
coccobacillus in Gram (negative), Wright, Giemsa, or Wayson's stai
from lymph node needle aspirate, sputum, blood, or cerebrospinal fl
When available, immunofluorescence staining is very useful.  Definiti
relies on culturing the organism from blood, sputum, cerebrospinal f
aspirates.  The organism grows slowly at normal incubation tempe
may be misidentified by automated systems because of delayed 
reactions.  It may be cultured on blood agar, MacConkey agar, or in
Most naturally occurring strains of Y. pestis produce an F1-antigen in
can be detected in serum samples by immunoassay.  A fourfold rise
titer in patient serum is retrospectively diagnostic.  PCR (using spec
is not sufficiently developed yet for routine use but it is a very se
specific technique, currently able to identify as few as 10 organisms p

tion of the 
ned smears 

uid samples.  
ve diagnosis 
luid, or bubo 
ratures, and 
biochemical 
fusion broth.  
 vivo, which 
 in antibody 
ific primers), 
nsitive and 
er ml.  Most 

clinical assays can be performed in biosafety level 2 (BSL-2) laboratories, 
whereas procedures producing aerosols or yielding significant quantities of 

 containment. 
 

 Suspected 
utions for at 

ultures are negative in 
confirmed cases.  If competent vectors (fleas) and reservoirs (rodents) are 

hese might 
ol measures 

l are highly 
 treatment is 

ens are as 
ided doses; 
 followed by 
 followed by 
s.  While the 

is typically afebrile after 3 days, the extra week of therapy prevents 
relap xperience, 

, may also 
enous twice 
wed by 15 

ating plague 

alloids and 
hemodynamic monitoring.  Although low-grade disseminated intravascular 
coagulation may occur, clinically significant hemorrhage is uncommon, as is the 
need to treat with heparin.  Endotoxic shock is common, but pressor agents are 
rarely needed.  Finally, buboes rarely require any form of local care, but instead 
recede with systemic antibiotic therapy.  In fact, incision and drainage poses a 
risk to others in contact with the patient due to aerosolization of the bubo 
contents.  Aspiration is recommended for diagnostic purposes and may provide 
symptomatic relief. 

organisms require BSL-3

MEDICAL MANAGEMENT 
 
 Use Standard precautions for bubonic plague patients.
pneumonic plague cases require strict isolation with droplet preca
least 48 hours of antibiotic therapy, or until sputum c

present, measures must be taken to prevent local disease cycles.  T
include, but are not limited to, use of flea insecticides, rodent contr
(after or during flea control), and flea barriers for patient care areas. 
 
 Streptomycin, gentamicin, doxycycline, and chloramphenico
effective, if begun early.  Plague pneumonia is almost always fatal if
not initiated within 24 hours of the onset of symptoms.  Dosage regim
follows:  streptomycin, 30 mg/kg/day intramuscular in two div
gentamicin, 5 mg/kg intravenous once daily, or 2 mg/kg loading dose
1.75 mg/kg intravenous every 8 hours; doxycycline 200 mg initially,
100 mg every 12 hours.  Duration of therapy is at least 10 to 14 day
patient 

ses. Results obtained from laboratory animal, but not human, e
indicate that quinolone antibiotics, such as ciprofloxacin and ofloxacin
be effective. Recommended dosage of ciprofloxacin is 400 mg intrav
daily.  Chloramphenicol, 25 mg/kg intravenous loading dose follo
mg/kg intravenous four times daily x 10-14 days, is required for tre
meningitis. 
 
 Usual supportive therapy includes intravenous cryst
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PROPHYLAXIS 
 

f plague.   A 
 1946 until 
ut was not 

igen (fusion 
ected mice for a year 

aga . 

atients with 
ol (i.e., in a 
days or the 
rs in these 

  Because of 
antibiotic for 
00 mg orally 
posed mice, 
ed in blister-

e, 500 mg orally four 
times daily, and chloramphenicol, 25 mg/kg orally four times daily, are acceptable 
alternatives.  Contacts of bubonic plague patients need only be observed for 
symptoms for a week.  If symptoms occur, start treatment antibiotics.   

 Vaccine:  No vaccine is currently available for prophylaxis o
licensed, killed whole-cell vaccine was available in the U.S. from
November 1998.  It offered protection against bubonic plague, b
effective against aerosolized Y. pestis.  Presently, an F1-V ant
protein) vaccine is in development at USAMRIID.  It prot

inst an inhalational challenge, and is now being tested in primates
 
 Antibiotics:  Face-to-face contacts (within 2 meters) of p
pneumonic plague or persons possibly exposed to a plague aeros
plague BW attack) should be given antibiotic prophylaxis for 7 
duration of risk of exposure plus 7 days.  If fever or cough occu
individuals, a full treatment course with antibiotics should be started.
oral administration and relative lack of toxicity, the choice of 
prophylaxis is doxycycline 100 mg orally twice daily.  Ciprofloxacin 5
twice daily has also shown to be effective in preventing disease in ex
and may be more available in a wartime setting as it is also distribut
packs for anthrax postexposure prophylaxis.  Tetracyclin
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Q FEVER 
 

SUMMARY 

p 7-41 days 
eumonia is 

es.  Duration of acute illness is usually 2 days 
to 2 weeks. Some patients may develop complications including hepatitis, 

suspicion is 
rmatory diagnosis is by serology (indirect fluorescent antibody, 

od cultures 

potential for 
d.  Acute Q 

r should be treated with tetracycline or doxycycline orally for 14-21 days.  
 doxycycline 
for 1 ½ to 3 

ation period 
nt the onset of symptoms.  Therefore, tetracycline or 

d for at least 
n the United 

estrictions to 

nation:  Standard precautions are recommended for 
healthcare workers.  Person-to-person transmission is rare.  Patients exposed to 
Q fever by aerosol do not present a risk for secondary contamination or re-
aerosolization of the organism.  Decontamination is accomplished with soap and 
water or 0.5 percent hypochlorite solution.  The M291 skin decontamination kit 
will not neutralize the organism.   

 
Signs and Symptoms:  A non-specific febrile syndrome may develo
(average 2-3 weeks) after exposure. Radiographic evidence of pn
present in up to 50 percent of cas

endocarditis, or granulomatous disease.   
 
Diagnosis:  Q fever is not clinically distinct.  A high index of 
necessary.  Confi
complement fixation, ELISA), PCR, or Coxiella burnetii positive blo
(infection control risk). 
 
Treatment:  Q fever may be a self-limited illness; however, the 
severe complications and relapse warrant that all cases be treate
feve
Chronic Q fever should be treated with combination therapy, either
plus quinolones for 4 years, or doxycycline plus hydroxychloroquine 
years. 
 
Prophylaxis:  Chemoprophylaxis begun too early during the incub
may delay but not preve
doxycycline should be started 8-12 days postexposure and continue
5-7 days.  A licensed vaccine is available in Australia and Europe.  I
States, an inactivated whole-cell IND vaccine is available with r
those at high-risk of exposure.   
 
Isolation and Decontami
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OVERVIEW 
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in the gravid 
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inated with 
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ssed, and at 
ion, stillbirth, 

ing 
d cheese, through blood product transfusions, vertically 

ffspring), and by tick vectors.  Transmission by infected tick bite is 
presumed to be important in maintaining livestock reservoirs but is of lesser 

ay lead to 
ue may be 

ge numbers 
, and feces.  

 for endemic 
g aerosols 

 workers, and hunters are at 
greatest risk for exposure. Coxiella burnetii is also a significant hazard in 

 working with the organism.  A BW attack with the Q 
fever organism would likely cause a disease similar to that occurring naturally.  Q 
feve

35 after an 
 was called 
lso in 1935, 
s that were 
-Mile agent.  

ned to be identical.  Burnet was first to isolate 
and describe the organism in 1937, and Cox described vector transmission from 
ticks in 1938. Coxiella burnetii is a rickettsia-like organism that is resistant to 
heat, desiccation, and many common disinfectants.  These features allow it to 
survive for long periods in the environment.  It is highly infectious by the aerosol 
route and humans are often quite susceptible to disease.  A single inhaled 
organism may produce clinical illness.  For all of these reasons, C. burnetii could 
be used as an incapacitating BW agent.  

 Q fever is a zoonotic disease caused by Coxiella burne
globally distributed.  Its natural reservoirs are sheep, cattle, goats
wild animals (including rodents), and ticks.  The organism localizes 
uterus and mammary glands of infected animals and is shed in high
parturition, whether at or before term.  Transmission to humans is
aerosolization of infectious particles such as from premises contam
fetal membranes, birth fluids, aborted fetuses, and excreta from infec
in locations where infected animals and their by-products are proce
necropsy sites.  Infection in livestock occasionally results in abort
and dystocia, but is often asymptomatic.  Transmission also occurs by ingest
contaminated raw milk an
(mother to o

importance for human disease. 
  
 The infectious dose is extremely low; a single organism m
infection.  Concentrations of the organism in a gram of placental tiss
as high as 109 ID50.  Symptomatic or not, infected livestock shed lar
of organisms in placental tissues and body fluids including milk, urine
Exposure to infected animals at parturition is an important risk factor
disease.  Humans acquire the disease primarily by inhalin
contaminated with the organism.  Farmers, abattoir

laboratory personnel who are

r has been a United States notifiable disease since 1999.  
 

HISTORY AND SIGNIFICANCE 
 
 Q fever was first described in Australia by Derrick in 19
outbreak of febrile illness among abattoir workers in Australia.  It
“Query fever” because the causative agent was initially unknown.  A
United States researchers isolated a rickettsia-like agent from tick
subsequently linked to laboratory-acquired infection, calling it Nine
These agents were later determi
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CLINICAL FEATURES 
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rted cases, 
s itself only as elevated liver associated enzymes in conjunction 
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 The primary complication of acute Q fever is the development of chronic 
disease, which develops in less than 5 percent of acute cases and most 
commonly presents as endocarditis; but it may also present as osteoarticular 
disease, vascular infection, or granulomatous hepatitis.  Most patients who 
develop chronic Q fever have an underlying condition which predisposes to 
disease.  Endocarditis accounts for 60-70 percent of all chronic Q fever cases; 90 
percent of all cases of endocarditis develop in patients with underlying cardiac 
valvular defects (congenital, rheumatic, degenerative, or infectious). 

 The incubation period of Q fever varies inversely with 
inoculum of Coxiella, typically from 7 to 21 days (mean 15, range 2
60 percent of natural cases result in asymptomatic seroconversio
who develop clinically apparent disease, less than 5 percent will be i
require hospitalization.  In symptomatic patients, onset is typically
heralded by high fever (104-105°F), fatigue, headache, and chill
myalgias, dry cough, and nausea are common as well.  Fever typica
to a plateau over 2-4 days then ends abruptly after 1-2 weeks; untr
duration ranges from 5-57 days.  Weight loss is not uncommon.  W
syndrome with headache is probably the most common clinical p

llow a geographical distribution; for example, pneumonia pred
Nova Scotia, while hepatitis predominates in France.   
 
 Acute Q fever pneumonia generally presents as a nonsp
(104-105°F) illness, with headache (often severe, retro-orbital), fa
myalgias, and sweats, with dry cough developing in 24 to 90 percen
4-5 days after initial onset.  Other less common signs and symptoms m
nausea, vomiting, confusion, sore throat, diarrhea, abdominal pain
pain.  Physical examination of the chest is usually normal, but 
inspiratory rales in some cases.  Chest radiograph is abnormal in 9
pneumonia patients, but demonstrates non-specific findings 

he lower lobes.  Rounded or nodular focal opacities, hilar ade
effusions have less frequently been described.  Pleuritic chest pa
about one-fourth of patients with Q fever pneumonia.   Mortality rate i
and most patients recover within several months even without treatme
 
 Acute Q fever hepatitis, seen in 30-60 percent of repo
typically manifest

r in conjunction with atypical pneumonia or in the absence 
syndrome as well. While hepatomegaly is common, abdominal pa
nausea, vomiting, and diarrhea are less so, and jaun

tic necrosis leading to death has been described, but is very
patients recover fully. 
 
 Other findings associated with acute Q fever include pericard
in approximately 1 percent), myocarditis (0.5-1 percent of cases, bu
life-threatening), and meningoencephalitis (0.3-1 percent of cases). 
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Approximately 40 percent of patients with cardiac valvular defects w
acute Q fever will ultimately develop endocarditis.  Endocarditis pat
present with heart failure or valvular dysfunction, often after a rem
illness with malaise, fatigue, weight loss, and sweats.  Findings that
endocarditis include vegetative lesions on valves (seen on echocar
less than 25 percent of patients, predominantly aortic and prosthetic)
digits, hepatomegaly and splenomegaly (half of patients), arterial e
patients), and purpura (20 percent of patient

ho contract 
ients usually 
ittent febrile 
 accompany 
diography in 
, clubbing of 
mboli (1/3 of 

s).  Mortality is less than 10 percent 
for endocarditis when treated with appropriate antibiotics; however, relapse rates 
of up

imesters) is 
elivery, and 

birth weights; the majority of pregnant women will develop chronic Q fever.  
While antibiotic treatment during pregnancy dramatically reduces the incidence of 
complications for the fetus, the majority of the mothers still develop chronic Q 

 

ifferentiated 
 distinguish 
neumoniae, 

pneumoniae 
s of Q fever 

cterial pneumonias such as tularemia or plague.  If 
significant numbers of soldiers from the same geographic area are presenting 
ove d pulmonary 

 C. Burnetii 
gic findings 

nremarkable 
f patients in 
ent phase. 
er function 

ts show a two- threefold elevation in alkaline 
phosphatase and the transaminases (AST, ALT).  Bilirubin is usually normal.  
He e circulating 

hospholipid, 
 antinuclear 
y elevated 
ocytopenia, 

and polyclonal hypergammaglobulinemia.   

Blood cultures on standard medium are invariably negative, as Coxiella 
will only grow in living cells or organisms; even so, most laboratories do not 
attempt cell culture as it poses a significant infection risk to laboratory personnel 
(BSL-3 precautions) and is often less sensitive than serology. Sputum 
examination is unremarkable even in patients with productive cough.  Mild 

 to 50 percent occur upon withdrawal of therapy. 
 
 Acute Q fever during pregnancy (especially in the first 2 tr
associated with an increased incidence of fetal death, premature d
low 

fever. 

DIAGNOSIS 
 
 Differential Diagnosis:  Q fever usually presents as an und
febrile illness or a primary atypical pneumonia, making it difficult to
from viral illnesses or pneumonia caused by Mycoplasma p
Legionella pneumophila, Chlamydophila psittaci and Chlamydophila 
(latter two formerly Chlamydia spp.).  More rapidly progressive form
pneumonia may look like ba

r 1 to 2 weeks with a nonspecific febrile illness with associate
symptoms in about 25 percent of cases, attack with aerosolized
should be suspected.  Diagnosis may rest on clinical and epidemiolo
in the event of possible BW attack. 

 Laboratory Diagnosis: A complete blood count is usually u
excepting leukocytosis and/or thrombocytopenia in up to one third o
the acute phase.  Thrombocytosis can occur in the convalesc
Erythrocyte sedimentation rate (ESR) typically is mildly elevated.  Liv
tests in up to 85 percent of patien

patitis patients and those with chronic Q fever frequently hav
autoantibodies, including anti-smooth muscle, anti-cardiolipin, anti-p
anti-clotting factor (thus liver biopsy may risk hemorrhage), and
antibodies.  Endocarditis patients usually have a significantl
erythrocyte sedimentation rate (ESR) often develop anemia, thromb
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lymphocytic pleocytosis is common in the cerebrospinal fluid of p
meningoencephalitis.  Liver biopsy 

atients with 
in hepatitis patients or bone biopsy in patients 

with osteomyelitis may reveal granulomas. 

 antibody to 
considered 

 somewhat 
M antibodies 
.  Combined 

and provides 
ctions exist: 
ally exhibit a 
ond week of 
ke longer to 
 of antibody 

s of antibody 
se I and II 

urfold rise in 
cute disease 
ntibody titer 
 equal to or 
ot be useful 

ave intrinsic anti-complement activity.  ELISA is available at USAMRIID 
in which a single serum specimen can be used to reliably diagnose acute Q fever 

 1 to la b  be identified in 
d tissues by usin  immunohistoc mical taining d DNA detection 
s.   

 ody Phase 

Serological tests are confirmatory and include identification of
C. burnetii by indirect fluorescent antibody (widely used and 
dependable), complement fixation (CF) (commonly used but
insensitive), and ELISA (sensitive and easy to perform).  Specific Ig
may be detectable as early as the second week after onset of illness
detection of IgM, IgA, and IgG antibodies improves assay specificity 
accuracy in diagnosis.  Two antigenic phases of C. burnetii infe
phase I (virulent) and phase II (avirulent).  Acute Q fever cases usu
much higher antibody level to phase II (first detected during the sec
illness).  Antibodies to phase I antigens of C. burnetii generally ta
appear and indicate continued exposure to the bacteria.  High levels
to phase I in later isolates in conjunction with constant or falling level
to phase I suggest chronic Q fever (Table 1).  Antibodies to pha
antigens may persist for months or years after initial infection.  A fo
CF antibody titer against phase II antigen is considered positive for a
but requires a baseline and repeat sample in 2-4 weeks.  CF a
against phase I antigen equal to or greater than 1:200, or phase I IgA
greater than phase II titer is considered positive.  The CF test may n
if sera h

as early as 1/2 - 2 wee  in ks  ill ess.  Co ieln x u netii may lsor  a
infecte  g he s an
method

IgA Antibody Phase IgM Antibody Phase IgG Antib
Infection Stage I II I II I II 
     Acute   X X  X 
     Chronic X    X  

Table 1. Antibodies generally present during acute and chronic Q Feve

Imaging Studies:  

r infection 

Chest radiography may reveal atypical pneumonia; 
pleural effusions are rare.  Sonography may reveal granulomatous lesions, 
particularly of the liver, even in asymptomatic patients.  Transesophageal 

ore sensitive in finding the typically small and 
subendothelial lesions of endocarditis.  Chronic Q fever findings include cardiac 

nulomatous 

MEDICAL MANAGEMENT 
 
 Standard precautions are recommended for healthcare workers as both 
nosocomial transmission and infections during autopsy have been documented.  
Most cases of acute Q fever resolve without antibiotic treatment, but all 
suspected cases of Q fever should be treated to reduce the risk of complications, 
some of which are fatal.   
 

echocardiography is m

valve abnormalities (vegetation, regurgitation, abscess) and gra
hepatitis.   
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 Acute Q fever.  Doxycycline 100 mg every 12 hours for at le
is the treatment of choice for acute Q fever; alternatively, tetracyc
every 6 hours could be used.  Antibiotics are most effective if be
days of the onset of symptoms. Fever usually disappears within 3 to
treatment is begun.  Relapse is not uncommon and may be associ
antibiotic regimen shorter than 2 weeks.  Ciprofloxacin and other qu
active in vitro and should be considered in patients unable to take tet
doxycycline, but they may require longer courses (14-21 days) to 
Quinolones may be a better choice than tetracyclines for pa
meningoencephalitis as they penetrate the cerebrospinal fluid more c
Trimethoprim-sulfamethoxazole (TMP-SMX) or macrolides (espec
macrolides like clarithromycin or azithromycin) may represent
therapies for patients for whom doxycycline or quinolones are cont
Ideal the

ast 14 days 
line 500 mg 
gun within 3 
 4 days after 
ated with an 
inolones are 
racycline or 

be effective.  
tients with 
onsistently. 
ially newer 

 alternative 
raindicated.  

rapy for acute Q fever in children less than 8 years old, for whom 
doxycycline is contraindicated, has not been determined; some clinicians 

 be useful 

oquine or a 
r in selected 
ing acute Q 
 months of 

e to prevent progression to endocarditis.  Q 
fever during pregnancy is usually treated with trimethoprim-sulfamethoxazole 

his regimen 
xycycline or 

ocarditis is 
at least 3-4 
 po tid for at 
er relapses; 
chloroquine-
ent may be 

ure Q fever endocarditis.   Women who have contracted acute Q 
fever during pregnancy should have specific serum antibody titers determined 

ted with at 
s of chronic 

Q fever specific serum antibody titers are followed (typically every 3 months); 
antibiotics should be continued until phase I C. burnetii IgG and IgA levels drop 

ss. 
 

iotic therapy 
 infectious 

 

PROPHYLAXIS 
 
 Vaccine:  A licensed Q fever vaccine is available in Australia and 
Eastern Europe. Administration of vaccine in immune or pre-sensitized 
individuals may cause severe local induration, sterile abscess formation, and 

recommend TMP-SMX for this group, while macrolides may
alternatives. 
 
 Current literature suggests the possibility that hydroxychlor
similar drug chloroquine may play a role in preventing chronic Q feve
high-risk patients; for example, some researchers advocate treat
fever in patients with abnormal cardiac valves with at least 12
doxycycline plus hydroxychloroquin

(TMP-SMX) 160 mg/800mg po bid for the duration of pregnancy; t
often does not clear infection, thus a standard 2-3 week course of do
quinolone may be necessary post-partum.   
 
 Chronic Q fever.  Successful treatment of Q fever end
difficult.  Combination therapy of doxycycline with quinolones for 
years, or doxycycline 100 mg po bid with hydroxychloroquine 200 mg
least 1 ½ years is recommended.  The latter regimen leads to few
however, it requires routine eye examination to monitor for hydroxy
associated ocular toxicity or visual field changes.  Valve replacem
required to c

post-partum; those with evidence of chronic Q fever are often trea
least 12 months of doxycycline plus hydroxychloroquine.  For all form

to 1:200 or le

 Whether chronic or acute, the importance of following antib
protocol must be emphasized, and close follow-up care with an
disease specialist is recommended. 
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necrosis at the inoculation site, thus prior exposure must first be determ
is accomplished by an intradermal skin test using 0.02 mg 
Vaccination with a single dose of this killed suspension of C. burn
complete protection against naturally occurring Q fever, and grea
percent protection against aerosol exposure.  Protection lasts for at le
A formalin-inactivated whole cell IND vaccine is available for vaccinating at-risk 

ined. This 
of vaccine.  
etii provides 
ter than 95 
ast 5 years. 

xposure is 

hours for at least 5–7 days.  Chemoprophylaxis given within 1-7 days of 
exp

imal health 
lly occurring 

result of BW.  Animal health authorities can also help to control outbreaks 
that may be propagated by intentionally or unintentionally infected livestock 
sources, and ensure that diary products are pasteurized and from approved 
sources.  
 

personnel on an investigational basis in the United States.   
 
 Antibiotics:  Chemoprophylaxis begun 8-12 days poste
effective, with tetracycline 500 mg every 6 hours or doxycycline 100 mg every 12 

osure is not effective and may only prolong the onset of disease. 
 
 Control:  As with many zoonoses, work is done with an
authorities to determine whether the source of an outbreak is natura
or the 
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T LAREU MIA 
 

SUMMARY 

 local ulcer 
lls, headache, and malaise.  Typhoidal 

tularemia presents with fever, headache, malaise, prostration, and often 

ay reveal a 
ic process, mediastinal lymphadenopathy or pleural effusion.  Routine 

trospectively 

 
n) with early 

A live, attenuated vaccine is available as an investigational new 
xycycline or 

xposure to a 

 
Isolation and Decontamination:  Standard precautions for healthcare workers.  
Organisms are relatively easy to render harmless by mild heat (55°Celsius for 10 
min) and standard disinfectants. 
 
 

 
Signs and Symptoms:  Ulceroglandular tularemia presents with a
and regional lymphadenopathy, fever, chi

substernal discomfort and a non-productive cough. 
 
Diagnosis:  Physical findings are usually non-specific.  Chest x-ray m
pneumon
culture is possible but difficult.  The diagnosis can be established re
by serology. 

Treatment:  Administration of antibiotics (streptomycin or gentamici
treatment is very effective.  
 
Prophylaxis:  
drug.  It is administered once by scarification.  A 2-week course of do
ciprofloxacin should be effective as prophylaxis when given after e
susceptible strain.  
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OVERVIEW 
 

all, aerobic 
 rabbit fever 
ire after skin 
 animals, or 
nly, inhaling 
ay produce 

uld typically 
landular or 

d throughout 
use of only 
. from 1990-

ciated with 
vars: Biovar 
merica; and 

 northern Europe and Asia.  
The organism can remain viable for weeks in water, soil, carcasses, hides, and 

eat.  It is resistant for months to temperatures of 
freezing and below.  It is easily killed by heat and disinfectants. 
 

11 during an 
alifornia.  Dr. 
s Bacterium 
anism and 

larensis. F. 
uring WWII 
f thousands 

o speculation that this may 
have resulted from the intentional use of tularemia as a biological weapon.  
H rodents and 

 siege.  This 
 during the 
ry, occurred 

sed hay contaminated by infected rodents. 
 
 Francisella tularensis was weaponized by the United States in the 1950s and 
1960s during the U.S. offensive BW program.  In addition, other countries are 
suspected to have weaponized this agent as well. This organism can be 
stabilized for weaponization by an adversary and produced in either a wet or 
dried form for delivery against U.S. forces in fashion similar to the other bacteria 
discussed in this handbook. 

 Francisella tularensis, the causative agent of tularemia, is a sm
non-motile, gram-negative coccobacillus. Tularemia (also known as
and deer fly fever) is a zoonotic disease that humans typically acqu
or mucous membrane contact with tissues or body fluids of infected
from bites of infected ticks, deerflies, or mosquitoes.  Less commo
contaminated aerosols or ingesting contaminated foods or water m
clinical disease.  Respiratory exposure to infectious aerosols wo
cause typhoidal tularemia with pneumonia, but rarely ulcerog
oculoglandular forms can be seen as well.   The organism is foun
the temperate northern hemisphere and is the typically the ca
sporadic human disease (average of 124 cases per year in the U.S
2000), but is infrequently the cause of large human epidemics asso
animal epizootics.  F. tularensis exists in at least two variants, or bio
A, which is the predominant cause of human disease in North A
Biovar B, a less virulent form which predominates in

for years in frozen rabbit m

HISTORY AND SIGNIFICANCE 
 
 Francisella tularensis was identified as a distinct organism in 19
investigation of a plague-like disease in rodents in Tulare County, C
Edward Francis, USPHS, established the cause of “deer-fly fever” a
tularense and subsequently devoted his life to researching the org
disease, hence, the organism was later renamed Francisella tu
tularensis has been responsible for large epidemics in the past.  D
and the German siege of Stalingrad, there were perhaps hundreds o
of human cases and many were pulmonary, leading t

owever, there was also an ongoing and concurrent epizootic in 
thousands of human cases were documented in the area before the
of course suggests a natural cause for the epidemic.  In Sweden
winter of 1966-67, hundreds of cases, most of which were pulmona
in farmers who proces
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CLINICAL FEATURES 
 

obably dose 
veral forms, 

landular.  In 
 or injected 

intradermally, whereas approximately 108 organisms are required with oral 
c

 After an incubation period of 3-6 days (range 1-21 days; pr
dependant), onset is usually acute.  Tularemia typically appears in se
which can generally be categorized as either typhoidal or ulcerog
humans, as few as 10 to 50 organisms will cause disease if inhaled

hallenge.   
 
 Typhoidal tularemia (5-15 percent of naturally acquired ca
mainly after inhalation of infectious aerosols but can occur after in
gastrointestinal challenge. The disease manifests as a nonspecifi
consisting of abrupt onset of fever (38-40oC), headache, malaise, m
prostration; but unlike most other forms of tularemia disease, it pres
lymphadenopathy.  Occasionally patients will present with nause
diarrhea, or abdominal pain.   Case fatality rates are approxima
untreated, naturally acquired typhoidal cases.  Survivors of untreat
may have symptoms which persist for weeks or, less often, m

ses) occurs 
tradermal or 
c syndrome 
yalgias, and 
ents without 
a, vomiting, 
tely 35% in 
ed tularemia 
onths, with 

progressive debilitation.  Mortality is higher if pneumonia is also present; this is 
t tack.  Case 

t seen with 
he form of disease most likely to be seen after an aerosol BW at
fatality rates after a BW attack may be greater than the 1-3 percen
appropriately treated natural disease.   
 
 Ulceroglandular tularemia (75-85 percent of naturally acq
cases) is most often acquired through inoculation of the skin 
membranes with blood or tissue fluids of infected animals.  It is chara
usually sudden onset of fever (85%), chills (52%), headache (4
(38%), and myalgias (31%), concurrent with the appearance of a pain
at the site of inoculation. The papule progresses rapidly to pustule 
ulcer, accompanied by development of painful regional lymph

uired cases 
or mucous 
cterized by 

5%), cough 
ful papule 

then painful 
adenopathy. 

eous ulcers are generally 0.4-3.0 cm in diameter with heaped-up edges.  
L 0 percent of 

er present.   
n when the 
 months or 

 In a minority of cases (1-2 percent) the site of primary inoculation is in the 
e junctivae by 

ia infectious 
ctivitis with 
dema, and 

lcerations of the conjunctiva are noted 
in some patients. 
 
 Pharyngitis can occur in up to 25 percent of all patients with tularemia.  It 
usually presents as an acute exudative pharyngitis or tonsillitis, sometimes with 
ulceration and associated painful cervical lymphadenopathy.  It may occur as a 
syndrome of isolated penicillin-unresponsive pharyngitis and mistaken for 
infectious mononucleosis or other viral pharyngitis. 
 

Cutan
ymph nodes are 0.5 to 10 cm in diameter and usually tender.  In 5-1

cases there is focal lymphadenopathy without an obvious ulc
Enlarged nodes can become fluctuant and spontaneously drain eve
patient has been taking antibiotics, and, if untreated, can persist for
even years. 
  

ye (oculoglandular disease); this occurs after inoculation of the con
contaminated hands, by splattering of infected tissue fluids, or v
aerosols.  Patients have unilateral, painful, purulent conjun
preauricular or cervical lymphadenopathy.  Chemosis, periorbital e
small nodular granulomatous lesions or u
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 Pulmonary involvement is present in 47-94 percent of all natura
cases of disease.  It may be severe and fulminant or mild and asymp
can be associated with any form of tularemia (seen in 30 
ulceroglandular cases), but it is most common in typhoidal tularem
percent of cases).  Pneumonitis is asymptomatic in up to 30 percent 
more commonly presents with non-productive cough and substerna
and occasionally with pleuritic chest pain, dyspnea, purulent 
hemoptysis.  An atypical or interstitial perihilar process is common b
lobar pneumonias, bronchiolitis, cavitary lesions, bronchopleural 
chronic, granulomatous processes have all been described.  Hilar ade
common and pleural effusions have been recorded in 15 percent of c
percent of cases of tularemia pneumonia may be accompanied by p
Like pneumonic plague, tularemia pne

lly occurring 
tomatic and 
percent of 

ia (up to 80 
of cases but 
l chest pain 
sputum, or 
ut fulminant 

fistulas, and 
nopathy is 

ases.  Thirty 
haryngitis.   

umonia can be primary after the inhalation 
of organisms or secondary after hematogenous spread from other sites.   

, mortality can approach 60 percent. 
 

a BW attack 
ed patients 

ssing rapidly 
de typhoidal 
c processes 
erotoxin B).  
 expected to 
it a pulse-
in naturally 

).  The systemic symptoms and signs (fever) of tularemia 
classically respond quickly to appropriate antibiotics; patients typically improve 

gentamicin), 
xacin).  In 

penicillin or 
rins alone. 

 
  if systemic 

.  Atypical 
 on CXR in 

 to tularemia 

Untreated

DIAGNOSIS 
 
 Clinical diagnosis.  A clue to the diagnosis of tularemia after 
with F. tularensis might be a large number of temporally cluster
presenting with similar nonspecific, febrile, systemic illnesses progre
to life-threatening pleuropneumonitis. Differential diagnoses inclu
syndromes (e.g., typhoid fever, rickettsia, or malaria) or pneumoni
(e.g., plague, mycoplasma, influenza, Q-fever, staphylococcal ent
Even after an aerosol BW attack, a percentage of patients should be
present with ulceroglandular disease. Some patients may exhib
temperature mismatch (seen as often as 40 percent of the time 
acquired disease

dramatically within 24-48 hr of initiation of aminoglycosides (e.g. 
tetracyclines (e.g. doxycycline), or fluoroquinolones (e.g. ciproflo
contrast patients may remain febrile for weeks while on 
cephalospo

Radiologic diagnosis. Chest radiographs should be performed
tularemia disease is suspected but findings are often nonspecific
pneumonia accompanied by hilar adenopathy or pulmonary findings
the absence of clinical findings of pulmonary disease, could be clues
in some cases. 
 
 Laboratory diagnosis.  Initial laboratory evaluations are
nonspecific.  Peripheral white blood cell counts usually rang fro

 generally 
e m 5,000 to 

22,000 cells per microliter.  Differential blood cell counts are normal with 
occasional lymphocytosis late in the disease process.  Hematocrit, hemoglobin, 
and platelet levels are usually normal.  Mild elevations in lactic dehydrogenase, 
serum transaminases, and alkaline phosphatase are common.  Rhabdomyolysis 
may be associated with elevations in serum creatine kinase and urinary 
myoglobin levels.  Cerebrospinal fluid is usually normal, although mild 
abnormalities in protein, glucose, and blood cell counts have been reported.  
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Tularemia can be diagnosed by recovering the organism in c
blood, ulcers, conjunctival exudates, sputum, gastric washings, and
exudates.  Recovery of organisms may even be possible after the 
appropriate antibiotic therapy.  However, unless tularemia is suspect
diagnosis are probable as the organism does not grow well in stan
laboratory medium.  F. tularensis produces small, smooth, opaque c
24 to 48 hr on medium containing cysteine or other sulfhydryl comp
glucose cy

ulture from 
 pharyngeal 
institution of 
ed, delays in 
dard clinical 
olonies after 
ounds (e.g., 

steine blood agar, thioglycollate broth).  Isolation represents a clear 
hazard to laboratory personnel and culture should only be attempted in BSL-3 
con

ng bacterial 
bodies to F. 
ate to allow 
160) do not 

ctions can 
nd because 
made only if 

in the tularemia tube agglutination or 
microagglutination titer is seen during the course of the illness.  Titers are usually 

 of infection, positive the second week in 50-70 percent of 
cases, and reach a maximum in 4-8 weeks. 

MEDICAL MANAGEMENT 

arensis includes 
at least one of the following antibiotics: 

 bid (15 mg/kg IM bid for children), or 
hildren), or 

Alternatives 
•  D

tainment.  
 
 Most diagnoses of tularemia are made serologically usi
agglutination or enzyme-linked immunosorbent assay (ELISA).  Anti
tularensis appear within the first week of infection but levels adequ
confidence in the specificity of the serologic diagnosis (titer > 1:
appear until more than 2 weeks after infection.  Because cross-rea
occur with Brucella spp., Proteus OX19, and Yersinia organisms a
antibodies may persist for years after infection, diagnosis should be 
a fourfold or greater increase 

negative the first week

 

 
Treatment.  Initial therapy for systemic disease caused by F. tul

 
Preferred 
•  Streptomycin*, 1g IM
•  Gentamicin 5 mg/kg IM or IV qd ( 2.5 mg / kg IM or IV q8 hr for c
 

oxycycline, 100 mg IV q12 hr for adults or children > 45kg (
r for children <45 kg), or 
iprofloxacin 400 mg IV every 12 hr for adults (for children u

2.2 mg/kg IV q 12 
h

•  C se 15 mg/g IV q 
12 hr (up to 1g/day)), or 

 ol, 15 mg/kg IV q 6 hr 

he only 
 since it 

and 
ould be 
k (800-

254-4445).   
 
Intravenous antibiotics can be switched to oral antibiotics as the 

improvement in the patient’s course dictates.  Length of therapy depends upon 
the antibiotic used.  Chloramphenicol and tetracyclines (doxycycline) have been 
associated with relapse with courses lasting even 2 weeks and thus should be 
continued for at least

•  Chloramphenic
 

*Streptomycin has historically been the drug of choice for tularemia and is t
aminoglycoside antibiotic approved by the FDA for treatment of plague; however,
may not be readily available immediately after a large-scale BW attack, gentamicin 
other alternative drugs should be considered first.  Requests for streptomycin sh
directed to the Roerig Streptomycin Program at Pfizer Pharmaceuticals in New Yor

 14-21 days.  Streptomycin, gentamicin, and ciprofloxacin 
should be continued for at least 10-14 days.   It is quite possible that any 
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intentional use of tularemia as a weapon will employ a strain of th
which is resistant to our preferred antibiotics.  Thus testing the strain
susceptibilities is of paramount importance.  A clinical clue to

e organism 
 for antibiotic 

 resistance would be 
failure of the patient to improve dramatically after 24-48 hr of antibiotics. 

nsmission of 
 precautions 
onia.  Strict 
 precautions 
n of soiled 

 equipment, etc.  Heat and disinfectants easily inactivate the 
organism.  Laboratory workers should not attempt to grow the organism in less 

onditions. 
 

live vaccine 
00 persons 

phoidal and 
uired tularemia.  Aerosol 

challenge tests in laboratory animals and human volunteers have demonstrated 
n depends 

ection could be 
o

ophylaxis (i.e., 
immune globulin) available for pre- or postexposure management of tularemia. 

 Preexposure prophylaxis:  No antibiotics are licensed by the FDA for use 
rofloxacin or 
ptibilities. 

stexposure prophylaxis: 
   
P

 
Infection Control.  Because there is no known human-to-human tra
tularemia, neither isolation nor quarantine is necessary.  Standard
are appropriate for care of patients with draining lesions or pneum
adherence to the drainage / secretion recommendations of standard
is required, especially for draining lesions, and for the disinfectio
clothing, bedding,

than BSL-3 c

PROPHYLAXIS 
 
 Vaccine:   An investigational (IND) live-attenuated vaccine (
strain - LVS), administered by scarification, has been given to > 5,0
without significant adverse reactions.  The vaccine prevents ty
ameliorates ulceroglandular forms of laboratory-acq

significant protection.  As with all vaccines, the degree of protectio
upon the magnitude of the challenge dose.  Vaccine-induced prot
verwhelmed by extremely high doses of the tularemia bacteria.   

 
 Immunoprophylaxis.  There is no passive immunopr

 

before exposure to tularemia.  However, chemoprophylaxis with cip
doxycycline) may protect against tularemia based upon in vitro susce
 
 Po

referred 
•  Doxycycline 100 mg po bid for adults and children >45 kg (for child
use 2.2 mg / kg po bid), or 

ren <45 kg 

•  Ciprofloxacin 500 mg po bid for adults (15 mg/kg po bid (up to 1 g/day) for 
c

 Postexposure prophylaxis should ideally begin within 24 hr of exposure and 
continue for at least 14 days.  These oral antibiotic dosages may also be 
appropriate for treatment in mass casualty settings in which intravenous 
antibiotics are not available. 
 
 Chemoprophylaxis is not recommended after potential natural exposures 
(tick bite, rabbit, or other animal exposures). 
 

hildren) 
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VIRAL AGENTS 
 
 

ucleocapsid 
e cases, the 
uch smaller 
/1000 mm).  
metabolism; 
 cells.  This 
etic nutritive 

 can be from 
ecial type of 
etween the 

etic nutrient 
mon way of 
ranes (from 
-consuming.  

ically brings about changes in the host cell that eventually lead to cell 
death.  This handbook covers three types of viruses which could potentially be 
employed as BW agents: smallpox, alphaviruses (e.g., VEE), and hemorrhagic 
fever viruses.  
 

 Viruses are the simplest microorganisms and consist of a n
protein coat containing genetic material, either RNA or DNA. In som
viral particle is also surrounded by an outer lipid layer.  Viruses are m
than bacteria and vary in size from 0.02 µm to 0.2 µm (1 µm = 1
Viruses are intracellular parasites and lack a system for their own 
therefore, they depend upon the synthetic machinery of their host
means that viruses, unlike the bacteria, cannot be cultivated in synth
solutions, but require living cells in order to replicate.  The host cells
humans, animals, plants, or bacteria.  Every virus requires its own sp
host cell for replication, because a complicated interaction occurs b
cell and virus.  Virus-specific host cells can be cultivated in synth
solutions and then infected with the virus in question.  Another com
producing viruses is to replicate them on chorioallantoic memb
fertilized eggs).  Virus production is expensive, demanding, and time
A virus typ
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SMALLPOX 
 

SUMMARY 

laise, fever, 

kly progress from macules to papules, and eventually to pustular 
vesicles.  They are more abundant on the extremities and face, and develop 

iscriminating 
 monkeypox, or cowpox.  Culture and polymerase chain 

ating variola 
. 

 
atment of a 

ains supportive. 

rtaken for all 

ectious from 
 droplet and 
uarantine of 

practical and 
nforce.  A reasonable alternative would be to require contacts to 

check their temperatures daily.  Any fever above 38 C (101 F) during the 17 days 
after exposure to a confirmed case would suggest the development of smallpox.  
The contact should then be isolated immediately, preferably at home, until 
smallpox is either confirmed or ruled out and remain in isolation until all scabs 
separate.      

 
Signs and Symptoms:  Clinical manifestations begin acutely with ma
rigors, vomiting, headache, and backache.  Two to 3 days later, lesions appear 
which quic

synchronously. 
 
Diagnosis:  Neither electron nor light microscopy are capable of d
variola from vaccinia,
reaction (PCR) diagnostic techniques are more accurate in discrimin
and other Orthopoxviruses

Treatment:  At present, there is no effective chemotherapy, and tre
clinical case rem
 
Prophylaxis:  Immediate vaccination or revaccination should be unde
personnel exposed.  
 
Isolation and Decontamination:  Patients should be considered inf
onset of rash until all scabs separate and should be isolated using
airborne precautions during this period.  In the civilian setting, strict q
asymptomatic contacts for 17 days after exposure may prove to be im
impossible to e
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OVERVIEW 
 

own to exist 
.  Despite 

vaccine, the 
.  This threat 
ase of large-

lthough the 
s of the rash 
 of infection 
ox patient's 

ld be applied to secondary 
contacts for 17 days postexposure.  Vaccinia vaccination and vaccinia immune 

efficacy in postexposure prophylaxis. 
 

orld Health 
variola virus 
 Atlanta and 
y (Koltsovo, 
stockpiles in 

e WHO Advisory Committee on 
Vari estroyed by 

ce that time 
ther study of 

opulation in 
uthwest Asia 
 States was 
le to Variola 

ainst Native Americans 
by giving them contaminated blankets from the beds of smallpox victims during the 

 Japan considered the use of smallpox as a BW weapon in 
World War II and it has been considered as a possible threat agent against U.S. 
force rted to have 

 a biological 
 

 
 The incubation period of naturally-acquired smallpox averages 12 days, 
although it could range from 7-19 days after exposure.  Clinical manifestations 
begin acutely with malaise, high fever (to 104oF), rigors, vomiting, headache, 
backache, and prostration; 15% of patients develop delirium.  Approximately 10% 
of light-skinned patients exhibit an erythematous rash during this phase.  Two to 
three days later, an enanthem consisting of small, painful ulcerations of the tongue 

 Smallpox is caused by the Orthopox virus, variola, which is kn
in at least two strains, Variola major and the milder form, Variola minor
the global eradication of smallpox and continued availability of a 
potential weaponization of variola continues to pose a military threat
may be attributed to the aerosol infectivity of the virus, the relative e
scale production, and an increasingly Orthopoxvirus-naive populace.  A
fully developed cutaneous eruption of smallpox is unique, earlier stage
could be mistaken for chicken pox (varicella).  Secondary spread
constitutes a nosocomial hazard from the time of onset of a smallp
exanthem until scabs have separated.  Quarantine shou

globulin each possess some 

HISTORY AND SIGNIFICANCE 
 
 Endemic smallpox was declared eradicated in 1980 by the W
Organization (WHO).  Although two WHO-approved repositories of 
remain at the Centers for Disease Control and Prevention (CDC) in
at Russian State Centre for Research on Virology and Biotechnolog
Novosibirsk Region) Russian Federation, the extent of clandestine 
other parts of the world remains unknown.  Th

ola Virus Research recommended that all stocks of smallpox be d
30 June 2002.   However, destruction has been delayed annually sin
by the WHO Health Assembly due to concerns over the need for fur
the virus given its potential as a biological warfare agent.  

 The United States stopped routinely vaccinating its military p
1989, but began vaccination again in 2003 for troops deployed to So
and the Republic of Korea.  Routine civilian vaccination in the United
discontinued in 1972.  Thus much of the population is now susceptib
major.  Variola may have been used by the British Army ag

eighteenth century. 

s for many years.  In addition, the former Soviet Union is repo
produced and stockpiled massive quantities of the virus for use as
weapon.  It is not known whether these stockpiles still exist in Russia.  
 

CLINICAL FEATURES 
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and oropharynx appears concomitantly or within 24 hours of a discrete rash about 
the face, hands, and forearms.   
 

ntrally to the 
rythematous 
 to 2-5-mm 
the vesicles 

ond, smaller 
ce, and this 
t contrast to 
synchronous 
ustules form 
, if it occurs, 
use of death 
gh levels of 

hough variola concentrations in the throat, 
conjunctiva, and urine diminish with time, the virus can be readily recovered from 
scab solated and 

 recognized.  
e diminutive 
owever, the 
% and 30% 
re higher in 
extremes of 

eople with 
ociated with higher concentrations 

of lesions, with confluence of lesions portending the worst prognosis.  Smallpox 
durin s abortions.  

ary ocular 
 children).  

at-type and 
pe smallpox 
in children.  

s, was more common in 
preg ed with both 

r incubation 
n to death, 
the disease 
 lesion sites.  

 
 Partially immune patients, especially those vaccinated more than 3 years 
before smallpox exposure, could develop less severe forms of disease.  Modified 
smallpox is a clinical form of disease characterized by fewer lesions which are 
more superficial, associated with a less pronounced fever and a more rapid 
resolution of disease, often with lesion crusting within 10 days of onset.  Some 
previously immune individuals or infants with maternal antibodies could develop a 
short-lived febrile syndrome without rash upon exposure to smallpox. 

 After eruptions on the lower extremities, the rash spreads ce
trunk over the next week.  The exanthem typically begins as small, e
macules which progress to 2-3-mm papules over 2 to 3 days, then
vesicles within 1 to 2 more days.  Four to 7 days after rash onset, 
become 4-6mm umbilicated pustules, often accompanied by a sec
fever spike.  Lesions are more abundant on the extremities and fa
centrifugal distribution is an important diagnostic feature.  In distinc
varicella, lesions on various segments of the body remain generally 
in their stages of development.  From 8 to 14 days after onset, the p
scabs that leave depressed depigmented scars upon healing.  Death
is usually during the second week of clinical disease.  The precise ca
is not entirely understood, but is often attributed to toxemia, with hi
circulating immune complexes.  Alt

s throughout convalescence.  Therefore, patients should be i
considered infectious until all scabs separate. 
 
 During the 20th century, two distinct types of smallpox were
Variola minor was distinguished by milder systemic toxicity and mor
pox lesions, and caused 1% mortality in unvaccinated victims.  H
prototypical disease caused by Variola major resulted in mortality of 3
in the vaccinated and unvaccinated, respectively.  Mortality rates we
certain populations (e.g., Pacific islanders and Native Americans), at 
age, during pregnancy (average 65% for ordinary smallpox), and in p
immunodeficiencies.  Higher mortality was ass

g pregnancy resulted in an increased incidence of spontaneou
Acute complications of smallpox included viral keratitis or second
infection (1%), encephalitis (<1%), and arthritis (up to 2% of
Bronchopneumonia was common in severely ill patients. 
 
 Other clinical forms associated with Variola major - fl
hemorrhagic-type smallpox - were notable for severe mortality.  Flat-ty
occurred in about 6% of all cases and was most common 
Hemorrhagic smallpox occurred in about 2-3% of all case

nant women and immunocompromised individuals, and present
“early” and “late” forms.  Early hemorrhagic disease had a shorte
period, often large areas of ecchymosis, and fulminant progressio
sometimes before lesions had even formed.  In the late form, 
progression was normal, with discrete hemorrhagic areas forming at
Mortality was approximately 95% in both flat and hemorrhagic forms.  
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dness from 

ormalities in children, and disfiguring or even 
physically debilitating dermal scarring. 
 

inoculae of 
 (even 3-5 

ithout appearance of rash before 
death;  the implications of these findings for human disease resulting from 
inten

ommunities.  
even in a 

rson spread 
sh or severe 

evere bronchiolitis and cough; 3) low 
humidity environment; 4) crowding (as in winter or rainy seasons).  The average 
seco ontacts was 

al Africa.  In 
.S. due to 

from Africa.  
at could be 

e exception of a generally lower 
case fatality rate and notable enlargement of cervical and inguinal 

opathy appearing 1-2 days before the rash in 90% of cases.   The U.S. 
cases in 2003 tended to be less severe, with often localized lesions only, no 
mort

ms, such as 
atitis.  In a 

. Particularly 
the failure to 
immunity, or 

extremely severe cases in patients without classical disease.  Therefore, isolation 
of s  of medical 

 laboratory 
ccinated and 
 be collected 
imens might 

include scrapings of skin lesions, lesion fluid, crusts, blood, or pharyngeal swabs. 
 
 A method of presumptive diagnosis is demonstration of characteristic 
poxvirus virions on electron microscopy of vesicular scrapings.  Under light 
microscopy, aggregations of variola virus particles, called Guarnieri bodies, can be 
found.  Another rapid but relatively insensitive test for Guarnieri bodies in vesicular 
scrapings is Gispen's modified silver stain, in which cytoplasmic inclusions appear 

 Long-term sequelae in survivors of smallpox include 1-4% blin
corneal scarring, growth abn

 Animal studies suggest that unnaturally large inhaled 
poxviruses may result in a significantly shortened incubation period
days) and fulminant pulmonary disease with or w

tional smallpox aerosolization is unknown at this time.   
 
 Historically, smallpox tended to spread slowly through c
Smallpox could become endemic in densely populated regions 
population with up to 80% vaccination rates.  Increased person to pe
of disease was associated with: 1) exposure to cases with confluent ra
enanthem; 2) exposure to cases with s

ndary attack rate of Variola major in unvaccinated household c
58.4% and in vaccinated household contacts 3.8%. 
 
 A relative of variola, monkeypox, occurs naturally in equatori
2003, an outbreak of 81 primary human cases occurred in the U
exposure to exotic pets, some of which had been imported 
Descriptions of human monkeypox in Africa revealed a disease th
clinically indistinguishable from smallpox with th

lymphaden

ality, and no secondary transmission to other humans. 
 

DIAGNOSIS 
 
 Smallpox must be distinguished from other vesicular exanthe
chickenpox, erythema multiforme with bullae, or allergic contact derm
confirmed outbreak, smallpox would likely be a clinical diagnosis
problematic to the necessary infection control measures would be 
recognize relatively mild cases of smallpox in persons with partial 

uspected cases, quarantine of potential exposures, and initiation
countermeasures should be promptly followed by an accurate
diagnosis.  Providers who collect or process specimens should be va
should exercise contact and airborne precautions.  Specimens should
only under the direction of public health officials.  Typical variola spec
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black.  However, none of the above laboratory tests is capable of discriminating 
variola from vaccinia, monkeypox, or cowpox. 
 

 of the virus 
brane or in 
 Response 

nder BSL-4 
conditions.  Several nucleic acid techniques have been developed for specific 
poxv

ss and may 
s.  Hemaglutination-inhibition antibodies are detectible by 

the 1 8th, but both 

unts (CBC) 
openia and 

levated 
he late pustular stage when secondary bacterial infections would occur.  

Mild thrombocytopenia was common.  In hemorrhagic smallpox, thrombocytopenia 
evere as DIC (disseminated intravascular coagulation) 

developed. 
 

anthem and 
appropriate 

nsidered an 
 authorities.  
e monitored 
tion status; 

nd airborne 
arantine of 
 enforce.  A 
me and to 

the 17 days 
 of smallpox.  
home, until 

ation until all scabs 
separate.  Patients should be considered infectious until all scabs separate.  
Imm ken for all 

al case of 
opriate PPE 

regardless of vaccination status.  Weaponized smallpox strains encountered in the 
future may be genetically altered to render the current vaccine ineffective, a 
possibility demonstrated unequivocally in similar poxvirus animal models.   
 
 The potential for airborne spread to other than close contacts is 
controversial.  In general, close person-to-person contact is required for 
transmission to reliably occur.  Nevertheless, variola's potential for airborne spread 
in conditions of low relative humidity was alarming in two hospital outbreaks.  

 Definitive diagnosis of variola has classically required isolation
and characterization of its growth on chicken egg chorioallantoic mem
cell culture.  Culture of variola is presently available only at Laboratory
Network (LRN) national laboratories (CDC and USAMRIID) u

irus identification, with PCR becoming more widely available.  
 
 Neutralizing antibodies to variola form in the first week of illne
be present for many year

6th day of infection and complement fixation antibodies by the 1
begin to decrease after 1 year. 
 
 Associated laboratory findings, including the complete blood co
of patients with ordinary smallpox, often exhibited a neutr
lymphocytosis during the eruptive stage.  Neutrophils could become e
during t

was progressive and s

MEDICAL MANAGEMENT 
 
 Medical personnel must be able to recognize a vesicular ex
consider the etiology as potentially variola, and then quickly initiate 
countermeasures.  Any confirmed case of smallpox should be co
international emergency with immediate reporting to public health
People who have been exposed to known cases of small pox should b
for a minimum of 17 days from exposure regardless of their vaccina
such individuals should be immediately isolated using droplet a
precautions at the onset of fever. In a civilian setting, strict qu
asymptomatic contacts may prove to be impractical and impossible to
reasonable alternative would be to require contacts to remain at ho
check their temperatures daily.  Any fever above 38°C (101°F) during 
after exposure to a confirmed case would suggest the development
The contact should then be isolated immediately, preferably at 
smallpox is either confirmed or ruled out and remain in isol

ediate vaccination or revaccination should also be underta
personnel exposed to either weaponized variola virus or a clinic
smallpox.  Caregivers should be vaccinated and continue to wear appr
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Indirect transmission by contaminated bedding or by fomites was
Some close contacts harbored virus in their throats with

 infrequent.  
out developing disease 

and hence might have served as a means of secondary transmission. 
 

r formation) 
to smallpox.  
onditions of 

f troops' prior vaccination, routine revaccination of all 
potentially exposed personnel would seem prudent if there existed a significant 
pros

idofovir has 
it would offer 
as not been 
llpox is “off-

and thus it should be administered as an investigation new drug (IND).  See 
Appendix L for guidelines on the administration of IND drugs.  Topical antivirals 
such llpox ocular 

 
 Supportive care is imperative for successful management of smallpox 

ures include maintenance of hydration and nutrition, pain control, and 
management of secondary infections.  

inistered by 
e known as 

ent smallpox 
d from calf 

es.  Primary 
inees receive 15.  

Vaccination after exposure to weaponized smallpox or a case of smallpox may 
prev ably within 7 

ite 5-7 days 
ion forms a 
 lesion may 
nity. 

opathy.  The 
s frequently 
tions (more 
irus to other 

sites such as the face, eyelid, or other persons (~ 6/10,000 vaccinees), and 
generalized vaccinia, which is a systemic spread of the virus to produce 
mucocutaneous lesions away from the primary vaccination site (~3/10,000 
vaccinees).  Approximately 1/10000 primary vaccinees will experience a transient, 
acute myopericarditis.  Rare, but often fatal adverse reactions include eczema 
vaccinatum (generalized cutaneous spread of vaccinia in patients with eczema), 
progressive vaccinia (systemic spread of vaccinia in immunocompromised 
individuals), and post-vaccinia encephalitis. 

 Vaccination with a verified clinical "take" (vesicle with sca
within the past 3 years is considered to render a person immune 
However, given the difficulties and uncertainties under wartime c
verifying the adequacy o

pect of smallpox exposure. 
 
 Antivirals for use against smallpox are under investigation.  C
had significant in vitro and in vivo activity in animal studies.  Whether 
benefit superior to immediate postexposure vaccination in humans h
determined.  While cidofovir is a licensed drug, its use for treating sma
label” 

 as trifluridine or idoxuridine may be useful for treating sma
disease. 

victims; meas

 

PROPHYLAXIS 
 
 Vaccine:  Smallpox vaccine (vaccinia virus) is most often adm
intradermal inoculation with a bifurcated needle, a process that becam
scarification because of the permanent scar that resulted.  The curr
vaccine is the Wyeth DryvaxTM, which is a licensed product derive
lymph; future smallpox vaccines will be grown on human cell cultur
vaccinees receive three punctures with the needle, repeat vacc

ent or ameliorate disease if given as soon as possible and prefer
days after exposure.  A vesicle typically appears at the vaccination s
after inoculation, with associated erythema and induration.  The les
scab and gradually heals over the next 1-2 weeks; the evolution of the
be more rapid, with less severe symptoms, in those with previous immu
 
 Side effects include low-grade fever and axillary lymphaden
attendant erythema and induration of the vaccination vesicle i
misdiagnosed as bacterial superinfection.  More severe vaccine reac
common in primary vaccinees) include inadvertent inoculation of the v
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 Vaccination is contraindicated in the following 
immunosuppression, HIV infection, history or evidence of eczema, 
severe skin disorders, during pregnancy, or current household, sexu
close physical contact with person(s) possessing one of these con
addition, vaccination should not be performed in breastfeeding 
individuals with serious cardiovascular disease or with three risk 
cardiovascular disease, or individuals who are using topical 
medications or who have had recent eye surgery.  Despite these c
authorities state that, with the exception of significant impairment 
immunity, there are no absolute contraindications to postexposure vacc
person who experiences bona fide exposure to vari

conditions: 
other active 
al, or other 
ditions.  In 

mothers, in 
factors for 

steroid eye 
aveats, most 
of systemic 
ination of a 

ola.  However, concomitant 
vac nant and 

in (VIG) is 
nia) vaccine 
ut keratitis, 
ilable when 
 the CDC in 

ophylaxis or 
0.6 ml/kg for 
lume of the 
be given in 

be of use for 
accinia adverse events.  Limited data suggest that VIG may also be of 

value in postexposure prophylaxis of smallpox when given within the first week 
after exposure, and concurrently with vaccination.  Vaccination alone is 
recommended for those without contraindications to the vaccine.  If greater than 1 
week has elapsed after exposure, administration of both products, if available, is 
reasonable. 

cine immune globulin administration is recommended for preg
eczematous persons in such circumstances. 
 
 Passive Immunoprophylaxis:  Vaccinia immune globul
indicated for treating some complications to the smallpox (vacci
(generalized vaccinia with systemic illness, ocular vaccinia witho
eczema vaccinatum, and progressive vaccinia), and should be ava
administering vaccine.  It is available as an IND through both DoD and
both intramuscular and intravenous formulations.  The dose for pr
treatment is 100 mg/kg for the intravenous formulation (first line), or 
the intramuscular preparation (second line).  Due to the large vo
intramuscular formulation (42 ml in a 70-Kg person), the dose would 
multiple sites over 24-36 hours.  If VIG is not available, cidofovir may 
treating v
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VENEZUELAN EQUINE ENCEPHALITIS (VEE) 
 

SUMMARY 

 as an acute 
entage (4% 
iking fevers, 
r.  Nausea, 

ull recovery from 
malaise and fatigue takes 1-2 weeks.  The incidence of CNS disease and 

ttack. 

findings are 
openia and 

penia.  Virus isolation may be made from serum, and in some cases 
throat or nasal swab specimens.  Both neutralizing and IgG antibody in paired 

icate recent 

 only.  Treat uncomplicated VEE infections 
with analgesics to relieve headache and myalgia.  Patients who develop 

ive care to 
, and avoid 

is:  A live, attenuated vaccine is available as an investigational new 
drug (IND).  A second, formalin-inactivated, killed vaccine is available for 

There is no 
terferon and 
st-exposure 

 
Isolation and Decontamination:  Patient isolation and quarantine is not 
required. Standard precautions augmented with vector control while the patient is 
febrile.  There is no evidence of direct human-to-human or horse-to-human 
transmission.  The virus can be destroyed by heat (80oC for 30 min) and 
standard disinfectants.  

 
Signs and Symptoms:  Incubation period 1-6 days.  VEE presents
systemic febrile illness with encephalitis developing in a small perc
children; < 1% adults).  Symptoms include generalized malaise, sp
rigors, severe headache, photophobia, and myalgias for 24-72 h
vomiting, cough, sore throat, and diarrhea may follow.  F

associated morbidity and mortality could be much higher after a BW a
 
Diagnosis:  Clinical and epidemiological diagnosis.  Physical 
nonspecific.  The white blood cell count may show a striking leuk
lympho

sera or VEE-specific IgM present in a single serum sample ind
infection. 
 
Therapy:  Treatment is supportive

encephalitis may require anticonvulsants and intensive support
maintain fluid and electrolyte balance, ensure adequate ventilation
complicating secondary bacterial infections. 
 
Prophylax

boosting antibody titers in those initially receiving the first vaccine.  
postexposure immunoprophylaxis.  In experimental animals, alpha-in
the interferon-inducer poly-ICLC have proven highly effective as po
prophylaxis.   
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OVERVIEW 
 

 a group of 
uth America 
ral America, 
humans and 

os, and donkeys).  Natural infections are acquired 
by the bites of a wide variety of mosquitoes.  Equidae serve as amplifying hosts 
and

 to the VEE 
r aspects of 
is thought to 
easons that 
tion density 
s has to be 

There is no 
on.  Natural 

aerosol transmission is not known to occur.  VEE particles are not considered 
stable in the environment, and are thus not as persistent as the bacteria 

remia, or anthrax.  Heat and standard disinfectants 
can easily kill the VEE virus complex. 
 

hown to be 
earchers in 
genic strain" 
ed Texas in 

o, 
uine cases, 
 Texas died.  

ergency was declared and 
resources were mobilized to vaccinate horses in 20 states.  Ninety five percent of 

 In addition 
lations was 
ande Valley 
d Columbia 

aths. 
 

ause it was 
tested as a BW agent during the U.S. offensive program in the 1950s and 1960s.  
Other countries have also been or are suspected to have weaponized this agent.  
In compliance with President Nixon's National Security Decision No. 35 of 
November 1969 directing the destruction of the BW microbial stockpile, all 
existing stocks of VEE in the U.S. were destroyed under supervision.   
 
 These viruses could theoretically be produced in large amounts in either a 
wet or dried form by relatively unsophisticated and inexpensive systems.  This 

 The Venezuelan equine encephalitis (VEE) virus complex is
eight mosquito-borne alphaviruses that are endemic in northern So
and Trinidad and cause rare cases of human encephalitis in Cent
Mexico, and Florida.  These viruses can cause severe diseases in 
equidae (horses, mules, burr

 sources of mosquito infection.   
 
 Western and eastern equine encephalitis viruses are similar
complex, are often difficult to distinguish clinically, and share simila
transmission and epidemiology.  The human infective dose for VEE 
be approximately 10-100 organisms, which is one of the principal r
VEE is considered a militarily effective BW agent.  Neither the popula
of infected mosquitoes nor the aerosol concentration of viral particle
great to allow significant transmission of VEE in a BW attack.  
evidence of direct human-to-human or horse-to-human transmissi

responsible for Q fever, tula

HISTORY AND SIGNIFICANCE 
 
 Initially isolated from moribund horses in 1936, VEE was s
capable of causing disease in humans as well in 1952 by res
Colombia.  Between 1969 and 1971, an epizootic of a "highly patho
of VEE emerged in Guatemala, moved through Mexico, and enter
June 1971.  This strain was virulent in both equidae and humans.  In Mexic
there were 8,000-10,000 equine deaths, "tens of thousands" of eq
and 17,000 human cases (no human deaths). Over 10,000 horses in
Once the Texas border was breached, a national em

all horses and donkeys were vaccinated; over 3.2 million animals. 
equine quarantines were established and control of mosquito popu
obtained with the use of broad-scale insecticides along the Rio Gr
and the Gulf Coast.  A second VEE outbreak in 1995 in Venezuela an
involved over 75,000 human cases and as many as 300 de

 VEE is better characterized than EEE or WEE, primarily bec
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form of the VEE virus complex could be intentionally disseminated as
and would be highly infectious.  It could also be spread by the
dissemination of infected mosquitoes, which can probably transm
throughout their lives.  The VEE complex is relat

 an aerosol 
 purposeful 
it the virus 

ively stable during the storage 
and manipulation procedures necessary for weaponization.  
 

is outbreaks 
 However, a 
 an aerosol 
ultaneously 

free ranging 
ase, thus a 
on onset of 
method for 

ing the likelihood of a BW event would be the presence of VEE outside 
of its natural geographic range.  A biological warfare attack in a region populated 
by equidae and appropriate mosquito vectors could initiate an epizootic / 

 

ly 100 percent of 
those infected develop overt illnesses.  The overall case fatality rate for VEE is 

ng or aged.  
rm immunity 
 virus. 

encephalitis 
 Most VEE 
infection, in 
s 28 hr but 

 This acute 
spiking high 
d myalgias 
ng are also 

tachycardia, conjunctival injection, 
ery  symptoms 

alaise and 
illness, with 
isease, has 
 in natural 

 During natural epidemics, approximately 4 percent of infected children 
(<15 years old) and less than 1 percent of adults will develop signs of severe 
CNS infection, with as high as 35 percent fatality for children and 10 percent for 
adults.  Adults rarely develop neurologic complications during natural infections.  
Mild CNS findings would include lethargy, somnolence, photophobia or mild 
confusion, with or without nuchal rigidity.  Seizures, ataxia, paralysis, or coma 
follow more severe CNS involvement.  Experimental aerosol challenges in 
animals suggest that the incidence of CNS disease and associated morbidity and 

 In natural human epidemics, severe and often fatal encephalit
in equidae (30-90% mortality) always precede disease in humans. 
biological warfare attack with virus intentionally disseminated as
would most likely cause human disease as a primary event or sim
with equidae.  During natural epidemics, illness or death in wild or 
equidae may not be recognized before the onset of human dise
natural epidemic could be confused with a BW event, and data 
disease should be considered with caution.  A more reliable 
determin

epidemic.   

CLINICAL FEATURES 
 
 Susceptibility in humans is high (90-100%), and near

less than 1 percent, although it is somewhat higher in the very you
Recovery from an infection results in excellent short-term and long-te
to the infective strain, but may not protect against other strains of the
 
 VEE is primarily an acute, incapacitating, febrile illness with 
developing in only a small percentage of the infected population. 
infections are mild (in contrast to clinically apparent EEE and WEE 
which encephalitis is common).  After an incubation period as short a
typically 2-6 days, onset of prostrating illness is usually sudden. 
phase of illness is often manifested by generalized malaise, chills, 
fevers (38oC-40.5oC), rigors, severe headache, photophobia, an
prominent in the legs and lumbosacral area.  Nausea and vomiti
common.  Physical signs may include 

thematous pharynx, and muscle tenderness.  These severe
generally subside within 2-4 days, to be followed by asthenia (m
fatigue) lasting for 1-2 weeks before full recovery.    A biphasic 
recurrence of the acute symptoms 4-8 days after initial onset of d
been described infrequently.  Generally, ≤10 percent of patients
epidemics will be ill enough to require hospitalization. 
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mortality could be much higher after a BW attack, as the VEE viru
along the olfactory nerve and spread directly to the CNS.  School ag
may be more susceptible to a fulminant form of disease char
depletion of lymphoid tissues, encephalitis, interstitial pneumonitis, a
which follows a lethal course over 48-72 hr.  VEE infection during pre
cause encephalitis in the fetus, place

s may travel 
ed children 

acterized by 
nd hepatitis, 
gnancy may 

ntal damage, spontaneous abortion, or 
severe congenital neuroanatomical anomalies.   

DIA

al grounds, 
f serological 
gglutination 
rior known 

 presumptive diagnosis may be made by 
identifying IgM antibody in a single serum sample taken 5-7 days after onset of 
illne e generally 

lood culture 
t sera, and 
t not during 

tion by antigen-capture 
ELI formed from 

ys of illness 
dentification 

mptoms and 
imes a mild 

thrombocytopenia by the second to third day of illness.  Each of these 
abn porary, mild 

may also be 
ure may be 
dominantly 

 An outbreak of VEE may be difficult to distinguish from influenza on 
clinical grounds.  Clues to the diagnosis might include the appearance of a small 

al cases, lack of person-to-person spread, or disease in 
equines.  A BW aerosol attack could lead to an epidemic of febrile 
me ontext, the 

ningitis and 
meningoencephalitis.     
 

MEDICAL MANAGEMENT 
 
 No specific viral therapy exists; hence treatment is supportive only.  
Patients with uncomplicated VEE infection may be treated with analgesics to 

 

GNOSIS 
 
 Diagnosis of VEE is suspected on clinical and epidemiologic
but confirmed by virus isolation, serology, ECL, or PCR.  A variety o
tests are applicable, including IgM, ELISA, indirect FA, hema
inhibition, complement-fixation, and IgG. For persons without p
exposure to VEE complex viruses, a

ss.  PCR procedures are available for confirmation, but ar
available only as a rear laboratory capability.   
 
 Samples suitable for performing diagnostic tests include b
(only in appropriate BSL-3 containment), acute and convalescen
cerebrospinal fluid.  Viremia during the acute phase of the illness (bu
encephalitis) is generally high enough to allow detec

SA or ECL.  Virus isolation is time consuming, but may be per
serum and throat or nasal swab specimens collected in the first 3 da
by inoculation of cell cultures or suckling mice (a Gold Standard i
assay for VEE).  VEE should be isolated only in a BSL-3 laboratory. 
 
 The white blood cell count is often normal at the onset of sy
then usually shows a striking leucopenia, lymphopenia, and somet

ormalities will usually resolve over the ensuing 1-2 weeks.  Tem
elevations of lactic dehydrogenase, AST, and alkaline phosphatase 
present.  In patients with encephalitis, the cerebrospinal fluid press
increased and contain up to 1,000 white blood cells / mm3 (pre
mononuclear cells) and a mildly elevated protein concentration.   
 

proportion of neurologic

ningoencephalitis featuring seizures and coma.  In a BW c
differential diagnosis would include other causes of aseptic me
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relieve headache and myalgia.  Nausea and emesis can lead to dehy
necessitate IV fluids in some cases. Patients who develop encep
require anticonvulsants and intensive supportive care to maintain
electrolyte balance, ensure adequate ventilation, and avoid 
secondary bacterial infections.  Patients should be treated in a scree
in quarters treated with a residual insecticide for at least 5 days aft
until afebrile, as human cases may be infectious for mosquitoes for a
Patient isolation and quarantine is not required; sufficient contagio
provided by the implementing Standard Precautions augmented with
vector control while the patient is febrile.  Patient

dration and 
halitis may 
 fluid and 

complicating 
ned room or 
er onset, or 
t least 72 hr.  
n control is 

 the need for 
-to-patient transmission by 

means of respiratory droplet infection has not been proven.  The virus can be 
heat (80oC for 30 min) and standard disinfectants.  

s.  The first 
60s and is a 
alk Institute.  
complex.  It 
ry infections 
70-71 Texas 
is given as a 

e occur in 
vere in 10 

f those vaccinees to warrant bed rest for 1-2 days.  Another 18 percent 
of vaccinees fail to develop detectable neutralizing antibodies, but it is unknown 
wh  Temporary 

 pregnancy.  
 not receive 

been tested 
repared by formalin-inactivation of the TC-83 

strain.  This vaccine is not used for primary vaccination, but is used to boost 
non at 2-4-week 

 measured.  
tect rodents 

against experimental aerosol challenge.  Therefore, C-83 is used only as a 

ee of protection depends upon the magnitude 
ed by 

 produce a 
recombinant VEE vaccine. 
 
 Immunoprophylaxis:  At present, there is no preexposure or 
postexposure immunoprophylaxis available. Animal studies of VEE-neutralizing 
immune serum have given mixed results.   
  
 Chemoprophylaxis:  In experimental animals, alpha-interferon and the 
interferon-inducer poly-ICLC have proven highly effective for postexposure 

destroyed by 
 

PROPHYLAXIS 
 
 Vaccine:  There are two IND human unlicensed VEE vaccine
investigational vaccine (designated TC-83) was developed in the 19
live, attenuated cell-culture-propagated vaccine produced by the S
This vaccine is not effective against all of the serotypes in the VEE 
has been used to protect several thousand persons against laborato
and is presently licensed for use in equidae (and was used in the 19
epizootic in horses), but is an IND vaccine for humans.  The vaccine 
single 0.5-ml subcutaneous dose.  Fever, malaise, and headach
approximately 20 percent of vaccinees, and may be moderate to se
percent o

ether they are susceptible to clinical infection if challenged. 
contraindications for use include a concurrent viral infection or
Individuals with diabetes or a close family history of diabetes should
this vaccine. 
 
 A second investigational (IND) vaccine (designated C-84) has 
but not licensed in humans and is p

responders to TC-83.  Administer 0.5 ml subcutaneously 
intervals for up to three inoculations or until an antibody response is
Periodic boosters are required.  The C-84 vaccine alone does not pro

booster immunogen for the TC-84 vaccine. 
 
 As with all vaccines the degr
of the challenge dose; vaccine-induced protection could be over
extremely high doses of the pathogen.  Research is underway to

whelm
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chemoprophylaxis of VEE.  There are no clinical data on which to assess efficacy 
of these drugs in humans.  
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VIRAL HEMORRHAGIC FEVER 
 

SUMMARY 

ile illnesses 
 of the face and chest, petechiae, bleeding, edema, 

hypotension, and shock.  Malaise, myalgias, headache, vomiting, and diarrhea 

 virologic techniques.  
rhagic fever 

erapy with 
ae infections 

ly—Lassa fever, Rift Valley fever, Crimean-Congo hemorrhagic fever 
(CCHF) and Hantavirus infections for which it is available only as IND).  

r (available 

 
ver vaccine.  
Arenaviridae 

5 mask and 
dicated for 

ns. Respiratory 
protection should be upgraded to airborne isolation.  This includes the use of a 
fit-tested, HEPA filter-equipped respirator, a battery-powered, air-purifying 
respirator, or a positive pressure supplied air respirator, if patients with the above 
conditions have prominent cough, vomiting, diarrhea, or hemorrhage.  
Decontamination is accomplished with hypochlorite or phenolic disinfectants.  

 
Signs and Symptoms:  Viral hemorrhagic fevers (VHF) are febr
which can feature flushing

may occur in VHF of any cause. 
 
Diagnosis:  Definitive diagnosis rests on specific
Significant numbers of military personnel presenting with a hemor
syndrome should suggest the diagnosis of a viral hemorrhagic fever. 
 
Treatment:  Intensive supportive care may be required.  Antiviral th
intravenous ribavirin may be useful in Bunyaviridae and Arenavirid
(specifical

Convalescent plasma may be effective in Argentine hemorrhagic feve
only as IND). 

Prophylaxis:  The only licensed VHF vaccine is the yellow fe
Prophylactic ribavirin may be effective for some Bunyaviridae and 
infections (available only as IND).  
 
Isolation and Decontamination:  Contact isolation, use of the N-9
eye protection for those coming within three feet of the patient, are in
suspected or proven Lassa fever, CCHF, or filovirus infectio
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OVERVIEW 
 

viruses from 
 Argentine, 
ver.  The 
go-Crimean 
y fever virus 
urg viruses; 
 viruses are 
s through a 
es not exist 

ncluded in this handbook because of their 
potential for aerosol dissemination or weaponization, or likelihood for confusion 

t be weaponized. 
 

cause these viruses are so diverse and occur in different endemic 
locations, a comprehensive discussion is beyond the scope of this 

hand of different 
s biological 

frica, where 
Nosocomial 
 has been 

nd aerosols 
d by Junin 

d in 1955 among field workers who harvested corn.  
From ine pampas.  

sed by the 
 viruses are 
hale dusts 

) is a tick-
 and Asia.  It 
are settings.  
Africa.  The 
distribution.  

 with renal 
syndrome (HFRS), (also known as Korean hemorrhagic fever or epidemic 
hemorrhagic fever).  This is the most common human disease due to 
hantaviruses.  It was described before WW II in Manchuria along the Amur River, 
among United Nations troops during the Korean conflict, and subsequently in 
Japan, China, and in the Russian Far East.  Severe disease also occurs in some 
Balkan states, including Bosnia, Serbia, and Greece. Nephropathia epidemica is 
a milder disease that occurs in Scandinavia and other parts of Europe, and is 
caused by strains carried by bank voles (small rodents of the genus Microtus and 

 The VHFs are a diverse group of illnesses caused by RNA 
four viral families.  The Arenaviridae include the etiologic agents of
Bolivian, and Venezuelan hemorrhagic fevers, and Lassa fe
Bunyaviridae include the members of the Hantavirus genus, the Con
hemorrhagic fever virus from the Nairovirus genus, and the Rift Valle
from the Phlebovirus genus; the Filoviridae include Ebola and Marb
and the Flaviviridae include dengue and yellow fever viruses.  These
spread in a variety of ways; some may be transmitted to human
respiratory portal of entry.  Although evidence for weaponization do
for many of these viruses, they are i

with similar agents that migh

HISTORY AND SIGNIFICANCE 
 
 Be
geographic 

book.  However, each viral infection possesses a number 
features that may provide insight into their possible importance a
threat agents. 
  
 Arenaviridae:  Lassa virus causes Lassa fever in West A
endemic transmission is related to infected Mastomys rodents.  
transmission is frequently a problem for health-care workers and
attributed to parenteral exposures, contact with body fluids, a
generated by patients.  Argentine hemorrhagic fever (AHF) is cause
virus and was first describe

 300 to 600 cases per year occur in areas of the Argent
Bolivian, Brazilian, and Venezuelan hemorrhagic fevers are cau
related Machupo, Guanarito, and Sabia viruses, respectively.  These
transmitted from their rodent reservoirs to humans, who in
contaminated with rodent excreta.  
 
 Bunyaviridae:  Congo-Crimean hemorrhagic fever (CCHF
borne disease that occurs in the Crimea and parts of Africa, Europe,
may also be spread by contact with infected animals, and in health-c
Rift Valley fever (RVF) is a mosquito-borne disease that occurs in 
hantaviruses are rodent-borne viruses with a wide geographic 
Hantaan and closely related viruses cause hemorrhagic fever
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related genera).  In addition, newly described hantaviruses cause
pulmonary syndrome (HPS) in the Americas.  The hantav

 hantavirus 
iruses are transmitted 

ia inhalation of dusts contaminated with rodent excreta.  
 

ized in the 
aire in 1976.  
tbreak (316 
Subsequent 
rican strains 
se appears 
ys imported 

ed monkeys 
rred among 
s a human 

ive times in 
 in Marburg, 
n monkeys, 
spread from 

y direct contact with infected blood, secretions, organs, or 
sem y, and from 

voirs of the 

 Flaviviridae:  Yellow fever and dengue are two mosquito-borne fevers 
and military 
t disease in 

and Omsk hemorrhagic fever in Siberia. 
 
 All of the VHF agents (except for dengue virus) are infectious by aerosol 

hese viruses could conceivably be used by an adversary as 
BW agents, in view of their aerosol infectivity, and, for some viruses, high 

CLINICAL FEATURES 
 

ally referred 
syndrome is 
lly the result 

ergence and 
s might be 
pathogenic 

mechanism has been identified for dengue hemorrhagic fever, which usually 
occurs among patients previously infected with a heterologous dengue serotype.  
Antibody directed against the previous strain enhances uptake of dengue virus 
by circulating monocytes.  These cells express viral antigens on their surfaces.  
Lysis of the infected monocytes by cytotoxic T-cell responses releases pro-
inflammatory cytokines, pro-coagulants, and anticoagulants, which in turn cause 
vascular injury and permeability, complement activation, and a systemic 
coagulopathy.   

to humans v
 

 Filoviridae:  Ebola hemorrhagic fever was first recogn
western equatorial province of the Sudan and the nearby region of Z
A second outbreak occurred in Sudan in 1979, and in 1995 a large ou
cases) developed in Kikwit, Zaire, from a single index case. 
epidemics have occurred in Gabon and the Ivory Coast.  The Af
cause severe disease and death.  It is not known why this disea
infrequently.  A related virus (Ebola Reston) was isolated from monke
into the United States from the Philippine Islands in 1989.  Infect
developed hemorrhagic fever.  While subclinical infections occu
exposed animal handlers, Ebola Reston has not been identified a
pathogen.  Marburg epidemics have occurred on six occasions: f
Africa, and once in Europe.  The first recognized outbreak occurred
Germany, and Yugoslavia, among people exposed to African gree
and resulted in 31 cases with seven deaths.  Filoviruses may be 
human to human b

en.  Ebola Reston apparently spread from monkey to monke
monkeys to humans by the respiratory route.  The natural reser
filoviruses are unknown. 
 

that have great importance in the history of military campaigns 
medicine.  Tick-borne flaviruses include the agents of Kyasanur Fores
India, 

in the laboratory.  T

lethality. 
 

 The clinical syndrome that these viruses may cause is gener
to as viral hemorrhagic fever, or VHF.  The target organ in the VHF 
the vascular bed; accordingly, the dominant clinical features are usua
of microvascular damage and changes in vascular permeability.   
 
 Not all infected patients develop VHF.  There is both div
uncertainty about which host factors and viral strain characteristic
responsible for the mechanisms of disease.  For example, an immuno
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cated in Rift 
logy of the 

atic damage, consumptive coagulopathy, 
 marrow injury to megakaryocytes).  

 
.  Physical  
n, flushing, 

 shock and 
panied by 

 involvement.  Renal 
 is proportional to cardiovascular compromise, except in HFRS, 

 

e distinctive 
hile hepatic 
minated by 

s of RVF, 
  Kyasanur 
 pulmonary 
nifestations.  

 cause severe peripheral 
edema due to capillary leak, but hemorrhage is uncommon, while hemorrhage is 
com hemorrhage 

only seen in 

 should be 
course that 
l failure, and 
, abdominal 
ons.  North 

 hemorrhagic 
manifestations and renal failure, but nevertheless carry a very high mortality due 
to ra presents as 

ARDS).  These syndromes may overlap.  
Subclinical or clinical pulmonary edema may occur in HFRS and nephropathica 

, while HFRS has complicated HPS due to South American 
hantaviruses and the Bayou and Black Creek Canal viruses in North America.   
 

ephropathia 

 
 A detailed travel history and a high index of suspicion are essential in 
making the diagnosis of VHF.  Patients with arenavirus or hantavirus infections 
often recall having seen rodents during the presumed incubation period; but as 
the viruses are spread to humans by aerosolized excreta or environmental 
contamination, actual contact with the rodent reservoir is not necessary.  Large 
mosquito populations are common during RVF or flavivirus transmission, but a 

 Disseminated intravascular coagulation (DIC) has been impli
Valley, Marburg and Ebola fevers; but in most VHFs, the etio
coagulopathy is multifactorial (e.g., hep
and primary

 
 Common symptoms are fever, myalgia, and prostration
examination may reveal only conjunctival injection, mild hypotensio
and petechial hemorrhages.  Full-blown VHF typically evolves to
generalized mucous membrane hemorrhage, and often is accom
evidence of pulmonary, hematopoietic, and neurologic
insufficiency
which features renal failure as an integral part of the disease process.
  
 Apart from epidemiologic and intelligence information, som
clinical features may suggest a specific etiologic agent.  W
involvement is common among the VHFs, a clinical picture do
jaundice and other features of hepatitis is only seen in some case
CCHF, Marburg and Ebola hemorrhagic fevers, and yellow fever.
Forest disease and Omsk hemorrhagic fever are notable for
involvement, and a biphasic illness with subsequent CNS ma
Among the arenavirus infections, Lassa fever can

mon in infection with the South American arenaviruses.  Severe 
and nosocomial transmission are typical for CCHF.  Retinitis is comm
RVF, and hearing loss is common among Lassa fever survivors.  
 
 Due to their worldwide occurrence, additional consideration
given to hantavirus infections.  Classic HFRS has a severe 
progresses sequentially from fever through hemorrhage, shock, rena
polyuria.  Nephropathia epidemica features prominent fever, myalgia
pain, and oliguria, without shock or severe hemorrhagic manifestati
American cases of HPS due to the Sin Nombre virus lack

pidly progressive and severe pulmonary capillary leak, which 
adult respiratory distress syndrome (

epidemica

 Mortality may be substantial, ranging from 0.2% percent for n
epidemica, to 50 to 90% among Ebola victims. 
 

DIAGNOSIS 
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history of mosquito bite is too common to be of diagnostic importan
tick bites or nosocomial exposure are of some significance in suspe
Large numbers of military personnel presenting with VHF manifesta
same geographic area over a short time period should cause 
providers to suspect either a natural outbreak in an endemic setting, 
BW

ce, whereas 
cting CCHF.  
tions in the 

medical-care 
or possibly a 

 attack, particularly if this type of disease does not occur naturally in the local 
area

vere febrile 
, petechiae, 
a) who has 
 intelligence 

 additional 
pharyngitis, 
inal pain, 

), but usually do not dominate the 
picture, with the exceptions listed above under “Clinical Features.”  A positive 
tourn  fever, but 

bocytopenia 
nia (exceptions: Lassa, Hantaan, and some 

severe CCHF cases) are the rule.  Proteinuria and/or hematuria are common, 
and  fever, and 

nd jaundice 

 malaria.  It 
 to malaria 

ther diseases in the 
diffe lmonellosis, 

nt hepatitis, 
nclude acute 
bocytopenic 

    

fic virologic 
resentation 
 detect viral 
CCHF, and 
 during the 

ation requires 3 to 10 
days or longer.  With the exception of dengue, specialized microbiological 
containment is required for safe handling of these viruses.  Appropriate 
precautions should be observed in collection, handling, shipping, and processing 
of diagnostic samples.  Both the Centers for Disease Control and Prevention 
(CDC, Atlanta, Georgia) and the U.S. Army Medical Research Institute of 
Infectious Diseases (USAMRIID, Frederick, Maryland) have diagnostic 
laboratories functioning at the highest (BL-4 or P-4) containment level. 
 

.  
 
 VHF should be suspected in any patient presenting with a se
illness and evidence of vascular involvement (postural hypotension
easy bleeding, flushing of face and chest, non-dependent edem
traveled to an area where the virus is known to occur, or where
information suggests BW threat.  Symptoms and signs suggesting
organ system involvement are common (headache, photophobia, 
cough, nausea or vomiting, diarrhea, constipation, abdom
hyperesthesia, dizziness, confusion, tremor

iquet test has been particularly useful in dengue hemorrhagic
should be sought in other hemorrhagic fevers as well. 
 
 The clinical laboratory can be very helpful.  Throm
(exception: Lassa) and leukope

their presence is characteristic of AHF, Bolivian hemorrhagic
HFRS. High AST elevation correlates with severity of Lassa fever, a
is a poor prognostic sign in yellow fever. 
 
 In most geographic areas, the major differential diagnosis is
must be borne in mind that parasitemia in patients partially immune
does not prove that symptoms are due to malaria.  O

rential diagnosis may include typhoid fever, nontyphoidal sa
leptospirosis, rickettsial infections, shigellosis, relapsing fever, fulmina
and meningococcemia.  Additional illnesses that could mimic VHF i
leukemia, lupus erythematosus, idiopathic or thrombotic throm
purpura, hemolytic uremic syndrome and the multiple causes of DIC.
 
 Definitive diagnosis in an individual case rests on speci
diagnosis.  Most patients have readily detectable viremia at p
(exception:  hantaviral infections).  Rapid enzyme immunoassays can
antigens in acute sera from patients with AHF, Lassa fever, RVF, 
yellow fever.  Lassa- and Hantaan-specific IgM often are detectable
acute illness.  Diagnosis by virus replication and identific
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MEDICAL MANAGEMENT 
 

modynamic, 
rdless of the 
severely ill 

scitation of 
VHFs (e.g., 
quired.  The 
ng must be 
the risk of 

a should be 
datives and 

entilation, renal dialysis, and anti-seizure therapy may 
be required.  Secondary infections may occur as with any patient undergoing 
inten  intravenous 

clinical bleeding should follow the same principles 
as fo tion studies.  

 should be 

ssionate-use 
e III efficacy 
HFRS, and 

S field trials, 
ontinued for 
ibavirin as a 
ecommends 
s (max 2 g) 
ollowed by 8 
ide effect of 

ersible inhibition of erythropoiesis, and 
mild hemolysis.  Although ribavirin is teratogenic in laboratory animals, the 
pote nant women 

children has 
 against the 

filoviruses (Ebola and Marburg) and the flaviviruses (dengue, yellow fever, Omsk 
hemorrhagic fever and Kyanasur Forest disease). 

 Argentine hemorrhagic fever responds to therapy with two or more units 
of c  

nd available 
only under IND protocol. 
 

PROPHYLAXIS 
 
 The only licensed vaccine available for any of the hemorrhagic fever 
viruses is the 17D live attenuated yellow fever vaccine, which is recommended 

 General principles of supportive care apply to the he
hematologic, pulmonary, and neurologic manifestations of VHF, rega
specific etiologic agent.  Only intensive care will save the most 
patients.  Health-care providers employing vigorous fluid resu
hypotensive patients must be mindful of the propensity of some 
HFRS) for pulmonary capillary leak.  Pressor agents are frequently re
use of intravascular devices and invasive hemodynamic monitori
carefully considered in the context of potential benefit versus 
hemorrhage.  Restlessness, confusion, myalgia, and hyperesthesi
managed by conservative measures, and the judicious use of se
analgesics.  Mechanical v

sive care including invasive procedures and devices, such as
lines and indwelling catheters.   
 
 The management of 

r any patient with a systemic coagulopathy, assisted by coagula
Intramuscular injections, aspirin, and other anticoagulant drugs
avoided.  Steroids are not indicated. 
 
 The IND antiviral drug ribavirin is available for compa
protocols for therapy of Lassa fever, HFRS, CCHF, and RVF.  Phas
trials have indicated that parenteral ribavirin reduces morbidity in 
lowers both the morbidity and mortality of Lassa fever.  In the HFR
treatment was effective if begun within the first 4 days of fever, and c
a 10 day course.  A compassionate-use protocol, using intravenous r
treatment for Lassa fever, is sponsored by the CDC.  The protocol r
administration in adults of a loading dose of 30 mg/kg intravenou
followed by 16 mg/kg intravenous every 6 hours for 4 days. This is f
mg/kg every 8 hours for 6 additional days.  The only significant s
ribavirin is a modest anemia due to a rev

ntial benefits must be weighed against the potential risks to preg
with grave illness due to one of these VHFs.  Safety in infants and 
not been established.  Ribavirin has poor in vitro and in vivo activity

 

onvalescent plasma containing adequate amounts of neutralizing antibody
and given within 8 days of onset.  This therapy is investigational, a
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for travelers to endemic areas of Africa and South America. 
hemorrhagic fever vaccine is a live, attenuated, investigatio
developed at USAMRIID, which has proved efficacious both in an a
and in a field trial in South America, and seems to protect aga
hemorrhagic fever as well.  Both inactivated and live-attenuated R
are currently under investigation.  There are pr

 Argentine 
nal vaccine 
nimal model 
inst Bolivian 
VF vaccines 

esently no vaccines for the other 
VHF

blood, body 
pected VHF should 

immediately wash the affected skin surfaces with soap and water.  Mucous 
mem e. 

to blood or 
and filoviral 
s during the 
n unknown 
luation and 
he utility of 

uestionable.  
via a DoD 
sk contacts 

CCHF patients.  A similar postexposure 
prophylaxis strategy has been suggested for high-risk contacts of Lassa fever 

olerate this regimen well, but should be under 
surveillance for breakthrough disease (especially after drug cessation) or 
adve

tion control.  
irus present, but no secondary infection hazard) 

and hantaviruses (infectious virus not present in blood or excreta at the time of 
clinic s of virus in 

exercised in 
in parenteral 
will prevent 

rly prone to 
and medical 
 Sometimes 
F) mimicked 

a surgical emergency such as a bleeding gastric ulcer, with subsequent exposure 
and secondary spread among emergency- and operating-room personnel.  
Therefore, when one of these diseases is suspected, additional management 
measures are indicated.  The patient should be hospitalized in a private room.  
An adjoining anteroom for putting on and removing protective barriers, storage of 
supplies, and decontamination of laboratory specimen containers, should be 
used if available.  A room with non-recirculated air under negative pressure is 
advised for patients with significant cough, hemorrhage, or diarrhea.  It may be 

 agents available for human use in the United States. 
 
 Persons with percutaneous or mucocutaneous exposure to 
fluids, secretions, or excretions from a patient with sus

branes should be irrigated with copious amounts of water or salin
 
 Close personal contacts or medical personnel exposed 
secretions from VHF patients (particularly Lassa fever, CCHF, 
diseases) should be monitored for symptoms, fever, and other sign
established incubation period.  After a presumed BW attack with a
VHF virus, any fever of 101oF or greater should prompt patient eva
consideration for immediate treatment with intravenous Ribavirin.   T
postexposure but presymptomatic VHF Ribavirin prophylaxis is q
Ribavirin 500mg PO q 6 hr for 7 days has been available 
compassionate-use protocol for prophylactic administration to high-ri
(direct exposure to body fluids) of 

patients.  Most patients will t

rse drug effects (principally anemia). 
 

ISOLATION AND CONTAINMENT 
 
 These viruses pose special challenges for hospital infec
With the exception of dengue (v

al presentation), VHF patients often harbor significant quantitie
blood and other body fluids or secretions.  Special caution must be 
handling hypodermic needles and other sharps which could result 
exposure.  Strict adherence to VHF-specific barrier precautions 
nosocomial transmission in most cases. 
 
 Lassa, CCHF, Ebola, and Marburg viruses may be particula
aerosol nosocomial spread.  Secondary infections among contacts 
personnel who were not parenterally exposed are well documented. 
this occurred when the acute hemorrhagic disease (as seen in CCH
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wise to place the patient in such a room initially, to avoid having to 
patient in the event of clinical deterioration.  All persons entering the r
wear double gloves, and impermeable gowns with leg and sho
(contact isolation).  In addition, face shields with N-95 masks and ey
are indicated for those coming within 3 feet of the patient.  Respirato
should be upgraded to airborne isolation, including the use of a fit-te
filtered respirator, a battery-powered, air-purifying respirator, or

transport the 
oom should 
e coverings 
e protection 
ry protection 
sted HEPA-
 a positive 

pressure-supplied air respirator, if patients with the above conditions have 
prom

terior of the 
a and other 
y the liberal 

application of hypochlorite or phenolic disinfectants.  Clinical laboratory 
pers ty cabinet (if 

retion of virus in 
urine (e.g., Lassa fever) or semen (e.g., AHF) may occur during convalescence.  
Should the patient die, there should be minimal handling of the remains, which 
should ideally be sealed in leak-proof material for prompt burial or cremation. 
 

inent cough, vomiting, diarrhea, or hemorrhage.   
  
 Laboratory specimens should be double-bagged, and the ex
outer bag decontaminated before transport to the laboratory.  Excret
contaminated materials should be autoclaved, or decontaminated b

onnel are also at risk for exposure, and should employ a biosafe
available) and barrier precautions when handling specimens. 
 
 No carrier state has been observed for any VHF, but exc
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BIOLOGICAL TOXINS 
 
 

s (animals, 
ical agents, 
-volatile (no 
 exception), 
ts.  A toxin’s 

 volatility is a very important property and makes them unlikely to produce 
either secondary or person-to-person exposures, or a persistent environmental 
haza

its toxicity, 
linum toxins, 
 Less toxic 
s toxic than 
een aerosol 
exposure is 
such as the 

the open-air 
oxins are large-

molecular-weight proteins, and are easily denatured by environmental factors 
eat.  Finally, 
, but are so 

uantities. 

tion as well 
 adversary, 

more effective than lethal agents.  Large numbers 
of ill ture and will 

d disruption of the affected population.  Several 
toxins, such as staphylococcal enteroxin B (SEB), pose a significant 
incapacitating threat by causing illness at doses much lower than those required 
for lethality. 
 
 The four toxins most likely to be used as biological agents are botulinum 
toxins, ricin, SEB, and T-2 mycotoxins. 
 
 

 Toxins are harmful substances produced by living organism
plants, microbes).  The following features distinguish them from chem
such as VX, cyanide, or mustard.  Toxins are not man-made, are non
vapor hazard), are usually not dermally active (mycotoxins are the
and may be much more toxic (based on weight) than chemical agen
lack of

rd.   
 
 A toxin’s utility as an aerosol weapon is determined by 
stability, and ease of production.  The bacterial toxins, such as botu
are the most toxic substances by weight known (Appendix I). 
compounds, such as the mycotoxins, are thousands of times les
botulinum, and have limited aerosol potential. The relationship betw
toxicity and the quantity of toxin required for an effective open-air 
shown in Appendix J, which demonstrates that for some agents 
mycotoxins and ricin, very large (ton) quantities would be needed for an effective 
open-air attack in a dispersed tactical environment.  Stability limits 
potential of some toxins.  For example, botulinum and tetanus t

(heat, dessication, or ultraviolet light), thus posing little downwind thr
some toxins, such as saxitoxin, might be both stable and highly toxic
difficult to extract that they can only feasibly be produced in minute q
 
 As with all biological weapons, potential to cause incapacita
as lethality must be considered.  Depending on the goals of an
incapacitating agents may be 

 patients might overwhelm the medical and evacuation infrastruc
almost certainly create panic an
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B TULIO NUM  
 

SUMMARY 

rve palsies, 
hagia, and 

ccid 
 progression to respiratory failure.  

Symptoms begin as early as 12-36 hours after inhalation, but may take several 

 should be 
gressive 

btained by 
lpful assays 

sorbent assay (ELISA) or 
electrochemiluminescence (ECL) for antigen in environmental samples, 

 samples, or 

t:  Early administration of trivalent licensed antitoxin or heptavalent 
antitoxin (IND product) may prevent or decrease progression to respiratory failure 

needed for 
erm airway 

Prophylaxis:  Pentavalent toxoid vaccine (which protects from types A, B, C, D, 
high risk of 
d in 1970, 
es may not 

d vaccine. 

Isolation and Decontamination:  Standard precautions for healthcare workers.  
Botulinum toxin is not dermally active and secondary aerosols are not a hazard 
from patients.  Decontaminate with soap and water.  Botulinum toxin is 
inactivated by sunlight within 1-3 hours.  Heat (80OC for 30 min, 100OC for 
several minutes) and chlorine (>99.7% inactivation by 3 mg/L FAC in 20 min) 
also destroy the toxin. 
 

 
Signs and Symptoms:  Symptoms usually begin with cranial ne
including ptosis, blurred vision, diplopia, dry mouth and throat, dysp
dysphonia.  These findings are followed by symmetrical descending fla
paralysis, with generalized weakness and

days to develop after exposure to low doses of toxin. 
 
Diagnosis:  Diagnosis is primarily clinical. Biological agent attack
suspected if multiple casualties simultaneously present with pro
descending flaccid paralysis. Laboratory confirmation can be o
bioassay (mouse neutralization) of the patient’s serum.  Other he
include enzyme-linked immuno

polymerase chain reaction (PCR) for bacterial DNA in environmental
nerve conduction studies and electromyography. 
 
Treatmen

and hasten recovery.  Intubation and ventilatory assistance is 
respiratory failure.  Tracheostomy may be required for long-t
maintenance. 
 

and E; but not F or G) is available as an IND product for those at 
exposure.  Because the original toxoid components were produce
recent evidence suggests that immunologic protection for all five typ
be adequately obtained with this currently available pentavalent toxoi
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OVERVIEW 
 

ns produced 
 Clostriidum 
neurotoxins 
eat spastic 
metically to 
 vegetative 
ustrial-scale 
gent. There 
foodborne, 

l or used to 
 produce a 

dborne intoxication, although the time to onset of 
paralytic symptoms after inhalation may actually be longer than for foodborne 
cases, and may vary by type and dose of toxin.   The clinical syndrome produced 

botulism.”  
 

tulism when 
ve occurred 
 aerosolized 
weaponized 

e weaponized by the U.S. in its now defunct offensive 
BW program.  Evidence obtained by the United Nations in 1995 revealed that 
Iraq had filled and deployed over 100 munitions with nearly 10,000 liters of 

m Shinrikyo cult in Japan weaponized and attempted to 
disseminate botulinum toxin on multiple occasions in Tokyo before their 1995 

 
ht of agent, 

body weight 
5,000 times 

rin (GB), two 

proximately 
150,000 daltons.  Each of the seven distinct, but related neurotoxins, A through 
G, is produced by a different strain of Clostridium botulinum.  All seven types act 
by similar mechanisms of inhibition of presynaptic acetylcholine release.  The 
toxins produce similar effects when inhaled or ingested, although the time course 
may vary depending on the route of exposure and the dose received.  Although 
intelligence suggests attack by aerosol dispersal is the most likely scenario for 
the use of botulinum toxins, the agent could be used to sabotage food supplies.  

 The botulinum toxins are a group of seven related neurotoxi
by the spore-forming bacillus Clostridium botulinum and two other
species.  These toxins, types A through G, are the most potent 
known; paradoxically, they have been used therapeutically to tr
conditions (strabismus, blepharospasm, torticollis, tetanus) and cos
treat wrinkles.  The spores are ubiquitous; they germinate into
bacteria that produce toxins during anaerobic incubation. Ind
fermentation can produce large quantities of toxin for use as a BW a
are three epidemiologic forms of naturally occurring botulism
infantile, and wound.  Botulinum toxin can be delivered by aeroso
contaminate food or water supplies.  When inhaled, these toxins
clinical picture very similar to foo

by these toxins is known as “

HISTORY AND SIGNIFICANCE 
 
 Botulinum toxins have caused numerous cases of bo
ingested in improperly prepared or canned foods.  Many deaths ha
from such incidents.  It is feasible to deliver botulinum toxins as an
biological weapon, and several countries and terrorist groups have 
them.  Botulinum toxins wer

botulinum toxin.  The Au

sarin attack in the Tokyo subway. 
 

TOXIN CHARACTERISTICS 

 The botulinum toxins are the most toxic compounds, per weig
known to humanity, requiring only one nanogram (10-9 g) per kg of 
to kill 50 percent of the animals studied.  Botulinum toxin type A is 1
more toxic by weight than VX and 100,000 times more toxic than sa
of the well-known organophosphate nerve agents.     
 
 Botulinum toxins are proteins with molecular masses of ap
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Enemy Special Forces or terrorists might use this method in certain scenarios to 
produce foodborne botulism in specific targets.   
 

l conditions. 
s the toxins 
d in several 
 minutes of 

chlorine (FAC), similar to the military 
disinfection procedure; and 84% inactivated by 20 minutes at 0.4% mg/L FAC, 
similar to municipal water treatment procedures. 

MEC

 B chains).  
The toxin is 
activates the 

romuscular 
the neuron 

develops a new axon, which can take months.  The presynaptic inhibition affects 
both eptors. This 

etal muscle 

on with nerve agent intoxication, where there is too 
much acetylcholine due to inhibition of acetylcholinesterase, the problem in 

the neurotransmitter in the synapse.  Thus, pharmacologic 
measures such as atropine are not indicated in botulism and could exacerbate 
sym

 The onset of symptoms of inhalation botulism usually occurs from 12 to 
36 h in absorbed, 

ies indicate 
 a low dose 
n of toxin or 

ms such as 
 addition to 

e signs such as dysarthria, dysphonia, and dysphagia.  Flaccid 
skeletal muscle paralysis follows, in a symmetrical, descending, and progressive 
manner. Collapse and obstruction of the upper airway may occur due to 
weakness of the oropharyngeal musculature.  As the descending motor 
weakness involves the diaphragm and accessory muscles of respiration, 
respiratory failure may occur abruptly.  Progression from onset of symptoms to 
respiratory failure has occurred in as little as 24 hours in cases of severe 
foodborne botulism.   
 

 These large proteins are easily denatured by environmenta
The toxins are detoxified in air within 12 hours.  Sunlight inactivate
within 1-3 hours. Heat destroys the toxins in 30 minutes at 80OC an
minutes at 100OC.  In water, the toxins are >99.7% inactivated by 20
exposure to 3 mg/L free available 

 

HANISM OF TOXICITY 
 
 Botulinum toxin consists of two polypeptide subunits (A and
The B subunit binds to receptors on the axons of motor neurons.  
taken into the axon, where the A chain exerts its cytotoxic effect; it in
axon, preventing release of acetylcholine and blocking neu
transmission (pre-synaptic inhibition).  Recovery follows only after 

 cholinergic autonomic (muscarinic) and motor (nicotinic) rec
interruption of neurotransmission causes cranial nerve and skel
paralysis seen in clinical botulism.   
 
 Unlike the situati

botulism is lack of 

ptoms (see Appendix H).     
 

CLINICAL FEATURES 
 

ours after exposure, but can vary according to the amount of tox
and could be reduced following a BW attack.  Recent primate stud
that the signs and symptoms may not appear for several days when
of the toxin is inhaled versus a shorter time period following ingestio
inhalation of higher doses.   
 
 Cranial nerve palsies are prominent early, with eye sympto
blurred vision due to mydriasis, diplopia, ptosis, and photophobia, in
other cranial nerv
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The autonomic effects of botulism are manifested by typical an
signs and symptoms: dry mouth, ileus, constipation, and urinary r
Nausea and vomiting may occur as nonspecific sequel

ticholinergic 
etention.  

ae of an ileus.  Dilated 
pupils (mydriasis) are seen in approximately 50 percent of cases. 

 toxins do not cross 
ever, the 

psychological sequelae of botulism may be severe and require specific 
inter

nd oriented 
d.  Postural 
crusted and 
 be difficulty 
ay be dilated 
 be present.  

 may be observed depending on 
the degree of progression in an individual patient.  Deep tendon reflexes may be 

 or absent.  With severe respiratory muscle paralysis, the patient may 
yanotic or exhibit narcosis from CO2 retention. 

 

progressive 
symmetrical descending flaccid paralysis strongly suggests botulinum 
intox  have never 

dy to Eat).  
at least the 
 

with other neuromuscular 
disorders such as Guillain-Barre syndrome, myasthenia gravis, or tick paralysis.  
The tulism, so it 

erebrospinal 
trical, which 
erally seen 

/or atropine 
ve agent poisoning produces copious 

respiratory secretions, miotic pupils, convulsions, and muscle twitching, whereas 
ive muscle 
verdose is 

distinguished from botulism by its central nervous system excitation 
(hallucinations and delirium) even though the mucous membranes are dry and 
mydriasis is present.  The clinical differences between botulinum intoxication and 
nerve agent poisoning are depicted in Appendix H.  
 
 Laboratory testing is generally not critical to the diagnosis of botulism. 
Mouse neutralization (bioassay) remains the most sensitive test, and serum 

 
Sensory symptoms usually do not occur.  Botulinum

the blood/brain barrier and do not cause CNS disease.  How

vention. 
 
 Physical examination usually reveals an afebrile, alert, a
patient, although the paralysis may limit the patient’s ability to respon
hypotension may be present.  Mucous membranes may be dry and 
the patient may complain of dry mouth or sore throat.  There may
with speaking and swallowing.  Gag reflex may be absent.  Pupils m
and even fixed.  Ptosis and extraocular muscle palsies may also
Variable degrees of skeletal muscle weakness

diminished
become c

DIAGNOSIS 
 
 The occurrence of an epidemic of afebrile patients with 

ication.  Foodborne outbreaks tend to occur in small clusters and
occurred in soldiers on military rations such as MREs (Meals, Rea
Higher numbers of cases in a theater of operations should raise 
consideration of a BW` attack with aerosolized botulinum toxin. 
 
 Individual cases might be confused clinically 

edrophonium or Tensilon® test may be transiently positive in bo
may not distinguish botulinum intoxication from myasthenia.  The c
fluid in botulism is normal and the paralysis is generally symme
distinguishes it from enteroviral myelitis.  Mental status changes gen
in viral encephalitis should not occur with botulinum intoxication.   
 
 It may become necessary to distinguish nerve agent and
poisoning from botulinum intoxication.  Ner

normal secretions, mydriasis, difficulty swallowing, and progress
paralysis is more likely in botulinum intoxication.  Atropine o
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samples should be drawn and sent to a laboratory capable perform
test.  PCR might detect C. botulinum genes in an environmen
Detecting toxin in clinical or environmental samples is sometimes
ELISA or ECL.  Clinical samples can include serum, gastric aspirate
respiratory secretions. Survivors do not usually develop an antibo
due to the very small amoun

ing of this 
tal sample.  

 possible by 
s, stool, and 
dy response 

t of toxin necessary to produce clinical symptoms. 
Exposure does not confer immunity. 

MED

e lifesaving.  
ost serious 
lism before 

al intubation 
though initial 
 nosocomial 
uctioning for 

nd preventing decubitus ulcers and deep venous 
throm for recovery, 

up to a year 

itical, as the 
ptoms that 
lating toxin 

he antitoxin has no effect.  Antitoxin may be particularly effective in 
foodborne cases, where presumably toxin continues to be absorbed through the 
gut , botulinum 

 the antitoxin 
tect against 

he U.S.  A 
 Centers for 
tulism.  This 
 the risks of 

s antiserum 
ailable from 

 infant botulism.  Two 
"despeciated" equine heptavalent antitoxin preparations against all seven 
sero  horse IgG 

veloped by 
 effective in 

animal studies.  However, 4% of horse antigens remain, so there is still a risk of 
hypersensitivity reactions.  A newer heptavalent IND preparation by a 
commercial manufacturer is available through USAMRIID or the CDC. 
 
 Use of the equine antitoxin requires compliance with the IND protocol.  
Administration of the antitoxin may first require skin testing with escalating dose 
challenges to assess the degree of an individual’s sensitivity to horse serum 
before full dose administration of the vaccine.   Skin testing is performed by 

 

ICAL MANAGEMENT 
 
 Supportive care, including prompt respiratory support, can b
Respiratory failure due to paralysis of respiratory muscles is the m
effect and, generally, the cause of death.  Reported cases of botu
1950 had a mortality rate of 60%.  With tracheotomy or endotrache
and ventilatory assistance, fatalities are less than 5 percent today, al
unrecognized cases may have a higher mortality.  Preventing
infections is a primary concern, along with hydration, nasogastric s
ileus, bowel and bladder care, a

boses.  Intensive and prolonged nursing care may be required 
which may take up to 3 months for initial signs of improvement, and 
for complete resolution of symptoms.   
 
 Antitoxin:  Early administration of botulinum antitoxin is cr
antitoxin can only neutralize the circulating toxin in patients with sym
continue to progress.  When symptom progression ceases, no circu
remains, and t

wall.  Animal experiments show that after aerosol exposure
antitoxin is very effective if given before the onset of clinical signs.  If
is delayed until after the onset of symptoms, it does not pro
respiratory failure. 
 
 Several different antitoxin preparations are available in t
licensed trivalent (types A, B, E) equine antitoxin is available from the
Disease Control and Prevention (the CDC) for cases of foodborne bo
product has all the disadvantages of a horse serum product, including
anaphylaxis and serum sickness.  A bivalent human intravenou
(types A and B) was licensed in October 2003 by the FDA and is av
the California Department of Health Services for treating

types have been prepared by cleaving the Fc fragments from
molecules, leaving F(ab)2 fragments.  The original product was de
USAMRIID, and is currently available under IND status.  It has been
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injecting 0.1 ml of a 1:10 dilution (in sterile physiological saline) 
intradermally in the patient’s forearm with a 26- or 27-gauge ne
injection site is monitored and the patient is observed allergic reac
minutes.  The skin test is positive if any of these allergic reac
hyperemic areola at the site of the injection > 0.5 cm; fever or chills;
with decrease of blood pressure > 20 mm Hg for systolic and diasto
skin rash; respiratory difficulty; nausea or vomiting; generalized itch
derived botulinum F(ab’)2 antitoxin is NOT administered if th

of antitoxin 
edle.  The 
tion for 20 

tions occur:  
 hypotension 
lic pressures; 
ing. Equine-

e skin test is positive.  
If no allergic symptoms are observed, the antitoxin is administered as a single 
dose intravenously in a normal saline solution, 10 ml over 20 minutes.   

tempted by 
he previous 

ny marked 
on.  Preferably, desensitization should be performed by an experienced 

allergist.  Medical personnel administering the antitoxin should be prepared to 
treat anaphylaxis with epinephrine, intubation equipment, and intravenous 

 

A, B, C, D, 
ikely remain 
product has 
nally at-risk 
rrespond to 
 remain the 
, 2, and 12 
vels in > 90 
e transiently 

induced after three injections, but decline before the 1-year booster.  Previously, 
ddi ince 2001, 

nges may 
e aware that 
e laboratory 

 to alum, 
ious dose.  

nce 
of injection 
s increases 

 third doses, 7 to 10 percent 
will have local reactions, with higher incidence (up to 20 percent or so) after 
boosters.  Severe local reactions are rare, consisting of more extensive edema or 
induration.  Systemic reactions are reported in up to 3 percent, consisting of 
fever, malaise, headache, and myalgia.  Incapacitating reactions (local or 
systemic) are uncommon. More recent data based on active surveillance 
revealed 23 percent reported local reactions and 7.4 percent reported systemic 
reactions. The vaccine should be stored at 2-8OC (not frozen). 
 

 
 With a positive skin test, desensitization can be at
administering 0.01 - 0.1 ml of antitoxin subcutaneously, doubling t
dose every 20 minutes until 1.0 - 2.0 ml can be sustained without a
reacti

access. 

PROPHYLAXIS 
 
 Vaccine:  A pentavalent toxoid of C. botulinum toxin types 
and E is available as an IND for preexposure prophylaxis.  It will l
under IND status as efficacy testing in humans is not feasible.  This 
been administered to several thousand volunteers and occupatio
workers, and historically induced serum antitoxin levels that co
protective levels in experimental animals. At-risk laboratory workers
primary recipients. The currently recommended primary series of 0
weeks, followed by a 1 year booster induces protective antibody le
percent of vaccinees after 1 year.  Adequate antibody levels ar

a tional need for boosters was determined by antibody testing.  S
the potency of the vaccine appears to be declining.  In the future, cha
be made to the protocol for boosting. Laboratory workers should b
the vaccine cannot be used as the sole protection against a possibl
exposure to A-E serotypes. 
 
 Contraindications to the vaccine include sensitivities
formaldehyde, and thimerosal, or hypersensitivity to a prev
Reactogenicity is mild, with 2 to 4 percent of vaccinees in a passive surveilla
system reporting erythema, edema, or induration at the local site 
which peaks at 24 to 48 hours.  The frequency of such local reaction
with subsequent inoculations; after the second and
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 The vaccine is typically recommended for selected individua
who work with the botulinum toxins in the laboratory.  Because of th
of administering an IND product in an operational environment, and
concerns related to vaccine potency, only those individuals wh
extremely high risk of exposure to botulinum toxins in the field
considered for receipt of the vaccine.  There is no indication at prese
botulinum antitoxin 

ls or groups 
e challenges 
 due to the 
o have an 
 should be 
nt for using 

as a prophylactic modality except under extremely 
spec

, has been 
wever, human data are not available, 

so it is not recommended for this indication.  The antitoxin should be considered 
for this purpose only in extraordinary circumstances.  

ialized circumstances. 
 
 Posteposure prophylaxis, using the heptavalent antitoxin
demonstrated effective in animal studies; ho
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RICIN 
 

SUMMARY 

nausea, and 

ry capillary leak resulting in pulmonary edema may occur within 18-24 
hours, followed by severe respiratory distress and death from hypoxemia in 36-

ly clustered 
se to severe 

respiratory secretions should be submitted for antigen detection (ELISA).  Acute 
 laboratory 

l infiltrates. 

eatment for 
gestion, but 

ch as ricin. 
 

available for 
els.  Using a 

 
 Isolation and Decontamination:  Standard precautions for healthcare workers.  
Ricin is non-volatile, and secondary aerosols are not expected to be a danger to 
healthcare providers.  Decontaminate with soap and water. Hypochlorite 
solutions (0.1% sodium hypochlorite) inactivate ricin.   
 

 
Signs and Symptoms:  Fever, chest tightness, cough, dyspnea, 
arthralgias occur 4 to 8 hours after inhalational exposure.  Airway necrosis and 
pulmona

72 hours.   
 
Diagnosis:  Acute lung injury in large numbers of geographical
patients suggests exposure to aerosolized ricin.  The rapid time cour
symptoms and death would be unusual for infectious agents. Serum and 

and convalescent sera provide retrospective diagnosis. Nonspecific
and radiographic findings include leukocytosis and bilateral interstitia
 
Treatment:  Management is supportive and should include tr
pulmonary edema.  Gastric lavage and cathartics are indicated for in
charcoal is of little value for large molecules su

Prophylaxis:  There is currently no vaccine or prophylactic antitoxin 
human use, although vaccination appears promising in animal mod
mask is currently the best protection against inhalation. 
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OVERVIEW 
 

of the castor 
nd the toxin 

inhaled as a 
ithin 8 hours 

ry failure in 
l symptoms 

 This toxin may also cause 
disseminated intravascular coagulation, microcirculatory failure, and multiple 

ously in laboratory animals. 

 to its wide 
sed annually 
 3-5 percent 
c by several 
ently used in 
78.  Markov 
n umbrella, 
e was used 

ly 1980s.  In 
 “Minnesota 
 to use it (by 
ent officials.  
 murder her 
sin resident, 

rged with possession with intent to use ricin 
as a weapon.  In October 2003, ricin powder was discovered in a South Carolina 

ruary 2004 in the mail room of a United States senator.  
There were no injuries and these events remain under investigation as of July 
2004 ility, relative 

toxins.  The 
bout 66,000 
ain and a B 

chain, which are joined by a disulfide bond.  Large quantities of ricin can be 
produced relatively easily and inexpensively by low-level technology. Ricin can 
be prepared in liquid or crystalline form, or it can be lyophilized to make a dry 
powder. It can be disseminated as an aerosol, injected into a target, or used to 
contaminate food or water.  Ricin is stable under ambient conditions, but is 
detoxified by heat (80OC for 10 minutes or 50OC for about an hour at pH 7.8) and 
chlorine (>99.4 percent inactivation by 100 mg/L FAC in 20 minutes Low chlorine 
concentrations, such as 10 mg/L FAC, as well as iodine at up to 16 mg/L, have 

 Ricin is a potent protein cytotoxin derived from the beans 
plant (Ricinus communis).  Castor beans are ubiquitous worldwide, a
is fairly easy to extract; therefore, ricin is widely available.  When 
small particle aerosol, this toxin may produce pathologic changes w
and severe respiratory symptoms followed by acute hypoxic respirato
36-72 hours.  When ingested, ricin causes severe gastrointestina
followed by vascular collapse and death. 

organ failure if given intraven
 

HISTORY AND SIGNIFICANCE 
 
 Ricin’s significance as a potential BW toxin relates in part
availability.  Worldwide, one million tons of castor beans are proces
in the production of castor oil; the waste mash from this process is
ricin by weight.  The toxin is also quite stable and extremely toxi
routes of exposure, including the respiratory route.  Ricin was appar
the assassination of Bulgarian exile Georgi Markov in London in 19
was attacked with a specially engineered weapon disguised as a
which implanted a ricin-containing pellet into his body.  This techniqu
in at least six other assassination attempts in the late 1970s and ear
1994 and 1995, four men from a tax-protest group known as the
Patriots Council,” were convicted of possessing ricin and conspiring
mixing it with the solvent dimethylsulfoxide) to murder law enforcem
In 1995, a Kansas City oncologist, Deborah Green, attempted to
husband by contaminating his food with ricin.  In 1997, a Wiscon
Thomas Leahy, was arrested and cha

postal facility and in Feb

.  Ricin has a high terrorist potential due to its ready availab
ease of extraction, and notoriety in the press. 
 

TOXIN CHARACTERISTICS 
 
 Ricin is actually made up of two hemagglutinins and two 
toxins, RCL III and RCL IV, are dimers with molecular masses of a
daltons.  The toxins are made up of two polypeptide chains, an A ch
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no effect on ricin. Ricin's toxicity is marginal when comparing its L
toxins, such as botulinum and SEB (incapacitating dose).  An enemy
to produce it in large

D50 to other 
 would need 

 quantities to cover a significant area on the battlefield, 
limiting its large-scale use. 
 

MECHANISM OF TOXICITY 

The B chain 
ken into the 
ntrations will 
pathology of 
r respiratory 

d interstitial pneumonia 
with perivascular and alveolar edema.  There is a latent period of 8 hours after 
inhalation exposure before histologic lesions are observed in animal models.  In 

 toxic by the aerosol route than by other routes. 
 

fter aerosol 
 Accidental 

1940s, were 
ausea, and 

e hours later 
hough lethal 
ophysiologic 

 tract, including necrosis and severe 
alveolar flooding, are sufficient to cause death from acute respiratory distress 

ntal animals 
.  Exposed 
rogressive 

 By other routes of exposure, ricin is not a direct lung irritant; however, 
lar injection can cause minimal pulmonary perivascular edema due to 

vascular endothelial injury.  Ingestion causes necrosis of the gastrointestinal 
epith l necrosis.  

nd regional 

 
 An attack with aerosolized ricin should be primarily diagnosed by the 
clinical features in the appropriate epidemiological setting.  Acute lung injury 
affecting a large number of geographically clustered cases should raise suspicion 
of an attack with a pulmonary irritant such as ricin, although other pulmonary 
pathogens could present with similar signs and symptoms.  Other biological 
threats, such as SEB, Q fever, tularemia, plague, and some chemical warfare 

 
 Ricin’s cytotoxicity is due to inhibition of protein synthesis.  
binds to cell-surface receptors and the toxin-receptor complex is ta
cell; the A chain has endonuclease activity and extremely low conce
inhibit DNA replication and protein synthesis.  In rodents, the histo
aerosol exposure is characterized by necrosis of upper and lowe
epithelium, causing tracheitis, bronchitis, bronchiolitis, an

rodents, ricin is more

CLINICAL FEATURES 
 
 The clinical picture depends on the route of exposure.  A
exposure, signs and symptoms depend on the dose inhaled. 
sublethal aerosol exposures, which occurred in humans in the 
characterized by onset of fever, chest tightness, cough, dyspnea, n
arthralgias within 4 to 8 hours.  The onset of profuse sweating som
was commonly the sign of termination of most of the symptoms.  Alt
human aerosol exposures have not been described, the severe path
changes seen in the animal respiratory

syndrome (ARDS) and respiratory failure.  Time to death in experime
is dose dependent, occurring 36-72 hours after inhalation exposure
humans can be expected to develop severe lung inflammation with p
cough, dyspnea, cyanosis, and pulmonary edema. 
 

intravascu

elium, local hemorrhage, and hepatic, splenic, and rena
Intramuscular injection causes severe local necrosis of muscle a
lymph nodes with moderate visceral organ involvement. 
 

DIAGNOSIS 

 90



agents like phosgene, need to be included in the differential diagn
induced pulmonary edema would be expected to occur much late
postexposure) compared to that induced by SEB (about 12 hours po
or phosgene (about 6 hours postexposure).  Ricin intoxication is 
progress despite treatment with antibiotics, as opposed to an infectio
Ricin intoxication does not cause mediastinitis as seen with inhalation
Ricin patients do not plateau clinically as occurs with SEB i
Additional supportive clinical or diagnostic features after aerosol expo
include the following:  bilateral infiltrates on chest radiograp
hypox

osis.  Ricin-
r (1-3 days 
stexposure) 
expected to 
us process.  
al anthrax.  

ntoxication.  
sure to ricin 
hs, arterial 

emia, neutrophilic leukocytosis, and a bronchial aspirate rich in protein 
compared to plasma which is characteristic of high-permeability pulmonary 
edem

cretions, or 
 available to confirm 

the diagnosis.  Ricin is an extremely immunogenic toxin, and paired acute and 
convalescent sera should be obtained from survivors to measure antibody 

ect castor bean DNA in most ricin preparations. 
 

e route of 
 appropriate 
modynamic 

ng) and treatment for pulmonary edema, as indicated.  Gastrointestinal 
intoxication is best managed by vigorous gastric lavage, followed by use of 
cathartics such as magnesium citrate. Superactivated charcoal is of little value 

ecules such as ricin.  Volume replacement of gastrointestinal fluid 
losses is important.  In percutaneous exposures, treatment is primarily 

 
The M 40 protective mask is effective in preventing aerosol exposure.  Although 
a vaccine is not currently available, candidate vaccines are under development 
which are immunogenic and confer protection against lethal aerosol exposures in 
animals. Preexposure prophylaxis with such a vaccine is the most promising 
defense against a BW attack with ricin. 

a. 
 
 Specific ELISA and ECL tests of serum and respiratory se
immunohistochemical stains of tissue may be used where

response.  PCR can det

MEDICAL MANAGEMENT 
 
 Management of ricin-intoxicated patients depends on th
exposure.  Patients with pulmonary intoxication are managed by
respiratory support (oxygen, intubation, ventilation, PEEP, and he
monitori

for large mol

supportive. 
 

PROPHYLAXIS 
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STAPHYLOCOCCAL ENTEROTOXIN B 
 

SUMMARY 

 exposure is 
onproductive 
ternal chest 
  Fever may 
ts may also 

nd diarrhea.  Gastrointestinal symptoms are 
gh levels of 

  Patients present with a febrile respiratory 
syndrome without CXR abnormalities. Large numbers of patients presenting in a 

ol exposure 

ed to supportive care.  Artificial ventilation may be 
needed for very severe cases, and attention to fluid management is important. 

an vaccine 

Isolation and Decontamination: Standard precautions for healthcare workers. 
SEB is not dermally active and secondary aerosols are not a hazard from 
patients.  It can be decontaminated with soap and water and any contaminated 
food should be destroyed.  

 
Signs and Symptoms:  A latent period of 3-12 hours after aerosol
followed by sudden onset of fever, chills, headache, myalgia, and n
cough.  Some patients may develop shortness of breath and retros
pain.  Patients tend to plateau rapidly to a fairly stable clinical state.
last 2 to 5 days, and cough may persist for up to 4 weeks.  Patien
present with nausea, vomiting, a
thought to be more profound if toxin is swallowed or ingested.  Hi
exposure result in toxic shock and death. 
 
Diagnosis:   Diagnosis is clinical.

short period of time with typical symptoms and signs of SEB aeros
suggest an intentional attack with this toxin. 
 
Treatment:   Treatment is limit

 
Prophylaxis:  Use of protective mask.  There is currently no hum
available to prevent SEB intoxication.  
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OVERVIEW 
 

 of which is 
ed from the 
es, they are 
only causes 

erly handled 
spectrum of 
drome when 

led than it characteristically produces when ingested.  Significant morbidity is 
produced in individuals who are exposed to SEB by either portal of entry to the 

 

d poisoning.  
ic or other 
inated food 

ld not likely 
of exposed 

sonnel clinically ill and unable to perform their mission for 1-2 weeks.  The 
demand on the medical and logistical systems could be overwhelming.  For these 

of the seven biological agents stockpiled by the U.S. 
ime of its offensive bioweapons program, which was terminated in 

s molecular 
f coagulase-
us produce 
hen there is 

drome toxin-
B is one of at least seven antigenically 

distinct enterotoxins that have been identified.  These toxins are moderately 
 after a few minutes at 100OC.  SEB causes symptoms 

when inhaled at very low doses in humans:  a dose of several logs lower (at least 
100 would be sufficient to 

o be used to 

MECHANISM OF TOXICITY 
 
 Staphylococcal enterotoxins belong to a class of potent immune 
stimulants known as bacterial superantigens.  Superantigens bind to monocytes 
at major histocompatibility complex type II receptors rather than the usual 
antigen-binding receptors.  This leads to the direct stimulation of large 

 Staphylococcus aureus produces a number of exotoxins, one
SEB.  Such toxins are referred to as exotoxins as they are excret
organism, and as they normally exert their effects on the intestin
called enterotoxins.  SEB is one of the pyrogenic toxins that comm
food poisoning in humans after the toxin is produced in improp
foodstuffs and is subsequently ingested.  SEB has a very broad 
biological activity. This toxin causes a markedly different clinical syn
inha

body. 

HISTORY AND SIGNIFICANCE 
 
 SEB is the second most common source of outbreaks of foo
Often these outbreaks occur in a setting such as a church picn
community event, due to common-source exposure in which contam
is consumed.  Although an aerosolized SEB toxin weapon wou
produce significant mortality, it could render 80 percent or more 
per

reasons, SEB was one 
during the t
1969. 
 

TOXIN CHARACTERISTICS 
  
 Staphylococcal enterotoxins are proteins of 23-29 kilodalton
mass (SEB is 28,494 daltons).  They are extracellular products o
positive staphylococci. Up to 50% of clinical isolates of S. aure
exotoxins.  They are produced in culture medium and also in foods w
overgrowth of the organisms.  Related toxins include toxic-shock syn
1 (TSST-1) and exfoliative toxins. SE

stable; SEB is inactivated

 times less) than the lethal dose by the inhaled route 
incapacitate 50 percent of those exposed.  This toxin could als
sabotage food or small-volume water supplies.  
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populations of T-helper cells while bypassing the usual antigen proc
presentation.  This induces a brisk cascade of pro-inflammat
as tumor necrosis factor, interferon, interleukin-1 and interleukin-2
recruitment of other immune effector cells, and relatively de
counter-regulatory negative feedback loops.  This results in an inten
inflammatory response that injures h

essing and 
ory cytokines (such 

), with 
ficient activation of 

se 
ost tissues.  Released cytokines are thought 

to mediate many of the toxic effects of SEB. 

CLI

f 3-12 hours 
 either route 
dache, and 
ure.  Oral 

a, vomiting, 
 respiratory 
d dyspnea.  
re due to 

ertent swallowing of the toxin after normal mucocilliary clearance, or simply 
as a systemic manifestation of intoxication.  Gastrointestinal symptoms have 
bee ght to have 

d periorbital 

Respiratory pathology is due to the activation of pro-inflammatory cytokine 
 pulmonary 
 respiratory 

failure. 
 

with variable 
 weeks, and 

 Physical examination in patients with SEB intoxication is often 
ble.  Conjunctival injection may be present, and postural hypotension 

lop due to fluid losses.  Chest examination is unremarkable except in 
the u ay is usually 

ectasis, and 

 
 Diagnosis of SEB intoxication is based on clinical and epidemiologic 
features.  Because the symptoms of SEB intoxication may be similar to several 
respiratory pathogens such as influenza, adenovirus, and mycoplasma, the 
diagnosis may initially be unclear.  All of these might present with fever, 
nonproductive cough, myalgia, and headache.  SEB attack would cause cases to 
present in large numbers over a very short period of time, probably within single 
24 hours. Influenza or community-acquired pneumonia should involve patients 

 

NICAL FEATURES 
 
 Symptoms of SEB intoxication begin after a latent period o
after inhalation, or 4-10 hours after ingestion.  Initial symptoms after
may include nonspecific flu-like symptoms such as fever, chills, hea
myalgias.  Subsequent symptoms depend upon the route of expos
exposure results in predominantly gastrointestinal symptoms: nause
and diarrhea.  Inhalation exposures produce predominantly
symptoms: nonproductive cough, retrosternal chest pain, an
Gastrointestinal symptoms may accompany respiratory exposu
inadv

n seen in ocular exposures in which ingestion was not thou
occurred.  Ocular exposure results in conjunctivitis with associate
edema. 
 

cascades in the lungs, leading to pulmonary capillary leak and
edema. Severe cases may result in acute pulmonary edema and

 Fever may last up to 5 days and range from 103 to 106 °F, 
degrees of chills and prostration.  The cough may persist up to 4
patients may not be able to return to duty for 2 weeks.  
 

unremarka
may deve

nusual case where pulmonary edema develops.  The chest X-r
normal, but in severe cases increased interstitial markings, atel
occasionally pulmonary edema or ARDS may develop. 
 

DIAGNOSIS 
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presenting over a more prolonged time interval.  Naturally
staphylococcal food poisoning does not present with pulmonary symp
intoxication tends to plateau rapidly to a fairly stable clinical stat
inhalational anthrax, tularemia pneumonia, or pneumonic plagu
continue to progress if left untreated.  Tularemia and plague, as well
are often associated with infiltrates on chest radiographs.  Othe
including hantavirus pulmonary syndrome, Chlamydia pneumonia, 

 occurring 
toms.  SEB 
e, whereas 

e would all 
 as Q fever, 
r diseases, 
and various 

chemical warfare agents (mustard, phosgene via inhalation) are in the initial 
diffe

en detection 
amplification 
.  SEB may 
ss, a serum 
from rabbit 

nt; however, 
t exposure.  
 for SEB.  

early (within 
cause most patients develop a significant antibody 

response to the toxin, acute and convalescent sera should be drawn for 
retrospective diagnosis.  Nonspecific findings include a neutrophilic leukocytosis, 

e sedimentation rate, and chest x-ray abnormalities 
consistent with pulmonary edema. 
 

attention to 
 pulmonary 

-expiratory pressure, vasopressors and 
diuretics may be necessary.  Acetaminophen for fever, and cough suppressants 

e patient more comfortable.  The value of steroids is unknown.  
Most patients can be expected to do quite well after the initial acute phase of 
their s risk death 

intoxication, 
tudies have 

o advanced 
development for safety and immunogenicity testing in humans.  Experimentally, 
passive immunotherapy can reduce mortality in animals, but only when given 
within 4-8 hours after inhaling SEB.   Because of the rapidity of SEB binding with 
MHC receptors (<5 minutes in vitro) active vaccination is considered the most 
practical defense.  Interestingly, most people have detectable antibody titers to 
SEB; however, immunity acquired through natural exposure to SEB does not 
completely protect from an aerosol challenge (although it may reduce the emetic 
effect). 

rential diagnosis. 
 
 Laboratory confirmation of SEB intoxication includes antig
(ELISA, ECL) on environmental and clinical samples, and gene 
(PCR – to detect staphylococcal genes) on environmental samples
not be detectable in the serum by the time symptoms occur; regardle
specimen should be drawn as early as possible after exposure.  Data 
studies clearly show that the presence of SEB in the serum is transie
accumulation in the urine can be detected for several hours pos
Therefore, urine samples should also be obtained and tested
Respiratory secretions and nasal swabs may demonstrate the toxin 
24 hours of exposure).  Be

an elevated erythrocyt

MEDICAL MANAGEMENT 
 
 Currently, therapy is limited to supportive care.  Close 
oxygenation and hydration is important, and in severe cases with

tilation with positive endedema, ven

may make th

 illness, but will be unfit for duty for 1 to 2 weeks.  Severe case
from pulmonary edema and respiratory failure. 
  

PROPHYLAXIS 
 
 Although there is currently no human vaccine against SEB 
several vaccine candidates are in development.  Preliminary animal s
been encouraging.  A vaccine candidate is nearing transition t
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T-2 YCOTOM XINS 
 

SUMMARY 

vesiculation, 
de nose and 
a, wheezing, 

d hemoptysis. Toxin also produces similar effects after ingestion or 
eye contact.  Severe intoxication results in prostration, weakness, ataxia, collapse, 

 in the form 
of "yellow rain" with droplets of variously pigmented oily fluids contaminating clothes 

tissue and 

antidote. Treatment is supportive.  Soap and water 
rmal toxicity; 
rcoal should 

 
 a protective 
No specific 

nd exposed 
 treated with 
ver, contact 

minated skin and clothing can produce secondary dermal exposures.  
Contact precautions are warranted until decontamination is accomplished. After 
decontamination, standard precautions are recommended for healthcare workers.  
Environmental decontamination requires the use of a hypochlorite solution under 
alkaline conditions such as 1% sodium hypochlorite and 0.1M NaOH with 1 hour 
contact time.  
 

 
Signs and symptoms: Exposure causes skin pain, pruritis, redness, 
necrosis, and sloughing of the epidermis.  Effects on the airway inclu
throat pain, nasal discharge, itching and sneezing, cough, dyspne
chest pain, an

shock, and death. 
 
Diagnosis:  The toxin should be suspected if an aerosol attack occurs

and the environment. Confirmation requires testing of blood, 
environmental samples. 
 
Treatment: There is no specific 
washing, even 4-6 hours after exposure, can significantly reduce de
washing within 1 hour may prevent toxicity entirely.  Superactivated cha
be given orally if the toxin is swallowed. 

Prophylaxis:  The only defense is to prevent exposure by wearing
mask and clothing (or topical skin protectant) during an attack.  
immunotherapy or chemotherapy is available for use in the field. 
  
Isolation and Decontamination: Outer clothing should be removed a
skin decontaminated with soap and water.  Eye exposure should be
copious saline irrigation. Secondary aerosols are not a hazard; howe
with conta
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OVERVIEW 
 

 compounds 
y are small-
ment.  They 
ers within a 

 short time after exposure (minutes to hours).  Dermal, ocular, respiratory, 
and gastrointestinal exposures can be expected after an aerosol attack with 
mycotoxins. 

HIS

rated to the 
ith Fusarium 
ns.  Some  

eukia (ATA) 
 prostration, 

ression with 
owed for the 
leeding into 

cchymoses), melena, hematochezia, hematuria, 
hematemesis, epistaxis, and vaginal bleeding. Pancytopenia, and gastrointestinal 

 profoundly 
progression 

"yellow rain" 
(1979-81). It 
os, 1,000 in 

ed civilians 
or chemical 
king enemy 

t.  These attacks occurred in remote jungle areas, which made confirmation 
of attacks and recovery of agent extremely difficult.  Some investigators have 

louds” were, in fact, bee feces produced by swarms of 
migrating insects.  This theory fails to account for the deaths, however. Much 
contr ccounts, but 

these areas 

 
 The trichothecene mycotoxins are low-molecular-mass (250-500 daltons) 
nonvolatile compounds produced by filamentous fungi (molds) of the genera 
Fusarium, Myrotecium, Trichoderma, Stachybotrys and others. The structures of 
approximately 150 trichothecene derivatives have been described in the literature. 
These substances are relatively insoluble in water but are highly soluble in ethanol, 
methanol and propylene glycol. The trichothecenes are extremely stable to heat 

 The trichothecene (T-2) mycotoxins are a group of over 40
produced by fungi of the genus Fusarium, a common grain mold.  The
molecular-weight compounds, and are extremely stable in the environ
are the only threat-agent toxin that is dermally active, causing blist
relatively

 

TORY AND SIGNIFICANCE 
 
 The potential for T-2 use as a biological toxin was demonst
Russian military shortly after World War II when flour contaminated w
was unknowingly baked into bread that was ingested by civilia
developed a protracted lethal illness called alimentary toxic al
characterized by initial symptoms of abdominal pain, diarrhea, vomiting,
and within days fever, chills, myalgias and bone marrow dep
granulocytopenia and secondary sepsis. Survival beyond this point all
development of painful pharyngeal / laryngeal ulcerations and diffuse b
the skin (petechiae and e

ulceration and erosion were secondary to the ability of these toxins to
arrest bone marrow and mucosal protein synthesis and cell-cycle 
through DNA replication. 
 
 Mycotoxins allegedly were released from aircraft in the 
incidents in Laos (1975-81), Kampuchea (1979-81), and Afghanistan 
has been estimated that there were more than 6,300 deaths in La
Kampuchea, and 3,042 in Afghanistan.  The victims were usually unarm
or guerrilla forces. These groups were not protected with masks 
protective clothing and had little or no capability of destroying the attac
aircraf

claimed that the “yellow c

oversy has centered upon the veracity of eyewitness and victim a
there is evidence to make these allegations of BW agent use in 
possible. 
 

TOXIN CHARACTERISTICS 
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and ultraviolet light inactivation.  They retain their bioactivity even when
heating to 1500o F for 30 minutes is required for inactivation. Hypochl
alone does not effectively inactivate the toxins.  Rather, adding 0.1M
1% hypochlorite solution, with 1 hour contact time is re

 autoclaved; 
orite solution 
 NAOH to a 

quired.  Soap and water 
effectively remove this oily toxin from exposed skin or other surfaces. 

MEC

ion, many of 
heir ability to 
dly cytotoxic 

thelium), 
he hematopoietic and 

lymphoid effects of radiation sickness, the mycotoxins are referred to as 
“radiomimetic agents.”  The mycotoxins also alter cell membrane structure and 

hondrial respiration, and inactivate certain enzymes. 
 

here to and 
ain incidents, 
clothing may 
nning within 

listering, and 
f large areas 
n, sneezing, 
ty produces 
es pain and 
ry or bloody 

y.  Eye pain, 
follow ocular 

ymptoms in minutes.  
Systemic toxicity can occur via any route of exposure, and results in weakness, 

, dizziness, ataxia, and loss of coordination. Tachycardia, hypothermia, 
nsion follow in fatal cases.  Death may occur in minutes, hours, or days.  

The  with burning 
late effect of 
sis. 

 
 Clinical and epidemiological findings provide clues to the diagnosis.  High 
attack rates, dead animals of multiple species, and physical evidence such as 
yellow, red, green, or other pigmented oily liquids suggest mycotoxins.  Rapid onset 
of symptoms in minutes to hours supports a diagnosis of a chemical or toxin attack.  
Mustard and other vesicant agents must be considered but they have an odor, are 
visible, and can be rapidly detected by a field chemical test (M8 paper, M256 kit).  
Symptoms from mustard toxicity are also delayed for several hours.  Inhalation of 

 

HANISM OF TOXICITY 
 
 The mycotoxins appear to have multiple mechanisms of act
which are poorly understood.  Their most notable effect stems from t
rapidly inhibit protein and nucleic acid synthesis.  Thus, they are marke
to rapidly dividing cells such as in the bone marrow, GI tract (mucosal epi
skin, and germ cells.  Because this cytotoxic effect imitates t

function, inhibit mitoc

CLINICAL FEATURES 
 
 In a BW attack with trichothecenes, the toxin(s) can ad
penetrate the skin, be inhaled, or be ingested.  In the alleged yellow r
symptoms of exposure from all three routes coexisted.  Contaminated 
serve as a reservoir for further toxin exposure.  Early symptoms begi
minutes of exposure include burning skin pain, redness, tenderness, b
progression to skin necrosis with leathery blackening and sloughing o
of skin.  Upper respiratory exposure may result in nasal itching, pai
epistaxis, and rhinorrhea.  Pulmonary and tracheobronchial toxici
dyspnea, wheezing, and cough.  Mouth and throat exposure caus
blood-tinged saliva and sputum.  Anorexia, nausea, vomiting, and wate
diarrhea with crampy abdominal pain occur with gastrointestinal toxicit
tearing, redness, foreign body sensation, and blurred vision may 
exposure.  Skin symptoms occur in minutes to hours and eye s

prostration
and hypote

most common symptoms are vomiting, diarrhea, skin involvement
pain, redness and pruritis, rash or blisters, bleeding, and dyspnea. A 
systemic absorption is pancytopenia, predisposing to bleeding and sep
 

DIAGNOSIS 
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SEB or ricin aerosols can cause fever, cough, dyspnea, and wheezing but does not 
involve the skin.   
 
 nostic test is 

ted and sent 
 metabolites 

s; 
 exposure.  

ch contents.  
gas liquid 

trometry technique.  This system can detect as little as 
0.1-1.0 parts per billion of T-2, which is sensitive enough to measure T-2 levels in 

s. 
 

vailable.  All 
, the outer 
 thoroughly 

if delayed 4-
 be used to 

ted for cutaneous 
involvement.  Standard therapy for poison ingestion, including the use of 

d charcoal to absorb swallowed T-2, should be administered to 
victims of an unprotected aerosol attack.  Respiratory support may be necessary.  
The xin.   

Physical protection of the skin, mucous membranes, and airway (use of 
chemical protective mask and clothing) are the only proven effective methods of 
protection during an attack. Immunological (vaccines) and chemoprotective 
pretreatments are being studied in animal models, but are not available for field 
use. Topical skin protectant may limit dermal exposure.  Soap and water 
washing, even 1 hour after dermal exposure to T-2, effectively prevents dermal 
toxicity.   

Specific diagnosis of T-2 mycotoxins in the form of a rapid diag
not presently available in the field.  Serum and urine should be collec
to a reference laboratory for antigen detection.  The mycotoxins and
are eliminated in the urine and feces; 50-75 percent is eliminated within 24 hour
however, metabolites can be detected as late as 28 days after
Pathologic specimens include blood, urine, lung, liver, and stoma
Environmental and clinical samples can be tested using a 
chromatography-mass spec

the plasma of toxin victim

MEDICAL MANAGEMENT 
 
 No specific antidote or therapeutic regimen is currently a
therapy is supportive. If a soldier is unprotected during an attack
uniform should be removed as soon as possible.  The skin should be
washed with soap and water.  This may reduce dermal toxicity, even 
6 hours after exposure.  The M291 skin decontamination kit can also
remove skin-adherent T-2.  Standard burn care is indica

superactivate

eyes should be irrigated with normal saline or water to remove to
 

PROPHYLAXIS 
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Emerging Threats and Future Biological Weapons 
 

OVERVIEW 
 

 has global 
 have been 
 pandemic 

 struck with 
as able to 
ore recently, 
theast Asia 

 animals to 
el infectious 
 increasing 
any factors 

tal changes, 
in infectious 
uced into a 

ating impact 
vere, it may 

ial disruption, and cause severe economic impact.  Emerging disease 
outbreaks may be difficult to distinguish from the intentional introduction of 
infec iven to this 

ed to be of 

edures and 
enetic code, 
nd vaccine-

 It is already 
theoretically possible to synthesize and weaponize certain biological response 
modifiers (BMRs) as well as to engineer genomic weapons capable of inserting 

 cause widespread disease and death 
with any of the aforementioned is incalculable and should be of great concern to 
all.  ss the issue 

 underway. 

 to different 
cope of this 

handbook.  However, some recently discovered infections may become 
important future threats as agents of BW or terrorism.  An overview of the more 
important pathogens follows.  It must be kept in mind, however, that the most 
worrisome emerging infectious disease may well be the one not yet recognized.  
Recent experience with HIV, Ebola, SARS, monkeypox, West Nile virus, and 
hundreds of other “new” diseases teach us that we will continue to be surprised. 
Clinicians and public health officials today must remain vigilant for outbreaks of 
novel or unexplained diseases. 

 The appearance of a new or reemerging infectious disease
implications. During the past 20 years, over 30 new lethal pathogens
identified.  A classic example of this type of emerging threat is
influenza.  In 1918 as WWI came to an end, the Spanish flu
devastating consequences. In less than 1 year, this virus w
circumnavigate the globe and kill an estimated 40 million people.  M
the emergence of severe acute respiratory syndrome (SARS) in Sou
was due to a coronavirus which jumped the species barrier from
humans and rapidly spread to 29 countries in less than 90 days.  Nov
agents such as SARS or influenza appear to be occurring with
frequency and with a greater potential for serious consequences.  M
contribute to the emergence of new diseases including environmen
global travel and trade, social upheaval, and genetic changes 
agents, host, or vector populations.  Once a new disease is introd
suitable human population, it often spreads rapidly and with devast
on the medical and public health infrastructure.  If the disease is se
lead to soc

tious diseases for nefarious purposes; consideration must be g
possibility before any novel infectious disease outbreak is deem
natural origin. 
 
 As scientists develop more sophisticated laboratory proc
increase their understanding of molecular biology and the human g
the possibility of bioengineering more virulent, antibiotic-resistant a
resistant pathogens for nefarious uses becomes increasingly likely. 

novel DNA into host cells.  The potential to

Fortunately, scientists and policy makers have begun to addre
and a robust research agenda to develop medical countermeasures is
 

EMERGING AND REEMERGING INFECTIONS 
 
 Because these diseases are so diverse and are endemic
geographic locations, their complete description is beyond the s

 100



  
Avian Influenza:  Avian influenza or highly pathogenic avian influe
has periodically caused human infections primarily through close 
avian species, most often through occupational contact at chicken o
in South East Asia.  As of May 2004, there is a large outbreak of av
involving the H5N1 strain and human cases have been reported in t
from this region.  Thus far, no human-to-human transmission has be
but the potential for genetic reassortment between avian and huma
strains of influenza exists.  A recent report in the journal Science
influenza virus responsible for the 1918 epidemic to a possible avi
true, avian influenza may pose a much greater danger to human
than previously reported.  The disease presents in humans like ot
influenza virus.  It usually begins with fever, chills, headaches and my
often involves the upper & lower respiratory tract with developme
dyspnea, and, in severe cases, acute respiratory distress syndrom
Laboratory findings may include; pancytopenia, lymphopenia, ele
enzyme

nza (HPAI) 
contact with 
r duck farms 
ian influenza 
wo countries 
en reported, 
n or animal 
, linked the 

an origin.  If 
 populations 
her types of 

algias, and 
nt of cough, 

e (ARDS).  
vated liver 

s, hypoxia, (+) RT-PCR for H5N1 and (+) neutralization assay for H5N1 
influenza strain. In vitro studies suggest the neuraminidase inhibitor class of 

n Influenza 

nza viruses 
ty of human influenza viruses is directly related to 

the w antigenic 
uraminidase 
une system 

 to influenza 
.  Clinically 

s in the HA 
iral surface 

nic sites can 
 result in an 

cumvent host immunity.  Additionally, genetic 
reassortment between avian and human, or avian and porcine, influenza viruses 
ma s “antigenic 

tigenic drift, 
el HA or NA 
emics have 

an 100,000 
e emerged 

regularly in 10- to 50-year cycles for the last several centuries.  During the last 
century, influenza pandemics occurred three times:  1918 (“Spanish influenza”, a 
H1N1 virus), 1957 (Asian influenza, a H2N2 subtype strain), and in 1968 (Hong 
Kong influenza, a H3N2 variant).  The 1957-58 pandemic caused 66,000 excess 
deaths, and the 1968 pandemic caused 34,000 excess deaths in the U.S.  The 
1918 influenza pandemic illustrates a worst-case public health scenario: it 
caused 675,000 deaths in the U.S. and 20-40 million deaths worldwide.  
Morbidity in most communities was between 25-40%, and case mortality rate 

drugs may have clinical efficacy for treating and preventing avia
infection.  
 
Human Influenza:  The threat for pandemic spread of human influe
is substantial.  The pathogenici

ir ability to rapidly alter their eight viral RNA segments; the ne
variation results in the formation of new hemagglutinin (HA) and ne
(NA) surface glycoproteins, which may go unrecognized by an imm
primed against heterologous strains.   

Two distinct phenomena contribute to a renewed susceptibility
infection among persons who have had influenza illness in the past
significant variants of influenza A viruses may result from mutation
and NA genes, expressed as minor structural changes in the v
proteins.  As few as four amino acid substitutions in any two antige
cause such a clinically significant variation.  These minor changes
altered virus able to cir

y lead to major changes in HA or NA surface proteins known a
shift.”  In contrast to the gradual evolution of strains subject to an
antigenic shift occurs when an influenza virus with a completely nov
formation moves into humans from other host species.  Global pand
resulted from such antigenic shifts. 

 
Influenza causes more than 30,000 deaths and more th

hospitalizations annually in the U.S.  Pandemic influenza viruses hav
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averaged 2.5%.  A re-emergent 1918-like influenza virus would have
societal effects, even 

 tremendous 
in the event that antiviral medications are effective against 

more lethal influenza virus. 

s 18 to 72 
itted virus.  
Death and 
d edema in 

 consequent 
ory tract, the 

symptoms of influenza are systemic.  The severity of flu symptoms can 
range from mild upper respiratory symptoms at one extreme, to fatal pneumonia 

set of fever 
 to 5 days, 

orexia, and 
ctor may be 
 respiratory 

symptoms may include substernal chest pain, photophobia, and 
gastrointestinal symptoms including nausea, abdominal pain, and diarrhea, 
(alt eath related 

 secondary 

 specimens 
aks at 3 to 5 

ng children 
sts (antigen 
nder BSL 2 

suspected avian 
nder BSL 3 
enza H5N1 
sting should 
t the CDC 

imens.  

information 
he previous 
ins, and an 
According to 
an influenza 
l efficacy in 
 The ACIP 

recommends that persons aged 50 years and older and those between 6 and 23 
months old be routinely vaccinated, as should anyone aged 6 months or older 
who is at increased risk for complications of influenza.  In addition, vaccinating 
hospital and outpatient care employees can also minimize transmission to these 
individuals by infected caregivers.  Influenza vaccine is recommended for women 
in the second or third trimesters of pregnancy during the flu season.  Influenza 
vaccine is also recommended for those at risk for coming into contact with avian 
influenza; although the avian strains are not covered by the vaccine, it may 

 
Illness – Signs and Symptoms:  The onset of illness usually begin
hours after initial exposure, depending upon the dose of transm
Severity of illness correlates temporally with viral shedding.  
desquamation of respiratory epithelial cells leads to inflammation an
the respiratory tract, with transient hyper-reactivity of the airway and
pulmonary dysfunction.  While the virus is deposited in the respirat
signs and 

on the other.  
 

Typical signs and symptoms in adults include an abrupt on
(usually >100ºF) that peaks within 24 hours and persists for from 1
nonproductive cough, chills, headache, myalgia, sore throat, an
malaise.  Malaise may be severe and last for several days.  This fa
useful in differentiating influenza infection from other common
illnesses.  Other 

hough these symptoms are rarely prominent).  Hospitalization or d
to influenza arises primarily from its complications, especially from
bacterial pneumonia.  
 

The influenza virus may be isolated from respiratory tract
within 24 hours of the onset of illness.  In general, viral shedding pe
days after exposure and is usually complete by 5 to 10 days.  You
tend to shed higher viral titers for more prolonged periods.  Rapid te
detection, PCR) for influenza may be done at community hospitals u
conditions.  The CDC recommends that viral cultures for 
influenza (H5N1) not be attempted except by reference laboratories u
conditions; viral cultures from patients suspected of having influ
should not be attempted in most clinical laboratories.  Requests for te
come through public health departments, which should contac
Emergency Operations Center at 770-488-7100 before sending spec
 
Vaccine:  Influenza vaccine strains are selected by extrapolating 
gained from circulating viruses seen in the waning stages of t
season’s influenza activity cycle.  Typically, two Influenza A stra
Influenza B strain are selected for the trivalent influenza vaccine.  
the Advisory Committee on Immunization Practices (ACIP), when 
vaccine accurately reflects the strains of circulating viruses, clinica
preventing infection or its complications may be quite high. 
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prevent co-infection with circulating human strains, and reduce the risk of genetic 
sortment and emergence of novel strains. 

eatment of 
e amantadine, rimantadine, 

Tam ®

 rimantadine 
d within the 

ecovery by 1 
children and 
ric indication 
iviral agents 
re to type A 

antadine or 
ffects, such 
tion.  The 

sons taking 
amantadine than in those taking rimantadine.  Because transmissible viral 
res propriate to 

r symptoms 

 for treating 
1 year and 
ore than 2 

s of influenza in adults 
 for treating 
s and older), 
than 2 days.  

iral strains.  
 
emerged as 
.  That year, 
 infections in 
n had been 

orld Health 
Organization (WHO) over 300 cases of an atypical pneumonia with five related 
dea ruary 2003.  

 to Vietnam, 
 occurred in 
 widespread 
and Taiwan 

in 2003. 
 

Case Definition and Clinical Presentation:  A SARS case definition 
evolved from this initial report to the WHO by Chinese health authorities in 
February 2003.  A case was initially defined by clinical criteria that included 
potential exposure to an existing case and fever with pneumonia or respiratory 
distress syndrome as a suspected or probable case.  In April 2003, this was 

reas
  
Antivirals:  The antiviral agents approved for use in the tr
uncomplicated illness due to influenza includ

iflu™ (oseltamivir phosphate) and Relenza  (zanamivir). 
 

Through their action on the viral M2 protein, amantadine and
interfere with the replication of the type A virus.  When administere
first 48 hours of illness, either of these two agents improves time to r
to 2 days.  Amantadine is indicated for treating influenza in both 
adults; insufficient data have been accumulated to approve a pediat
for rimantadine.  In addition to their therapeutic indications, both ant
are also indicated to prevent the development of illness after exposu
viruses. 

The most significant safety issues associated with either am
rimantadine involve the development of central nervous system side e
as nervousness, anxiety, lightheadedness, or impaired concentra
frequency of these side effects is significantly greater in per

istance to amantadine or rimantadine can occur, it is ap
discontinue treatment after 3 to 5 days or within 24 to 48 hours afte
resolve.  
 

Tamiflu™ (oseltamivir phosphate) is approved by the FDA
uncomplicated acute illness due to influenza infection in children (
older), adolescents, and adults who have been symptomatic for no m
days.  It is also approved by the FDA for the prophylaxi
and adolescents.  Relenza® (zanamivir) is approved by the FDA
uncomplicated acute illness due to influenza virus in children (7 year
adolescents, and adults who have been symptomatic for no more 
Both Tamiflu™ and Relenza® are active against type A and type B v
Relenza must be inhaled, while Tamiflu may be administered orally.  
SARS and SARS-CoV:  SARS-associated coronavirus (SARS-CoV) 
the cause of severe acute respiratory syndrome (SARS) during 2003
SARS was responsible for approximately 900 deaths and over 8,000
people from at least 29 countries worldwide.  Before a case definitio
clearly established,  Chinese authorities reported to the W

ths; all originated from Guangdong Province in China during Feb
The infection quickly spread by travel to Hong Kong, and from there
Canada, and other locations.  Only eight laboratory-confirmed cases
the U.S. but there is concern the U.S. population is vulnerable to a
outbreak of SARS such as occurred in China, Hong Kong, Toronto, 
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modified to include isolation of the SARS-CoV virus from culture which would 
then constitute a confirmed case of SARS.  
 

ation period 
y cough and 

lopment of 
onia by day 7-10 of illness, and the 

dev

r history of 
 is known to 
ection early 

hould be suspected in patients requiring 
cute respiratory 

 
f illness 

 China, Hong Kong, or Taiwan, or close contact with an ill person 

yment in an occupation associated with a risk for SARS-CoV 

 alternative 

 
tte” strategy 

sho  All patients 
d be: 

ntil it is determined that isolation is no longer 
indicated (standard precautions are appropriate for most community-

za.), 

lood count, 

 
s should be 
gh index of 
 on SARS 
s) and all 

identified, evaluated, and monitored. 
 

teroids, and 
 on clinical 

outcome.  At this time, no definitive therapy has been established.  Empiric 
antibiotic treatment for community acquired pneumonia by the current American 
Thoracic Society / Infectious Diseases Society of America guidelines is 
recommended pending etiologic diagnosis. 

Laboratory Testing:  Diagnostic tests for SARS-CoV include antibody 
testing using an enzyme immunoassay (EIA) and reverse transcription 
polymerase chain reaction (RT-PCR) tests for respiratory, blood and stool 

Key clinical features of SARS-CoV infection include an incub
of 2-10 days, early systemic symptoms followed within 2-7 days of dr
/ or shortness of breath often without respiratory tract symptoms, deve
radiographically confirmed pneum

elopment of lymphopenia in most cases. 
 

Case Detection:  Most SARS-CoV patients have a clea
exposure to either a SARS patient or to a setting in which SARS-CoV
exist.  Laboratory tests may be helpful but do not reliably detect inf
during the illness.  SARS-CoV s
hospitalization for radiographically confirmed pneumonia or a
distress syndrome of unknown etiology and: 

One of the following risk factors during the 10 days before the onset o
• Travel to

having a history of such travel 
• Emplo

exposure, or 
• Part of a cluster of cases of atypical pneumonia without an

diagnosis 

Infection Control:  A “respiratory hygiene / cough etique
uld be adopted in all SARS-affected health-care facilities. 

admitted to the hospital with suspected pneumonia shoul
  

• placed in droplet isolation u

acquired pneumonias; droplet precautions for non-avian influen
• Screened for risk factors of possible exposure to SARS-CoV, 
• Evaluated with a chest radiograph, pulse oximetry, complete b

and additional workup as indicated. 

If the patient has a risk factor for SARS, droplet precaution
implemented pending an etiologic diagnosis.  When there is a hi
suspicion for SARS-CoV disease, the patient should be placed
isolation precautions immediately (including airborne precaution
contacts of the ill patient should be 

Treatment:  While the use of ribavirin, high-dose corticos
interferons has been attempted, it is unclear what effect they have had
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specimens.  In the absence of known SARS-CoV transmission, te
recommended in consultation with public health authorities.  Reques
should be come through public health departments, which should 
CDC Emergency Operations Center at 770-488-7100 before sending 
It is important to test for influenza, respiratory syncitial vi
pneumococcus, Chlamydia, Mycoplasma, and

sting is only 
ts for testing 
contact the 
specimens.  
rus (RSV), 

 Legionella; the identification of 
one

ring the first 
n NP swab plus OP swab and a serum or plasma 

specimen.  After the first week of illness, an NP swab plus OP swab and a stool 
spe

V antibody 
 and at later 

times if indicated.  An antibody response can occasionally be detected during the 
firs ond week of 

f symptoms. 

Respiratory 
ay be collected for viral and / 

or bacterial diagnostics:  1) nasopharyngeal wash / aspirates, 2) nasopharyngeal 
eal aspirate, 
e preferred 

myxoviruses 
 Nipah virus 
otic infection 
 in a similar 
in Southern 
atural hosts 

nd remain asymptomatic.  Horses (Hendra) or pigs (Nipah) act 
as amplifying hosts.  The mode of transmission from animal to humans appears 
to re  generated 

ding gowns, 
rkers culling 
ese viruses 

with flu-like 
on, delirium, 
s have died 
e infections 

and therefore therapy relies heavily on supportive care.  The antiviral drug, 
ribavirin, has been used in past infections but its effectiveness remains unproven 
in clinically controlled studies.  Although no person-person transmission is known 
to have occurred, barrier nursing and droplet precautions are recommended as 
respiratory secretions and other bodily fluids are known to harbor the virus.  The 
clinical laboratory should be notified before sending specimens, as these may 
pose a laboratory hazard.  Specimens for viral isolation and identification should 
be forwarded to a reference laboratory.  Requests for testing should come 

 of these agents excludes SARS by case definition.   

RT-PCR Diagnostics:  Clinical samples can be obtained du
week of illness with a

cimen should be obtained. 
 
Serologic Diagnostics:  Serum specimens for SARS-Co

testing should be collected when the diagnosis is first suspected

t week of illness, is likely to be detected by the end of the sec
illness, and at times may not be detected until >28 days after onset o

 
Collecting Respiratory Specimens for RT-PCR Testing:  

specimens from any of several different sources m

swabs, 3) oropharyngeal swabs, 4) bronchoalveolar lavage, 5) trach
6) pleural fluid tap, 7) sputum, and 8) postmortem tissue.  Th
specimens of choice are nasopharyngeal washes / aspirates.  
 
Nipah and Hendra Viruses:  are closely related but distinct para
that comprise a new genus within the family Paramyxoviridae.  The
was discovered in Malaysia in 1999 during an outbreak of a zoon
involving mostly pigs and some human cases.  Hendra was identified
outbreak involving a single infected horse and three human cases 
Australia in 1994. It is believed certain species of fruit bats are the n
for these viruses a

quire direct contact with tissues or body fluids, or with aerosols
during butchering or culling.  Personal protective equipment inclu
gloves, respiratory, and eye protection is advised for agricultural wo
infected animal herds.  Thus far, human to human transmission of th
has not been reported. 
 
 In symptomatic cases, the onset of disease begins 
symptoms and rapidly progresses to encephalitis with disorientati
and coma.  Fifty percent of those with clinically apparent infection
from their disease.  There is currently no approved treatment for thes
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through public health departments, which should contact the CDC Emergency 
Operations Center at 770-488-7100 before sending specimens.  
 

Bioengineered Threats 
 

l to alter the 
te or partial 
ns (such as 

 and widely 
osion in our 
mplexities of 
owledge has 
 to a variety 
 knowledge 

fundamental 
tial quantum 
BW threats.  
ave already 

been produced by former adversaries.  Examples of such novel threat agents 
and en detailed 
in the scientific and popular literature.  Examples of novel biologic threats that 
cou  include:  
 

nes and/or 

nocuous microorganisms genetically altered to produce a toxin, 
ioregulator. 

ol and environmental 
stability characteristics. 

 

threat identification, and / or diagnostic methods. 
5) combinations of the above with improved delivery systems. 

Examples of potential hybrid microorganisms that fit the criteria listed 
abo ny of these 

ntry.   

Bio

 complex 
interactions of the immune system.  BRMs include erythropoietins, interferons, 
interleukins, colony-stimulating factors, stem cell growth factors, monoclonal 
antibodies, and tumor necrosis factor inhibitors, and vaccines. 
 
 A growing understanding of the structure and function of various BRMs is 
driving the discovery and creation of many novel compounds including synthetic 
analgesics, antioxidants, antiviral, and antibacterial substances.  For example, 
BRMs are being used to treat debilitating rheumatoid arthritis by targeting 

The rapid advance of biotechnology has tremendous potentia
present and future threat of biological weapons.  Already, comple
genomic sequence data for many of the most lethal human pathoge
anthrax and plague bacilli and the smallpox virus) is published
available through the internet.  In addition to this enormous expl
knowledge of human pathogens is a parallel understanding of the co
the human immune response to foreign agents and toxins.  Such kn
led to a deeper understanding of the development of basic immunity
of different human infectious diseases.  With this increase in scientific
has come the power to manipulate the immune system at its most 
level.  As we prepare for future threats, we must not ignore the poten
leap biotechnology offers our potential enemies in developing new 
In fact, there is mounting evidence that novel biological agents h

 the potential effects they might have on human subjects have be

ld be produced through the use of genetic engineering technology

1) microorganisms resistant to antibiotics, standard vacci
therapeutics. 
2) in
poisonous substance, or endogenous b
3) microorganisms possessing enhanced aeros

4) immunologically altered microorganisms which are able to defeat
standard 

 

ve have already been described by several investigators and ma
organisms are routinely used in university laboratories around the cou
 

logical Response Modifiers 
 

Biological response modifiers (BRMs) direct the myriad
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cytokines that contribute to the disease process.  By neutralizing or 
these targeted cytokines, BRMs may reduce symptoms and
inflammation.  Recently marketed BRM-based medications include
(brand name: Enbrel) and infliximab (brand name: Remicade), which
used to target the tumor necrosis factor alpha (TNF

eliminating 
 decrease 

 Etanercept 
 have been 

a) cytokine, as well as 
Anakinra (brand name: Kineret), which targets interleuken –1 (IL-1). 

cesses that permit cancer growth.  
sceptible, to 

the immune system.  
lls, NK cells, 

owth patterns to promote behavior like that of healthy 

recancerous 
o a cancerous cell.  

rmal cells damaged or 
otherapy or 

 

ent.  It can 
search to develop various BRMs can be subverted to 

a malicious end.  That is, instead of using BRMs to suppress cancer growth or 
lity, the potential exists that such compounds could be 

developed to have the opposite effect, causing illness and death to those 
exp

n genes into 
rs discussed 
 or curing a 
 harm.  Viral 
id DNA have 

been engineered for the sole expressed purpose of delivering foreign genes into 
new ors seem to 

n of foreign 
n efficiency, 
riety of cell-

e use of this 
erapies.  

 
At this point the concept of genomic warfare is highly speculative and 

beyond the scope of this handbook.  Little has been published in the open source 
literature on this topic, however, the article by Black, John L., “Genome projects 
and gene therapy: gateways to next generation biological weapons,” 2003. Milit 
Med, 168, 11:864-71, offers an insightful discussion of this topic.  Undoubtedly as 
scientific understanding of this technology increases and becomes more widely 

 
BRMs may also be used as anti-carcinogens, to: 

• stop, control, or suppress pro
• make cancer cells more recognizable, and therefore more su

destruction by 
• boost the killing power of immune system cells, such as T ce

and macrophages.  
• alter cancer cells' gr

cells  
• Block or reverse the process that changes a normal cell or a p

cell int
• enhance the body’s ability to repair or replace no

destroyed by other forms of cancer treatment, such as chem
radiation.  

• prevent cancer cells from spreading to other parts of the body.

More of these promising new drugs are currently in developm
be readily theorized that re

disease susceptibi

osed to a BRM-based agent.  
 

GENOMIC WEAPONS 
 

Genetic vectors have been used to transfer human and foreig
human cells for therapeutic purposes.  As in the case of bioregulato
above, this exciting technology that offers the promise of treating
myriad of human aliments also offers the potential to cause great
vectors such as adenovirus and vaccinia, as well as naked or plasm

 cells.  For the moment, adenovirus and adeno-associated vect
be the favorite viral vectors for experiments involving the introductio
genes into human cell types.  These vectors have high transductio
ability to invade non-dividing cells and the ability to infect a wide va
types.  Most successful gene therapy experiments have involved th
viral vector as the source for the introduction of new genetic based th
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available the threat of the development and use of genomic weapons will 
increase as will the challenge to develop effective medical countermeasures. 
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DETECTION 
 

an effective 
t has been 
rget (and in 

ect to warn.”  
date has not 
l agents are 
le detectors 
as occurred 
 of medical 

g in “detection to treat” is critical for detecting a BW 
attac  have been 

 agents and 
nging, high-
rs fielded to 

date provide presumptive results only for a limited number of BW agents.  While 
 technology 
e currently 

 system (BIDS) is a HMMWV (high mobility 
tes aerosol 
to antibody-

s.  It is presently capable of 
detecting eight BW agents within 45 minutes. 

i-automatic 
designed for shipboard use.  It is capable of detecting the 

same eight BW agents as the BIDS but within 25 minutes. 

ecting up to 
ction.  It is 
rfaced with 

chemical warfare sensors. 

 to detect 10 
twork.  It is 
sing to less 
on multiple 

platforms and by all military services. 
 

5.  The dry filter unit (DFU) represents a standardized point detection system for 
biological agent surveillance and is designed to collect aerosolized bio-
particulates from ambient air and then subject them for analysis by several 
complementary technologies including hand-held assays (HHAs), real-time 
polymerase chain reaction assays (RT-PCR), and other microbiological 
confirmatory techniques.  Samples may be processed at nearby labs or delivered 

 
Accurate and timely intelligence is required to develop 

defense against the use of biological weapons.  Once an agen
dispersed, detecting the biological agent before its arrival over the ta
time for personnel to don protective equipment), is referred to as “det
However, the concept of “detect to warn” is an ideal standard that to 
been fully achieved. Interim systems for detecting dispersed biologica
just now being fielded in limited numbers.  Until highly accurate reliab
become widely available, the first indication that a biological attack h
will most likely be ill patients.  Therefore, the timely monitoring
surveillance data resultin

k in time to potentially affect the outcome of those who may
exposed but who are not yet ill. 

 
The development of real-time detection capability for BW

pathogens of military significance has become one of the most challe
priority areas of research within the DoD and civilian sectors.  Senso

several systems have been deployed, and several more are in the
demonstration stage of development, the following systems ar
available: 

 
1.  T e biological integrated detectionh
multi-purpose wheeled vehicle)-mounted system that concentra
particles from environmental air, then subjects the particle sample 
based detection schemes for selected agent

 
2.  The interim biological agent detection system (IBADS) is a sem
version of the BIDS 

 
3.  Portal shield is an independent aerosol collector capable of det
eight BW agents within 25 minutes using antibody-based dete
designed for fixed installations and can be networked and inte

 
4.  The joint biological point detection system (JBPDS) is designed
BW agents.  Like the portal shield it can operate as part of a ne
designed to a have a process time of less than 18 minutes, decrea
than 10 minutes in future versions.  JBPDS is intended to be used 
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to established high-volume laboratories set up specifically for such
More information is available at http://www.dcfp.navy.mil/cbrd/ca/dfu
is also a biological weapon

 purposes.  
.htm.  There 

s agent-sampling (BWAS) kit designed for manual 
sampling and testing with the HHA. 

S) is under 
off detection 
red laser to 

.  A second-
tem will be 

tary or fixed-
 (SRBSDS) 
t and laser-
s of up to 5 
g, enhance 

 capabilities.  
nt but may indicate an approaching 

aerosol.  The SRBSDS will be designed to differentiate biological aerosols from 
 could then 

phy devices 
ancy tests.  

gical agents 
asure of an 
y employed 

n systems (BIDS, portal shield, 
DFUs, JBPDS), and are also present in developmental systems.  HHAs are quite 

d manually.  
n of agents.  
plementary 

(JBAIDS), is 
APID).  Both 
esigned as 

 BW agents 
nically advanced processes and critical 

program has 
h will lead to 
al expertise 
esults.  The 
 number of 

 
9.  The Zebra (Z) chip project represents an attempt to develop a comprehensive 
surveillance network to detect biothreats and emerging diseases.  It consists of 
four elements.  These include a Zebra diagnostic platform, which in its present 
manifestation includes a gene chip (Z-chip).  This chip consists of an array of 
DNA probes designed to detect various gene sequences.  When DNA from an 
unknown infectious agent is placed on the chip, the DNA will adhere to areas 

 
6.  The long-range biological standoff detection system (LRBSD
development and is designed to provide a first-line biological stand
capability; that is a “detect to warn” capability.  It will employ an infra
detect aerosol clouds at a standoff distance of up to 30 kilometers
generation system may extend the range to 100 km.  This sys
available for fixed-site applications or may be deployable aboard ro
winged aircraft.  The short-range biological standoff detection system
is in the research and development phase.  It will employ ultraviole
induced fluorescence to detect biological aerosol clouds at distance
kilometers.  The information will be used to provide early warnin
contamination avoidance efforts, and as a cue for other detection
These systems do not identify the age

other non-biological aerosols. Confirmation of a live BW agent or toxin
be done using the BIDS or a BWAS Kit and a DFU. 

 
7.  Hand-held assays are simple one-time-use immunochromatogra
that are very similar to the urine test strips used for home pregn
These tests provide a yes-no response to the presence of 10 biolo
within 15 minutes.  A skilled user may derive a semi-quantitative me
agent’s presence by the degree of color change.  HHAs are currentl
in virtually all fielded military biological detectio

versatile.  They may be used in automated readers or can be rea
Although reliable, they are designed only for presumptive identificatio
Samples must subsequently undergo additional testing with com
technologies before a definitive identification can be made. 
 
8.  The joint biological agent identification and diagnostic system 
similar to the ruggedized advanced pathogen identification device (R
employ RT-PCR technology to identify BW agents.  They are d
portable, reusable systems capable of confirmatory identification of
and pathogens.  The systems rely on tech
reagents provided through each respective program.  The JBAIDS 
a “spiral upgrade” structure to allow for advances in technology, whic
decreases in the weight and cube of the system, lessen the technic
required to use the system, and lessen the time required to obtain r
associated critical reagents program will lead to an increase in the
agents that can be detected. 

 110



where it locates matching sequences.  The resulting DNA pattern will reveal the 
identity of the infectious organism. 
 

 capabilities 
presumptive 
stems rather 

tems under 
e detection 
try.  Others 

e are simply 
technology.  

ystems similar to portal shield that 
will s to yield 

ility.  In the 
iques, and 

ility for both 
20th TAML 
 Preventive 

mentation Team) have 
been equipped with RT-PCR instruments such as the light-cycler and RAPID 
to p nd tested as 

 installed in 

rkers using 
ositive test 

t as false positives are 
possible with nearly all laboratory tests.  Confirming the presence of an agent 

the sample 
ve results 
e definitive 

challenging 
elopment.  

ore reliable 
than those fielded today.  Until such detectors are developed and fielded, we 
must rely most heavily on a layered system of defense to protect against 
biological attacks including timely and accurate intelligence, analysis of medical 
surveillance data, proper use of personal and collective physical protection 
equipment, use of medical countermeasures (vaccines and other 
chemoprophylactic measures), post-event deployment of antibiotics and 
antivirals, and well developed response protocols. 

The above systems represent a vast improvement over
available only a few years ago.  However, they mostly provide only 
tests for a limited number of agents and are still “detect-to-treat” sy
than the desired “detect-to-warn” systems.  There are many other sys
development by the DoD and others.  Some employ innovativ
methods such as gene chips and various types of mass spectrome
employ either single or multiple complementary technologies.  Som
improved aerosol collectors with no inherent BW agent identifying 
Other government agencies are working on s

 use both antibody- and genetic-based detection scheme
confirmatory results for both domestic and military use. 

 
Someday, we hope to have a reliable “detect-to-warn” capab

meantime the services have developed improved tactics, techn
procedures to better provide a forward confirmatory testing capab
environmental samples and clinical specimens.  Units like the 5
(Theater Area Medical Laboratory), FDPMU (Forward Deployed
Medicine Unit), and the Air Force FFBAT (Biological Aug

rovide for genetic analysis of samples that have been collected a
presumptively positive.  Additionally, these systems have also been
the medical laboratories onboard Navy carrier and amphibious ships. 

 
These labs as well as CONUS labs test for multiple bioma

other technologies such as immunochemical methods.  A single p
provides for a presumptive identification of an agen

requires that at least two tests analyzed by different technologies on 
because the probability of two tests generating false positi
simultaneously is quite low.  Three or more positive tests provid
confirmation, as does the ‘gold standard’ of culturing the organism. 

 
Standoff BW agent detection “detect-to-warn” remains a 

problem and is currently an area of intense research and dev
Tomorrow’s detectors promise to be faster, more sensitive, and m
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PERSONAL PROTECTION 
 
 

ncludes the 
 technology 
tive gloves; 
gical agent 

attack.  At the time of this writing improved gloves are under development.  A 
Join

s, and when 
.  The M40 
nvolves two 
tion of agent 
ic electrical 

particles which are able to pass carbon filtration media on first pass.  
Proper maintenance and periodic replacement of the crucial filter elements is of 

e following 

r otherwise 

ountered.   

 (the filters 

nvironment.  
vailable for personnel 

requ  the safer of 
insert is also 

 while in a 
the canteen 
   

rns, and can 
ed it can be 
 hours in a 
MOPP-gear 
Tasks.  The 

ded suit should be incinerated or buried.  Chemical protective gloves and 
overboots come in various sizes and are both made from butyl rubber.  They may 
be decontaminated and reissued.  The gloves and overboots must be visually 
inspected and decontaminated as needed after every 12 hours of exposure in a 
contaminated environment.  While the protective equipment will protect against 
biological agents, it is noteworthy that even standard uniform clothing of good 
quality affords a reasonable protection against dermal exposure of surfaces 
covered. 
 

 The currently fielded chemical protective equipment which i
protective mask; the Joint Services lightweight integrated suit
(JSLIST), which replaces the battle dress overgarment (BDO); protec
and multi-purpose overboots (MULO) will protect against a biolo

t Service general purpose mask is also under development. 
 
 The standard issue mask, the M40, is available in three size
worn correctly, will protect the face, eyes, and respiratory tract
employs a single, standard screw-on C2A1 filter element which i
separate but complementary mechanisms:  1) impaction and adsorp
molecules onto ASC Whetlerite carbon filtration media, and 2) stat
attraction of 

utmost importance. The filter MUST be replaced under th
circumstances:   
 

1. The elements become immersed in water, crushed, cut, o
damaged. 

2. Excessive breathing resistance is enc
3. The "ALL CLEAR" signal is given after exposure to a biological agent. 
4. Thirty days have elapsed in the combat theater of operations

must be replaced every 30 days once opened).   
5. Supply bulletins indicate lot number expiration. 
6. When so ordered by the unit commander.   

 
The filter element must only be changed in a non-contaminated e
Two styles of optical inserts for the protective mask are a

iring visual correction.  The wire frame style is considered to be
the two and is more easily fitted into the mask.  A prong-type optical 
available.  A drinking tube on the mask allows the wearer to drink
contaminated environment.  Note that the wearer should disinfect 
and tube by wiping with a 5 percent hypochlorite solution before use.
 
 The JSLIST is available 7 sizes, woodland and desert patte
be used for 45 days in an uncontaminated environment.  Once open
laundered up to six times and may be worn for 24 continuous
contaminated environment.  The JSLIST is replaced by using the 
exchange procedure described in the Soldier's Manual of Common 
discar
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 Those casualties unable to continue wearing protective
should be held and / or transported within casualty wraps designed t
patient against further chemical-biological agent exposure.  A

 equipment 
o protect the 

dding a filter blower 
unit to provide overpressure enhances protection and provides cooling.   
 

ened shelter 
t personnel 

res that no 
a dedicated 
s by sealing 
y particulate 
blem is that 

ited in military situations, very costly to produce 
and ated before 

exposure to 
 line source 
isseminated 
boats along 

ugh anthrax 
on line).  In 
nary aerosol 

ound contamination, but 
only ns leave an 

 attack has 
esidue, this 

ly generate 
can remain 
retention of 

 To a much lesser extent, particles may adhere to an individual 
or his clothing, thus the need for individual decontamination.  The effective area 
cove nd sunlight.  

ms or direct 
g a clinical 
ur hours or 

use direct pulmonary toxicity or be absorbed and cause 
systemic toxicity.  Toxins are frequently as potent as or more potent by inhalation 

een which 
exposure).  

Mucous membranes, including conjunctivae, are also vulnerable to many BW 
agents.  Physical protection is then quite important and the use of full-face masks 
equipped with small-particle filters, like the chemical protective masks, assumes 
a high degree of importance. 
 
 Other routes for delivering biological agents are thought to be less 
important than inhalation, but are nonetheless potentially significant.  
Contamination of food and water supplies, either purposefully or incidentally after 

 Collective protection by using either a hardened or unhard
equipped with an air filtration unit providing overpressure can protec
in the biologically contaminated environment.  An airlock ensu
contamination will be brought into the shelter.  In the absence of 
structure, enhanced protection can be afforded within most building
cracks and entry ports, and providing air filtration with high efficienc
air (HEPA) filters within existing ventilation systems.  The key pro
these shelters can be very lim

maintain, and difficult to deploy.  Personnel must be decontamin
entering the collective protection unit. 
 
 The inhalational route is the most important route of 
biological agents. BW agents are dispersed as aerosols from point or
disseminations.  Unlike some chemical threats, aerosols of agents d
by line source munitions (e.g., sprayed by low-flying aircraft or speed
the coast) do not leave hazardous environmental residua (altho
spores may persist and could pose a hazard near the disseminati
contrast, aerosols generated by point-source munitions (i.e., statio
generator, bomblets, etc.) are more apt to produce gr

 in the immediate vicinity of dissemination.  Point-source munitio
obvious signature that may alert the field commander that a BW
occurred.  Because point-source munitions always leave an agent r
evidence can be exploited for detection and identification purposes. 
 
 Aerosol delivery systems for BW agents most common
invisible clouds with particles or droplets of < 10 µm.  They 
suspended for extensive periods.  The major risk is pulmonary 
inhaled particles. 

red varies with many factors, including wind speed, humidity, a
In the absence of an effective real-time detection and alarm syste
observation of an attack, the first clue may be mass casualties fittin
pattern compatible with one of the biological agents.  This may occ
days after the attack.   
 
 Toxins may ca

than by any other route.  A unique clinical picture may sometimes be s
is not observed by other routes (e.g., pulmonary edema after SEB 
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an aerosol BW attack, represents a hazard for infection or into
ingestion.  Assurance that food and water supplies are free from c
should 

xication by 
ontamination 

be provided by appropriate preventive medicine authorities in the event of 
an attack. 
 

agents,  T-2 
er, mucous 

membranes and abraded, or otherwise damaged integument can allow for 
passage of some BW agents and should be protected in the event of an attack. 
 

 Intact skin provides an excellent barrier for most biological 
mycotoxins are an exception because of their dermal activity. Howev
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DECONTAMINATION 
 
 

on a body 
tion involves 
eptable level 
isinfection is 

the selective reduction of undesirable microbes to a level below that required for 
trans

 role in the 
se the most 
ic chemical 

sterilization), as these methods may injure people, damage tissue, and damage 
mate aminated by 

ove but not 
nt.  An example is drinking water filtration to remove 

certa or in a BW 
 or soap and 

y the use of 
usually in the form of a liquid, gas, or aerosol.  Factors 

impa composition 
, and characteristics of the agent to be 

decontaminated.  Some disinfectants are harmful to humans, animals, the 
envi

that can be 

immediately 
oves nearly 

disinfectants 
 liquid agent 

al or gross 
benefit, may 
infection by 

rmal skin flora.  Grossly contaminated skin surfaces should be 
washed with a 0.5% sodium hypochlorite solution, if available, with a contact time 

e presence 
of large amounts of gross contaminant. a damp cloth or towel should be placed 
directly over the area and a 5% solution of hypochlorite (or equivalent 
disinfectant) should be liberally applied to saturate the gross contaminant.  The 
saturated fabric/biological agent should then be properly disposed of per 
established protocol. 
 
 Ampules of calcium hypochlorite (HTH) are currently fielded in the 
Chemical Agent Decon Set for mixing hypochlorite solutions.  The 0.5 percent 

 Contamination is the introduction of an infectious agent 
surface, food or water, or other inanimate objects.  Decontamina
either disinfection or sterilization to reduce microorganisms to an acc
on contaminated articles, thus rendering them suitable for use.  D

mission.  Sterilization is the killing of all organisms. 
 
 Decontamination methods have always played an important
control of infectious diseases; however, we are often unable to u
effective means of rendering microbes harmless (e.g., tox

rials that are to be decontaminated.  BW agents may be decont
mechanical, chemical and physical methods. 
   
 1) Mechanical decontamination involves measures to rem
necessarily neutralize an age

in water-borne pathogens (e.g., Dracunculus medinensis), 
context, the use of an air filter to remove aerosolized anthrax spores,
water to wash agent from the skin. 
 
 2) Chemical decontamination renders BW agents harmless b
disinfectants that are 

cting effectiveness include contact time, solution concentration, 
of the contaminated surface

ronment, and materiel.  
 
 3) Physical processes (heat, radiation) are other methods 
employed for decontaminating objects.  
 
 Dermal exposure to a suspected BW aerosol should be 
treated by soap and water.  Careful washing with soap and water rem
all of the agent from the skin surface.  Hypochlorite solution or other 
are reserved for gross contamination (i.e., after the spill of solid or
from a munition directly onto the skin).  In the absence of chemic
biological contamination, these disinfectants will confer no additional 
be caustic, and may predispose to colonization and resistant super
reducing the no

of 10 to 15 minutes.  If reaerosolization of agent is a concern due to th
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solution can be made by adding one 6-ounce container of calcium hy
5 gallons of water.  The 5 percent solution can be made by adding ei
ampules of calcium hypochlorite to 5 gallons of water.  Thes
evaporate quickly at high temperatures so if they are made in ad
should be stored in closed containers.  Also the chlorine solutions
placed in distinctly marked containers because it is very diffic

pochlorite to 
ght 6-ounce 
e solutions 
vance they 
 should be 

ult to tell the 
diffe t solution. 

 part Clorox 
is a 5.25% sodium 

hypochlorite solution.  The solution is then applied with a cloth or swab.  The 
solu    

r BW agent 
body-cavity 

d spinal cord 
o non-cavity 
l container.  

his contaminated solution will be neutralized and non-
haza  should be 

ine solution 

5 percent 
should be used, although many fabrics will be damaged 

with quipment, a 
 is corrosive 
nd oil metal 

l means as 
lization with 

dry heat for 2 hours at 160°C.  If autoclaving with steam at 121 degrees 
cen re inch), the 

ar ultraviolet 
ng.  This is 
ndardize for 

ical agents 
Aerosolized 
 motion and 

y inactivated 
nvironmental 

residues would remain.  Possible exceptions include residua near the 
dissemination line or in the immediate area surrounding point-source munitions.  
BW agents deposited on the soil would be subject to degradation by 
environmental stressors and competing soil microflora.  Simulant studies at 
Dugway Proving Ground suggest that secondary reaerosolization would be 
difficult, but may pose a human health hazard.  Environmental decontamination 
of terrain is costly and difficult.  If grossly contaminated terrain, streets, or roads 
must be passed, the use of dust-binding spray to minimize reaerosolization may 

rence between the 5 percent chlorine solution and the 0.5 percen
 
 A 0.5 percent sodium hypochlorite solution is made of one
and nine parts water (1:9) as standard stock Clorox 

tion should be made fresh daily with the pH in the alkaline range.
 
 Generally, soap and water wash is the preferred method fo
decontamination.  Chlorine solution must NOT be used in (1) open 
wounds, as it may lead to the formation of adhesions, or (2) brain an
injuries.  However, this solution (0.5% strength) may be instilled int
wounds and then removed by suction to an appropriate disposa
Within about 5 minutes, t

rdous.  Copious irrigation with saline or other surgical solutions
subsequently performed. Corneal opacities may result from chlor
being sprayed into the eyes, as  
 
 For decontaminating fabric clothing or equipment, a 
hypochlorite solution 

 this concentration of hypochlorite.  For decontaminating e
contact time of 30 minutes before normal cleaning is required.  This
to most metals and injurious to most fabrics, so rinse thoroughly a
surfaces after completion.  
 
 BW agents may be rendered harmless through such physica
heat and radiation. Agents are rendered completely harmless by steri

tigrade and 1 atmosphere of overpressure (15 pounds per squa
time may be reduced to 20 minutes, depending on volume.  Sol
radiation has a disinfectant effect, often in combination with dryi
effective in certain environmental conditions but is hard to sta
practical usage for decontamination purposes. 
 
 The health hazards of environmental contamination by biolog
differ from those posed by persistent or volatile chemical agents.  
particles in the 1-5 µm size range will remain suspended by brownian
can disseminate widely.  Suspended BW agents would be eventuall
by solar ultraviolet light, desiccation, and oxidation.  Little, if any e
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s, chlorine-
cesses that, 
g and solar 
inated with 

). This is usually combined with 
surface disinfectants to ensure complete decontamination. 

 see FM 3-5, NBC 
Decontamination, FM 4-02.7 Health Service Support in a NBC Environment, 
Arm

ublications are available at the Washington 
Headquarters Services, ESC Directorate Directives and Records Division, 
http://www.dtic.mil/whs/directives/index.html 

be considered.  If it is necessary to decontaminate these surface
calcium or lye may be used.  Otherwise, rely on the natural pro
especially outdoors, lead to the decontamination of agent by dryin
ultraviolet radiation.   Rooms in fixed spaces are best decontam
aerosolized gases or liquids (e.g., formaldehyde

 
For further information on decontamination

y FM 8-284 Treatment of Biological Warfare Agent Casualties.  
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