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PREFACE

Even two decades ago, few would have imagined that ter-
rorism would be planned and carried out on such an enor-
mous scale as it is today. Terrorist attacks rely on horror and
surprise, invoking different times, places, victims, and
methods. Their purpose is to cause widespread confusion,
fear, injury, and death. They disrupt security, and even more
importantly the perception of security, which is essential to
the success of ci vilization. A framework of certainty and
trust allows individuals to carry out the acti vities of normal
life; loss of that belief can lead to distrust, fear, and even
civil disruption.

Success against terrorism ultimately will result from e x-
ercising the fundamental strengths of society . Political and
religious leaders must provide true leadership to their com-
munities by openly condemning these acti vities. Children
will be taught that no cause justif ies inflicting pain and
death upon the innocent. Of course there is the need to cap-
ture the perpetrators and plan to respond to the conse-
quences of their attacks. This fight belongs to all ci vilized
societies. However, today we do not ha ve the necessary
complete cooperation for such efforts across all geopolitical
regions.

Terrorism pushes the limits of engagement to thee  x-
treme, justifying the killing of young children, for example.
This loss of ethical boundaries also threatens the health care
system. Precisely because it is unacceptable beha vior to at-
tack hospitals, ambulances, and health care personnel, they
are at especially high risk. In addition, whether or not they
are the targets, health care workers are the key agents of re-
sponse to terrorism. It is critical that clinicians be able to di-
agnose, triage, decontaminate, and treat victims of terror at-
tacks of all types.

The entire medical system must w ork together for suc-
cessful consequence management. Statistics sho w that in
mass chemical attacks, (such as occurred in the mid-1990s
in Japan), a majority of victims present directly to hospitals,

without triage or decontamination. It is no longer possible to
assume that our colleagues who are hazardous materials
(HAZMAT) experts, paramedical professionals, or military
teams will conduct all triage, decontamination, and initial
treatment prior to arri val at the hospital. Biological terror-
ism is similar in that victims are likely to present directly to
hospitals and clinics. Therefore, both EMS professionals
and hospital personnel must be prepared to conduct all as-
pects of care for the victims of terrorism.

We have learned that terrorists plan e xtensively to find
vulnerable targets, and will likely avoid sites where there is
a strong preparation. Hence, a prepared community is less
likely to ever need to implement the principles contained in
this text. By training in terrorism response, you are directly
protecting your community and yourself from the pain, suf-
fering, and death caused by those who no longer v alue the
sanctity of human life.

One experienced author on hospital preparedness in this
book teaches that responding to terrorism is “lik e a military
ambush.” This means that the most important decisions
must be made and practiced prior to the e vent. One half of
this text is devoted to providing practical tools for the ad-
ministrator, disaster planner and key health provider-leaders
to prepare and plan for terrorism response at their clinical
site.

Terrorism is an unfortunate reality of our time. This text
is written by leading authorities on this topic from around
the world, and we trust that the reader will find it to provide
the most relevant and updated information to respond to this
threat.

Daniel C. Keyes, MD, MPH
Jonathan L. Burstein, MD, FACEP
Richard B. Schwartz, MD, FACEP

Raymond E. Swienton, MD, FACEP
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Section 1

. Chemical Terrorism

Chemical Nerve Agents

Daniel C. Keyes

INTRODUCTION

Terrorism has become a reality of life in man y parts of the
world. News reports frequently remind us of those individu-
als and groups who are intent on injuring and killing non-
combatants in the name of a cause, for personal satisfaction,
or for power. The March 1995 sarin nerv e agent attack on
the Tokyo subway system resulted in a heightened le vel of
concern in the United States for such an attack on domestic
soil. Since the attacks on the World Trade Center in 1993
and September 2001, the United States has entered into a
new era of awareness of the terrorism threat.

Although there are a variety of potential weapons for ter-
rorism, only a few are currently thought to be likely for use
in a nonmilitary setting. Dr. Alexei Yablokov, an expert on
nuclear security and former science advisor to President
Boris Yeltsin, testified before the National Security House
Subcommittee in 1997 about the existence of “nuclear suit-
case bombs” in the former So viet Union and the lack of
knowledge of their current location (1). Each suitcase is at-
tributed a 1-kiloton nuclear weapon. It is assumed that nu-
clear weapons might be dif ficult for a terrorist group to
bring into the United States and detonate. Radioactive mate-
rials could, however, be incorporated into an e xplosive de-
vice and thus constitute a greater threat.

Chemical and biological agents are considered much
more likely to be used and thus are considered to be highly

2

significant threats by the U.S. Federal Bureau of In vestiga-
tion. Both of these have now been used in a nonmilitary set-
ting with significant consequences. It is no w considered a
question of when, not if a terrorist using chemical weapons
will strike in many countries.

HISTORY OF BIOLOGICAL AND
CHEMICAL WARFARE

Nonconventional weapons have been used throughout his-
tory. The Greeks used animal corpses to pollute the w ater
wells used by the enemy . In the Middle Ages, invading
armies catapulted bodies laden with plague and other dis-
eases against besieged populations (2). The United States,
Britain, and France ha ve all used blank ets laden with
smallpox to infect Native Americans. In World War I, bio-
logical and chemical weapons became important tools of
the continental armies. At Ypres, Belgium, the Germans
instituted the first use of chemical agents in w arfare. In
April 1915, they released 168 tons of chlorine gas along
enemy lines. Five miles of Allied lines were opened, but
the Germans did not expect such a result, and they did not
take advantage of the success. They later implemented
mustard gas also. There were approximately 1 million
chemical casualties in World War I, with approximately
5% of those being fatalities.
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751 Injured 500 Evacuated

i March 1998

13 Dead, 5500 Affected | | Cesium-137
L

April 1990 May 1995 || April 1997
Botulinum Toxin Plague u23s
T
June 1994 February 1997 | | October - November
Typhoid 1984 Chlorine | 2001 Anthrax
Salmonella 14 Injured
njured, 5 Dead

Figure 1-1. Chemical, biological, and nu-
clear terrorist incidents in the United States

and abroad since 1970. [Adapted from Sol-
dier Biological and Chemical Command

The number of terrorist acts and attempts ha ve been in-
creasing since the 1970s. Man y of these ha ve involved the
use of explosive devices; however, there have been several
notable attempts to use chemical and biological agents (Fig.
1-1). In 1972, a group called the Order of the Rising Sun was
found to have 30 to 40 kg of typhoid bacteria cultures with
which they intended to attack the water supplies of Chicago,
St. Louis, and other cities in the Midwest. In 1984 the Bhag-
wan cult located in a small to wn in Oregon, sprayed salmo-
nella onto restaurant salad bars in an attempt to influence
local elections. In that e vent, 45 victims were admitted to
area hospitals, and 751 people became ill. No fatalities were
reported. These two events were more isolated in nature.

In the early 1980s, a man named Chizuo Matsumoto
changed his name to Asahara and established the Aum As-
sociation of Mountain Wizards. After a trip to meet the
Dalai Lama, he decided to establish a w orld religion and
changed the name of his or ganization to Aum “Supreme
Truth” or Aum Shinrikyo. This organization grew to a mem-
bership of 20,000 members and an estimated wealth of
$1 billion. The group became increasingly authoritative, re-
quiring absolute submission to its leader , Asahara. The
group carried out assassinations of opponents and de  vel-
oped facilities to manufacture nerve agents and biological
terrorist weapons.

In June 1994, the group attempted to assassinate three
judges in Matsumoto, Japan. The assassination team re-
leased sarin nerve agent in the residential community where
the judges lived. The attack involved a truck with a special
device to release sarin. Although the judges were not killed,
seven people died, and 280 were injured.

On March 20, 1995, Aum Shinrikyo launched a chemical
attack on the Tokyo subway (3). They put dilute sarin nerve
agent into lunch box es and other containers disguised as
lunch bags. The terrorists used umbrellas with sharpened
points to puncture the containers during the morning rush
hour on three subw ay lines. This tragic e vent caused 11
deaths and approximately 5,500 injuries among the com-
muters and emer gency responders (4). The nearest acute
care facility, St. Luke’s International Hospital, saw 641 of
the victims. Approximately 85% of the victims bypassed the
emergency medical system and presented directly to hospi-
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tals without decontamination. Fortunately, the weekly grand
rounds were taking place at St. Luk e’s hospital and a lar ge
part of the medical staff was present when patients began ar-
riving (5).

During this event, the identity of the poison involved was
not initially known, and there was a delay in reporting this
information to the hospitals. Medical personnel contacted
the poison center, but this agency had not been informed of
the nature of the toxin. Initially, it was assumed that the vic-
tims had been e xposed to carbon monoxide or possibly
cyanide vapor. A physician from Matsumoto correctly noted
from news coverage that this was similar to the incident that
had occurred in his city se veral months previously. He con-
tacted colleagues in Tokyo with the identity of the agent
within 2 hours of the subway attack (6).

The Tokyo sarin incident demonstrated a concept com-
monly discussed by disaster response planners. A great
majority of victims presented directly to hospitals without
the intervention of hazmat or other Emer gency Medical
Services (EMS) personnel. A typical time for response
and set-up for a hazmat incident is 1 hour. This is the time
realistically required because of the sequence of activities
that must occur: notification, response, hot-zone and
perimeter setup, assembly of decontamination stations,
and initiation of victim triage. In most cases, ambulatory
victims are not willing to w ait so long for treatment or
transportation to a medical facility. The most realistic op-
tion for an individual on the scene would be to obtain pri-
vate transportation to the nearest emer gency room. As a
result of this public self-referral to area hospitals, health
facilities must be prepared with decontamination f acili-
ties, personal protective equipment (PPE), antidotes, and
disaster plans to respond to such an incident; the y cannot
rely on EMS for these actions.

Physicians are k ey participants in the response to a
chemical agent attack. After a terrorist incident, the great
majority of patients present to hospitals without the benef it
of decontamination or treatment at the scene by emer gency
medical system personnel. This means that medical person-
nel and hospitals must plan to be able to respond to such an
incident. The agents that are discussed here include tab un,
sarin, soman, and VX.
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VISR Physical and Chemical Properties of the Nerve Agents

MOLECULAR FORMULA, MOLECULAR WEIGHT LCts, VOLATILITY ~ VAPOR DENSITY TOPICAL

AGENT (G/MOL), CAS REGISTRY NO. (MG/MIN/M3)  (MG/M3 AT 25°C) (AIR=1) LDsq (MG)
Tabun (GA)  CsH,,N,0,P; 162.12; 77-81-6 400 610 5.63 1,000
Sarin (GB) (CH5),CHOP(CH,)OF; 140.11; 107-44-8 100 22,000 486 1,700
Soman (GD)  C,H,(FO,P; 182.17; 96-64-0 50 3,900 6.33 100
VX C,H6NO,PS; 267.37; 50782-69-9 10 10.5 9.20 10

LCts, the does that kills 50% of unprotected humans expressed as a concentration per cubic meter and with a 1-minute exposure.
Modified from Holstege CP, Kirk M, Sidell FR. Chemical warfare. Nerve agent poisoning. Crit Care Clin. 1997;13:923-42.

Abbreviation Common Name Proper Name

GA Tabun Ethyl N-dimethylphosphoramidocyanidate

CH,CH,0 N P/O

(CH,.N 7 >CN

GB Sarin Isopropyl methylphosphonofluoridate
CH,
CH;CHO 70
CH, ~ OF
GD Soman 1,2,2-trimethylpropyl methylphosphonofluoridate
(Pinacolyl methylphosphonofluoridate)
CH,

(CH;);CCHO\PyO
CH/ OF
GE N Isopropyl ethylphosphonofluoridate
CH}\
CHO (0]
Nz
CHS/ P/
C.H,” >F

Z

GF Cyclohexyl methylphosphonofluoridate
CH,—CH,
S ERN
CH, CHO O

CH, ©~ F

—CH,

Zi

VX O-Ethyl S-[2-(diisopropylamino)ethyl] methylphosphonothioate

C,H;0 (¢}
TN _CH(CH,),

CcH,” \SCHZCHZN\
CH(CH.),

VE N O-Ethyl S-[2-(diethylamino)ethyl] ethylphosphonothioate
C.H;0 P/O
C.H,” MSCH,CH,N(C.Hj),
VG N O O-Diethyl S-[2-(diethylamino)ethyl] phosphorothioate
C.H:0 /O
CZHSO/P\SCHZCHZN(CZHS)Z

Z1

VM O-Ethyl S-[2-(diethylamino)ethyl] methylphosphonothioate

C.H:0 P/O

CH,” MSCH,CH,N(C.H,),

Figure 1-2. Structures and nomenclature of nerve agents. N = No common name assigned. (Adapted from Ballan-
tyne B, Marust C, eds. Clinical and experimental toxicology of organophosphates and carbamates. Oxford: Butter-
worth-Heinemann, 1992.).



HISTORY OF THE NERVE AGENTS

The nerve agents include the German products tab  un
(GA), sarin (GB), and soman (GD), known as the “volatile
agents,” and VX, a “persistent agent.” The biologic and
physical properties of these agents and se veral others are
provided in Table 1-1 and Fig. 1-2.

The modern use of nerv e agents began in World War 11
(7). A chemist named Gerhard Schrader was working on the
development of organophosphate (OP) insecticides in 1936
when he developed the first nerve agent, tabun. This was
followed by SARIN, named for the initials of the scientists
involved in its creation (8). The German Ministry of De-
fense established a large production facility at Dyhernfurth.
This facility produced tabun and sarin be ginning in 1942
(8). Toward the end of the war, the Soviets captured the Dy-
hernfurth facility, dismantled it, and moved it to the former
Soviet Union where production continued.

THEORETICAL AND SCIENTIFIC
BACKGROUND

The nerve agents differ in their potential toxicities (T able
1-1). The LCts refers to the dose that kills 50% of unpro-
tected humans expressed as a concentration per cubic meter
and with a 1-minute exposure. The first three agents (tabun,
sarin, and soman) are considered volatile agents, with char-
acteristics that allow their suspension in air from a properly
designed dissemination device. The highly viscous VX has
a consistency similar to motor oil.

Nerves communicate with each other by secreting chem-
ical neurotransmitters in the synapse (nerv e terminal). The
neurotransmitter in the cholinergic subset of the autonomic
nervous system, and also in autonomic gangliais  acetyl-
choline (Fig. 1-3). Nerve agents and other organophosphate
chemicals inhibit this neurotransmitter and cause an e xcess
of cholinergic symptoms.

The neurotransmitter acetylcholine becomes attached to
acetylcholinesterase (AChE) by weak ionic bonds. At the
esteratic site, acetylcholine is cleaved into two simple mole-
cules: acetate and choline. This enzyme has a high turnover
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number (number of substrate molecules that it catalyzes per
unit time). Acetate goes into intermediate metabolism, and
choline is taken up presynaptically and rec ycled by combi-
nation with acetyl CoA to make more acetylcholine.

Organophosphorus and carbamate compounds are at-
tracted to this esteratic site of AChE, and, as a result of this
attraction, acetylcholine cannot enter. This blocks the cleav-
ing of the neurotransmitter and causes acetylcholine accu-
mulation in the synapse. Carbamates attach to both the an-
ionic and esteratic sites. A portion of the carbamate is
immediately cleaved off. The enzyme remains inactive dur-
ing the time in which the carbamate remains carbamoylated
to this esteratic site. This hydrolysis step may take 1 hour in
the case of the pharmaceutical agent physostigmine, or sev-
eral hours in the case of p yridostigmine. Carbamate inacti-
vation of AChE is always reversible.

In contrast to the carbamates, most OPs attach only to the
esteratic site of AChE. Nerve agents and organophosphorus
insecticides combine with the hydroxyl group of a serine
residue, leaving an inactive phosphorylated form of the en-
zyme. Depending on the size of the alk yl group on the OP
molecule, hydrolytic cleavage may tak e a long time to
occur, or it may not occur at all. If this bond becomes per-
manent, the enzyme remains inactivated definitively. When
the AChE enzyme has become permanently inactivated, this
is referred to as aging of the enzyme. New enzyme must be
synthesized for the synapse to function normally once
again. In the case of red blood cells, this period of regenera-
tion corresponds to the life of the cell, or 120 days. A series
of antidotes, known as oXimes, can reverse the inhibition of
the AChE enzyme if gi ven before the permanent bond has
formed (known as aging). Examples of these oxime anti-
dotes include pralidoxime and obidoxime. They will be dis-
cussed in more detail later.

Wherever AChE excess is found, there are symptoms of
cholinergic excess. Acetylcholine is the neurotransmitter at
the neuromuscular endplate and for the parasympathetic
nervous system. It is also the neurotransmitter at the gan-
glionic level for the sympathetic and parasympathetic nerv-
ous systems. As aresult, neurotransmitter excess is mani-
fested in the sympathetic and parasympathetic nerv. ~ ous
system. Ganglionic, nicotinic cholinergic excess can result
in tachycardia, hypertension, and mydriasis, which may be
misleading for the clinician who e xpects to see the classic
cholinergic (muscarinic) findings.

/ ACh Skeletal Somatic

" (n) stimulation

/ Epi Autonomic

Central N
Nervous — Ac"/
(n)
System

Sympathetic \NE activity

Ac ACh Autonomic
N (n) (m) activity
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Figure 1-3. Acetylcholine neurotransmission. [From Texas Terrorism Response and Emergency Care (Texas TREC) Course syllabus

2003. With permission.]
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CHARACTERISTICS OF SPECIFIC AGENTS

SARIN

A 52-year-old man was exposed to sarin nerve agent and de-
veloped the following signs: cyanosis, seizures, labored res-
pirations, miosis, muscle fasciculations, marked salivation,
and rhinorrhea. He w as treated with atropine (14 mg in 1

day), pralidoxime chloride (2 g in 150 ml normal saline IV)
given three times o ver the first 2 hours, oxygen, assisted
ventilation, and nasogastric suction. The patient recovered
within several days after a period of emotional lability b ut
died of an acute myocardial infarction 18 months later (9).

Three adults e xperienced a sudden onset of rhinorrhea
and slight respiratory discomfort, miosis, eye pain, increase
in salivation, scattered wheezes, and rhonchi. Symptoms
were mild and no treatment w as given. The AChE levels
were depressed, with full reco very occurring in 20 to 90
days (9,10).

Two adults accidentally e xposed to sarin v apor (0.09
mg/m?) exhibited RBC-ChE le vels of 19% and 84%, re-
spectively, and developed fixed extremely miotic pupils
(11). No other signs or symptoms de veloped, and neither
man required treatment. Recovery to normal cholinesterase
activity was gradual over a 90-day period. Pupillary reflexes
were not detectable 11 days aftere  xposure. The miotic
pupils dilated slowly over a 30- to 45-day period (12). Inhi-
bition of red cell cholinesterase acti vity appears to be di-
rectly related to the dose of sarin. After exposure to sarin at
a concentration of 2.73 mg/m 3 for 2 minutes, one of two
subjects manifested a 23% RBC-ChE inhibition. Contrac-
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tion of the pupils persisted for 24 hours (13). Workers ex-
posed to sarin three or more times within the pre  vious 6
years developed long-term brain abnormalities reflected in
the electroencephalogram (14-16).

SOMAN

There are few reported cases of soman poisoning. One such
case is reported from over 30 years ago. A 33-year-old male
laboratory technician was working with 1 ml of 25% (V/V)
soman solution and brok e the pipette, splashing a small
amount into and around his mouth. “He immediately
washed his face and rinsed his mouth with w ater and was
brought to the emer gency room . . . about 5 to 10 minutes
after the accident. He complained of impending doom and
immediately collapsed. His physical ¢ xamination revealed
him to be comatose with labored respirations and he w  as
slightly cyanotic. He had miosis, which persisted for over 2
months (Fig. 1-4), markedly injected conjunctiva, marked
oral and nasal secretions, moderate trismus and nuchal
rigidity, prominent muscular fasciculations, and hyperactive
deep-tendon reflexes. Except for tachycardia, his heart,
lungs, and abdomen were normal” (9).

After a total of 12 mg of atropine as well as pralidoxime,
his bronchoconstriction became less se vere; however, he
could not be intubated because of trismus. He received a tra-
cheostomy and awoke after approximately 30 minutes. His
hospital course w as described as dif ficult with persistent
fasciculations, nausea, weakness, and restlessness. Although
previous publications suggested the possibility of worsening
cholinergic symptomatology with the use of phenothiazines,
he was given a dose of Phener gan®. He later de veloped
torticollis that responded to diphenhydramine (17,18). A re-
markable feature of this case w as the requirement of anti-
cholinergic therapy for 5 more weeks (Fig. 1-3). Sco-
polamine was administered with varying effects during the
hospital course. The drug seemed benef icial at the be gin-
ning of his medical care but detrimental toward the end (19).

TOXIC DOSE

In experiments conducted some 45 years ago, a sarin dose
of 2 mg/kg IV produced no symptoms in human subjects.
The red cell cholinesterase (RBC-ChE) w as depressed to
28% of control values. No spontaneous recovery was seen.
The antidote 2-PAM Cl was administered (2.5 to 25 mg/kg)
1 to 5 hours after sarin exposure, resulting in reactivation of
approximately 40% of the RBC-ChE (20,21).

Figure 1-4. Prolonged miosis after accidental exposure to
soman. As with other volatile agents, miosis tends to be pre-
dominant and is prolonged. This fascinating series of photo-
graphs was taken by Dr. Frederick Sidell to demonstrate the long
duration of miosis after soman exposure. These photographs
were taken over a 62-day period in which the patient was maxi-
mally dark-adapted, then a flash photograph was taken of the
pupil faster than its ability to constrict. (From Sidell FR, 1974.
With permission.).



Oral VX administration of 0.004 mg/kg resulted in a few
symptoms (diarrhea, transient nausea) within 3 to 4 hours
(10). The RBC-ChE was depressed to 70% belo w normal
values in this experiment. Spontaneous recovery occurred in
some subjects within 24 to 48 hours. Pralidoxime chloride
(5 to 30 mg/kg IV) w as administered at 5 to 48 hours after
VX. All subjects exhibited reactivation of 70% of the inhib-
ited enzyme. With a VX infusion of 1.5 mg/kg I'V, most sub-
jects experienced some lightheadedness and dizziness; some
had nausea and vomiting within 1 hour. An increase in heart
rate and blood pressure w as observed at 3 hours. Erythro-
cyte cholinesterase was depressed to approximately 20% of
normal in subjects with symptoms and to 28% of normal in
asymptomatic subjects. Spontaneous recovery of RBC-ChE
was observed at 1% per hour o ver 70 hours. Pralidoxime
chloride (2.5 to 25 mg/kg IV) at 0.5 to 24 hours after VX re-
sulted in reactivation of 70% of the inhibited enzyme.

SIGNS, SYMPTOMS, AND
LABORATORY: DIAGNOSIS
OF AGENT EXPOSURE

The primary diagnosis of exposure to nerve agents is based
on the signs and symptoms of victims. The majority of ex-
posed patients present with miosis (small pupils) in the case
of the volatile agents. It is interesting that victims of VX
exposure usually do not manifest miosis. With any of these
agents, the more severely intoxicated patients present with
vomiting and seizures. Observ ation of these ef fects should
provoke the inclusion of nerv e agent exposure in the mind
of the treating physician. The combination of miosis a nd
muscle fasciculation is considered pathognomonic of or-
ganophosphate exposure. If several patients present with the
same symptoms, this should cause the physician and hospi-
tal staff to consider the possibility of a terrorist attack with
these agents. If a chemical attack occurs, one would expect
that the majority of victims w ould arrive within a short pe-
riod of time (hours) during the same day as the exposure.

The cholinergic symptoms are listed in Table 1-2. It is of
special importance to include the important f  indings of
bronchorrhea and bronchoconstriction in one ’s effort to re-
member this toxic syndrome. These are the principal causes
of death in or ganophosphate poisoning. The resolution of
pulmonary and bronchial complications constitutes the pri-
mary endpoint of treatment.  The common mnemonic
SLUDGE (salivation, lacrimation, urination, diaphoresis,
defecation, GI motility, emesis) leaves out this important
endpoint and should not be used for teaching health care
providers the characteristics of the choliner gic (muscarinic)
toxic syndrome. A better mnemonic for this purpose is
DUMBELS (diarrhea, urination, miosis, bronchoconstric-
tion and bronchorrhea, emesis, lacrimation, salivation).

Vapor exposures tend to primarily af fect the areas the y
have contact with, eyes (miosis) or lungs (bronchoconstric-
tion) (Table 1-3). In contrast, dermal application of the same
agent often produces local ef fects of f asciculation and
sweating. Systemic effects may follow and may be delayed
(Table 1-4).
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DIFFERENCE BETWEEN
ORGANOPHOSPHORUS NERVE
AGENTS AND INSECTICIDES

Many people are familiar with insecticide poisoning, which
occurs with much greater frequency than nerve agent expo-
sure. Although many similarities exist between the OP in-
secticides and the nerve agents in terms of their pathophysi-
ology and treatment, there are some differences. In cases of
volatile nerve agent exposure, patients who do not present
to the hospital with symptoms are not lik ely to become ill
later. Several of the OP insecticides dif fer in this respect.
Some OP insecticides such as fenthion and chlorfenthion
may cause late onset of symptoms 12 or more hours after
exposure due to their strong lipophilicity . The nerve agent
VX can also cause severe symptomatology late after the ex-
posure; however, the G agents (tabun, sarin, soman) typi-
cally have an onset of symptoms within minutes.

Another difference associated with the OP insecticides is
the type of complications that the patients de velop. A syn-
drome called organophosphate-induced delayed neuropathy
(OPIDN) occurs with some insecticides. It occurs following
acute exposure to some OP insecticides, and includes weak-
ness or paralysis, usually in the lo wer extremities. Some-
times there is also pain or numbness. This is possibly due to
the action of these insecticides on  neuropathy target es-
terase (NTE), an enzyme located in the distal nerv e. Such
chronic neuropathy does not appear to occur with the nerv e
agents. Another difference between OP insecticides and the
nerve agents is with respect to the dosing of atropine, which
is needed to treat exposed victims. The OP insecticides may
require extremely large doses of atropine, sometimes over
1,000 mg, in small doses. The nerve agents rarely require
more than 20 to 30 mg of atropine.

CHARACTERISTICS AND CASE REPORTS
OF SOME SPECIFIC NERVE AGENTS

DIAGNOSTIC TESTING: CHOLINESTERASE
MEASUREMENT

There are two types of cholinesterases in the blood. These
blood cholinesterase levels do not e xactly reflect the ef-
fect of nerv e agents inside tar get cells throughout the
body. But they do provide an indirect w ay of measuring
the activity of this enzyme, and the seriousness of e xpo-
sure to the nerve agents. The two types are (a) serum or
butyrylcholinesterase (BChE) and (b) RBC-ChE.  The
first, BChE, is the easiest one to measure and is also de-
scribed as serum or pseudocholinesterase. The second
cholinesterase, RBC-ChE or “true” cholinesterase, is
thought to be a more representati ve marker for tissue
AChE activity, but it is more dif ficult to determine be-
cause it is inside of the red cell. Cholinesterase levels may
vary depending on ethnicity and other genetic factors, nu-
tritional status, and underlying disease states. Consider-
able variation occurs between individuals.
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LGN EYE Signs and Symptoms of Nerve Agent Poisoning

SITE OF ACTION

SIGNS AND SYMPTOMS

After local exposure
Muscarinic
Pupils
Ciliary body
Nasal mucous membranes
Bronchial tree
Gastrointestinal

Miosis, marked, usually maximal (pinpoint), sometimes unequal
Frontal headache, eye pain on focusing, blurring of vision
Rhinorrhea, hyperemia

Tightness in chest, bronchoconstriction, increased secretion, cough
Occasional nausea and vomiting

After systemic absorption (depending on dose)

Bronchial tree

Gastrointestinal

Sweat glands

Salivary glands

Lacrimal glands

Heart

Pupils

Ciliary body

Bladder
Nicotinic

Striated muscle

Sympathetic ganglia
Central nervous system

Tightness in chest, with prolonged wheezing expiration suggestive of bronchoconstriction
or increased secretion, dyspnea, pain in chest, increaseed bronchial secretion, cough,
cyanosis, pulmonary edema

Anorexia, nausea, vomiting, abdominal cramps, epigastric and substernal tightness
(cardiospasm) with “heartburn” and eructation, diarrhea, tenesmus, involuntary
defecation

Increased sweating

Increased salivation

Increased lacrimation

Bradycardia

Miosis, occasionally unequal, later maximal miosis (pinpoint)

Blurring of vision, headache

Frequency, involuntary micturition

Easy fatigue, mild weakness, muscular twitching, fasciculations, cramps, generalized
weakness/flaccid paralysis (including muscles of respiration) with dyspnea and cyanosis

Pallor, transitory elevation of blood pressure followed by hypotension

Immediate (acute) effects: generalized weakness, depression of respiratory and circulatory
centers with dyspnea, cyanosis, and hypotension; convulsions, loss of consciousness,
and coma

Delayed (chronic) effects: giddiness, tension, anxiety, jitteriness, restlessness, emotional
lability, excessive dreaming, insomnia, nightmares, headaches, tremor, withdrawal and
depression, bursts of slow waves of elevated voltage in electroencephalogram (especially
on hyperventilation), drowsiness, difficulty concentrating, slowness of recall, confusion,
slurred speech, ataxia

Adapted from Army FM8-285, Navy NAVMED P-5041, Air Force AFM 160-11 Field Manual. The treatment of chemical agent casualties and con-
ventional military chemical injuries. Washington DC: Departments of the Army, the Navy, and the Air Force; February 28, 1990.

IGCINREER Effects of Vapor Exposure to Nerve Agents?

Exposure to small amount (local effects)

Miosis
Rhinorrhea

Slight bronchoconstriction/secretions (slight dyspnea)
Exposure to moderate amount (local effects)

As above plus the following:

Loss of consciousness
Convulsions (seizures)

Generalized fasciculations

Flaccid paralysis
Apnea

Involuntary micturition/defecation

20nset within seconds to several minutes after onset of exposure.
Adapted from Sidell FR. In: Somani SM ed. Chemical warfare agents. San Diego: Academic Press,

1992: 155-94.
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V-GCINR B Effects of Dermal Exposure to Nerve Agents

Minimal exposure

Increased sweating at site of exposure

Muscular fasciculations at site of exposure
Moderate exposure

Increased sweating at site

Muscular faciculations at site

Nausea, vomiting, and diarrhea

Feeling of generalized weakness

May be precipitant in onset after lone (4—18 h) asymptomatic interval

Severe exposure
The previous may be present

Loss of consciousness (may be precipitous in onset after asymptomatic interval)

Convulsions (seizures)
Generalized fasciculations
Flaccid paralysis

Apnea

Involuntary micturition/defecation

Adapted from Sidell FR. In: Somani SM ed. Chemical warfare agents. San Diego: Academic Press,

1992: 155-94.

Studies that have attempted to relate symptoms of tox-
icity to AChE levels have found a greater correlation to
RBC-ChE than to BChE (19,22). Man y OP insecticides
preferentially inhibit BChE, whereas nerve agents such
as VX tend to inhibit RBC-ChE to a greater de gree
(10,23). Once inhibited, BChE is resynthesized more rap-
idly than RBC cholinesterase, which takes approximately
120 days to return to normal, or 1% per day (24). BChE
requires approximately 50 days to return to normal le v-
els. BChE less than 20% of predicted w as a useful prog-
nostic indicator for poor outcome in the Tokyo sarin ter-
rorist attack (25).

Symptoms vary in the degree that they relate to serum
cholinesterase levels. Eye and airw ay signs are caused
principally by direct exposure and have little correlation
to RBC-ChE levels (26-28).

DIAGNOSTIC TESTS TO IDENTIFY
NERVE AGENTS

A capillary column gas chromatography-mass spectrometry
method is a vailable for tabun determinations. Gas chro-
matography retention indices ha ve been determined for 22
chemical warfare agents (29).

MEDICAL MANAGEMENT:
DECONTAMINATION AND TREATMENT

Treatment of nerve agents generally follows proper deconta-
mination of the victims (discussed in the following section).
If contaminated patients are brought into the hospital, many
of the staff members may become secondarily contaminated
and develop injury from e xposure to the nerv ¢ agent in-

volved (30). Where autoinjectors are a vailable (discussed
later), treatment simultaneous with decontamination may be
considered.

DECONTAMINATION

Personal protective equipment refers to special garments de-
signed to protect the members of the decontamination team
against exposure to the toxic materials. The components of
PPE include suits, eye protection, boots, gloves, and respira-
tory devices. Various types of PPE are a vailable depending
on the agent involved and the risk of e xposure. Not all hos-
pital staff members require sophisticated PPE, provided that
victims are adequately decontaminated before entering the
hospital. However, all personnel who work with decontami-
nated patients should work in a well-ventilated environment
and use basic uni versal precautions including the use of a
face mask. “Universal” precautions (also known as Body
SQubstance Isolation or BSI), do not prevent the inhalation of
a nerve agent; however, they do minimize the risk of sec-
ondary contamination from splash and small amounts of
contaminants that might not be removed from the victim.

The use of more sophisticated PPE is required by an y
personnel who is involved in decontamination and also for
those involved with the initial triage of victims. Those who
use this type of equipment are required to recei ve appropri-
ate training as mandated by the U.S. Occupational Safety
and Health Administration (29 CFR 1910.120 and
19410.134), and also in some cases by the National Institute
for Occupational Safety and Health (NIOSH), the U.S. En-
vironmental Protection Agency (EPA), and the Joint Com-
mission on Accreditation of Healthcare Or ganizations
(JCAHO).

Decontamination is the process of physically remo ving
toxic substances from a victim, equipment, or supplies. In
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the hospital setting, it is imperative to avoid the introduction
of contaminated elements into the clinical setting. In most
cases, victims arrive at the hospital nearest to the incident
with no prior decontamination. Institutions should ha ve a
plan for decontaminating victims of hazardous material in-
cidents, including those involving terrorist nerve agents. In
the 1995 terrorist sarin incident of Tokyo, many hospital
personnel were secondarily contaminated due to their in-
volvement in removing clothing or working in poorly venti-
lated environments. At one research institution, the Keio
University School of Medicine, 13 people developed symp-
toms of secondary contamination from of f-gassing of the
nerve agent (30).

For the volatile nerve agents such as sarin, decontamina-
tion is nearly complete with the simple remo val of clothing
and jewelry by the decontamination team. Use of lar  ge
amounts of lo w-pressure water adequately completes the
decontamination, along with the use of soap and a gentle
brush to assist in the removal of fat-soluble substances. De-
contamination is most ideally undertak en outdoors near the
hospital emergency department. This outdoor setting is es-
pecially suitable for areas with milder weather. Indoor facil-
ities are necessary in conditions of se vere winter weather.
Security personnel should have a plan to direct traffic to the
decontamination area, and to prevent entry of persons into
other parts of the hospital. Signs, the presence of security
personnel, and locking incorrect access points help to en-
sure the proper flow of traffic.

Bleach solutions have sometimes been advocated for use
in decontamination, particularly after mustard e xposures.
However, bleach may be irritating when used on human
skin, and is more challenging to store and use properly. It is
no longer routinely recommended for use on li ving victims
of achemical agent attack. Cada  vers exposed to nerv e
agents may require special hypochlorite treatment, however.
Simple soap and water are adequate for large-scale exposure
such as the sarin attack in Tokyo—in which more than 600
patients arrived within the first hours after the incident. With
an event such as this, it is not appropriate to be concerned
over use of hypochlorite solution. The simple remo val of
clothing and jewelry outside of the facility by properly pro-
tected decontamination personnel w ould have essentially
eliminated the secondary contamination problems e xperi-
enced in the Tokyo incident.

SUPPORTIVE CARE

The acute management of the patient with nerv e agent expo-
sure involves rapid establishment of a patent airw  ay. The
major cause of death in nerv e agent poisoning is hypoxia re-
sulting from pulmonary and bronchial in volvement with the
toxin. In cases of se vere bronchoconstriction and bronchor-
rhea, it may be necessary to pro vide atropine before other in-
terventions are attempted. Endotracheal intubation may be dif-
ficult without first administering atropine, due to the very high
airway resistance associated with bronchoconstriction.  This
can be on the order of 50 to 70 cm, higher than the pressure al-
lowed by the “pop-off” valve of most bag-valve mask devices.
Patients who respond to treatment initially begin to show
small skeletal muscle movements. They progress to sponta-
neous, random movements of the limbs and then a struggle

against the mechanical ventilation. There may be alternating
periods of spontaneous breathing and apnea. Weakness and
obtundation may persist for 1 or more days. Miosis and sub-
tle mental change may persist for weeks (31-33).

ANTIDOTES

Three classes of pharmaceuticals are considered essential in
the management of nerve agent exposure and OP insecticide
intoxication: atropine, pralidoxime (or other oximes), and
diazepam (or other benzodiazepines).

Atropine. Atropine is an agent with both systemic and
central effects to combat the consequences of acetylcholine
excess at muscarinic sites. Atropine dosing should be gin
with typical advanced cardiac life support doses of 1 to 3
mg, but may require much more than the usual amounts
after this initial test-dose (T able 1-5). Lack of response to
normal doses of atropine supports the diagnosis of nerv e
agent or other OP toxicity. Patients with severe muscarinic
effects require larger amounts of atropine. The endpoint of
atropine administration is the clearing of bronchial secre-
tions and a decrease in ventilatory resistance. This is an es-
sential point to remember because heart rate and pupil di-
ameter are not useful parameters for monitoring the
response to treatment with this antidote. Neb ulized bron-
chodilators such as albuterol are not as effective as atropine
at treating nerve agent exposure due to the need for an anti-
cholinergic effect (7).

Typical doses for atropine in se verely intoxicated nerve
agent casualties are in the range of 5 to 15 mg (9,34).This is
in sharp contrast to the much lar  ger doses required in
organophosphate insecticide intoxication, in which several
grams of atropine may be required in the first days of treat-
ment (35,36). In cases of severe OP poisoning, an IV drip is
implemented to meet the continuing requirement for
atropinization (37). This is not usually needed for the nerve
agents.

The U.S. military supplies kits containing the tw o most
important antidotes for nerv e agent exposure, atropine and
pralidoxime. The military kit, known as the Mark I, consists
of two autoinjector pens. The smaller autoinjector contains
2 mg of atropine for intramuscular administration. The
autoinjector mechanism pro vides remarkable rapid ab-
sorption (Fig. 1-4). After the atropine is administered, the
pralidoxime is administered in the same f ashion either to
the same thigh or to the opposite side. The atropine autoin-
jectors each contain 2 mg of atropine citrate. Such kits are
also available commercially for civilian use (Meridian Med-
ical Technologies, St. Louis, MO). These autoinjectors per-
mit rapid intramuscular injection of antidote through protec-
tive clothing and underlying garments. Experience sho ws
these autoinjectors to be ef fective at administering certain
medications, such as atropine (Fig. 1-5 and reference). Mili-
tary medical personnel carry additional atropine autoinjec-
tors and are trained to add more atropine as required based
on the endpoints of good control of respiratory secretions
and adequate respiratory effort (38). In the hospital setting,
most planners ha ve concluded that intra venous pharma-
ceutical preparations should be used instead of autoinjec-
tors. This is also the case with the oximes, which are dis-
cussed next.
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ANTIDOTAL THERAPY OBSERVATION

Mild vapor (GA, GB, BD)  Nasal congestion with mild

exposure shortness of breath, miosis
Mild liquid (VX) Localized sweating and
exposure fasciculations
Moderate vapor or liquid More severe respiratory distress,
exposure muscular weakness

Unconscious, possibly seizing or
flaccid, possibly apneic or
severe symptoms

Soldier Biological and Chemical Command, 2003.

Severe vapor or liquid
exposure

Oximes. The oximes (pralidoxime, obidoxime) are nucle-
ophilic substances that reacti vate the acetylcholinesterase
inhibited by OP toxins. An oxime should be administered
before aging, permanent disabling of the cholinesterase en-
zyme, occurs. Aging occurs at different time intervals from
exposure for different nerve agents. For example, sarin re-
quires several hours to age, whereas soman ages in only 2 to
6 minutes, and VX takes more than 2 days (Table 1-6). The
time for complete aging is approximately 10 times the half-
life, and treatment with an oxime may be useful up to this
point.

After the oxime has regenerated acetylcholinesterase, the
enzyme resumes its critical role in the breakdown of acetyl-
choline, normalizing neurotransmission. This brings about
the improvement of nicotinic symptoms, such as fascicula-
tions, muscle twitching, and the return to normal muscle
strength. Pralidoxime is the oxime used currently in the
United States. Other countries use obidoxime or other
oximes to treat nerv e agent victims. Pralidoxime as the
chloride (2PAMCI1) or mesylate (P2S) probably is best ad-
ministered in a dose of 30 mg/kg body weight o ver a 30-
minute period every 4 to 6 hours, preferably by IV injection,
but it can also be gi ven by intramuscular injection (T able

110
-
Y 7 .
— 1 ~.
E" I ? il
>
= i ;
o= i 4 L e
&= 80 1
= - wommasa [V, Img Atropine SO,
= = | M. 2mg Atropine (Citrate Buffer)
704 jr by AtroPen Injector
Moment af e | M. 2mg Atropine SO,
Injection by conventional syringe
60 lI T T T T T 1
-10 0 10 20 30 40 50 60

Minutes
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1 g 2PAMCI with treatment
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intravenous drip over 30 min

Three Mark I kits or 6 mg
atropine and 1 g 2PAMCI
initially

May repeat atropine as
needed and 2PAMC1
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1-5). Oxime concentrations more than 4 mg/ml can be
maintained for 3 to 6 hours after intramuscular injections of
30 mg/kg body weight of either oxime (chloride or mesy-
late). Alternatively, 2-PAM (chloride or mesylate) can be
given as a continuous infusion at a rate of 550 mg/hour (8
mg/kg/hour) after the injection of 30 mg/kg/body weight on
two occasions 4 hours apart (35), but this is usually done for
OP insecticide exposure, and not necessarily for the nerv e
agents. In principle, PAM should be continued as long as the
OP compound or its active metabolite is present in the body.

Benzodiazepines. Benzodiazepines (diazepam, lorazepam,
and others) should be used to treat the seizures induced by the
nerve agents. This can be administered IV or through the use
of an autoinjector. Military sources suggest that for patients
manifesting symptoms of se vere toxicity, benzodiazepines
should be administered e ven before seizures are e vident. If
three of the Mark I kits are administered due to se vere symp-
toms in the victim, diazepam should be administered immedi-
ately after completing the administration with the autoinjec-
tor kits. With the e xception of benzodiazepines, phenytoin
and other conventional treatment modalities for seizures are
considered ineffective in this setting (39).

Figure 1-5. Absorption of atropine administered by autoinjec-
tor device. Heart rate was used to demonstrate the effect of at-
ropine administration given either intravenously, intramuscu-
larly, or by autoinjector. The graph illustrates the effectiveness
of the device. Intravenous administration causes an effect more
rapidly but has a shorter duration of action. (Modified from
Martin TR, Kastor JA, Kershbaum KL, Engelman K. The effects of
atropine administered with standard syringe and self-inductor
device. American Heart Journal, 1980, 99(3): 282-88, and the
Domestic Preparedness Program, Soldier Biological and Chemi-
cal Command (SBCCOM), Hospital Provider Course, DPT 8.0,
2002 with data provided by Frederick R. Sidell, MD.
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IR ECE Aging

AGENTS AGING HALF-LIFE
Tabun 46 h

Sarin 5.2-12h

VX 50-60 h

Soman 40 sec to 10 min
Paraxon 2.1-54d

Adapted from Dunn MA, Sidell RF. JAMA. 1989;262:649-52

Treatment of nerve agent casualties should be based on the
initial signs and symptoms and modified appropriately when
the actual agent is def ined. If the e xposure was a v olatile
agent, such as sarin or soman, the patients will be sympto-
matic within the first several minutes of exposure to the toxin.
This means that patients who are not symptomatic when they
are evaluated at the hospital are not lik ely to become serious
exposure victims. For the case of the liquid e xposure of VX,
patients may not become symptomatic for up to 18 hours and
therefore should be observ ed for a much longer period of
time. If one does not know to which agent the patient was ex-
posed, it is prudent to carry out a longer observation period in
the ER or ICU. The severity of symptoms determines the
dose of the antidotal therapy (Table 1-5).

THE SPECIAL CASE OF PYRIDOSTIGMINE
PRETREATMENT

The use of atropine and the oximes may be insuf ficient for
protection against the toxic ef fects of GD (soman), even if
they are administered immediately after the agent. Soman
ages extremely rapidly within minutes. As Dunn and Sidell
have emphasized (40), even with training and the ability to
don a mask rapidly, soldiers on a chemical battlef ield may
be at risk for absorbing up to f ive times the lethal dose of
GD during a chemical attack. The protectiveratio (40,41) is
the factor by which a treatment raises the lethal dose of a
toxic agent. Currently a vailable antidotes do not raise the
protective ratio sufficiently high in humans to couteract the
lethal effects of soman (GD), although a new oxime anti-
dote, HI-6, shows much promise. A preexposure treatment
with the reversible agent pyridostigmine has been used to
solve this problem with soman. Pretreatment is not effective
against sarin and VX challenge. When used for soman chal-
lenge, it should be followed by atropine and an oxime.

Pyridostigmine is a carbamate compound that binds to
acetylcholinesterase. Like the nerve agents, it causes acetyl-
choline to build up and cholinergic symptoms (DUMBELS)
to occur. The difference is that with carbamate compounds
like pyridostigmine, the binding to the AChE is reversible.
Organophosphates, like the nerve agents, cause irreversible,
permanent binding to the enzyme. F  or this reason, pyri-
dostigmine was given to soldiers in the Gulf War of 1991 to
temporarily bind to AChE, and to prevent the attachment of
the much more dangerous nerv e agent. Some contro versy
exists with its use, however. Some authors have partially at-
tributed the symptoms of the “Gulf War Syndrome” to use
of this agent (42).

Pyridostigmine by itself does not provide protection with-
out the use of the antidotes (atropine/oximes). It is an antidote
enhancer rather than a true treatment. It appears to enhance
the efficacy of the antidotes within 1 to 3 hours after taking
the first tablet. Maximal benefit appears to develop with time
and may be reached when a tablet is taken every 8 hours (38).

The U.S. Army provides a pyridostigmine bromide (30
mg) pretreatment set of tablets (21 total) packaged in a blis-
ter pack, to be taken one every 8 hours, enough for 7 days.
One tablet is taken orally with water (38).

TRIAGE OF NERVE AGENT VICTIMS

Methods of triage of nerv e agent victims are usually based
on military experience. An understanding of the principles
involved in nerve agent action can aid considerably in guid-
ing the triage officer at the time of an e xposure incident. A
general approach to the triage of victims of nerv e agent ex-
posure follows (39). Each patient is divided into one of four
groups based on a system agreed upon in advance: immedi-
ate, delayed, minimal, or expectant.

IMMEDIATE

All patients who are symptomatic with more than just mio-

sis are triaged to an “immediate” category and require im-
mediate decontamination and application of antidotes, air-
way control, and other supportive measures. If the patient

has two or more systems involved (for example miosis and
wheezing), the patient should be considered an “immediate”
and should receive treatment. Rapid treatment should result
in a successful resuscitation for these victims.

DELAYED

Patients who have received an initial treatment in the f ield
or in the triage area of the hospital, and are improving, will
need to be reassessed at a later time. Such patients may be
deferred from the initial group of patients requiring treat-
ment. These patients may still have miotic pupils. Pupil size
alone is not sufficient clinical information to triage patients
who have been exposed to nerve agents properly.

MINIMAL

Patients who are ambulatory and conversant and have no symp-
toms or only miosis will usually require no immediate medical
treatment. They may require counseling and social support,
however. For more efficient care of the sicker patients, these in-
dividuals may be moved to a low acuity environment.

EXPECTANT

Patients who present with apnea greater than 5 minutes in du-
ration, or whose vital signs are not detectible, may be consid-
ered in the “expectant” category and do not receive treatment
in the high-volume multicasualty incident (MCI). This is par-
ticularly true when there are more than just a very small num-
ber of victims.



PLANNING FOR TERRORIST EVENTS
AND FUTURE ANTIDOTAL
CONSIDERATIONS

Treatment of nerve agent exposure should follow proper de-
contamination of victims. It is essential for institutions to
prepare for large numbers of casualties because e xperience
dictates that most victims will bypass EMS and come di-
rectly to nearby acute care facilities.

Planning for nerve agent attack will require stocking of
antidotes, including atropine, diazepam, and the oximes. At-
ropine may be obtained as apo wdered form, which may
be compounded in the hospital pharmac y. The powdered
drug has a much longer shelf life than does the atropine-con-
taining solution. One alternati ve is to have enough atropine
solution on hand for 30 to 40 casualties and to use the po w-
dered form after the initial stock is completed. Compounding
of atropine solution from the powdered form can be initiated
in the pharmacy after the first cases arrive at the hospital.

In the United States, the only oxime widely a vailable is
pralidoxime. The data for pralidoxime with soman are
rather unique. Inane xperiment using rat, monkey, and
human muscle tissue, Clement demonstrated that prali-
doxime is ineffective in the treatment of soman poisoning,
and that survival after oxime administration w as not due to
reactivation of acetylcholinesterase (43). Hence, the agent
most commonly used in the United States would not be use-
ful for treatment of this particular poison. The lethal dose
for soman is approximately 50 mg. One problem with
soman is the e xtremely rapid aging time. Aging occurs in
approximately 2 minutes, making the application of an
agent such as pralidoxime essentially useless.

The bispyridinium oximes offer promise as a treatment
for soman. The structure includes an additional oxime ring:
a nitrogen-substituted benzene ring with a side group. By
combining oximes into lar ger molecules, antidotes that are
effective against nerv e agents have been de veloped. One
such agent is HI-6 (Fig. 1-6). Hamilton investigated the effi-
cacy of the bispyridinium agent HI-6 after gi ving monkeys
five times an LD s, of soman. Three out of four monk eys
survived using the newer oxime (44). One of the interesting
aspects of this case was the fact that acetylcholinesterase in-
hibition was the same for the monk eys that survived and
those that died. Thus, some factor is involved in the efficacy
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Figure 1-6. Oxime acetylcholinesterase reactivators. 2-PAM,
pralidoxime.
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of the bisp yridinium agent other than acetylcholinesterase
reactivation. Some ha ve suggested that the brain cho-
linesterase makes the difference in survival. However, in a
study involving rat brain homogenate cholinesterase acti v-
ity, essentially no improvement enzyme reactivation could
be found from pralidoxime (45). The mechanisms involved
in oxime antidotal ef ficacy are still to be fully elucidated
(46). There is not a perfect oxime reacti vator that is ef fec-
tive for all agents. However, a combination of oxime agents
would offer a more complete spectrum of protection (47).

SUMMARY

B The volatile agents—tabin (GA), sarin (GB),
and soman (GD)—cause rapid onset of toxicity
after aerosol exposure.

B For the volatile agents, removal of clothes and
jewelry constitutes essentially complete decont-
amination, but copious irrigation is suggested if
uncertain of the identity of the agent.

B VX is a persistent agent, which may cause ei-
ther immediate or delayed symptoms.

B Full decontamination with soap and w ater is
necessary for VX. Some authorities suggest irri-
gation for volatile agents also, if time and cir-
cumstances permit.

B Antidotes for the nerve agents include atropine,
oximes (pralidoxime, obidoxime), and di-
azepam.

B Health care facilities must be prepared to re-
ceive the majority of patients without the bene-
fit of EMS intervention.

QUESTIONS AND ANSWERS

1.Which of the following nerve agents is a persistent
agent (i.e., presents a danger in the environment for a
long time)?
A. Sarin
B. Soman
C. Tabun
D. VX
E. Pyrethroid insecticides

2.Which is not a feature of the cholinergic toxic syn-
drome?
A. Diarrhea
B. Urination
C. Bronchorrhea
D. Dry skin
E. Lacrimation

3.What isthe most appropriate and sufficient decontam-
ination measure for a victim of a confirmed vapor
nerve agent exposur e?
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4.

A

1:
2.
3:
4.
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Wash with copious amounts of soap and water
Remove all clothing and jewelry

Wash with a hypochlorite solution

Wash with soap and water and then with a
hypochlorite solution

E. No decontamination is needed

A.
B.
C.
D.

What isthe endpoint of atropine administration in the

setting of a nerve agent exposure?
A. Pupil size

B. Drying of respiratory secretions and ease of venti-
lation

C. Drying of skin

D. Control of seizures

E. Control of vomiting

NSWERS

D. VX

D. Dry skin

B. Remove all clothing and jewelry

B. Drying of respiratory secretions and ease of ventilation
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Vesicating Agents Including
Mustard and Lewisite

Stacey L. Hail and Daniel C. Keyes

MUSTARDS

Vesicating agents are chemicals named for causing blistering;
they have a long military history. The mustards include mainly
sulfur mustard and nitrogen mustard. Nitrogen mustard will
not be discussed as it has not been stockpiled for military use
and is lar gely used for chemotherapeutic purposes. Sulfur
mustard (2,2-dichloroethyl sulfide) has been the most com-
monly used mustard compound.

Known also as mustard, mustard gas, “the king of w ar
gases,” Yperite, H, and HD, sulfur mustard is one of the most
powerful vesicants used as a chemical weapon (1,2).  The
chemical warfare agent H is an agent containing 70% sulfur
mustard and 30% sulfur impurities. HD, however, is sulfur
mustard purified by distillation and washing (3).

The term “mustard gas” is a misnomer because the agent is
a liquid at typical en vironmental temperatures. Mustards are
oily, yellow-brown, fat-soluble substances that are heavier than
water. Mustard vapor has been described to smell like mustard,
onion, garlic, or horseradish. Due to its lo w volatility, mustard
concentrates in low-lying trenches and may persist in the envi-
ronment for up to five days (3,4). At temperate climates with
little wind, mustard may remain in the en vironment for more
than a week. Ho wever, in areas with temperatures abo ve
37.7°C, the agent may persist for only one day (2) (Table 2-1).

Sulfur mustard was discovered in 1822 by Belgian scientist
Cesar-Mansuete Despretz (5) , but was not used in battle until
1917 near Ypres, Belgium. That is how mustard earned the
name Yperite. During World War I, mustard was responsible
for as many as 400,000 battlef ield injuries and 8,000 deaths
(4). Interestingly, mustard accounted for 77% of World War I
casualties (4). Thus, casualties from mustard gas were more
numerous than those from any other agent used in World War I
(6). Although several warring nations during World War II
stockpiled sulfur mustard, there is little e vidence that it w as
used in combat. In December 1943, an Allied ship carrying
100 tons of mustard w as attacked by German planes and e x-
ploded near Bari, Italy. This attack caused mustard to dissemi-
nate over a large area producing mysterious ocular and dermal
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IV RSPl Mustard Characteristics

* Liquid at normal environmental temperatures
* Boiling point 215° to 217.2°C

* Melting point 14.4°C

* Oily, yellow-brown, fat-soluble

* Heavier than water

* Odor of mustard, onion, garlic, or horseradish
* Low volatility

* Vapor pressure 0.9 mm Hg at 30°C

+ Odor threshold <1.3 mg/m?

vesicant effects. This attack resulted in over 600 mustard casu-
alties and numerous respiratory deaths (2,7). More recently ,
Iraqi forces during the Iran-Iraq conflict (1980 to1988) used
mustard causing as many as 3,000 Kurdish deaths (7). Iranian
soldiers were evacuated to Europe where they were treated for
classic mustard poisoning in the Iran-Iraq w ar (1,8). As re-
cently as 1998, three American workers sustained mustard
burns while collecting routine chemical samples from a stor-
age site. All three individuals presented with blisters (9).

THEORETICAL AND SCIENTIFIC
BACKGROUND

Approximately 20% of sulfur mustard is rapidly absorbed
through the skin (7,10). Due to the mustard’ s fat solubility
and its penetration down hair follicles and sweat glands, ab-
sorption occurs within 2 minutes. Twelve to 50% will react
or remain “fixed” with skin components. The remainder will
enter the systemic circulation and be absorbed by other tis-
sues or solid organs. Once the sulfur mustard diffuses across
a cell membrane, cell injury and cell death occurs. Although
the exact mechanisms of sulfur mustard-induced cell death
have yet to be elucidated, there are four proposed theories:
(a) alkylation of deoxyribonucleic acid (DN A), (b) oxida-
tive stress upon cell components, (c) depletion of glu-
tathione, and (d) inflammatory responses (10).



Alkylation of DNA

An alkylating agent is an agent that replaces a proton on an-
other molecule with an alk yl group (i.e., a simple chain of
carbon atoms). DNA is cross-linked as a result of alkylation.
The mustard alk ylates the DN A, creating DNA strand
breaks. This precipitates an increase in acti vity of various
proteinases that may cause cellular damage and blister for-
mation. DNA cross-linking also greatly inhibits further
DNA synthesis. As DNA synthesis is inhibited, unbalanced
growth of the cell occurs. Unbalanced cell gro wth triggers
apoptosis, or programmed cell death (7,10).

Mustard changes the structure of DNA, cellular membranes
and proteins through alk ylation. After the mustard alk ylates
complementary strands of DN A, the molecules cannot sepa-
rate. Separation of DNA molecules is needed for normal repli-
cation of DNA; therefore cell di vision is disturbed. Mustards
exert their greatest effect on rapidly dividing cells (7).

Oxidative Stress

It is known that numerous biochemical reactions in the body
and environmental sources generate highly reacti ve oxygen
species (ROS) and free radicals that may cause cellular
damage (11). Sulfur mustard is also belie ved to lead to ox-
idative stress upon intracellular molecules. As mustard dif-
fuses across the cell membrane, it enters the aqueous en vi-
ronment of the ¢ ytosol. Within this aqueous media, sulfur
mustard undergoes intramolecular ¢ yclization creating a
highly reactive episulfonium intermediate. This episulfo-
nium ion reacts with functional groups on molecules, espe-
cially sulfhydryl-containing compounds. The episulfonium
ion also reacts with the sulthydryl groups on enzymes main-
taining calcium homeostasis, thus leading to increased intra-
cellular calcium. Increased cytosolic calcium leads to death
in two ways. First, the calcium disrupts microfilaments that
maintain cell integrity. The loss of cell integrity leads to cell
death. Additionally, calcium induces apoptosis or pro-
grammed cell death (PCD) by acti  vating endonucleases,
proteases, and phospholipases (10).

Formation of this highly reacti ve episulfonium interme-
diate is greatly enhanced in an aqueous en vironment. Thus,
moist regions such as mucosal tissues of the eye and respira-
tory tract are very susceptible to mustard injury (1).

Depletion of Glutathione

Another theory of ho w mustard e xposure causes injury is
through depletion of glutathione. Reacti ve oxygen species
(ROS) are normally detoxified by glutathione. However, in
the setting of mustard, these ROS are left unchecked to react
with membrane phospholipids forming lipid peroxidases.
Lipid peroxidases cause loss of membrane function, mem-
brane fluidity, and membrane integrity (10).

Inflammatory Response

After exposure to sulfur mustard, cells are stimulated to pro-
duce cytokines in response to the chemical stress. These cy-
tokines are small peptides secreted by white blood cells and
endothelial cells that cause immunologic reactions and fur-
ther tissue damage (10).
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SIGNS AND SYMPTOMS

Potentially, all organs can be affected by mustard exposure.
However, the skin, eye, airway, bone marrow, gastrointesti-
nal, and nervous system are particularly susceptible. One of
the hallmarks of mustard intoxication is that it produces not
only skin and eye effects but also systemic toxicity to inter-
nal organs such as the bone marrow. Clinical manifestations
occur 2 to 48 hours after e xposure, but typically are ob-
served within 4 to 8 hours. The earlier signs and symptoms
manifest, the more severe the exposure (4).

Skin

Skin is an important target for mustard since it contains fre-
quently dividing cells. Eighty percent of mustard applied to
human skin evaporates, with the remaining one-fifth of the
agent penetrating and causing toxicity (7,10). Since sweat
glands seem to facilitate mustard’s penetration through the
skin, moist areas including the groin and axillae are particu-
larly affected (12). In fact, scrotal and perianal burns were
noted in nearly half of American survivors of World War I
mustard gas attacks (2). Acute exposure is not associated
with immediate discomfort or pain since the mustard has a
long latency period (13).

Sulfur mustard produces cutaneous blisters and ery-
thema in humans on areas directly exposed to the agent,
often in areas covered by clothing. Burns may develop from
exposure to the v apor or the liquid. The skin effects from
vapor are dependent upon the ambient temperature and con-
centration. The concentration time ( C;) needed to produce
erythema is 100 to 400 mg-min/m 3, while onset of burns is
about 200 to 1,000 mg-min/m 3, and severe incapacitating
burns result from 750 to 10,000 mg-min/m 3. Erythema ap-
pears in affected areas within 2 to 4 hours and causes ¢  x-
treme pruritus. As the blisters appear , this itching dimin-
ishes. The blisters do not generally appear for 18 to 24 hours
and contain large volumes of fluid. The fluid in the blister
does not contain acti ve mustard since the mustard com-
pletely reacts with the skin in the first several minutes (12).

Skin response to sulfur mustards has been described to
have two phases: an immediate phase and a delayed phase.
In the immediate phase, there is injury to the endothelium
of superficial capillaries and venules due to direct damage
to the cell membrane. Vascular leakage and inf iltration
with basophils may occur. The delayed phase is character-
ized by death of basal epidermal cells secondary to DN A
damage, vascular leakage, neutrophilic immigration, and
ulceration (7).

Human skin consists of tw o layers: a superficial layer,
the epidermis, rests upon the dermis. The deepest layer of
the epidermis is the stratum basale, which contains mitoti-
cally active keratinocytes. Between the epidermis and der-
mis is the basement membrane. This basement membrane
is anchored to the k  eratinocytes in the epidermis by
hemidesmosomes (Fig. 2-1). Sulfur mustard spares the
basement membrane b ut disrupts the hemidesmosomes.
Thus, a blister forms between the epidermis and the dermis
leaving the basement membrane on the dermal side (12)
(Fig. 2-2). Interestingly, there is racial v ariation in the
severity of v esicant burns. Increased melanin appears to
offer some protection (14).
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Epidermis

Proliferating Keratinocytes

Hemidesmosomes

Basement membrane

Dermis

Figure 2-1. Schematic of normal skin. The basement membrane
is located between the epidermis and the dermis. The proliferat-
ing keratinocytes are located at the base of the epidermis. They
are anchored to the basement membrane by hemidesmosomes.

Epidermis

Disrupted
hemidesmosomes

Disrupted
hemidesmosomes

-
Basement membrane

Dermis

Figure 2-2. Schematic of skin after exposure to sulfur mustard.
The sulfur mustard is rapidly absorbed. Injury occurs to the ker-
atinocytes, and the hemidesmosomes are disrupted. Thus, a blis-
ter forms between the epidermis and the dermis. The basement
membrane remains attached to the dermis.

The burn caused by sulfur mustard behaves similarly to ther-
mal burns in terms of depth, but it does not penetrate the skin as
deeply asanacid b urn. The skin effects can be classif ied as
mild, moderate, or severe. Mild injuries in volve erythema,
edema, and first-degree burns and occur after exposure to doses
of 50 mg-min/m? or direct skin application 0.1to 1.0 pg/cm?
liquid mustard. Moderate injury involves exposure to 1.0 to 2.5
mg/cm? and leads to severe edema and vesication. Severe injury
occurs after doses of 200 to 1,000 mg-min/m? or direct skin ap-
plication of more than2.5 pg/cm?. At these doses, areas of
necrosis are seen with surrounding vesication (2).

Mustard burns take twice the time to heal as thermal
burns since the proliferating cells ha ve been damaged (12).
Experience with mustard gas casualties from the Iran-Iraq
war demonstrated the slo w resolution of these b urns. Five
soldiers with skin b urns were managed with saline baths
twice daily and dressings with silv er sulfadiazine cream
with paraffin gauze. Pain was severe and required opioids.
None required skin grafting, but the healing process took 4
to 6 weeks (15). A characteristic brown pigmentation may

be observed during the healing process and may even persist
afterward (13).

Eye

In World War I and the Iran-Iraq w ar, 80% to 90% of casual-
ties suffered ocular injuries. Injuries ranged from mild con-
junctivitis to moderate and se vere keratoconjunctivitis, which
often lead to corneal damage. A World War I military physi-
cian documented: “12 hours after exposure, the patient’s eyes
were inflamed and lacrimation, blepharospasm, and photo-
phobia were present, ... by the end of 24 hours the most dis-
tressing symptom was pain in the eyes, which was very severe.
The patient was virtually blinded, with tears oozing from be-
tween the bulging, edematous eyelids, over his reddened blis-
tered face” (16).

Mustard reacts rapidly after contact with e ye tissues. In
fact, mustard penetrates the cornea more rapidly than it does
the skin (13). Symptoms, however, may be delayed for several
hours (2,16). The aqueous-mucous surface of the cornea and
conjunctiva facilitates absorption. Additionally, mustard solu-
tion is lipophilic so it concentrates in the oily moiety of the
tears where it interacts with corneal epithelial cells. Because
these corneal epithelial cells have a high turnover rate, they
are some of the most vulnerable cellsin the body. Initial symp-
toms include eye pain, photophobia, lacrimation, and blurred
vision. Physical e xamination reveals blepharospasm (spas-
modic winking), periorbital edema, conjunctival injection, and
inflammation of the anterior chamber (9,16). For several days,
the intraocular pressure may be ele vated. Several hours later,
the corneal epithelium be gins to vesicate and slough. Visual
acuity is decreased with w orsening corneal injury . Ocular
damage is classified as mild, moderate, or severe (2,16).

Mild injury occurs at doses of 12 to 70 mg/min/m 3. At
these doses, there is ocular irritation but little lacrimation, ble-
pharospasm, or photophobia. On physical e xamination, there
is mild erythema of the e yelids and conjunctiva. There is no
corneal involvement. Complete recovery is often seen in se v-
eral days (16).

Moderate ocular injuries are seen with doses of 100 to 200
mg/min/m3. Injury in volves the e yelids, conjunctiva, and
corneal epithelium with occasional iritis. Six hours after expo-
sure, the patient complains of e ye pain, eye dryness, photo-
phobia, and possibly blindness. On e xamination, there is
marked edema of the e yelids with blepharospasm. The con-
junctiva is also edematous and congested. The cornea is ede-
matous and fluorescein staining reveals punctate lesions at the
palpebral fissure. There is gradual recovery after 48 hours. The
corneal epithelium regenerates within 4 to 5 days. Complete
symptomatic recovery takes at least 6 weeks (16).

Severe ocular injuries occur at doses higher than 200
mg/min/m? and involve full-thickness corneal lesions. Symp-
toms include severe ocular pain, blepharospasm, and blurred
vision. On physical examination, the eyelids are swollen, and
there is conjunctival chemosis and loss of blood vessels at the
nasal and temporal limbal areas. The cornea has been de-
scribed to have an “orange peel appearance” and corneal sen-
sation is weak or absent. Other f  indings in se vere ocular
injuries are pupillary constriction, iris vasodilatation, hemor-
rhages, and necrosis with de velopment of chemical anterior
uveitis leading to the formation of posterior iridolenticular
synechiae, increased intraocular pressure, and opacification of



the lens. Resolution does not occur for 1 to 2 weeks. In 0.5%
of casualties, delayed ulcerative keratitis leading to blindness
may develop. These effects may be seen in patients up to 40
years after the mustard exposure (16).

Battlefield mustard exposure results in the rapid visual in-
capacitation of large numbers of persons. During the Iran-Iraq
conflict, 90% of individuals with mustard ocular injury were
visually disabled for 10 days with conjunctivitis, photophobia,
and minimal corneal swelling. The conjunctivitis and photo-
sensitivity persisted in man y patients for se veral months.
Ninety percent of patients recovered completely from their oc-
ular injuries (17).

Lungs and Airways

After eye lesions, the greatest acute discomfort produced by
exposure to mustard is from injury to the respiratory system
(13). Respiratory symptoms are also the most common cause
of mortality (9). Pulmonary complications such as edema and
airway obstruction are most responsible for deaths that occur
soon after mustard exposure (4).

Low-dose inhalation of mustard gas causes chest tight-
ness. Larger exposures result in sneezing, rhinorrhea, nasal
bleeding, sore burning throat, hoarseness, and hacking cough.
Cough may persist for 10 to 48 hours. Early signs of pul-
monary edema, aphonia, and tachypnea may then occur. After
48 hours, bronchopneumonia appears (7). Fibrinous pseudo-
membranes can form, peel off, and lead to further airway ob-
struction (9,10).

In 1985 and 1986, European doctors treated 39 Iranian
soldiers who had been e xposed to mustard gas. The most
commonly reported respiratory ef fect was a se vere cough,
which did not respond to cough suppressants, steam, bron-
chodilators, or corticosteroids. Some patients had a dry cough
while others produced plentiful sputum. Even in the presence
of a normal chest radiograph, low PaO, was quite common as
was airflow obstruction. Three of these patients required ven-
tilation and two patients died 7 and 14 days after e xposure.
Fiberoptic bronchoscopy revealed marked sloughing of the
tracheal and bronchial mucosa that produced adherent plugs,
which could not be remo ved by suction. In some cases, re-
moval of such tissue plugs with forceps resulted in impro ved
ventilation (18).

Chronically, mustard gas exposure can lead to the develop-
ment of airway hyperreactivity, chronic bronchitis, bronchi-
ectasis, pulmonary fibrosis, and upper airw ay obstruction
(19,20). Long-term effects of mustard on the respiratory tract
were studied in 220 Iran-Iraq w ar victims. These patients
were evaluated 7 to 13 years after their e xposure. At the time
of examination, nearly all the victims complained of cough
and dyspnea. Six victims e xperienced hemoptysis. Four pa-
tients were observed to have respiratory distress. About two-
thirds of the patients had wheezing or coarse rales. Radi-
ographic findings were essentially normal, and spirometry
was found to be the most useful, revealing an obstructive pat-
tern (21). High-resolution computed tomography (HRCT) of
the chest has been shown to be useful in evaluating long-term
sequelae from mustard e xposure. Bronchial wall thickening,
interstitial lung disease, and emphysema were common find-
ings on HRCT (19). Bronchoalv eolar lavage fluid in patients
with sulfur mustard-induced asthma or chronic bronchitis had
the same cellular constituents as patients with asthma or
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chronic bronchitis from other causes (20). Finally , evidence
suggests that World War I battlefield exposure of mustard gas
resulted in a slightly increased incidence of lung cancer at
least 20 years later (22).

Gastrointestinal Tract

The mucosal membrane of the gastrointestinal tract can be
damaged after mustard e xposure. This may result in nausea,
vomiting, abdominal pain, bloody diarrhea, or dehydration
(23). Nausea, vomiting, and abdominal pain may be seen 4 to
16 hours after mustard exposure. In fact, violent, frequent, and
prolonged vomiting has been reported in four cases of e xperi-
mental mustard burns in which only the skin w as exposed.
These men were wearing respirators and e xposed toa C; of
660 mg/min/m? under tropical conditions (13).

Blood

Bone marrow suppression results from mustard e xposures
exceeding 1,000 mg/min/m3. Development of mustard-in-
duced hematological effects is a poor prognostic sign (2).
Half of the se verely injured casualties from the Iran-Iraq
conflict experienced leukopenia as a result of bone marro w
suppression. Serious infections may occur , further compli-
cating the management of these patients (9).

Leukocyte precursors die 3 to 5 days after exposure. De-
pending upon the se verity of exposure, a leukopenic nadir
occurs from 3 to 14 days. Anemia and thrombocytopenia are
late findings (24).

Gonads

Various experiments with mice in the 1940s in volved intra-
venous and intraperitoneal injections of mustards into male

mice resulting in the inhibition of spermatogenesis (13,25).

Damage, however, was usually transient as testicular recov-
ery was observed at 2 weeks and mature sperm were seen at
4 weeks after exposure (13,26,27).

Eighty-one patients exposed to sulfur mustard after the
Iran-Iraq conflict were evaluated in terms of their infertility.
Azoospermia (absence of living spermatozoa in semen) and
severe oligospermia were found in 42.5% and 57.5% of pa-
tients, respectively. Testicular biopsy showed atrophy of the
germinal epithelium, intact Sertoli cells, and normal-ap-
pearing Leydig cells. There was an elevated plasma follicle-
stimulating hormone level. Luteinizing hormone and testos-
terone concentrations were normal (28).

Administration of mustards did not seem to ha  ve the
same effects on female mice. There were no injurious ef-
fects observed in the ovaries, and their reproductive poten-
tial was not altered (13,25).

Carcinogenicity and Other Long-Term
Effects

The Veteran’s Administration and the Institute of Medicine
released a report January 6, 1993 entitled Veterans at Risk:
The Health Effects of Mustard Gas and Lewisite. The report
cites respiratory cancers (especially nasopharyngeal, laryn-
geal, and lung), skin cancer, pigmentation abnormalities of
the skin, chronic skin ulceration and scar formation, recur-
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rent ulcerative disease of the eye (including opacities), bone
marrow depression (after e xposure but infections left sec-
ondary permanent damage to or gans), psychological disor-
ders, and sexual dysfunction (caused by scarring of the scro-
tum or penis) (29). A 50-year mortality follow-up study was
performed on World War II Navy veterans who experienced
low-level mustard exposure, and the results were compared
to those who had not been exposed. These veterans had vol-
untarily participated in mustard gas chamber tests in Bain-
bridge, Maryland, between 1944 and 1945. They had worn
protective clothing and masks. The levels to which they had
been exposed were sufficient to have caused erythema, vesi-
cles, and ulceration. However, 50 years later, these levels of
exposure were not associated with an y increased risk of
cause-specific mortality (30).

Sulfur mustard was the first chemical with proven geno-
toxic effects. After prolonged or repeated exposures, humans
have shown increased risk of cancer (2). There is evidence of
a link between nitrogen mustard and nonlymphoc ytic
leukemia. Currently, evidence suggests a link between non-
lymphocytic leukemia and sulfur mustard exposure (29).

MEDICAL MANAGEMENT

Currently, there are no antidotes to treat mustard toxicity
Several agents are under in vestigation. These include an-
tioxidants (vitamin E), antiinflammatory drugs (cortico-
steroids), mustard scavengers (glutathione, N-acetylcys-
teine), and nitric oxide synthase inhibitors ( L-nitroarginine
methyl ester) (24). In animal studies, increased survival and
fewer pathological organ effects were noted after adminis-
tration of sodium thiosulfate, vitamin E, or dexamethasone
within 15 minutes of e xposure (31). Therefore, some ex-
perts recommend poste xposure treatment with some of
these agents. One regimen recommends intravenous sodium
thiosulfate 500 mg/kg per day for 48 hours, followed by 10
days of oral N-acetylcysteine and vitamin C (4,32). Investi-
gation with an agent kno wn as amifostine has also sho wn
promise. Also known as WR-271, amifostine is a drug used
to prevent the effects of cancer chemotherapy, and it seems
to provide protection against alk ylating agents. It has been
suggested that this agent may be useful if administered pro-
phylactically to avoid mustard toxicity (33).

Preventing exposure to mustard agents, however, is most
important. Protective equipment and barrier creams are dis-
cussed in the section entitled “Personal Protection. ” Early
decontamination after e xposure is priority . Additionally,
unique management strategies exist for dermal, ocular, and
respiratory problems after exposure to mustards.

Decontamination

Decontamination within 2 minutes of e xposure is the most
pressing and necessary interv ention after dermal e xposure.
Mustard rapidly fixes to tissues, and its effects are then irre-
versible. Early after mustard e xposure, patients typically
lack any signs or symptoms. It is important to remember
that this delay in symptomatology should not delay deconta-
mination (24).
Sulfur mustard may persist as a liquid on contaminated

skin, clothing, and equipment for hours to days. Thus med-

ical personnel are at risk for skin blistering and other effects
if they come into contact with contaminated victims. First,
all contaminated clothing should be remo ved as quickly as
possible. Thickened mustard agent can be remo ved with a
wooden spatula. The exposed skin should be powdered with
antigas powder containing calcium chloride and magnesium
oxide. Then washing with household bleach (hypochlorite)
diluted to 0.5% is a traditionally recommended military
medical strategy. However, one should not delay early de-
contamination to locate or reconstitute hypochlorite. Soap
and water are lik ely to be suf ficient. Vigorous scrubbing
should be avoided as this may allo w deeper penetration of
the mustard. Mustard is relati vely insoluble in w ater, thus
water alone probably has limited v alue as a decontaminant.
Household products such as flour, talcum powder, salad oil,
Dutch powder, dry tissue paper, and wet tissue paper may be
used, as they are commonly a vailable and can be ef fective
(13). Eyes should be irrigated with w ater for at least 5 min-
utes and must occur within se veral minutes of e xposure to
prevent subsequent damage. Decontamination after se veral
minutes may not pre vent injury to the victim; ho wever, it
does protect emergency care personnel from further contact
exposure (9,17,24).

Skin

Mustard-induced skin lesions often require aggressi ve burn
management. Because these burns heal slowly and are prone
to infection, careful wound care is essential. In the early
stages of mustard toxicity , pain is not a major problem.
However, intense itching is associated with the erythema-
tous stage. This itching is best treated with a benzodiazepine
or chlorpromazine. Once the blister appears, there are two
options for treatment. Experience from World War I sug-
gests that in the early phase, the blister fluid may be aspi-
rated and the epidermal layer allo wed to act as a dressing
until it separates naturally. If the victim is encountered at a
later stage, the blister can be deroofed and dressed with sil-
ver sulfadiazine (12).

Surgical debridement of blisters and necrotic tissue may
be warranted after a severe exposure (2). If burns cover 20%
to 25% of the body, the patient has potentially been exposed
to a lethal dose of mustard and should be admitted to a criti-
cal care unit (9). Burns should be irrigated se  veral times
daily and washed with soap and w ater. Topical antibiotics
are also recommended. Pain may be severe and require opi-
ates. Experience with mustard gas casualties in the Iran-Iraq
war emphasized the efficacy of carbamazepine during skin
healing in controlling severe pain not relieved by analgesics
or antihistamines (15). Recently , novel techniques ha ve
been studied to f acilitate healing of deep partial thickness
mustard-induced burns. Such techniques include the use of
enzymatically active dressings to induce debridement, CO,
laser debridement, and dermabrasion; they have been very
effective in animal models (14,34). Finally , overhydration
should be avoided, as fluid losses are generally less than
with thermal burns (24).

Eye

After the eyes are irrigated with w ater for 5 minutes, visual
acuity testing, inspection of the eye, fluorescein staining, and



slit-lamp examination should be performed. If fluorescein up-
take is noted in the cornea, the eyes should be treated with an
antibiotic, a corticosteroid ointment, and a mydriatic. Petro-
leum jelly may be used to keep the eyelids from sticking. Dark
glasses can be used for the photophobia,  but eye padding
should be avoided. In victims with se verely inflamed nonnul-
cerated keratitis and hemorrhagic conjuncti vitis, it has been
recommended to use de xamethasone and ascorbate drops
every 3 hours. Ho wever, ocular burns should be managed in
conjunction with an ophthalmologist (2,9,12,17,24).

Respiratory Support

Airway control should always be considered first while manag-
ing a patient exposed to mustard. Endotracheal intubation may
be necessary if dysphonia, stridor, or respiratory distress are
noted. Sloughing epithelium may obstruct smaller endotra-
cheal tubes; therefore, the largest tube that can pass through the
vocal cords should be utilized. A rapidly developing upper air-
way pseudomembrane may require emer gent tracheotomy to
prevent complete obstruction. Bronchoscop y may be required
to assess damage and to remo ve any necrotic debris. Humidi-
fied air, cough suppressants, or the use of mucolytics can help
soothe inhalational injury. Inhaled sympathomimetics and cor-
ticosteroids may help relieve bronchospasm (2,9,24). In an ani-
mal model, N-acetylcysteine (NAC) administered intraperi-
toneally to rats had lower indices of lung injury after e xposure
to mustard. This suggests that N AC may be useful as a treat-
ment compound for mustard-induced lung injury (35).

TRIAGE CONSIDERATIONS

Depending on the severity of exposure, signs and symptoms
after exposure to mustards are typically delayed because the
serious manifestations of toxicity from these agents do not
occur immediately. However, these patients must be ob-
served carefully for the delayed effects of the mustard. Very
few patients will be classif ied as expectant since mustard
use is generally chosen to incapacitate. Victims of a severe
exposure may manifest early respiratory signs and symp-
toms. These victims should be classif ied as immediate due
to potential impending airw ay obstruction. Most impor-
tantly, decontamination is most effective if instituted within
the first several minutes to a void toxicity. Even after that
time, decontamination should still occur, primarily to pro-
tect all personnel who come in contact with the patient.

PERSONAL PROTECTION

Chapter 30 of this book pro vides a thorough overview of per-
sonal protection against the chemical agents. Pre  vention of
secondary mustard contamination is extremely important, par-
ticularly in light of the lack of specif ic antidotes for this class
of agents. Pre vention involves wearing protecti ve garments
and equipment and the use of topical barrier compounds.
Street clothing and battle fatigues provide little skin protec-
tion against the mustard agents, as seen in the World War I ca-
sualties with scrotal, perianal, and auxiliary b urns. Special
military garments such as CPOG (chemical protecti ve over-
garment), BDO (battle dress o vergarment), and MOPP (mis-
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sion-oriented protective posture), possess a charcoal layer to
absorb any penetrating mustard. Such garments pro  vide 6
hours of protection after e xposure. However, these garments
are not generally a vailable outside the military (2). Ci vilian
first responders and hospital-based emer gency care personnel
involved in direct e xposure or decontamination of victims
should wear level A personal protective equipment (PPE) (24).

Protective clothing and masks pro vide protection; how-
ever, they limit physical agility. Thus, various topical barrier
creams are under investigation. Such a cream is dif ficult to
develop since sulfur mustard is absorbed and fixes to skin so
rapidly. The U.S. Army has developed a cream that contains
perfluoroalkylpolyether (PFAPE) oil and polytetrafluo-
roethylene. The new preparation should be applied in a thin
layer to the skin (0.15 mm). This product and other topical
agents still need to undergo clinical trials prior to validating
their widespread clinical use. Another product, S-330 (a
chloroamide) has also been sho wn to pro vide protection
from sulfur mustard in preliminary studies (10). Other work
has focused on the development of highly reactive nanopar-
ticles of metals and metal oxides that are incorporated into
skin creams. Experiments ha ve shown that prepared MgO
nanoparticles destroyed 50% of the sulfur mustard (36). A
recent study was conducted to e valuate various commer-
cially available barrier creams against sulfur mustard. In
some cases barrier creams appear to interfere with deconta-
mination. It has been generally concluded that currently
available barrier creams may reduce e xposure to chemical
agents, but they should not replace protective clothing or de-
contamination (37).

LEWISITE

Lewisite (Agent L) is an arsenical v esicant (dichloro[2-
chlorovinyl]arsine). In its pure form, Lewisite is a colorless
and odorless liquid. Ho wever, impurities may gi ve it an
amber or brownish color. It has been described as having an
odor of geraniums. Le wisite is hea vier than mustard and
poorly soluble in water (Table 2-2). Although it is a vesicat-
ing agent, Lewisite also has systemic ef fects, causing pul-
monary edema, diarrhea, restlessness, weakness, low tem-
perature, and low blood pressure. If inhaled in high
concentrations, Lewisite may be fatal in as little as 10 min-
utes (38,39).

B\ HpEy A | ewisite Characteristics

Liquid at normal environmental temperatures
Boiling point 190°C

Freezing point -18°C

Oily, colorless liquid

Poorly soluble in water

Heavier than mustard

Odor of geraniums

Low volatility

Vapor pressure 0.394 mm Hg at 20°C

Odor threshold 20 mg-min/m?
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European chemists discovered that organic chloroarsines
caused destructive effects on insects and human tissue in the
mid-19™ century. German chemists be gan to e xplore and
develop these compounds as chemical weapons. American
chemists developed the most notorious agent among these
warfare agents—2-chlorovinyldichloroarsine—which they
named Lewisite after Captain Lewis, the leader of the scien-
tists’ team. Lewisite has never been used on a lar ge scale;
however, it has been stockpiled in the United States, Russia,
and China. Additionally, Lewisite is easy to produce and has
a rapid onset of action. Thus, Lewisite is considered a po-
tential threat for use as a chemical warfare agent (40).

THEORETICAL AND SCIENTIFIC
BACKGROUND

Lewisite is not only a lethal v esicant but also a systemic poi-
son when absorbed into the bloodstream. In contrast to sulfur
mustard, exposure to Lewisite is quite painful, and the onset
of symptoms occur much more rapidly (40). Lethal exposures
can occur via inhalation, skin or eye contact, or ingestion.

Inhalation of Lewisite vapor causes immediate burning pain
of the respiratory tract at concentrations of 8 mg-min/m?. At 20
mg-min/m?, the odor can be detected. It is described as the
odor of geraniums. The LCts, is approximately 1,500 mg-
min/m3. Absorption of Lewisite across the skin occurs within
minutes. Lewisite is faster acting and more toxic via direct skin
contact than mustard. The LDs, of liquid on the skin is about
30 to 50 mg/kg. Thus, 2 ml of liquid Le wisite on the skin can
be fatal to an adult. Additionally, liquid and vapor Lewisite
causes severe eye damage within minutes of contact. Ingestion
of Lewisite is a very uncommon route of exposure. However, it
can lead to local effects and systemic absorption (38).

When absorbed into the bloodstream, Lewisite becomes a
systemic poison. The liver, gallbladder, and bile duct are par-
ticularly susceptible. At very high doses, the kidneys and uri-
nary tract can be affected. Lewisite acts in a dif ferent manner
than mustard by directly affecting enzyme systems (3). How-
ever, the exact mechanism by which Lewisite damages cells is
unclear. It inhibits a v ariety of enzymes, including pyruvic
oxidase, alcohol dehydrogenase, succinic oxidase, hexoki-
nase, and succinic dehydrogenase. Lewisite appears to have a
high affinity for these enzymes, which contain thiol groups
(38,40). Immediate death from systemic absorption of
Lewisite has been termed Le wisite shock. It is hypothesized
that loss of blood plasma results from the increased permeabil-
ity of capillaries damaged by the circulating Lewisite (3).

SIGNS AND SYMPTOMS

In order of appearance and se verity of symptoms, Lewisite
acts as a blister agent and a toxic lung irritant, and then it is
absorbed by tissues and becomes a systemic poison.

Skin

Liquid Lewisite produces more rapid, severe lesions of the
skin than liquid mustard. Within 10 to 20 seconds after con-
tact, stinging pain is usually felt. As penetration of the agent
occurs, the pain increases in se verity and then becomes a

deep, aching pain. After contact with the skin, erythema oc-
curs within 15 to 30 minutes.  Vesication fully de velops
within 12 to 18 hours and usually e xpands over the entire
area of erythema. Unlike mustard burns, there is deeper in-
jury to connective tissue and muscle, greater vascular dam-
age, and more se vere inflammation. There may e ven be
necrosis of tissue and gangrene (38,39).

Eye

Lewisite vapor and liquid cause pain and blepharospasm on
contact followed by edema of the conjuncti va and the e ye-
lids. The eyes may be swollen shut within an hour. Higher
doses may cause corneal damage and iritis.  After afew
hours, edema of lids subsides and haziness of the cornea de-
velops (38,39).

Lungs and Airways

Conscious casualties will usually rapidly put on a mask
since the vapors of arsenical vesicants are so irritating to the
respiratory tract. Therefore, severe respiratory injuries are
less likely to occur e xcept among those who do not ha ve
masks or those who are too wounded to put one on. Lewisite
produces a burning sensation in the nasal passages and si-
nuses followed by profuse nasal secretion, epistaxis, and
sneezing. Longer exposure causes coughing producti ve of
frothy mucus, laryngitis, and dyspnea. Pseudomembrane
formation may also occur leading to airw  ay obstruction.
Respiratory injury from vapor exposure to Lewisite is simi-
lar to that with mustard; however, pulmonary edema is often
more severe and accompanied by pleural fluid (38,39).

Gastrointestinal Tract

Nausea and vomiting may follow ingestion or inhalation of
Lewisite.

Cardiovascular

Lewisite shock is a condition resulting from high-dose ¢ x-
posure to Lewisite. This is likely from increased capillary
permeability leading to intra vascular fluid loss, hypo-
volemia, and organ congestion. Hepatic necrosis may occur
due to the shock and hypoperfusion. Renal f ailure may be
caused by decreased renal function secondary to hypoten-
sion (38).

Carcinogenicity and Long-Term Effects

The literature is limited regarding potential delayed or latent
effects of Lewisite exposure and there is only anecdotal evi-
dence regarding potential carcinogenicity (3,38).

MEDICAL MANAGEMENT

Decontamination

Unlike mustard agents, Lewisite exposure is characterized
by immediate onset of pain. Therefore, most patients will
immediately seek decontamination and treatment (3).  To



significantly reduce tissue damage, the eyes and skin must
be decontaminated within 1 or 2 minutes of e xposure. The
eyes should be flushed with water for 5 to 10 minutes. If ex-
posure to the liquid agent is suspected, all clothing and jew-
elry should be removed. The skin should be washed imme-
diately with soap and w ater. Alternative forms of
decontamination include 0.5% sodium hypochlorite solu-
tion, flour, talcum powder, or Fuller’s earth (38).

Antidotes

There is an antidote for Le ~ wisite known as British Anti-
Lewisite (BAL) or dimercaprol. BAL is a chelating agent that
has been sho wn to reduce the systemic ef fects seen after
Lewisite exposure. However, due to potentially toxic side &f-
fects, BAL should only be administered to patients who have
shock or dgnificant pulmonary injury. Chelation therapy
should be initiated in consultation with the re  gional poison
center. The standard dosage regimen is 3 to 5 mg/kg intramus-
cularly every 4 hours for four doses. Contraindications include
renal disease, pregnancy (except in life-threatening circum-
stances), and concurrent use of medicinal iron. It has been
suggested that alkalinization of the urine stabilizes the B AL-
arsenic complex and protects the kidne ys during chelation
therapy. Hemodialysis to remo ve the B AL-arsenic complex
may be necessary if acute renal insufficiency develops.

At 3 mg/kg, the most common side effect of BAL is pain at
the injection site. At 5 mg/kg, the effects may include nausea
and vomiting; headache; burning sensation of the lips, mouth,
throat, and eyes; lacrimation; sali vation; rhinorrhea; muscle
aches; burning and tingling e xtremities; tooth pain; diaphore-
sis; chest pain; anxiety; and agitation (38).

Skin

A patient presenting with a small area of erythema that be gan
12 hours after e xposure is unlikely to progress f arther. Such
patients may be treated with a soothing lotion and an analgesic
and allowed to go home with w arnings. Patients with signifi-
cant erythema with or without blistering should be admitted
for further evaluation.

Burns may be second or third de gree. In general, it has
been recommended that blisters smaller than 1 cm should re-
main roofed while lar ger than 1 cm should be unroofed. The
wound should be irrigated tw o to three times a day follo wed
by application of a topical antibiotic. As with mustards, these
skin lesions may tak e weeks to months to heal. Lar ger burns
should be managed in a b urn unit (38). Current in vestigation
has shown promise for treating Le wisite burns with laser de-
bridement. This “lasablation” has been shown to possibly ac-
celerate the rate of healing of burns caused by Lewisite (41).

Eye

Mild conjunctivitis that starts more than 12 hours after ex-
posure is unlik ely to become more se vere. The patient
should undergo a thorough e ye examination, be treated
with a soothing e ye solution, and be advised to return

home with warnings to return if symptoms progress. Con-
junctivitis beginning less than 12 hours after e xposure or
associated with lid edema or inflammation will need inpa-
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tient care and observation.

More severe eye injuries should be treated in conjunc-
tion with an ophthalmologist. These patients may require
a topical mydriatic, a topical antibiotic, and Vaseline ap-
plied to the lid edges. Topical steroids within the first 24
hours may reduce inflammation, but this is controversial.
Pain may require systemic antibiotics. Dark glasses may
help with photophobia (38).

Respiratory Support

Patients with mild, nonproductive cough, nasal irritation, or
sore throat that be gan more than 12 hours after e xposure
may use vaporizers, lozenges, or cough drops to ease their

symptoms. Any patient with more se vere effects such as

laryngitis, dyspnea, productive cough, pulmonary edema, or
pseudomembrane formation should under go prompt endo-
tracheal intubation (38). Further care is supportive.

Cardiovascular

Since Lewisite causes systemic capillary leakage, hypov-
olemic shock may occur . These patients require closely
monitored blood pressure, volume, and hepatic and renal
function (38).

TRIAGE CONSIDERATIONS

In the setting of Le wisite exposure, the patient should be

triaged as immediate if they demonstrate lo wer respiratory
signs such as dyspnea or producti ve cough. Delayed patients
are those with impaired vision, moderate-sized skin lesions, or
cough with sputum production. Minimal patients include those
with minor eye lesions with no vision impairment, small skin
lesions, cough, or sore throat. Any patient with dyspnea or

signs of airway necrosis, or skins lesions co vering more than
half of the body surf ace area are typically cate gorized as ex-
pectant (38), since survival is very unlikely in these patients.

PERSONAL PROTECTION

Lewisite is readily absorbed by inhalation and by ocular
and dermal contact. Therefore, pressure-demand, self-
contained breathing apparatus (SCBA) is recommended in
situations that involve Lewisite exposure. Level A PPE
and butyl rubber chemical protecti ve gloves are recom-
mended at all times (38).
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SUMMARY

MUSTARDS

Produce dermal, ocular, and respiratory effects

Effects are typically delayed several hours

Decontamination is only effective if done within
1-2 minutes

Decontamination performed later is useful to protect
personnel who contact the patient

Systemic toxicity includes bone marrow suppression
and low white cell counts.

Burns are slow to heal

Eye injuries should be treated aggressively to avoid
permanent sequelae

Respiratory effects may be severe and require prompt
airway management

B No specific antidote exists

LEWISITE

B Limited combat experience
B Produce dermal, ocular, and respiratory effects
B Effects are immediate

B Decontamination is ideally performed within 1-2
minutes

M Burns are slow to heal

B Eye injuries should be treated aggressively to avoid
permanent sequelae

B Respiratory effects may be severe and require prompt
airway management

B BAL may be an effective antidote for systemic effects

RESOURCES

4. National Response Center
Sole point of federal government contact for reporting
chemical releases.
Phone: 800-424-8802.
Web address: http://www.nrc.uscg.mil/index.htm

5. Mayo Clinic
Provides patient-related information on biological and
chemical weapons.
Web address: http://www.mayoclinic.com

6. Poison Center
Provides information regarding chemical exposures and
provides toxicological consultation for management of
poison-related injuries. Phone: 1-800-222-1222.

QUESTIONS AND ANSWERS

1. U.S. Soldier Biological and Chemical Command (SBC-
COM), Edgewood Research Development and Engineer-
ing Center
Provides assistance if proper PPE is not available, if res-
cuers have not been trained in its use, or if information
related to local emergency operations is not available.
From 0700-1630 EST, call 410-671-4411 and ask for
staff duty officer. From 1630-0700 EST, call 410-278-
5201 and ask for staff duty officer.

2. Centers for Disease Control and Prevention
Analyzes and identifies agents suspected in biological
and chemical terrorism and warfare.
Phone: 301-619-2833. Web address: http://www.cdc.gov
or http://www.hopkins-biodefense.org

3. Virtual Naval Hospital
Offers textbook information on the chemical agents.
Web address: http://mww.vnh.org

1.Which is NOT a characteristic of dermal sulfur
mustard toxicity?

A. Erythema and blistering of the skin hours after
exposure

B. Predilection for warm moist areas such as the
axillae or groin

C. Blistering forms at the epidermal-dermal junction

D. The skin lesions from sulfur mustard heal quickly
with silver sulfadiazine application

E. Mustard reacts with skin constituents within
2 minutes and is irreversible

2 Sulfur mustard produces toxicity by which of the
following mechanisms?
A. Alkylation of DNA
B. Oxidative stress upon cell component
C. Depletion of glutathione
D. Increased inflammatory response
E. All of the above

3.What is most important in the treatment of casualties
exposed to sulfur mustard?
A. Rapid administration of Vitamin C and thiosulfate
B. Clothing removal and decontamination within 2
minutes
C. Endotracheal intubation even if they have a minor
cough
D. Prompt ophthalmologic consultation to prevent
permanent blindness
E. Administration of intravenous antibiotics to
prevent skin infection

4. Concerning L ewisite, which of thefollowing is FAL SE?
A. BAL should be administered to patients with skin

lesions, conjunctivitis, and minor cough

Lewisite has been described as having the odor of

geraniums

Lewisite produces toxicity more rapidly than

sulfur mustard

. Lewisite contains arsenic

Lewisite may be absorbed systemically and cause

shock

Mo 0 W
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ANSWERS
1. D. The skin lesions from sulfur mustard heal quickly with

AOWN
Dmm

silver sulfadiazine application
. All of the above
. Clothing removal and decontamination within 2 minutes
. BAL should be administered to patients with skin lesions,
conjunctivitis, and minor cough
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THEORETICAL AND SCIENTIFIC
BACKGROUND

HISTORY

Cyanide was used as a poison for centuries before the chem-
ical was isolated and identified. Ancient records from Egypt
make reference to poisoning from a natural food source of
cyanide in reports detailing “the penalty of the peach” (1).
The use of ¢ yanide also dates back to the f irst century
where, in Rome, the Emperor Nero supposedly used the
cyanogenic plant cherry laurel to poison opponents.  The
Swedish scientist Scheele first chemically isolated ¢ yanide
in 1782, and it has been reported that he was the first person
to become a victim of the purified chemical four years later
in a laboratory accident (2). Historically, cyanide has been a
relatively uncommon agent of warfare, although it is highly
lethal. Napoleon III suggested its use as a weapon by coat-
ing bayonets in the 1870 Franco-Prussian w ar. The French
military made an unsuccessful attempt at utilizing hydro-
cyanic acid early during World War I but, through continued
experimentation, finally did create the more ef  fective
cyanogen chloride. The rate of de velopment of chemical
weapons increased greatly during the follo wing years with
subsequent design and use of additional ¢ yanogens. Most
notoriously, Zyklon B was the form of ¢ yanide reportedly
used in Nazi death camps during World War II. Zyklon B
was hydrocyanic acid adsorbed onto a pharmaceutical base
that was initially developed as a pesticide and rodenticide
(3a). Although cyanide has not frequently been used for mil-
itary purposes, several attempts have been made to utilize it
as a poison and contaminant (Fig. 3-1). As achemical
weapon, it is not easy to disseminate upon a large number of
people. However, cyanide is both widely a vailable and eas-
ily accessible throughout the w orld, making it very attrac-
tive as a potential terrorist agent (4). It also possesses the
ability to cause signif icant social disruption and public
panic and demands special attention to public health pre-
paredness (i.e., antidote stocking). Although cases of
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1916 - HCN, cyanogen
chloride and bromide first
used by French in WWI (3a)

1937-45 - Japan
experimented with HCN use
on Chinese (3a)

1978 - Jim Jones led mass
suicide (900 deaths) with
CN laced grape drink in
Jonestown, Guyana (3b)

1982 - lllicit contamination of _|
OTC Tylenol near the

Chicago area killing 7 (3c,

3d)

1991- Reports from WA of
contaminated OTC Sudafed
resulting in 2 deaths (3f)

1995 - CN found in Tokyo
subway after sarin nerve ]
agent attack (3a)

2002 - Feb: Italian police in
Rome aborted CN attack on
the water supply to the -
American Embassy (3i)

2002 - May: A truck carrying
96 barrels of NaCN was
hijacked in Mexico;
uncertain if all barrels were

recovered (3Kk)

1941- Zyklon B used by Nazis
in death camps (3a)

1980s - Purported use of HCN
by Iragi military on Kurdish
civilians (3a)

1989 - Terrorist threat of CN
in imported fruit from Chile
(3e)

1993 - World Trade Center
bombing reports indicate the
explosive may have been
contaminated with CN (3g)

2000 - Romanian gold mine
CN waste pool contaminated
local area and Tisza river
reaching the Danube in
Serbia (3h)

2002 - March: “Dr Chaos”
charged with amassing
chemical weapons in the
Chicago subway system
(>11b CN) (3))

Figure 3-1. Timeline illustrating the use of cyanide over the

past 100 years (3a-3k).



cyanide toxicity from industrial sources and poisonings are
currently the most commonly encountered e xposures, the
potential impact of an attack with cyanide warrants prepara-
tion. Health care pro viders should be equipped with the
knowledge and resources necessary to manage a mass casu-
alty incident involving this agent.

SOURCES

Cyanide is most likely to be used in the volatile, water-solu-
ble, and liquid forms of hydrogen ¢ yanide and c yanogen
chloride (NATO designation AC and CK, respectively). Hy-
drogen cyanide (HCN) may also be referred to as hydro-
cyanic acid, blauseare (German for Berlin blue acid), and
prussic acid (due to its origination from Prussian blue). The
highly reactive salt forms are exploited for numerous indus-
trial applications including chemical synthesis, electroplat-
ing, tanning, metallurgy (especially silver and gold), print-
ing, agriculture, photography, and manufacture of paper and
plastics, as well as fumigants and insecticides. Water-solu-
ble salt forms such as calcium ¢ yanide (CaCN), sodium
cyanide (NaCN), and potassium cyanide (KCN) are most
often utilized. These salts produce HCN gas when mix ed
with strong acid and thus pose a significant risk in industrial
accidents as well as intentional exposures (5,6). The insolu-
ble salt forms, mercury cyanide (HgCN), copper cyanide
(CuCN), gold cyanide (AuCN), and silver cyanide (AgCN),
also can be found in the industrial setting (7). Waste prod-
ucts from mining processes produce v ast amounts of
cyanide complexes including ferrocyanide. These chemicals
are significantly less toxic than their salt counterparts; how-
ever, they do pose a considerable risk to the en vironment
due to accumulation (8). The use of these ¢ yanide waste
products as terrorist agents may be appealing due to their
abundance and relative ease of acquisition. In f act, ferro-
cyanide was implicated in the aborted attempt to poison a
water supply in Rome in 2002.

A noteworthy form of ¢ yanide is the chemical group re-
ferred to as nitriles (R-CN); acetonitrile and propionitrile are
the most frequently encountered forms (9-15). Nitriles are
easily accessible over the counter as acrylic nail and glue re-
movers. These chemicals are also commonly encountered in
industry as solvents. As parent compounds, nitriles are not
significantly toxic, but slowly release cyanide into the body
as they are metabolized. This occurs via ¢ ytochrome p450
(cyp 450) enzyme 2E1 where the resulting c yanohydrin
metabolite then is con verted into the acti vely toxic cyanide
molecule (16—-18). Exposure to these organic cyanides results
in a delay in the onset of signs and symptoms as a latent pe-
riod of several hours passes during transformation and libera-
tion of the toxin. This delay has been implicated in se veral
case reports of missed diagnosis and f atal outcomes and
poses a significant risk to responding personnel who may not
accurately perceive the risk in the situation.

Structural fires, as a source of ¢ yanide, pose a looming
threat in any disaster situation. HCN gas may be released in
the combustion of many synthetic polymers, such as nylon
and plastics, as well as natural materials including wool and
silk. Any material that contains carbon and nitrogen may re-
lease cyanide during pyrolysis (19). Victims of fire inhala-
tion especially from domestic fires are at an additional risk
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for cyanide toxicity as well as carbon monoxide ef  fects
(20). Because cyanide has a considerably limited residential
time in the blood, levels may be decreased significantly by
the time the victim arrives to a health care facility. Both car-
bon monoxide and cyanide will cause hypoxic damage and
the effects will be additi ve and possibly syner gistic (21).
Cyanide toxicity may be more contributory to death in some
fire victims than the carbon monoxide itself (22). Early ini-
tiation of empiric treatment and management of probable
cyanide exposure may be w arranted in many cases of fire
exposures (23-27).

Medically important sources of iatrogenic cyanide toxic-
ity include nitroprusside (Nipride) and Laetrile. Each mole-
cule of nitroprusside can release up to fourorf  ive CN
groups, and patients may develop toxicity as cyanide accu-
mulates. It is recommended to a void prolonged administra-
tions of high dose nitroprusside (28,29). Laetrile w as used
as a chemotherapeutic medication and is the purif ied form
of the natural ¢ yanide compound, amygdalin. When these
products are ingested, the enzyme beta-glucosidase in the
gastrointestinal tract metabolizes the amygdalin into hydro-
gen cyanide, resulting in toxicity. Many case reports ha ve
been published on the devastating use of Laetrile (30-33).

Additional sources of ¢ yanide include tobacco smok e
and food sources, although these rarely pose risk as acute
toxicity (34). Smok ers can a verage about 0.17 pg/ml of
cyanide in their blood as compared to 0.06 pg/ml of cyanide
in nonsmokers. Food sources of the ¢ yanogenic glycoside,
amygdalin, include apple seeds and fruit pits from the
Prunus sp. Of these, the bitter almonds and apricot pits con-
tain the highest concentrations. F ood sources rarely cause
toxicity as they must be consumed in lar ge amounts or in
purified forms to accumulate enough ¢ yanide. Dietary sta-
ples such as cassava and lima beans have been implicated in
chronic cyanide poisonings (37). Not only can long-term
exposure to large amounts of these cyanide-containing food
sources result in toxicity , but acute ¢ yanide toxicity can
occur from e xposure to the w astewater from these food-
processing factories (38,39).

CHEMICAL CHARACTERISTICS

Key features determining the effectiveness of a chemical as a
warfare agent include not only the toxicity of the specif ic
agent but also chemical characteristics such as volatility, per-
sistence, and latency (40—42). Volatility is the tendency of a
liquid to e vaporate and formav apor or gaseous form.
Cyanide is one of the most v olatile chemical warfare agents
and as a liquid can readily transform into a more potent gas
form. HCN is extremely volatile to such an extent as to limit
its use as an ef fective weapon because it is, in fact, lighter
than air. The HCN gas too readily dissipates and is dif ficult
to deliver in high concentrations unless in an enclosed space.
Cyanogen chloride was specifically formulated to be slightly
heavier than air and pro vide a more persistent weapon. Per-
sistence is inversely related to volatility; a balance is needed
between these chemical characteristics in order to result in
the most effective distribution. Agents with increased persist-
ence are also more likely to remain on site available for con-
tamination, penetrate the skin, and pose the greatest risk for
rescue and medical personnel. Latency is the time delay be-
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tween absorption of the agent and onset of symptoms.
Cyanide can cause symptoms within seconds to minutes, or
the presentation may be delayed up to hours depending on
the form. Agents with prolonged latency times not only pose
a risk to exposed victims who may go undiagnosed and un-
treated but also pose an increased risk to responding teams
who may not be aware of the need for decontamination.

TOXIC DOSE

Cyanide is notorious for its high de gree of lethality. This
potency is a product of its rapid dif fusion into tissues and
irreversible binding to target sites. It is the rapidity of ac-
tion rather than the minuteness of a lethal dose that mak es
cyanide effective as a chemical weapon. The toxic dose of
cyanide is relatively high when compared to other agents
used in chemical w arfare. Because the most lik ely expo-
sure to cyanide is via inhalation rather than the intravenous
route, the lethal dose is expressed in a product of the con-
centration (C) of the agent in the air and exposure time (t).
The amount determined to be lethal to 50% of a population
is signified as the LCt 5o. The LCtso for HCN is 2,500 to
500 mg x min/m? and the LCts, for CK is 1.1g x min/m 3
(43). Cyanide does not produce a constant effect of lethal-
ity; exposure to a high dose of cyanide gas even for a very
short period of time will be fatal in comparison to smaller
doses over a longer time. Inhalation of a concentration of
cyanide at 300 mg/m3 (270 ppm) will result in immediate
death. In contrast, it would take several hours of exposure
to a concentration of 20 mg/m3 (18 ppm) before even mild
symptoms would be seen (44). The form of cyanide signif-
icantly influences the toxic dose. The LDs for IV CK is 1
mg/kg, and the estimated LD 5, for dermal CK is 100
mg/kg. The lethal dose of an ingested ¢ yanide salt is be-
tween 50 and 200 mg, depending on the specific salt form
(43).

The severity and time to onset of clinical symptoms de-
pend on the amount and mode of ¢ xposure as well as the
type of cyanide. Intravenous and inhalational e xposures to
cyanide produce the most rapid onset of symptoms. Death
can occur within seconds to minutes. Ingestion of ¢ yanide
salts may result in a delayed presentation of toxicity as the
cyanide must first be absorbed. Presentation may be further
delayed after dermal e xposures to intact skin. Exposure to
the gaseous form of ¢ yanide results in immediate toxicity .
Signs of poisoning from ¢ xposure to the salt forms of
cyanide will be delayed to varying degrees depending on the
specific salt. Exposure from the ¢ yanide salts elicits a less
dramatic progression of signs and symptoms. The soluble
salts display a reduced onset to action time as compared to
insoluble salts. One important ¢ xception to this w ould be
the case of mercurial salts of ¢ yanide. The mercury content
in these chemicals is highly caustic and immediately elicits
noxious injury to tissue. Significant cyanide poisoning may
follow, but the clinical presentation is confounded by the
concurrent mercury poisoning. The delay in clinical presen-
tation of toxicity from ¢ yanogens and cyanide compounds
such as the nitriles will be e ven more pronounced. Cyanide
can be transferred into breast milk and therefore can pose a
significant risk to children through secondary transmission
(45).

MECHANISM OF TOXICITY

Sulfane and cyanocobalamin reactions primarily within the
liver metabolize the low levels of cyanide encountered nor-
mally. In the acute poisoning situation, endogenous path-
ways of cyanide metabolism are rapidly o verwhelmed, and
conjugate substrates are depleted allowing for accumulation
and progression of toxic ef fects. Although cyanide inhibits
many additional metabolic processes, the commonly cited
mechanism of toxicity in volves binding of ¢ ytochrome
oxide within the mitochondria (46) (Fig. 3-2). The cyanide
avidly binds to the ferric ion (Fe*") on the a3 complex. Sub-
sequently, oxygen no longer is able to re-oxidize the re-
duced cytochrome a3, effectively bringing electron trans-
port to a halt. This uncoupling of oxidative phosphorylation
in essence terminates the synthesis pathw ay of adenosine
triphosphate (ATP). The mitochondria e xhibit impaired
oxygen extraction and utilization despite adequate exposure
to the oxygen supply (47). In response to this disruption of
the primary metabolic aerobic pathway, the rate of glycoly-
sis via anaerobic pathways increases.

The binding to the mitochondrial oxidase system can be
delayed by a few minutes, but early signs of cyanide poison-
ing are seen within seconds. This observation leads to the
theory of additional mechanisms of toxicity . Because
cyanide exists predominantly in the un-ionized form within
the body, it readily diffuses across membranes. Rapid effects
seen after inhalation may be due to the near instantaneous
diffusion across the blood brain barrier . Cyanide appears to
alter neuronal transmission follo wing absorption into the
central nervous system (CNS) possibly through a glutamate
pathway. It also appears to increase vascular resistance early
in poisoning and to increase cerebral blood flo w further po-
tentiating penetration. These additional mechanisms repre-
sent just a few of the potential toxicities and open the door to
experimentation with new therapies (8).

SIGNS AND SYMPTOMS

ACUTE CLINICAL MANIFESTATIONS

Exposure to high concentrations of ¢ yanide can result in
death within seconds to minutes lea ving inadequate oppor-
tunity to recognize toxic symptoms and initiate manage-
ment (34,48). Cyanide is often classified as a blood agent al-
though it manifests primarily as CNS and cardiac toxicity .
In cases of more prolonged onset of toxicity , signs and
symptoms reflect a progressive intracellular hypoxia. Clini-
cal hypoxia with cyanosis in the case of a worsening acido-
sis is a hallmark of cyanide poisoning. Initial symptoms are
nonspecific and transient. The early symptoms of dizziness,
headache, weakness, diaphoresis, dyspnea, and hypernea
may be misinterpreted as anxiety . Without a reasonable
index of suspicion, the diagnosis may be missed (49). The
effects on respiration are thought to be mediated via direct
stimulation of the carotid body and peripheral chemorecep-
tor bodies (8). This immediate stimulation of chemoreceptor
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Figure 3-2. The binding of the cytochrome oxidase within the mitochondria resulting in abrupt cessation of cellular respiration (1).
Cyanide binds to the iron in the cytochrome a3 complex (2). Oxidative phosphorylation is blocked and oxygen no longer is utilized
(3). Electron transport chain is uncoupled resulting in loss of aerobic metabolism/generation of ATP (4). Nitrites form methemoglobin,
which draws cyanide out of mitochrondria (5). Thiosulfate combines with cyanomethemoglobin and cyanide and is converted to the

less toxic thiocyanate, which is excreted in the kidney.

bodies also mediates a transient rise in blood pressure. HCN
and cyanogen chloride gas may cause mucous membrane ir-
ritation as well. Cyanide is purported to have an odor of bit-
ter almonds, but only around 40% to 60% of the population
have the gene necessary to detect this odor. The presence of
a bitter almond odor is not a reliable sign of ¢ yanide expo-
sure (50,51). Although cyanide historically is associated
with a cherry red flush, the dramatic color alteration is not
always present. Visualization of equally red retinal arteries
and veins can be used as an easy and rapid indicator of
cyanide toxicity. The venous blood supply will have a simi-
lar oxygen concentration as the cells are no longer able to
extract oxygen efficiently (52). As cellular hypoxia worsens,
victims will experience loss of consciousness progressing to
coma with fixed dilated pupils, hemodynamic compromise,
arrhythmias, seizures, apnea, secondary cardiac arrest, and
finally death. Those organs such as the heart and brain with
high oxygen demands are the most sensitive to cyanide poi-
soning.

LABORATORY ABNORMALITIES

The most prominent laboratory finding in cyanide toxicity is
a metabolic acidosis with dramatically ele vated lactate lev-
els. The shift from aerobic to anaerobic metabolism ulti-
mately results in marked production of lactate as a profound
high anion gap acidosis ensues. Several reports indicate that
lactate levels may be utilized as mark ers of se verity of
cyanide toxicity (24,53). This correlation may be con-
founded by numerous processes in a critically ill patient,
therefore its utility is limited. Later in the course, the meta-

bolic acidosis may be compounded by the addition of a res-
piratory acidosis from worsening apnea.

In the case of an unknown exposure, check venous blood
gases as well as arterial blood gases to determine if there is
a supranormal venous oxygen content or “arteriolization of
venous blood,” which would strongly indicate cyanide toxi-
city (54-56). The pulse oximetry will remain high as the
blood has good oxygen content; consequently , the problem
will lie in oxygen utilization and e xtraction. Note that once
therapy has been initiated to induce methhemoglobinemia,
the pulse oximetry will in f act depict a higher than actual
oxygen concentration as both entities deflect light at similar
wavelengths (57,58).

Although cyanide does target cardiac tissue, no promi-
nent electrocardiogram (EKG) changes are noted. The pa-
tient may demonstrate a variety of conduction abnormalities
including junctional rhythms, heart block, atrial fibrilliation,
and premature beats. Case reports ha ve described nonspe-
cific ST-T segment elevation and depression, but this is not
characteristic of cyanide poisoning. As the clinical picture
worsens, the poisoned patient may eventually develop shock
with profound hypotension, bradyarrhythmias, and possibly
noncardiogenic pulmonary edema (49).

Cyanide tests are not readily available and often require a
few days as turnaround time. Cyanide levels should be used
only to verify toxicity; management of the victim should be
based upon inde x of suspicion and clinical presentation.
Levels may not necessarily correlate with clinical manifes-
tations due to frequent, but unavoidable interferences. Red
blood cells have the highest concentration of ¢ yanide, and
whole blood specimens should be collected for analysis.
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Cyanide levels tend to decrease o ver time, and even the
most carefully handled specimens may underestimate true
peak concentrations (59). Note that moderately ele ~ vated
cyanide levels probably indicate a severe toxicity due to the
extreme extent the ¢ yanide molecules adhere to thec  y-
tochrome oxidase (47). Reported toxic concentrations of
cyanide range from levels as small as 0.5 pg/ml. A conver-
sion factor of 0.026 should be used when interpreting tradi-
tional units and International System units (ug/mL = umol/L
x 0.026). Cyanide levels may be misleading and patient care
should be based on clinical presentation.

CHRONIC EXPOSURE

Long-term effects from an acute cyanide exposure can con-
tribute a significant morbidity. The effects seem to be re-
lated to and are synon ymous with those ef fects seen from
hypoxia as with carbon monoxide poisoning. Cyanide in-
duces cellular hypoxia leading to oxidati ve stress and lipid
membrane peroxidation (60,61). Long-term manifestation
reports include anoxic encephalopathy , dystonia, and a
parkinson-like syndrome (62—67). Some authors recom-
mend to follow up with magnetic resonance imaging (MRI)
to evaluate the extent of damage in those highly oxygen-
dependent areas of the brain most sensitive to cyanide intox-
ication (68).

Several neurological diseases thought to be due to
chronic cyanide toxicity include tobacco amblyopia, retro-
bulbar neuritis, Leber optic atrophy (a disorder of defec-
tive cyanide metabolism), and Nigerian nutritional ataxic
neuropathy otherwise known as tropical ataxic neuropathy
(TAN) and Konzo (34,47,69,70). Consumption of ¢ yano-
gens from natural food sources rarely produces acute signs
and symptoms, but long-term repeated exposure is associ-
ated with a clinically independent cluster of ailments. Cas-
sava (Manihot sp.) contains a number of antinutritional
agents that are ¢ yanogenic glucosides, the most common
ones being linamaris and lotaustralin. Populations with
limited intake of food sources other than cassa va often
demonstrate TAN/Konzo (71). Controversy exists over the
exact etiology of these chronic syndromes; additional pur-
ported causes include malnourishment and vitamin B, de-
ficiency (72,73). Clinical manifestations of this disorder
involve mucous membrane lesions as well as neuropathy
of not only peripheral nerv es but also optic, auditory, and
spinal nerve involvement. Reported associated symptoms
from chronic industrial/occupational ¢ yanide exposures
also include thyroid enlar gement, intellectual deteriora-
tion, confusion, and even parkinsonism (74). Chronic e x-
posure from, for example, undetected contamination of an
environmental source such as a well w ater supply could
occur, and treatment recommendations for these situations
have not been established.

DETECTION AND IDENTIFICATION

The only widely a vailable method of identif ication of
cyanide is measuring a le vel from the poisoned victim or

surrounding environment. Industrial technologies, such as
wastewater tests, vary in specificity and have a limited range
of detected agents. There are significant time limitations to

this process of collecting, handling, transporting, and ana-
lyzing as it is intended to be a background en  vironment
quality control type of check rather than an emer gency
measurement. In the early 1970s, a rapid chemical test w as
developed by Lee-Jones, but it was not widely used (75).
Continued research has been done in an ef fort to develop a
reliable rapid method of detection. There was a microdiffu-
sion spectrophotometric method de veloped in Japan for
analysis of suspected contaminated be verages. These new
tests are not currently appro ved for use and are not easily
accessible (76,77). The military does have several handheld
devices for in vestigation of contaminated areas including
the Chemical Agent Monitor (vapor), M8 Detection Paper
(liquid), and the M256 Detection Kit (v apor and liquid).
Hazmat investigations in the case of an area wide contami-
nation will, of course, include sampling of air, soil, water,
biological sources, other exposed materials, munitions, and
other potential contaminated sources. Results will in  vari-
ably be delayed.

MEDICAL MANAGEMENT

TRIAGE CONSIDERATIONS AND
PERSONAL PROTECTION

Cyanide is extremely quick to act, and there is an alarm-
ingly narrow time window of opportunity to initiate treat-
ment before the victim is deemed nonsalv ageable. The ini-
tial step in the management of an acute cyanide poisoning is
to ensure termination of e xposure and containment of con-
taminated environment. Prevention of secondary contami-
nation is paramount throughout all processes. Use of full
chemical protective clothing and a self-contained positi ve
pressure breathing apparatus is recommended for acti vities
within the contaminated area (43). Otherwise, standard per-
sonal protection equipment is warranted.

DECONTAMINATION

Patients should undergo decontamination appropriate to the
type of exposure. Remove clothing and accessories for in-
halational exposures. Proceed to dermal decontamination
with water for liquid and solid e xposures. A mild detergent
or hypochlorite solution can be used if available. In the case
where there may not ha ve been adequate decontamination
of the victim, it is recommended to utilize double gloves, re-
placing them often, and a mask (42,43,78). Several case re-
ports describe secondary contamination due to of f-gassing
from victims. The cyanide may be exhaled from the effected
individual’s lungs or emanate from heavily soaked clothing,
skin, or toxic vomitus (42). Any ocular exposure should be
treated with a thorough flush with fluids. Tap water or saline
are most commonly used, although the patient may f ind a
flush with Lactated Ringers solution more tolerable. Decon-
tamination of the victim must be performed rapidly
Cyanide is rapidly absorbed from the gastrointestinal (GI)
tract, and GI decontamination measures may pro ve futile.



However, some forms of cyanide such as the organic nitriles
may demonstrate prolonged absorption kinetics. If the pa-
tient presented within one hour of an ingestion, it would be
reasonable to consider performing an orogastric lavage in an
attempt to recover any amount of the cyanide. One gram of
activated charcoal only binds to 35 mg of ¢ yanide, but be-
cause only 50 to 200 mg of cyanide is considered lethal, ad-
ministration of charcoal may be adequate as a decontamina-
tion measure (79). Due to the risk of rapid demise, inducing
emesis is contraindicated. Any toxic v omitus or gastric
washings should be isolated as well.

SUPPORTIVE CARE

Initial stabilization of the victim in volves the standard air-
way, breathing, and circulation assessment triad. Intubate
the patient to protect airway when needed and immediately
obtain intravenous access and institute cardiac monitoring.
These steps are common to an y emergency situation, but
many cases report successful treatment of ¢ yanide poison-
ing with supportive therapy alone (47,80,81).

Supplemental oxygen is a crucial part of supporti ve care
in cyanide poisoning. Ventilation with 100% oxygen would
of course increase tissue oxygen deli very. It may seem su-
perfluous to employ enhanced oxygen as a therapy seeing as
the mechanism of toxicity of oxygen utilization rather than
availability (82). Even in a case of normal measured pO »,,
oxygen should be utilized because it may enhance antidote
efficacy (83,84). Theoretically, increased oxygen could af-
ford synergistic effect with antidotes. Oxygen may serv e to
increase respiratory e xcretion of ¢ yanide, restore the cy-
tochrome oxidase activity by displacing ¢ yanide, stimulate
activation of other oxidati ve systems (such as those en-
zymes not yet poisoned by ¢ yanide), and perhaps facilitate
the rhodenase enzyme indirectly (85).

The use of hyperbaric oxygen for cyanide toxicity remains
controversial. The published literature on the topic offers little
corroboration as some investigations find positive effects and
other studies fail to demonstrate correlations with impro ved
clinical status (86—89). The use of hyperbaric oxygen may be
especially warranted in the case of exposure to nitriles due to
the delayed and prolonged production of ¢ yanide (88). Most
literature reports a 3 to 4 hour latent period before the onset of
symptoms, although times as much as 12 hours have been re-
ported. These patients should be monitored for at least 24 to
48 hours after exposure to ensure that ample time has expired
to allow for all cyanide to be released. The Undersea and Hy-
perbaric Medicine Society recommends treating carbon
monoxide-induced hypoxia complicated with ¢ yanide poi-
soning with hyperbaric oxygen (90).

Additional supportive therapies addressing acidosis, he-
modynamic compromise, and seizures should be emplo yed
as needed throughout the clinical course. Seizures resulting
from cyanide poisoning may be refractory and require ag-
gressive management. Any chemical burn requires aggres-
sive wound treatment and additional guard against oppor-
tunistic infection. Cyanide casualties should not be
excluded as or gan donors because not all or gans are af-
fected, and cyanide levels may fall to undetectable. He-
modialysis has been adv ocated in some cases of ¢ yanide
toxicity and would be beneficial especially in the f ace of
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worsening acidosis and failing renal function where the con-
centrations of therapeutic agents could accumulate to in-
duce their own additional toxicity (91).

ANTIDOTE

Although supportive care is considered foremost in the
management of cyanide toxicity, the antidote should be con-
sidered as part of the “A” in the “ABCs.” Delay in adminis-
tration should be a voided. The cyanide antidote kit should
be used in the adv ent of a suspected or unkno wn exposure
resulting in rapid onset of respiratory and neurological
symptoms (47). The differential diagnosis for acute cyanide
poisoning is relatively small, and administration of the anti-
dote should be administered empirically (T able 3-1). This
antidote was among the emergency antidotes recommended
for stocking (92). The current cyanide antidote kit is no w
supplied from Acorn Inc. It contains three constituents:
amyl nitrite, sodium nitrite, and sodium thiosulf ate. Al-
though other countries have access to alternati ve antidotes,
this combination is the only antidote available in the United
States, and it has pro ven to be adequately benef icial (93,
94).

Nitrites are utilized to induce methemoglobinemia. The
cyanide will preferentially bind to the iron of the methemo-
globin rather than in the mitochondria. It is thought that an
increased amount of cyanide will then transfer to the e xtra-
cellular space and be displaced from the ¢ ytochrome. The
mitochondria can then reacti vate electron transport (93). It
has been proposed that the formation of methemoglobin
may not be the sole mechanism of action of nitrites (95).
Several studies have demonstrated that man y agents with
vasoactive properties, presumably via nitrous oxide, also af-
ford protection against c yanide toxicity (96). They may, in
fact, alleviate toxicity through a v asodilatory mechanism.
Cyanide may be bound and inacti vated by nitrous oxide.
Several other vasodilatory agents, including promethazine
and chlorpromazine, have been proven to have beneficial ef-
fects a well (97). The nitrites are by no means the ideal anti-
dote; they do cause significant adverse side effects, namely va-
sodilatation and hypotension. These side ef fects are quite
problematic and can be compounded by other cardioacti  ve
agents such as calcium channel blockers and ethanol or preex-
isting cardiovascular disease. Although methemoglobinemia is
the desired endpoint to therap y, it may exacerbate the condi-
tion of certain patients including those with poor cardiopul-
monary reserve and those with concomitant carbon monoxide
poisoning. It is recommended to a void nitrites in smok e in-
halation victims due to the risk of w  orsening the oxygen-
carrying-capacity deficit (98). The antidote for methemoglo-
binemia is methylene blue and will counteract e Xcess
methemoglobinemia formation, but it may subsequently re-
lease the cyanide.

The amyl nitrite is supplied in ampules for rapid access to a
liquid that can be wafted and inhaled. They may be referred to
as “pearls” or “poppers.” These are intended to be a temporiz-
ing measure before IV access is gained. Administer by crush-
ing 1 ampule (pearl) in gauze and placing it under the nose for
inhalation for 30 seconds e very minute. Replace with ane w
pearl every 3 minutes as the ef fect lasts for about 2 to 3 min-
utes. This initial step is designed to achie ve a methemoglobin
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LGIRCR W Differential Diagnoses for Treating Acute Cyanide Poisoning and Other Poisonous Gases

AGENT

DIFFERENTIAL DIAGNOSIS

Hydrogen sulfide

Mechanism of toxicity very similar to that of cyanide
Presents with often indistinguishable signs and symptoms

Treat with supportive care, oxygen, and nitrites (no thiosulfate)

Carbon monoxide

Frequent concurrent toxicity especially in fire victims

Azide compounds

Metabolized to cyanide and produce toxicity in a delayed fashion

Methanol

Produces similar degree of profound acidosis

Methemoglobinemia

Affects oxygen utilization in a similar fashion

Isoniazid, theophylline, hemlock, and htrychnine

Induce refractory seizures (strychnine does not cause true seizures
but antagonizes glycine in the spinal cord)

Additional nontoxin etiologies and/or complications

Ischemic stroke and encephalitis

Pediatric patients may not present with an apparent toxidrome

level of about 5%, but it is rather unpredictable. Amyl nitrite is
a pregnancy category X medication and should be omitted in
the case of pregnancy.

Sodium nitrite is dosed as 10 ml of a 3% solution (300 mg)
IV over at least 5 minutes. Some reports indicate that this dose
can be given over a shorter period of time as long as is toler-
ated. However, the administration rate may need to be slo wed
to avoid severe hypotension. The goal of therapy with sodium
nitrite is to maintain the methemoglobin around 20% to 30%.
An additional half dose may be given if needed. The pediatric
dose is 0.12 to 0.33 ml/kg (max 10 cc) of the 10% solution
given over at least 3 minutes. This dose may also be repeated
if needed. It is also dif ficult to predict methemoglobin le vel
with this agent and signif icant risk of compromised oxygen-
carrying capacity develops when methemoglobin levels reach
40%. Adverse drug reactions may be as minor as headache
and dizziness but can progress to significant vasodilation and
orthostatic hypotention, especially with higher does and rapid
infusions. There is specific dosing adjustment in se vere ane-
mia as the risk of methemoglobinemia increases with decreas-
ing baseline oxyhemoglobin concentrations. Sodium nitrite is
in Pregnancy Class C and should only be used when the bene-
fit of treatment outweighs the risk of complications due to ad-
verse drug events.

The third component of the ¢ yanide antidote kit is sodium
thiosulfate. This agent enhances clearance of ¢ yanide by act-
ing as a sulfur donor . Thiosulfate reversibly combines with
cyanide in the extracellular space to form the minimally toxic
and renally e xcreted thiocyanate. It may also augment mi-
tochronrial sulfurtransferase reactions. The enzyme rhodanase
is the catalyst for the direct con version of ¢ yanide to thio-
cyanate. The reactions between 3-meraptop yruvate sulfur-
transferase, thiosulfate reductase (intheli ver), and cys-
tathionase indirectly convert cyanide to thiocyanate. The body
can detoxify about 0.017 mg of cyanide/kg/min (3). These en-
zymatic routes are highly effective, but they are insufficient for

Consider meningitis, encephalitis, and gastroenteritis

large amounts of cyanide encountered in poisonings due to de-
pletion of sulfur donors. The effectiveness of sodium thiosul-
fate as an antidote is limited by its delay to onset of action,
short half life, and small volume of distribution. In contrast to
its counterparts, the nitrites, sodium thiosulfate has very few
side effects. The only significant adverse reaction is the rare
hypersensitivity reaction and infusion rate dependent hypoten-
sion. It is to be administered intra venously as 50 ml of a 25%
solution (12.5 g) over 10 minutes. If there is no response in 30
minutes, a half dose may be repeated. The pediatric dose is
1.65 ml/kg of the 25% solution gi ven over 10 minutes. Indi-
viduals with glucose-6-phosphate dehydrogenase (G6PD) de-
ficiency should not receive sodium thiosulfate treatment due to
the risk of hemolysis. Sodium thiofulate is listed as a Pre ~ g-
nancy Class C, but the benefit of treatment usually outweighs
the risk of drug utilization. Chronic e xposure to thiocyanates
does cause toxicity because thioc yanates and cyanide exist in
equilibrium. The effects seen from acute treatment of ¢ yanide
exposure are virtually nonexistent, but they should be kept in
mind. Note that thiosulf ate toxicity may be pronounced in
renal insufficiency, but it is dialyzable (99).

ADDITIONAL CYANIDE ANTAGONISTS

The ideal antidote is one that is quick to act and highly effec-
tive with no side ef fects. Hydroxycobalamin is probably the
best antidote used so far (100). Although it is not yet available
as a cyanide antidote in the United States, it has been used as
an antidote in other countries, predominantly France, for over
40 years with reportedly great success. Hydroxycobalamin is
vitamin By,, and acts as a chelating agent to bind ¢ yanide in
equimolar amounts directly forming ¢ yanocobalamin, vita-
min By, (101,102). This antidote has proven to be highly ef-
fective due to its increased affinity for cyanide as compared to
the cytochrome oxidase moiety. Adverse reactions to this



therapy are rare and not se vere and include allergic reactions
(102). The treatment dose is relati vely high due to the lar ge
molar amounts needed to be ef fective. It is dosedas4to 5 g
IV in acute e xposures but is virtually nontoxic e ven at high
doses (103). Its utility is only limited by the lar ge dose re-
quired and a relati vely short half life due to light instability
(104). Tachyphylaxis has been reported. This agent is Pre g-
nancy Class A, and the only precaution is a transient (4 to 5
days) reddish discoloration of mucous membranes and urine
(105,106). It is currently only a vailable in the United States
with an investigational license. There may be a syner gistic
protection if the hydroxycobalamin therap y is augmented by
sodium thiosulfate. Cyanocobalamin (vitamin B ,) is readily
available but does not afford the same degree of protection in
cyanide toxicity. It lacks ak ey hydroxyl group and is rela-
tively ineffective at trapping ¢ yanide molecules. Treatment
with hydroxycobalamin should not be substituted with
cyanocobalamin (107).

A different methemoglobin inducer , 4-dimethylamin-
ophenol (DMAP), is used as an intramuscular (IM) injection
for rapid treatment of ¢ yanide toxicity by German military
and civilians. It is reported to be highly effective but limited
by problematic adverse drug reactions such as necrosis at
the injection site and the increased potential of causing e x-
cessive methemoglobinemia (108). Other in vestigated
methemoglobin inducers include compounds similar to
DMAP, p-aminopropiophenone (PAPP), p-aminoheptanoyl-
phenone (PAHP), p-aminooctanoylphenone (PAOP), and
hydroxylamine (109). A novel methemoglobin-inducing
agent, stromafree methemoglobin, has been investigated in
a few animal studies and w ould, in essence, bind cyanide
without compromising oxygen-carrying capacity (110).

Various cobalt salts have been considered as cyanide an-
tagonists, but their therapeutic benef it is limited by their
pronounced toxicity profile. Dicobalt edentate, a cobalt salt
of ethylrnrdiaminetetraacetic acid (EDTA) is available com-
mercially in Europe as K elocyanor. The chelation of
cyanide is thought to form cobaltic yanide (CoCNg), a rela-
tively stable chemical with a low toxic profile. Comparison
studies thus far have provided conflicting reports on ef fi-
cacy. The innate toxicity of the cobalt salts e ven after reso-
lution of cyanide toxicity limits their use and further experi-
mentation as potential cyanide antidotes. Cobalt salts cause
a myriad of adv erse reactions including hypotension, gas-
trointestional distress, and chest pain. Severe effects of ven-
tricular arrhythmias and respiratory failure leading to death
have been reported following their use (111).

Many agents are being ¢ xplored as prophylactic ¢ yanide
antagonists. Amyl nitrite and sodium nitrite possess much too
potent of side ef fects to be utilized safely as prophylactic
agents (99). Sodium thiosulfate, although quite safe, acts too
slowly to be of prophylactic benefit. The aminophenol deriva-
tives that induce methemoglobinemia, PAPP, its metabolite,
PAHP, and PAOP have been shown to reduce ¢ yanide within
the red blood cells and their antagonism may be enhanced by
the addition of sodium thiosulfate (112). Other agents that in-
duce methemoglobinemia including the 8-aminoquinoline
analog of primaquine ha ve been studied. Further studies of
these agents as antidotes ha ve been complicated by the f act
that cyanide toxicity changes the pharmacokinetics of the
agent. Cyanohydrin-forming drugs including alpha-k etoglu-
tarate, pyruvate, glyoxal, and other carbonyl related agents
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may improve the protection provided by the nitrites. The gly-
oxal trimer seems to elicit the greatest acti vity when compar-
ing the group, but these agents are plagued by similar limita-
tions such as short halfli  ves andlar ge required doses.
Alpha-ketoglutarate may have a promising future as a prophy-
lactic and/or adjunctive therapy in cyanide toxicity. It is an en-
dogenous scavenger of amino groups throughout the body
Several animal studies have demonstrated a significant protec-
tive effect especially when used in conjunction with the cur-
rent antidote regimen (113, 114). It has also been investigated
with other potential antidotes, including the sulfur donor
N-acetylcysteine (NAC) (115). The most significant effect was
seen when it w as administered prior to ¢ yanide insult, and it
may even provide significant protection up to 60 minutes be-
fore an exposure. Alpha-ketoglutarate boasts of a limited side-
effect profile, specifically a lack of vasoactive properties. De-
velopment of a form appro ved for human use w ould render
benefit in cases of ¢ yanide toxicity where nitrites are con-
traindicated, such as fire victims, and for emergency personnel
anticipating exposure. This may also serv e as an antidote in
the chronic occupational/environmental exposures. Dihydrox-
yacetone (DHA) administered both IV and orally (PO) has
demonstrated benefit in animal studies. DHA readily , but re-
versibly, binds cyanide and may enhance ATP formation
through glycosis because DHA-p is a component of the gly-
colysis pathway. Preliminary reports indicate that the onset of
benefit after oral dose is about 10 to 15 minutes and it lasts
only 30 minutes. This estimates DHA quicker to onset of ac-
tion than sodium thiosulfate but shorter in duration (116). An-
ticipated synergistic effects are being investigated.

Because cyanide inhibits numerous enzyme systems,
there are many other potential mechanisms of detoxification
yet to be e xploited. Exogenous administration of enzymes
or subtrates normally in volved in cyanide metabolism and
detoxification may prove beneficial (117). A few investiga-
tions report novel treatments like utilizing carrier erythro-
cytes containing rhodanase and thiosulf  ate tore verse
cyanide toxicity (118,119). Future research aims to f ind a
faster acting, more effective, and better tolerated treatment
for cyanide toxicity.

CONCLUSION

Cyanide poses a threat to society due to its propensity to
be used as a chemical weapon and widespread usage in
industry. Concerns about acute € xposures from a mass
casualty incident may seem foremost in the minds of
health care providers. However, very real risks exist from
chronic exposures in the occupational setting and also
from environmental contamination. Health care facilities
are urged to acquire supplies of antidote kits in prepara-
tion for a lar ge-scale exposure. As detailed in the April
21, 2000, issue of the Morbidity and Mortality Weekly
Report: “The public health infrastructure must be pre-
pared to prevent illness and injury that would result from
biological and chemical terrorism. Recent threats and use
of biological and chemical agents against ci vilians have
exposed U.S. vulnerability and highlighted the need to
enhance our capacity to detect and control terrorist acts.
The U.S. must be protected from an e xtensive range of
critical biological and chemical agents, including some
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that have been developed and stockpiled for military use.
Even without threat of w ar, investment in national de-
fense ensures preparedness and acts as a deterrent against
hostile acts.” (40)

SUMMARY

B Cyanide, widely available, is notorious for its
lethality and use as a chemical weapon, and can
potentially cause significant social and public
health disruption.

B Cyanide can be found in a multitude of forms,
but it is most effective as a chemical weapon in
a gaseous state that can be inhaled.

B The hallmark sign of ¢ yanide toxicity is e vi-
dence of cellular hypoxia and acidosis.
Cyanosis may develop later in the course, but it
is not typically an initial finding.

B Treatment is based on inde x of suspicion and
presenting signs and symptoms and consists of
supportive care and the antidote kit (nitrites,
thiosulfate).

QUESTIONS AND ANSWERS

1. Cyanide toxicity causes which of the following pre-
senting signs and symptoms?
A. Anxiety
B. Seizures
C. Arteriolization of venous blood supply
D. Bitter almond-like odor
E. All of the above
2.What laboratory abnormality is a hallmark sign of
cyanide poisoning?
A. Lactic acidosis
B. Cyanosis
C. Prominent EKG changes
D. Elevated cyanide level
E. All of the above
3. How does cyanide cause toxicity?
A. Binding to cytochrome oxidase
B. Uncoupling oxidative phosphorylation
C. Altering neuronal transmission possibly through a
glutamate pathway
D. Increasing vascular resistance cerebral blood flow
potentiating absorption
E. All of the above
4. Which medications are not currently included in the
cyanide antidote kit?
A. Amyl nitrite
B. Sodium thiosulfate
C. Sodium nitrate

D. Sodium nitrite
E. All of the medications are included

ANSWERS

1. E. All of the above
2. A. Lactic acidosis
3. E. All of the above
4: C. Sodiumnitrate
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Phosgene and Toxic Gases

Melissa L. Givens

NAME AND DESCRIPTION OF AGENT

Toxic gases, also known as choking agents, are the forerun-
ners of modern chemical warfare. Chlorine gas was first de-
ployed during World War I. On April 22, 1915, the Germans
released 150 tons of chlorine gas along the battlefront in
Ypres, Belgium, creating multiple casualties who tax ed
medical resources. The novel use of toxic gas created wide-
spread fear of this ne w chemical weaponry. Subsequently,
battle stress precipitated by this horrific threat compounded
the treatment challenges f aced by medical professionals.
Phosgene was also used during World War I, both alone and
mixed with chlorine gas. Phosgene w as the likely culprit in
nearly 80% of poison gas deaths that occurred during the
war (1,2). Use of phosgene on the battlefield was estimated
to have resulted in 311,000 man-days lost to hospitalization
during the war, the equivalent of 852 man-years (3). This
degree of hospitalization only underscores the potential for
toxic gas exposure to strain hospital resources in the e vent
of a terrorist attack.

Toxic gas use is not isolated to World War 1. The use of
phosgene by Egyptian bombers has been reported in attacks
against the Yemeni royalist forces in the Yemeni civil war
during the 1980s (4). More recently, on April 20, 1995, the
Aum Shrinrikyo (“Supreme Truth”) cult, the same organiza-
tion linked to the sarin release in the Tokyo subway, was im-
plicated in the release of a phosgene-type gas in a train sta-
tion in Yokohama, resulting in the hospitalization of o ver
300 people.

Chlorine and phosgene are produced in lar ge quantities
worldwide and used e xtensively in multiple industries.
Chlorine is commonly used in cleaning products, in water
purification, and as an intermediate in the manufacturing of
plastics and synthetics. Chlorine is the most common cause
of accidental industrial and household inhalational injury in
the United States, and the release of toxic amounts of chlo-
rine has occurred worldwide more than 200 times since the
early 20t century (5-7).

Phosgene is also used extensively in industry as a chemi-
cal precursor in the production of dyes, pesticides, plastics,
polyurethane, isocyanates, and pharmaceuticals. Phosgene

is also formed by combustion of chlorinated fluorocarbons,
which are found in refrigeration units, and toxicity has been
reported in refrigeration w orkers who were welding refrig-
eration conduits and welders using chlorinated solv ~ ents
(8,9). Over 1 million tons of phosgene are used yearly in the
United States (10). An estimated 5 billion pounds are pro-
duced worldwide (11). Identification of phosgene can be
confusing because there are man y other nomenclatures in-
cluding: carbonyl chloride, carbon oxychloride, carbonic
acid chloride, D-Stoff, and green cross (2,12). The military
designation for phosgene is CG. The widespread availability
of phosgene and chlorine mak es them attractive agents of
terror. Both agents are mass-produced and are stored and
transported in large-volume containers that could have dev-
astating effects if vaporized. The ease of attainment and dis-
tribution, coupled with the significant strain on medical re-
sources that accompanies injury with these agents mak es
toxic gases potential terrorist agents of warfare. The psycho-
logical harm that can be inflicted with a chemical attack is
only a bonus feature in terms of terrorist potential.

There are other agents that also may produce toxic injury
to the airways such as smoke and obscurants, including zinc
oxide, phosphorous smokes, sulfur trioxide-chlorosulfonic
acid, and perfluoroisobutylene (a comb ustion product of
Teflon). These agents are less lik ely to be used in a direct
chemical attack. They are very irritating to victims, causing
them to evacuate the smoke cloud quickly, thus limiting ex-
posure. Consequently, these agents are considered less de-
sirable as offensive weapons. The discussion of such agents
is beyond the scope of this chapter. This chapter will focus
mainly on the acute and the delayed injury pattern associ-
ated with phosgene e xposure. Chlorine will be discussed
briefly to highlight the clinical dif ferences that can occur
when dealing with a patient exposed to a toxic gas.

THEORETICAL AND SCIENTIFIC
BACKGROUND

Toxic gas injury is determined by the chemical properties of
the toxic gas and the conditions in which the e xposure oc-



curs. Phosgene is a gas at temperatures abo ve 47°F (8°C)
(13). At temperatures below the boiling point, phosgene is a
liquid and has limited toxicity . Chlorine enters the gaseous
state at F (—34°C) (13). It is often stored in a compressed
state because of its low boiling point. The ambient heat, hu-
midity, and air currents can all affect the properties of these
gases and the clinical response generated by the exposure. A
drop in ambient pressure may result in an increase of the
toxin in the gaseous state. Strong wind currents can dissi-
pate the gas to nontoxic levels and changes in wind patterns
can result in the gas distrib uting in an unpredictable direc-
tion.

Once an individual is exposed to a toxic gas, the extent of
injury is defined by the e xposure characteristics. Exposure
is defined by duration (t) and intensity or concentration ( C)
where Ct = concentration in mg/m 3 multiplied by time in
minutes. Confounding variables that alter the concentration
over time include respiratory rate,  depth of respirations
(minute ventilation), and even body position. Of note, all
can be affected by the sympathetic discharge likely to occur
in the event of a terrorist attack. P atients are likely to be
breathing rapidly and deeply and may not think to protect
their airway as a first line of defense. Also, one cannot for-
get to consider underlying conditions such as history of hy-
perreactive airways and tobacco use when trying to predict
the clinical outcome of a toxic gas ¢ xposure. The presence
of underlying disease can magnify the clinical response and
can result in severe symptoms at even negligible concentra-
tion exposures.

The effects of toxic gases on the human airw ay depend
on the chemical properties of the gas. The anatomic site of
injury is related to the solubility of the gas in w ater. Gases
that are more w ater-soluble, such as chlorine, primarily af-
fect upper airways and central airways. Less soluble gases,
like phosgene, penetrate deeper into lungs and affect periph-
eral airways and alveoli. The end result of this deep injury is
damage to the capillary-alveolar wall and leakage of plasma
into the alveoli.

Chlorine (Cl,), discovered in 1774, is a greenish-yellow
gas, with an offensive, pungent odor that fortunately acts as
a warning signal at concentrations belo w lethal exposures
(14). Coughing occurs at 30 parts per million (ppm) and ex-
posures of 40 to 60 ppm for more than 30 minutes may
cause severe damage. Lethality has been reported at e xpo-
sures of 500 ppm for 5 minutes (13). Once chlorine reaches
the respiratory tract, it reacts with water to form hydrochlo-
ric and hypochlorous acids. Hypochlorous acid reacts with
sulfthydryl groups of cysteine, and also causes enzyme inhi-
bition (15). Additionally, chlorine hydrolysis generates free
radicals capable of penetrating cell membranes that can re-
sult in cell injury and death. The formation of hydrochloric
acid is most lik ely to occur in the moist areas of the e yes,
mouth, and upper airways, thus chlorine is much more irri-
tating when compared to phosgene, which undergoes little
hydrolysis. However, the exact mechanisms of chlorine tox-
icity in the respiratory tract cannot entirely be attrib uted to
this formation of hydrochloric acid, and pathogenesis is still
controversial (14).

Phosgene (COCl,), which was first manufactured in
1812 by Sir Humphre y Davey in Great Britain, is a color-
less, volatile gas that is hea vier than air; it has an odor of
freshly mown hay. Toxic exposure occurs below the odor
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threshold which is 0.4 ppm (16). This is important because
victims may be exposed to dangerous levels without even re-
alizing that they are in danger. Estimated LCt s, for phos-
gene is 500 to 800 ppm for a 2-minute e~ xposure (2,17).
Once phosgene is inspired, hydrolysis occurs upon contact
with water resulting in the formation of carbon dioxide and
hydrogen chloride.

COCl, + H,0 — CO, + 2HCI

This liberation of hydrogen chloride was once thought to
be the mechanism of injury; however, the amount of hydro-
gen chloride released is miniscule and cannot account for
the pulmonary damage incurred by phosgene exposure (18).
The formation of hydrogen chloride may account for the
small degree of mucous membrane irritation similar to that
seen in chlorine exposure.

Phosgene also reacts with sulthydryl, amine, and hy-
droxyl groups, which are cellular constituents of biologi-
cal molecules, in a process known as acylation(19).

COCl, + 2R—NH, » C=0(NH—R), + 2HCI
R—OH » C=0(0—R), + 2HCI
R—SH - C=0(S—R), + 2HCI

Acylation results in protein and lipoid denaturation,
changes in membrane structure, and disruption of en-
zymes (2). Phosgene also disrupts the surf actant layer,
thus impairing mechanical performance that depends on
adequate surface tension for alv eolar gas exchange (20).
Phosgene can under go heterolytic and/or homeolytic
cleavage into a reactive carbamoyl monochloride radical.
This may be responsible for its reactivity with lung tissue
components (21).

Animal studies of phosgene sho w changes in ener gy
metabolism. Cyclic adenosine triphosphate (cA TP) and
cyclic adenosine monophophate (cAMP) are decreased,
which may result in inadequate ener gy to maintain fluid
homeostasis within the lung (22,23). Decreases in oxygen
uptake and depressed cellular glycolysis are also ob-
served. Phosgene additionally causes disruption of the
glutathione redox cycle (glutathione acts as a natural an-
tioxidant), with subsequent increase in opportunities for
oxidant injury by free radicals (24-26). The oxidant stress
of phosgene is demonstrated by ele vated antioxidant en-
zyme levels for days after acute e xposure (24-27). Phos-
gene exposure has also been shown to cause lipid peroxi-
dation and release of arachidonic acid metabolites to
include sulfidopeptide leukotrienes TC4/LTD4/LTE4.
These leukotrienes are of interest because they are the pri-
mary components of SRS-A. SRS-A is the slo w reacting
substance of anaphylaxis. Leuk otrienes can be tied to
vasoconstriction of bronchial smooth muscle, coronary
vasoconstriction, and increased v ascular permeability.
LTB4 is a neutrophil chemotactic agent and is ele vated in
rats exposed to phosgene, and subsequent neutrophil mi-
gration is noted in conjunction with elevated levels of this
leukotriene. The exact role of these mediators in phos-
gene-induced injury is still unclear, and there are conflict-
ing animal studies in re gards to how leukotrienes may
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modulate or incite injury. The inflammatory process may
be the cause of toxin-mediated injury or a response to the
direct toxic effects (28-31).

In extremely high concentrations (greater than 200 ppm),
phosgene’s effects may no longer be isolated to the lungs.
Phosgene may cross the blood air barrier in the lung and
cause hemolysis and red blood cell hyperaggre gation (32).
This causes pulmonary sludging, which in turn may cause
cor pulmonale and subsequent death (18).

SIGNS AND SYMPTOMS

Toxic gases can produce clinical signs and symptoms in sev-
eral ways. If the gas is released in an enclosed space, the gas
can displace oxygen and result in asphyxia from lack of oxy-
gen. Toxic gases may also cause direct damage to the respi-
ratory tract resulting in airw ay obstruction, interstitial dam-
age, and alveolar-capillary damage, all with impaired oxygen
exchange. Additionally, an allergic response that results in
cellular damage or tissue swelling and possible systemic in-
flammatory damage may be initiated. Each of these sequelae
of toxic gas e xposure can affect how the patient presents
clinically, and the clinician must be prepared to deal with a
combination of clinical responses to toxic gas e xposure. A
comparison of chlorine and phosgene gas e xposures is seen
in Table 4-1 in the summary section of the chapter.

Chlorine is a highly irritating gas with an unpleasant
odor. Exposure often causes rapid eye pain, blephorospasm,
and lacrimation. The offensive nature of chlorine results in
immediate symptoms after exposure and is often protecti ve
because it signals the patient to depart the area of e xposure.
Other early symptoms that can occur include headache, sali-
vation, oropharyngeal pruritus, dyspnea, cough, hemoptysis,
retrosternal burning, and vomiting (33). Symptoms are usu-
ally temporally related to the e xposure, and delayed symp-
toms are uncommon.

Physical exam may re veal tachypnea, cyanosis, and
tachycardia. Providers should e xclude corneal b urns or
abrasions with a fluoroscein e xam. Oropharyngeal secre-
tions may be profound. Oropharyngeal erythema may sig-
nify more distal injury, and physicians can consider laryn-
goscopy or bronchoscop y to further e valuate the airw ay.
Symptoms of upper airway irritation or pruritus should also
prompt a more thorough oropharyngeal e xam. Endoscopy
should be done in conjunction with preparations for endo-
tracheal intubation inthee vent of airw ay compromise.
Laryngospasm may occur with a high dose ¢ xposure, and
one should look for stridor, hoarseness, and aphonia as har-
bingers of impending upper airw  ay obstruction. Often
laryngospasm occurs at the time of e xposure so emergency
responders need to be prepared to pro vide emergent airway
control. Highly toxic exposures may result in bronchospasm
or pulmonary edema with wheezes and rhonchi heard on
exam.

Phosgene is a f ar more sub versive agent than chlorine.
Initially, irritation to the e yes or respiratory system may
occur, but often the patient has no early signs or symptoms
related to the exposure. Toxicity occurs below the odor and
irritant threshold, so the patient may ha ve no warning trig-
gers to exit the exposure area.

The following is an e xcerpt from Sir Wilmot Herring-
ham’s description of soldiers e xposed to phosgene in the
spring of 1915.

e gradually recognized three classes. a) The sever-
est of all, which were either collapsed from the first
or became collapsed after a day or two. When col-
lapse was present the color was an ashy gray, the
breathing was rapid and shallow, and the pulse was
very small. These cases died rapidly. b) Those which
were severely affected, but were purple in color and
had a full though rapid pulse. Some of these cases be-
came progressively worse and eventually became
collapsed and gray, and then died. Others, if care-
fully treated, recovered. c) Sighter cases which
showed little cyanosis or none, and only had a slight
cough. Postmortem examination showed laryngitis,
enormous edema of lungs, emphysema on edge of
lung, and air under pleura.

Lancet Feb 21, 1920

Phosgene affects peripheral airw ays with corresponding
symptoms of dyspnea and chest tightness. Chest pain and cough
may also occur. Patients characteristically develop dyspnea 2 to
6 hours after exposure. However, the latency phase may last for
up to 15 hours (2). Shorter latent periods suggest a more toxic
exposure. Objective clinical findings such as decreased arterial
oxygen saturation (PaO,) and pulmonary edema may lag be-
hind subjective symptoms. It is common for the patient to com-
plain of dyspnea after the e xposure, and the provider may be
frustrated by lack of objecti ve findings to explain the patient’s
complaints. Once clinical findings do develop, the patient may
suffer significant clinical deterioration in rapid progression. Pul-
monary edema may be profound. Significant pulmonary edema
may result in hypotension secondary tov ~ olume depletion.
Amazingly, fluid losses from alv eolar capillaries may be as
much as 1 L/h, underscoring the need for aggressive volume re-
suscitation (34). Pulmonary edema that occurs early (less than 4
hours after exposure) signifies a grave prognosis.

Although inhalational injury is the most commonly en-
countered form of toxic gase xposure, both phosgene and
chlorine can result in injury when splash injury of the liquid
occurs. Compressed gases may cause frostbite when skin con-
tact occurs. Ocular e xposure to liquid phosgene has caused
corneal opacification and perforation in one ¢ xposure. Skin
exposure to phosgene is usually manifested only as local irri-
tation and erythema (35).

MEDICAL MANAGEMENT

PREHOSPITAL

Toxic gas exposures pose significant risk to rescue w orkers
who must enter the scene to extricate patients. Rescue work-
ers entering an area with unknown concentrations of a toxic
gas should wear a self-contained breathing apparatus
(SCBA) with a full face-piece that operates on pressure de-
mand or other positive pressure mode to prevent toxic injury
while engaging in rescue activities (13).



Prehospital providers should remo ve the patients from
the exposure area before engaging in medical interventions.
Simple decontamination can be done with soap and w ater.
Patients with eye exposure should undergo copious irriga-
tion with water or normal saline. The first priority after re-
moving the toxin is to evaluate airway patency and establish
airway control. As noted earlier, laryngospasm may occur at
high gas concentrations, and significant edema may result in
airway compromise necessitating early endotracheal intuba-
tion or even surgical cricothyroidotomy. Meticulous control
of airway secretions may be necessary in the case of upper
airway irritants such as chlorine. F ortunately, patients often
do very well once they are removed from the reaches of the
toxic gas. Supplemental oxygen can be gi ven to all patients
exposed to toxic gases. Beta-agonist therap y may be re-
quired in the event of bronchospasm.

Once airway control has been established, rescue person-
nel can pro vide supportive therapy with intra venous (IV)
fluids. Fluids should be administered in the setting of v ol-
ume depletion, but empiric fluid boluses by field personnel
are not indicated. P atients with toxic gas e xposure should
also be kept at rest. One of the most striking historical fea-
tures of phosgene poisoning is the clinical decline described
in patients who undertak e physical acti vity. Herringham
wrote about his World War I experience: “We rapidly learnt
also that exertion, sometimes even slight exertion, made the
patients worse. Men who had been comfortable while lying
became rapidly worse and sometimes died suddenly if the y
walked or sat about ” (36). We already know that physical
exertion can stress the body and unco ver subclincial com-
promise that is not ob vious at rest. In the case of phosgene
poisoning, there is ongoing pulmonary damage ¢ ven when
the patient is asymptomatic that may be re vealed with even
the slightest increase in oxygen requirement. Furthermore,
there is concern that physical acti vity may further e xacer-
bate the lung injury causing a deterioration that might not
have occurred if the patient had stayed at rest. Phosgene has
not been thoroughly studied, but the literature suggests that
moderate exercise shortly after exposure does not affect sur-
vival, however, strenuous exercise postexposure or e ven
slight exercise after the onset of pulmonary edema can be
deleterious (37). Cautious management w ould be to keep
patients with expected phosgene exposure at rest during ob-
servation even when they are asymptomatic and show no
clinical signs of pulmonary damage. The damage may be
brewing in their lungs, and exertion may only serve to accel-
erate or worsen the consequences of the e xposure. In the
setting of a bioterrorist attack, it may be difficult to contain
these asymptomatic patients. Once the y have entered into
the medical system, they need to be observ ed and discour-
aged against premature elopement. This may prove difficult
if they are worried about their homes and lo ved ones who
may have suffered in an attack.

HOSPITAL

Upon arrival at the hospital or treatment area, the patient’s
airway should be reassessed to ensure patenc y. The patient
should be intubated immediately if there is stridor or other

findings that suggest upper airway obstruction or respiratory
distress. Place the patient on a monitor and pro vide supple-
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mental oxygen to maintain adequate oxygen saturation
(PaO, greater than 60 mmHg). The patient should be kept at
bed rest. Vital signs and lung exam should be repeated every
30 minutes to detect early changes.

Laboratory values are of little diagnostic utility in the pa-
tient exposed to toxic gas. Lactate dehydrogenase (LDH)
has been shown to elevate in animal studies, but case reports
in humans have been inconsistent, and it cannot be consid-
ered a reliable indicator of e xposure or injury (38). Arterial
blood gases (ABGs) are important when follo wing oxy-
genation, but a normal PaO, early in the course of phosgene
exposure is not reassuring. It may take several hours for hy-
poxemia to develop. A normal ABG upon patient presenta-
tion may falsely reassure the clinician, and care should be
taken not to dismiss patients with possible e xposure prema-
turely. It is important to recognize that the PCO, may be el-
evated in patients with reactive airways and bronchospasm.
Patients with findings of hypercarbia or wheezing are good
candidates for bronchodilators and steroids.

The same precaution in interpreting early ABGs also ap-
plies when interpreting a chest x-ray (CXR) done on arri val
of a patient with suspected toxic gas ¢ xposure. The initial
CXR may be normal, and the patient may go on to de velop
profound pulmonary edema only a fe w hours later. Fortu-
nately, the CXR can often detect pulmonary edema sooner
than the clinical e xam. There are findings other than pul-
monary edema on CXR that the physician can use when
evaluating a patient with a toxic gas e xposure. Atelectasis is
a more common f inding in exposures that affect the upper
airways (chlorine). Hyperinflation signifies air trapping due
to injury to smaller peripheral airways, which can occur with
phosgene exposure. Damage to the alv eolar-capillary mem-
branes may result in the characteristic “batwing” appearance
of pulmonary edema, but one should watch for more subtle
findings such as blurred enlar gement of the hila and patchi-
ness in the central lungs (2). A baseline CXR can be useful
for comparison, and subtle changes may be indicators of im-
pending pulmonary edema (Fig. 4-3). The time of onset of
radiographic findings is inversely proportional to the inhaled
phosgene dose—patients with higher doses become sick er
earlier. Radiographic findings may appear as early as to 1 to
2 hours in moderate to high exposures but may be delayed in
lower dose exposures. If the CXR is normal at 8 hours, it is
unlikely the patient will develop pulmonary edema (38).

Management of pulmonary edema parallels that of adult
respiratory distress syndrome (ARDS). ARDS is also a vas-
cular permeability-based pathologic process that in  volves
cellular damage and inflammatory mediators and is dissimi-
lar to volume overload pulmonary edema such as congestive
heart failure. There is little use for diuretics when dealing
with pulmonary edema that is not a result of v olume over-
load. Patients with toxic gas injury are often intra vascularly
volume depleted as the fluid shifts from the v ascular to lung
compartments. Diuresiswill only serve to worsen volume de-
pletion early on in the setting of fluid shifts secondary to a
damaged capillary-alveolar membrane. It is more lik ely that
the patient will require mechanical v entilatory support for
adequate oxygenation. Positi ve end-expiratory pressure
(PEEP) may be necessary to maintain P aO, over 60 mmHg.
It is essential to ensure intra vascular volume replacement in
the setting of PEEP as PEEP may decrease preload and re-
sult in subsequent hypotension.
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Figure 4-3. Series of chest radiographs after an acute phosgene exposure. A: Normal chest x-ray 1 year prior to exposure. B: 6 h after
phosgene exposure (blurring of hila and slight enlargement of pulmonary vessels, ill-defined patchiness in central lung regions). C: 10
h after exposure (overt pulmonary edema). D: 5 days after exposure with complete resolution and a normal x-ray. Radiographs are

courtesy of Jonathon Borak and Werner Diller (deceased).

Toxic gases may cause transient cardiac arrhythmias that
are usually self-limited once the patient is remo ved from the
toxic environment and receives supplemental oxygen (12).
Cardiac dysrhythmias that occur after toxic gas exposure can
be treated with standard Advanced Cardiac Life Support
(ACLS) protocols with extra attention given to ensure the pa-
tient is adequately oxygenating.

Symptoms of bronchospasm and obstructi ve airway dis-
ease manifested by wheezing and increased PCO , should be
aggressively treated with beta-agonists. There is little data to
support the use of steroids for all toxic gas e xposures. How-
ever, patients with airway hyperreactivity may benefit from
steroids in conjunction with beta-agonist therap y. Empiric
steroid therapy for chlorine- and phosgene-exposed patients is
controversial. Animal studies in swine sho w decreased sever-
ity of symptoms when inhaled steroids were gi  ven shortly
after chlorine exposure. This suggests some benefit can be ob-
tained even in patients without reacti ve airways (39). Animal

studies examining the utility of steroids in phosgene e xposure
show decreased lung edema and decreased mortality
(28,40,41). There is no human data supporting these animal
studies, but some sources do recommend either IV or inhaled
steroids (42,43). Further studies need to be done to clarify the
role of steroids in toxic gas e xposure. Nebulized bicarbonate
has also been used to theoretically neutralize the hydrochloric
acid in the respiratory tract after chlorine e xposure, but the
studies are limited, and further exploration needs to be done
before it can be considered first-line therapy (44,45).
Exposures to both chlorine and phosgene may cause fever,
elevated white blood cell counts, and infiltrates on CXR in
the first 3 to 4 days poste xposure. These findings do not reli-
ably indicate bacterial infection; therefore, antibiotics should
not be given routinely in this period. Prophylactic antibiotics
may only serve to select for more virulent organisms. Sputum
cultures may aid in determining the need for antimicrobial
therapy. Pathogen identification along with sensitivity analy-



sis can help appropriately guide antibiotic choice (12). The
CXR should show improvement 3 to 5 days postexposure, so
a worsening CXR suggests a superinfection, and antibiotic
use is warranted along with surveillance for viral organisms.

Many other treatment modalities for phosgene exposure are
currently under investigation. They are described as prophylac-
tic treatment because they are most effective when given after
exposure but before clinical signs or symptoms de velop. Ani-
mal studies showed reduced pulmonary edema formation after
phosgene exposure in those animals treated with medications
that cause increased cAMP such as aminophylline, B-adreneric
agents, or cAMP analogs (dib utyryl adenosine 3 ’5’cyclic
monophosphate, Dbc AMP) (29). DbcAMP may also act as an
antioxidant and retain reduced glutathione. Aminophylline may
act as a phosphodiesterase inhibitor . The animals in the com-
bined study of aminophylline, beta-adrenergic agents, and Db-
cAMP received medications within 10 minutes after e xposure
so further studies need to be done to determine ef ficacy of this
type of intervention in a more realistic clinical timeframe. A
separate study of aminophylline w as conducted at 80 to 90
minutes postexposure. Decreased lung weight, increased re-
duced glutathione, and phosphodiesterase inhibition w as ob-
served in the treatment group (24). Isoproterenol, which ele-
vates intracellular cAMP w as studied 50 to 60 minutes
postexposure and showed some benefit in terms of reduced
vascular pressure, decreased leukotriene-mediated vascular
permeability, and a favorable redox state in lung tissue when
given both IV and via the intratracheal route (46).

Ibuprofen has been studied as both pre- and postexposure
treatment for phosgene e xposure and showed some benefit
in reducing pulmonary edema in rats. Ib uprofen may act as
a free radical sca venger and inhibit arachidonic acid
metabolites (47). Ib uprofen is relati vely safe and readily
available making it a promising medication,; its role in toxic
gas exposure deserves further investigation.

N-acetylcysteine (NAC) has also been studied as a glu-
tathione source to protect against the proposed free radical
toxicity of phosgene. Rabbits gi ven NAC via intratracheal
bolus at 45- and 60-minutes post-phosgene-e xposure
showed less pulmonary edema, reduced lipid peroxidation,
and decreased leukotriene production than controls (26). We
can look toward the future for further delineation of the role
of these mediators in toxic lung injury.

Once patients recover from toxic gas injury, they should
be counseled regarding the anticipated symptoms that occur
after recovery from toxic gas-induced acute pulmonary
edema. Symptoms related to chlorine e xposure typically re-
solve in 1 week to 1 month. Ho wever, prolonged symptoms
and abnormal pulmonary function testing ha ve been de-
scribed (48,49). Patients with airway obstruction after expo-
sure are more likely to have more chronic effects than simi-
larly exposed patients with only complaints of dyspnea (50).
Long-term effects of phosgene exposure have been described
to include persistent exertional dyspnea and decreased physi-
cal fitness. It may tak ¢ many years for complete reco very
after exposure. A few patients may develop chronic bronchi-
tis, emphysema, or generalized airway hyperreactivity (51).
Chronic effects appear to be more common in patients who
are smokers or have underlying pulmonary disease, and dete-
rioration postexposure may occur. This underscores the need
for close follow-up and pulmonary function testing in pa-
tients who continue to e xperience symptoms after reco very
from the acute pulmonary edema.
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TRIAGE CONSIDERATIONS

Patients exposed to toxic gases who display an y respiratory
symptoms should be triaged into an immediate cate gory to
obtain rapid airway control. Once airway control has been es-
tablished and the patient is stable, the patient can be retriaged
to a less urgent category. If patients present early, with few or
no symptoms, they can be triaged into delayed cate gory but
should be watched carefully for signs of respiratory compro-
mise. Patients should not be released from observation until at
least 8 hours have passed since exposure and the patient has a
clear CXR. Do not dismiss dyspnea in the face of few clinical
findings as late sequelae may de velop. Patients who present
within a few hours after phosgene exposure may require more
urgent triage as respiratory demise may occur rapidly.

PERSONAL PROTECTION

Rescue workers entering an area withunkno wn concentra-
tions of phosgene or chlorine should wear an SCB A with a
full face-piece that operates on pressure demand or other
positive pressure mode to prevent toxic injury while engag-
ing in rescue activities (13).

There is little chance of secondary e xposure unless skin
is contaminated with liquid phosgene. Because of phos-
gene’s chemical properties, this can only occur below tem-
peratures of 47°F (8°C). If liquid phosgene is present it can
cause damage by direct contact or off-gassing.

SUMMARY
LAGIRR A Key Features of Chlorine and Phosgene
CHLORINE PHOSGENE
Pungent odor Odor of freshly mown hay

Little irritation to mucous
membranes

Highly irritating to
mucous membranes

Immediate symptoms
Pulmonary edema
Supportive treatment
Consider bronchodilators
Consider steroids

No need for prophylactic
antibiotics

Unlikely chronic sequelae

Delayed symptoms
Pulmonary edema
Supportive treatment
Consider bronchodilators
Consider steroids

No need for prophylactic
antibiotics

Potential for prolonged
symptoms after recovery
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RESOURCES

1. Centers for Disease Control and Prevention
http://www.bt.cdc.gov/agent/phosgene/index.asp

2. National Library of Medicine and National Institute of
Health Medlineplus
http://www.nlm.nih.gov/medlineplus/
biodefenseandbioterrorism.html

3. World Health Organization
http://www.who.int

4. National Institute for Occupational Safety and Health
http://www.cdc.gov/niosh/homepage.html

5. Agency for Toxic Substances and Disease Registry
http://www.atsdr.cdc.gov/atsdrhome.html

QUESTIONS AND ANSWERS

Scenario #1

A 24-year-old male presents to the emer gency department
complaining of dyspnea for the past hour. He reports he was
at an outdoor rally that was dispersed after an explosion. He
recalls a musty odor that w as present. He left the rally 3
hours prior to arrival in the ED.

1. Which of the following studies would be most useful in
the early management of this patient?
A. Complete blood count
B. Serum LDH
C. Chest x-ray
D. EKG
E. Serum electrolytes

2.The patient in scenario #1 develops clinical signs of
pulmonary edema and airway hyperreactivity. Which of
the following treatment modalitiesisleast appropriate?
A. Supplemental oxygen
B. Positive pressure ventilation
C. Bronchodilators
D. Corticosteroids
E. Diuretics

3.The patient in scenario #1 should be kept at bed rest
with minimal exertion. True or false?
A. True
B. False

Scenario #2

A 43-year-old female is brought by EMS from her home.
The patient lives near a railroad track and witnessed an explo-
sion of a tanker on the tracks. At the time of EMS arrival, she
had increased oral secretions and w as mildly hypoxic with a
SpO, of 86% on room air. She has improved during transport
and is able to recall a pungent odor after the accident. She now
has slight wheezes on exam and oropharyngeal erythema.

4.Which of the following agentsis the most likely cause
of this patient’s symptoms?

A. Carbon monoxide
B. Chlorine

C. Phosgene

D. Organophosphate
E. Cyanide

5.Four hours after arrival in the ED, the patient in sce-

nario #2 develops a fever of 101°F. Her white blood
count is16,000 and her chest x-ray showsinfiltrates. She
gtill has dight wheezes on exam. Which of the following
treatment isleast likely to improve her symptoms?

A. Broad spectrum antibiotics

B. Systemic corticosteroids

C. Supplemental oxygen

D. Inhaled corticosteroids

E. Inhaled beta-agonist

6. Both chlorine and phosgene have a detectable odor or
irritation at nontoxic concentrations. True or false?
A. True
B. False

ANSWERS

1. C. Achest x-ray would be most helpful in a case such asthis
with possible phosgene exposure.

2: E. Diuretics may worsen volume depletion and are not indi-
cated. The use of corticosteroidsis controversial.

3. A. A True, exertion may worsen pulmonary symptoms from
phosgene exposure.

4. B. Chlorineisthelikely culprit given early symptoms with
mixed upper and lower airway symptoms.

5. A. Theearly fever and elevated white blood count are likely
directly due to the toxic gas exposure and not infection.
Antibiotics are unlikely to provide any benefit.

6. B. False, phosgene may not be detectable at toxic levels.

REFERENCES

1. Marrs TC MR, Sidell FR. Phosgene in chemical w
agents. Chichester: John Wiley; 1996.

2. Borak J, Diller WF. Phosgene exposure: mechanisms of injury
and treatment strategies. J Occupat Environ Med. 2001;43(2):
110-9.

3. Jackson K. Phosgene. J] Chem Educ. 1933;October:622-26.

4. Evison D, Hinsley D, Rice P. Chemical weapons. BMJ. 2002;
324(7333):332-35.

5. Schonhofer B VT, Kohler D. Long term lung sequelae follow-
ing accidental chlorine gas exposure. Respiration. 1996;63(3):
155-59.

6. Baxter PJ DP, Murray V. Medical planning for toxic releases
into the community: the example of chlorine gas. Br J Ind
Med. 1989;46:277-85.

7. Davis DS DG, Ferland KA. Accidental release of air toxics.
Park Ridge, NJ: NDC; 1989.

8. Wyatt JP, Allister CA. Occupational phosgene poisoning: a
case report and review. J Acc Emerg Med. 1995;12(3):212-13.

9. Selden A SL. Chlorinated solv ents, welding and pulmonary
edema. Chest. 1991;99:263.

10. NIOSH. Ceriteria for a recommended standard:  occupational
exposure to phosgene. Washington, DC: National Institute of
Occupational Safety and Health. Publication 76137.

11. WHO. Environmental health criteria 193: Phosgene. Geneva:
World Health Organization; 1997.

arfare


http://www.bt.cdc.gov/agent/phosgene/index.asp
http://www.nlm.nih.gov/medlineplus/
http://www.who.int
http://www.cdc.gov/niosh/homepage.html
http://www.atsdr.cdc.gov/atsdrhome.html

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

. Urbanetti J. Toxic inhalation injury. In: Zajtchukk R, Bellamy

RF eds. Textbook of military medicine part I: medical aspects
of chemical and biological warfare. Washington DC: Office of
the Surgeon General; 1997.

NIOSH. NIOSH pocket guide to chemical hazards. Accessed
2003. http://www.cdc.gov/niosh/npg/npgd0504.html.

. Das R BP. Chlorine gas exposure and the lung: a review. Toxi-

col Indus Health. 1993;9(3):439-55.

Knox WE SP, Green DE, Auerbach VH. The inhibition of
sulfhydryl enzymes as the basis for bactericidal action of chlo-
rine. J. Bacteriol. 1948;55:451-58.

AIHA. Odor thresholds for chemicals with established occu-
pational health standard. Akron: American Industrial Hygiene
Association; 1989.

Cucinell SA. Review of the toxicity of long-term phosgene ex-
posure. Arch Environ Health. 1974;28:272-75.

Diller WF. Pathogenesis of phosgene poisoning. Toxicol Indus
Health. 1985;1(2):7-15.

Babad H ZA. The chemistry of phosgene. Chem Rev. 1973;73:
75-91.

Frosolono MF, Currie WD. Response of the pulmonary surf ac-
tant system to phosgene. Toxicol Indus Health. 1985;1(2):29-35.
Arroyo CM FF, Kolb DL, Keeler JR, Millette SR. Autoioniza-
tion reaction of phosgene studied by electron paramagnetic
resonance/spin trapping techniques. J Biochem Toxicol. 1993;
8:107-10.

Currie WD HG, Frosolono MF. Changes in lung ATP concen-
tration in the rat after low-level phosgene exposure. J Biochem
Toxicol. 1987;2:105-14.

Currie WD PP, Frosolono MF. Response of pulmonary energy
metabolism to phosgene. Toxicol Indus Health. 1985;1:17-27.
Sciuto AM, Strickland PT, Kennedy TP, Gurtner GH. Postex-
posure treatment with aminophylline protects against phos-
gene-induced acute lung injury . Exp Lung Res. 1997;
23(4):317-32.

Sciuto AM. Assessment of early acute lung injury in rodents
exposed to phosgene. Arch Toxicol. 1998;72(5):283-8.

Sciuto AM, Strickland PT, Kennedy TP, Gurtner GH. Protec-
tive effects of N-acetylcysteine treatment after phosgene expo-
sure in rabbits. Am J Resp Crit Care Med. 1995;151(3 Pt 1):
768-72.

Jaskot RH GE, Richards JH. Effects of inhaled phosgene on
rat lung antioxidant system. Fundam Appl Toxicol. 1991;17:
666-74.

Guo YL, et al. Mechanism of phosgene induced lung injury:role
of arachidonate mediators. J Appl Physiol. 1990;69:1615-22.
Kennedy TP, Michael JR, Hoidal JR, et al. Dibutyryl cAMP,
aminophylline, and beta-adrenergic agonists protect against
pulmonary edema caused by phosgene. J Appl Physiol.
1989;67(6):2542-52.

Sciuto AM, Stotts RR. Posttreatment with eicosatetraynoic acid
decreases lung edema in guinea pigs e xposed to phosgene: the
role of leukotrienes. Exp Lung Res. 1998;24(3):273-92.
Duniho SM, et al. Acute changes in lung histopathology and

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Chapter 4 Phosgene and Toxic Gases 49

bronchoalveolar lavage parameters in mice exposed to the chok-
ing agent gas phosgene. Toxicol Pathol 2002;30(3):339-49.
Sciuto AM, Moran TS, Narula A, Forster JS. Disruption of gas
exchange in mice after e xposure to the chemical threat agent
phosgene. Mil Med. 2001;166(9):809-14.

Sexton JD PD. Chlorine inhalation: the big picture. Clin
Toxicol. 1998;36(1&2):87-93.

White SM. Chemical and biological weapons. Implications
for anaesthesia and intensi ve care. Brit ] Anaesth. 2002;
89(2):306-24.

Lazarus AA, Devereaux A. Potential agents of chemical w ar-
fare: worst-case scenario protection and decontamination
methods. Postgrad Med. 2002;112(5):133-40.

Herringham W. Gas poisoning. Lancet. 1920;1:423-24.

Diller WF. Medical phosgene problems and their possible so-
Iution. J Occupat Med. 1978;20(3):189-93.

Diller WF. Early diagnosis of phosgene overexposure. Toxicol
Indus Health. 1985;1(2):73-80.

Gunnarsson M WS, Seidal T, Lennquist S. Effects of inhala-
tion of corticosteroids immediately after experimental chlorine
gas lunginjury . J Trauma Injury, Infection Crit Care.
2000;48(1):101.

Frosolono MF SE, Holzman BH, Morecki R, Hurston E. Ef-
fect of aminophylline, hydrocortisone, and prostaglandin E1
on survival time and % lung w ater in rabbits after exposure to
phosgene. Am Rev Respir Dis. 1978;117 (suppl):233-34.
Diller WF, Zante R. A literature review: therapy for phosgene
poisoning. Toxicol Indus Health. 1985;1(2):117-28.

Registry AfTSaD. Medical management guidelines for acute
chemical exposures. Washington DC: US Department of
Health and Human Services; 1994.

Diller WF. Therapeutic strategy in phosgene poisoning. Toxi-
col Indus Health. 1985;1(2):93-99.

Vinsel PJ. Treatment of acute chlorine gas inhalation with neb-
ulized sodium bicarbonate. ] Emerg Med. 1990;8:327-29.
Bosse GM. Nebulized sodium bicarbonate in the treatment of
chlorine gas inhalation. J Clin Toxicol. 1994;32:233-41.
Sciuto AM, Strickland PT, Gurtner GH. Post-exposure treat-
ment with isoproterenol attenuates pulmonary edema in phos-
gene-exposed rabbits. J Appl Toxicol. 1998;18(5):321-29.
Sciuto AM, Stotts RR, Hurt HH. Efficacy of ibuprofen and
pentoxifylline in the treatment of phosgene-induced acute lung
injury. J Appl Toxicol. 1996;16(5):381-84.

RS B. The more common gases; their effects on the respiratory
tract. Arch Int Med. 1919;24:678-84.

Gilchrist HL MP. The residual effects of warfare gases: the use
of chlorine gas, with report of cases. Med Bull Vet Admins.
1933;9:229-70.

Hasan FM GA, Fuleihan FJD. Resolution of pulmonary dys-
function following acute chlorine e xposure. Archiv Environ
Health. 1983;38:76-80.

Diller WE. Late sequelae after phosgene poisoning: a literature
review. Toxicol Indust Health. 1985;1(2):129-36.


http://www.cdc.gov/niosh/npg/npgd0504.html

Incapacitating Agents: BZ, Calmative
Agents, and Riot Control Agents

Yedidia Bentur and John Gomez

3-QUINUCLIDINYL BENZILATE OR BZ

NAME AND DESCRIPTION OF AGENT

3-Quinuclidinyl benzilate, code named by the Army and
widely known as BZ (or QNB), is a potent centrally acting
glycolic acid ester anti-cholinergic. It has effects very similar
to atropine, but it is much more potent in the central nervous
system (CNS) and has a v ery long duration of action. It is
primarily dispersed by aerosol or smok e-producing muni-
tions, and the route of exposure is primarily respiratory. The
British reportedly have a similar agent, known only as Agent
15. BZ was first tested commercially as a gastrointestinal an-
tispasmodic, but when the extreme CNS effects were noted,
civilian therapeutic research was abandoned. The U.S. Army
conducted experiments from the 1960s to the 1980s with
various anticholinergics and found BZ to be the most ef fec-
tive (1-3) The ICt50 (airborne concentration of BZ neces-
sary to incapacitate 50% of exposed and unprotected individ-
uals through inhalation during a set time period) is
approximately 100 mg-min/m? (Figs. 5-1 and 5-2).
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THEORETICAL AND SCIENTIFIC
BACKGROUND

The use of incapacitating agents is not limited to the 20

century. Instances of biologic and chemical w arfare have
been recorded in ancient times. Various alkaloid anticholin-
ergics were used as early as 200 B.C. The infamous Roman
enemy and Carthaginian General Hannibal used mandrak e
root to intoxicate or “incapacitate” rebel African tribes (3-5).
A well-reported use of a belladonna (atropine-lik ¢) alkaloid
was by the Bishop of Muenster who in 1672 used projectiles
and grenades containing belladonna during his attack on the
city of Groningen. Shortly after this occurrence in 1675, the
French and Germans signed the first known treaty outlawing
the use of chemical weapons (1,3,6).

The first recorded use of an incapacitating anti-choliner-
gic substance in the 20 ™ century occurred in 1908 when a
French unit in present-day Vietnam were poisoned with
Datura placed in their e vening meal. Several of the soldiers
exhibited classic signs of anti-choliner gic delirium but re-
covered uneventfully (3,6). The former national Yugoslavian
army was known to have weaponized and stockpiled BZ.
There has been speculation that BZ w as used during the
conflict in Bosnia. In July of 1995, a contingent of a group
of 15,000 people attempting to w alk to Srebrenica report-



edly suffered from hallucinations after an attack from Ser-
bian forces using an unknown gas (7). There are also allega-
tions that Serbian forces used BZ against Kosovo Liberation
Army forces near the Albanian border. Iraq is suspected to
have developed an agent similar or identical to BZ.

An incapacitating agent may be defined as a chemical that
is temporary in its duration, is nonlethal, and has no perma-
nent sequelae. From a military standpoint, an ideal incapaci-
tating agent w ould be odorless, colorless, easily dispersed,
and last a few hours to days, but longer than a few minutes as
seen with the riot control agents. This substance should in-
hibit the cognitive functions of an enemy, keeping them from
performing their task, and be easily dispersible, but still have
a large margin of safety. It should be potent, and have an ef-
fective antidote known only to the user . Numerous agents
were studied by the U.S. Army for this purpose, including at-
ropine, scopolamine, lysergic acid diethylamide (LSD), phe-
nothiazines, and delta-9 tetrahydrocannibinol (THC) (2). BZ
offers several advantages over atropine and scopolamine as
an incapacitating agent. BZ is said to ha ve a very high safety
profile and has 25 times more CNS anticholiner gic potency
than atropine (8). The incapacitating dose is def ined to be
roughly 0.5 mg in a typical adult compared to doses 20 to 25
times that for atropine. In addition, BZ also has less periph-
eral antimuscarinic effect than atropine, which makes it safer,
and it is easier to weaponize/disperse. The onset of action is
approximately one hour, and it peaks at about 8 hours, often
persisting for 3 to 4 days (1,3,8).

Acetylcholine plays a vital role in cogniti ve function.
This is why ne w centrally acting acetylcholinesterase in-
hibitors have been developed to improve memory and gen-
eral cognitive function in patients with Alzheimer’s demen-
tia. Blockade of muscarinic receptors by BZ results in
profound CNS dysfunction.

SIGNS AND SYMPTOMS

BZ crosses the blood brain barrier ef fectively and produces
symptoms within 2 hours. Because of its ready penetration
across the blood brain barrier , the predominant effects are
CNS symptoms. Patients will have anticholinergic delirium
and frequently will not be able to report many symptoms. If
they are coherent enough to gi ve a history, they may report
hallucinations, peripheral effects including dry mouth, vi-
sual symptoms such as blurriness and inability to focus, as
well as a feeling of warmth (1,3).

The symptoms of anticholiner gic delirium range from a
mild delirium to full-blo wn coma. At the mild end of the
spectrum when a victim has recei ved only a minimally ef-
fective dose, symptoms might include poor judgment, som-
nolence, impaired speech, and difficulty with complex task
assignment. The more severely poisoned victim may mani-
fest severe hallucinations from sensory stimuli, and agita-
tion and e ven seizures. Consistent with the def inition of
delirium, there may be waxing and waning of the symptoms
with occasional lucid intervals (1,3).

Anticholinergic delirium includes a fe w unique charac-
teristics that may help identify poisoning with BZ. P atients
may exhibit bizarre grasping mo vements where they may
pick at the air, their skin, or clothing. The term “woolgather-
ing” was once used to describe this peculiar feature. Shared
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hallucinations are described between two patients with anti-
cholinergic delirium who are placed in the same room.
Vivid hallucinations may occur that can be visual, auditory,
or sometimes tactile. These undergo slow extinction as the
CNS symptoms abate (1,3).

Like other anticholiner gics, BZ can cause peripheral
signs and symptoms; ho wever, they may not be as pro-
nounced as one would expect with the typical belladonna al-
kaloids such as atropine or Jimson weed ( Datura strammo-
nium), for example. Patients may manifest features of the
classic anticholinergic toxic syndrome: “dry as a bone, red
as a beet, hotter than Hades, and blind as a bat. ” Sinus
tachycardia, mydriasis, flushed, dry warm skin, and dimin-
ished bowel sounds, hyperthermia, and urinary retention
may be present. Seizures may occur in se vere poisoning. It
is important to note that pupillary dilatation may be mild or
even absent at doses capable of causing delirium. BZ also
causes fewer peripheral symptoms than other anticholiner-
gic drugs. Absence of these symptoms, especially early in
the course of the exposure, is not uncommon (3).

MEDICAL MANAGEMENT

Much like any other biologic or chemical w  arfare attack
agent, treatment is contingent upon proper diagnosis and
maintaining a high index of suspicion. An isolated exposure
to BZ would not be expected, making the diagnosis more dif-
ficult. The combination of peripheral antimuscarinic ef fects
described previously with the characteristic delirium suggests
the diagnosis. Laboratory examinations are not clinically use-
ful. They assist in ruling out other potential causes (such as
metabolic derangements) and in diagnosing possible compli-
cations such as rhabdomyolysis and renal failure. Serum lev-
els can be obtained from specif ic reference laboratories, al-
though they are not helpful in the acute settings.

Patients with exposure to BZ should be decontaminated
as soon as possible. All clothing should be remo ved and
placed in sealed plastic bags. Skin should be thoroughly
rinsed with copious amounts of w ater to prevent possible
ongoing absorption. Staff members should be trained to pre-
vent contamination of this potent agent.

Supportive care is paramount and intuitive. Delirious pa-
tients can certainly be a danger to themselv es and others if
not properly monitored. Victims should be temporarily re-
strained if necessary, and parenteral benzodiazepines should
be used to control agitation. Although such sedatives are not
specific antidotes, they can be useful measures to imple-
ment in an agitated patient and to decrease heat production.

Hyperthermia is an important concern due to the inability
to sweat and increased psychomotor agitation. The patient’s
rectal temperature should be monitored closely to pre vent
the potential dangerous complications. Hyperthermic pa-
tients should be cooled rapidly by misting the patient with
water and then applying fans for evaporation, or by imple-
menting other effective techniques. Cold ice packs are not
thought to be effective for this form of hyperthermia.

Anticholinergic agents cause drying of the secretions,
and along with tachycardia mistak enly lead the treating
physician to belie ve there is signif icant volume depletion
when the patient is actually euvolemic. Hydration status and
urine output should be closely monitored, particularly in
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warm weather (1,8). As with many stimulants and drugs of
abuse, patients are at risk for rhabdomyolysis.

Acetylcholinesterase inhibitors are a classic but much ma-
ligned antidote for antimuscarinic poisonings. Neostigmine,
pyridiostigmine, and physostigmine are all known as medici-
nal carbamates. They act by inhibiting the breakdo wn of
acetylcholine at the synapse, increasing its level, and over-
coming the blockade by competitive displacement. Unlike the
other two agents listed, physostigmine has a tertiary amine
group enabling it to cross the blood brain barrier . Due to its
CNS penetration, it is the cholinesterase inhibitor of choice
for delirium caused by BZ. There is controversy concerning
the use of physostigmine due to reported adverse effects such
as seizures and asystole (9—12). Wide use of physostigmine in
the 1970s and 1980s for undif ferentiated toxic delirium or
coma was felt to be the cause of these reports of complica-
tions. Ketchum reports on military studies that sho ~ w the
safety and efficacy of physostigmine in the treatment of BZ-
induced delirium (3). Other studies have showed the safety of
physostigmine when used in patients with anticholiner  gic
toxidrome who ha ve not ingested drugs with f ast sodium
channel blocking acti vity such as tric yclic antidepressants
(9—-12). Some clinicians are still reluctant to recommend
physostigmine use in this setting. Ho wever with BZ, it ap-
pears that physostigmine is safe and appropriate.

A typical adult dose of physostigmine would be 1 to 2 mg,
IM or IV. The recommended pediatric dose of physostigmine
is 20 pg/kg, up to 0.5 mg over 5 minutes. The dose may be re-
peated. Slow IV push over 5 to 10 minutes reportedly lowers
the incidence of seizures and cardiac ef  fects. All patients
should have an electrocardiogram (ECG) prior to administra-
tion to check the QRS and PR width, and ECG monitoring is
recommended. A QRS duration >100 milliseconds and a PR
interval >200 milliseconds are contraindications to adminis-
tration. Possible co-ingestions of tric yclic antidepressants or
phenothiazines are relative contraindications, although this is
highly unlikely in a suspected BZ exposure (8,9,13).

Physostigmine reversal of symptoms in BZ poisoning may
not be immediate for reasons that are not completely under-
stood (3). Once symptom reversal has been obtained, a simi-
lar dose should be repeated e very 6 hours to pre vent relapse.
Much higher doses may be required for re  versal of se vere
delirium. In one subject e xposed to BZ, a total of 200 mg of
physostigmine was given without the occurrence of adv erse
events (3). Oral dosing is also effective and is an option once
the patient has been stabilized. P atients should be admitted
for observation for 24 to 36 hours.

TRIAGE CONSIDERATIONS

When evaluating patients with suspected or known BZ poi-
soning, rapid triage of those with se vere agitated delirium
for safety issues is important. Those with hyperthermia, se-
vere delirium, or seizures should intuitively take first prior-
ity in a mass exposure situation.

PERSONAL PROTECTION

Routine universal precautions should be used, including
mask and eye goggles, a long sleeve gown and gloves to
prevent contamination.

BZ Summary

m BZ is a potent centrally acting anticholinergic

m Anticholinergic delirium is the hallmark of BZ expo-
sure; peripheral antimuscarinic effects may be delayed
or less prominent.

m Diagnosis is historical, epidemiological, and clinical.

m Decontaminate all suspected patients, wear appropriate
protective clothing.

m Restrain patients to protect them from harm when neces-
sary, using loose netting. Use benzodiazepines liberally.

m Treat hyperthermia aggressively; monitor for
rhabdomyolysis.

m The treatment of choice for patients with significant
intoxication is physostigmine 30 to 45 pug/kg IV/IM.

SEDATIVE OR CALMATIVE AGENTS

NAME AND DESCRIPTION OF AGENTS

Opioids and v olatile anesthetics are potential sedati ve or
calmative agents. Opioids have been used for analgesia for
over 100 years. Intuiti vely, opiates can serve as calmative
and/or incapacitating agents. Morphine’s tendency to cause
severe respiratory depression, as well as other side ef fects
and logistical concerns limit its use in this capacity . In this
section, we will discuss fentan yl and n-4-substituted fen-
tanyl derivatives used as incapacitating agents.

Carfentanil is an n-4 substituted fentanyl derivative that
has high potency and a high therapeutic index (Figs. 5-3 and
5-4). Its safety has been well studied in lar ge animal mod-
els, when used to immobilize wildlife. Other similar drugs
in its class include sufentanil, alfentanil, and remifentanil. A
detailed discussion follows later in the chapter.

Halothane is an example of an anesthetic gas that can also
be considered as a potential calmati ve agent. However, its
odor and safety profile may be of concern in this capacity.

THEORETICAL AND SCIENTIFIC
BACKGROUND

The first and only reported modern use of a sedating inca-
pacitating agent occurred in Russia. In late October of 2002,
Chechen rebels took 800 civilian hostages attending a stage
show. The rebels were armed with explosives and threatened
to blow up themselves and their captives. A few days later,
Russian special forces used a calmati ve gas to subdue the
rebels and take control of the crisis. Victims were taken to
local Moscow hospitals. In the tragic aftermath of the situa-
tion, 646 people were treated in local hospitals, and 118 of
the victims died (16).

The victims were found to ha ve signs and symptoms of
opiate toxicity (15,16). After significant pressure from the
families of the victims, the Russian government released a
statement claiming that the gas used was a derivative of fen-



Figure 5-3. Carfentanil

Figure 5-4. Fentanyl

tanyl. Wide speculation is that carfentanil, a substituted n-4
fentanyl derivative, was the most lik ely agent used. Etor-
phine has also been suggested as a possibility (16). Man y
experts believe that there w as a concomitant use of an in-
halational anesthetic. Evidence to support this comes from
two German victims who were found to ha  ve traces of
halothane when urine and blood samples were obtained (17).
The ideal calmative agent should have the potential to in-
duce quick but easily reversible deep sedation or coma in an
armed, dangerous, hostile situation, especially where inno-
cent victims are involved. Its physical properties should en-
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able quick removal from the en vironment and have a high
therapeutic index. The episode described here has increased
awareness of the potential use of calmative agents for use as
incapacitating agents. In hostage situations such as the
Chechnyan crisis, the potential adv antages of calmati ve
agents over a deliriant (BZ) or LSD become obvious.

Fentanyl is a synthetic opioid with a potency 100 times that
of morphine, while having a much safer side-effect profile (18).
It is a selective mu-agonist with an elimination half-life of 2 to
4 hours. Over the past two decades, more potent substituted n-4
fentanyl derivatives have been developed. These agents differ
in the substitution of the n-4 position, classed as n-4 substituted
1-(2-arlethyl)-4 piperidinyl-n-phenylpropanamides. A few ex-
amples include sufentanil, alfentanil, remifentanil, and carfen-
tanil. These agents have been used for intra venous analgesia
used in conjunction with inhalational anesthetics. These agents
are purported to have very high safety margins (19).

Trials of aerosolized fentanyl for analgesia have been per-
formed in humans (20,21). These studies found a relati vely
low bioavailability and a wide variation in serum blood levels
to achieve effective analgesia. This was believed to be due
mainly to fentanyl’s variable pharmacokinetics, lipid solubil-
ity, and high volume of distribution. Higgins noted that indi-
vidual doses vary widely in part due to variability in each pa-
tient’s respiratory pattern (20). These features, together with
inconsistent aerosolized particle distrib ution, make fentanyl
an improbable candidate for use as a calmative agent.

Carfentanil has been extensively used as a pareteral inca-
pacitating agent for large animals (22-25). Carfentanil has a
potency 10,000 times that of fentan yl (15). As mentioned
previously, a high therapeutic ratio has been noted in all n-4
substituted fentanyl derivatives in rats (19). In theory this
makes carfentanil a good candidate as an incapacitating or
calming agent. One may doubt that carfentanil alone w ould
be adequate as a calmati ve agent, perhaps explaining the
possible use of halothane in the Russian hostage situation
described previously.

There are several problems with the use of a fentan yl de-
rivative as an incapacitating agent. Although carfentanil and
its similar analogs have high potency and a high therapeutic
index for other uses, the dose required to produce incapacita-
tion of 99% of the tar get victims is significantly higher than
what is likely safe, resulting in a high potential incidence of
unintended mortality. Distribution of an aerosolized agent to
a large group of people in equipotent doses is also logisti-
cally problematic. Some people may recei ve a substantially
larger dose than desired while others may be underdosed.
This is because of varying degrees of ventilation by various
individuals and because of uneven dispersal patterns.

Halothane is a bromine-containing inhalational anesthetic
(2-bromo-2-chloro-1,1,1-trifluoroethane). It is a highly v ola-
tile, colorless and lipid-soluble liquid that can be detected by
its sweet odor. Halothane is a rapid and short-acting agent
with a peak action at 1.3 to 3.5 minutes. It has an elimination
half-life of 26 minutes with duration of action of 4 to 16 min-
utes. About two-thirds of the absorbed dose is e xcreted un-
changed by the lung, the rest being metabolized. The main
metabolites include bromine, trifluoroacetic acid, chloride
salts, ethanolamine, and cysteine conjugates. The latter two
metabolites may be involved in halothane-induced hepatotox-
icity It is more potent than nitrous oxide and enflurane with
minimum alveolar concentration of 0.6% to 1.0% (26,27).
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SIGNS AND SYMPTOMS

The history may not be available from the patient, and Emer-
gency Medical Services, bystanders, or the agency that used
this agent should be recruited to assist in obtaining critical in-
formation. The clinical manifestations are those widely asso-
ciated with opioid intoxication. At low doses, drowsiness and
euphoria may be reported. Rapid induction of coma and res-
piratory depression may be the only history available.

Miosis, CNS depression or coma, and respiratory depres-
sion or arrest are all hallmarks of this toxidrome. Other f ind-
ings may include bradycardia, hypotension, and hypothermia.

Urine drug screens are not likely to pick up the presence of
synthetic opiates such as fentanyl. Serum levels of suspected
exposure victims can be sent to a reference laboratory , but
this will not be useful in the acute clinical setting (8).

The main toxic ef fects of halothane include a dose-de-
pendent CNS and respiratory depression, including apnea,
bradycardia, other arrhythmias, and hypotension. Halothane
is known to sensitize the myocardium to catecholamines. He-
patotoxicity of Type I (transient enzyme abnormalities) and
Type 11 (idiosyncratic reaction) have been reported (26,27).

MEDICAL MANAGEMENT

The critical component in the treatment of an opiate poisoning
is support of the respiratory system. Ev en if the standard anti-
dote is not available, oxygenation with early and aggressive sup-
port of ventilation is important to prevent hypoxic brain injury.

Naloxone is the antidote of choice for opiate poisoning or
overdose. Unique to synthetic opiates is that high doses of this
antidote are often required to re verse respiratory depression and
coma (8). Experience with carfentanil in wildlife has sho ~ wn
higher than standard doses of naloxone are required to re ~ verse
clinical effects (28). Higher doses in the range of 0.3 mg/kg or
higher may be required. It is important to remember that nalox-
one typically has a shorter duration of action than man y opiates.
The patient should be monitored for the potential of recurrent
respiratory depression after administering this antidote. Fentanyl
and 4 n-substitutes also undergo redistribution due to their highly
lipophilic properties. At high doses the clinician should be vigi-
lant to observe for recurrence of respiratory and CNS depression.

If an additional inhalational agent has been used, nalox-
one may not be completely effective. Aggressive support of
oxygenation and v entilation with cardio vascular support
should suffice until the effects have dissipated.

The treatment of halothane toxicity includes remo  val
from exposure and support of the respiratory and cardiovas-
cular systems. Vasopressors may induce cardiac arrhythmias
and should be used cautiously . There is no antidotal treat-
ment, although N-acetylcysteine has been suggested as a
treatment modality based on animal studies (26,27).

TRIAGE CONSIDERATIONS

When triaging patients, those with any signs of hypoventila-
tion or depressed mental status should take immediate prior-
ity. In a multicasualty incident, naloxone stores may not be
sufficient to treat all victims. In all circumstances, however,
it should be remembered that support of v entilation and
oxygenation are the mainstays of treatment.

PERSONAL PROTECTION

Once the patient has been remo ved from the area to a well-
ventilated space, significant contamination of staf f is un-
likely. Until the nature of the e xposure is known, appropri-
ate personal protection should be maintained.

Calmative Agents Summary

= Calmative agents such as potent short-acting opiates
may become increasingly used in hostage situations.

m The most critical action is support of oxygenation and
ventilation.

= Miosis, coma, and respiratory depression are the hall-
marks of the intoxication.

m [arge doses of naloxone may be required, and a contin-
uous intravenous drip should be considered.

= In the event of a calmative agent use, adequate disaster
response resources should be made available.

RIOT CONTROL AGENTS

NAME AND DESCRIPTION OF AGENT

In this section we will discuss the three most common riot
control agents together and elucidate their indi vidual charac-
teristics. These agents include chloroacetophenone (CN),
chlorobenzylidene malonitrile (CS), and oleoresin capsicum
(OC). We will also include a fourth agent, diphenyl-
aminochloroarsine (DM), out of historical interest only (Figs.
5-5 to 5-8). Other general descriptions used interchangeably
are harassing agents or lacrimators. Details and actions of the
individual agents are discussed in more detail later.
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Figure 5-5. Chloracetophenone (CN)
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Figure 5-6. Chlorobenzylidine malonitrile (CS)
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Figure 5-7. Capsaicin

Figure 5-8. Adamsite (DM)

THEORETICAL AND SCIENTIFIC
BACKGROUND

The use of irritant gases as nonlethal riot control agents is a
fairly modern concept. There are several historical instances
of irritant gas use w orth mentioning. Se veral accounts of
sulfur oxides, also known as Greek Fire, were used from an-
cient times through the Middle Ages. Hunyada Janos, a
Hungarian national hero, used an arsenical smok e against
the Ottoman Turks in the successful battle of Belgrade
(29,30). The first modern use of irritant gas for the purpose
of riot control came in 1914. In this year , the Paris police
used ethylbromoacetate grenades to subdue prisoners (31).
Both sides during World War I used harassing agents. The
use and de velopment of irritant gases for riot control e x-
panded greatly in the 1950s and 1960s.

Riot control agents are by def inition short-acting and
nonlethal, and they temporarily incapacitate the target popu-
lation very rapidly. Also known as sensory incapacitants,
they cause severe irritation and discomfort and, therefore,
reduce the ability and moti vation of the tar get victim to
cause harm. Their duration of action is short, usually less
than 30 minutes. Ideally , they should ha ve low and re-
versible toxicity. Although they all have common clinical
manifestations, they are theoretically subdi vided into
lacrimators, sternutators, and vomiting agents. Lacrimators
include agents that cause irritation and lacrimation, sternu-
tators are products that induce violent coughing and sneez-
ing, and vomiting agents cause vomiting.

The potencies of these agents are defined by the product
of the concentration and exposure time sufficient to disable
50% of a group of unprotected indi viduals. This is otherwise
known as the ICts,. The LCts is a description of the time that
is required to be lethal to 50% of the population. A higher
LCtsy coupled with a lo wer ICts indicates a higher safety
margin. Exact values for the agents are not important for our
discussion and may be obtained from the reference section.

Chloroacetophenone or CN, more commonly known by
its trade name Mace, was developed in 1871 and used in
World War I. It became the most commonly used riot con-
trol agent by the U.S. military and police agencies through
the 1950s and is still a vailable today. CN was found to be
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relatively more harmful than some of the other agents and
has largely been replaced.

Corson and Stoughton first synthesized 0-chlorobenzyli-
dene malonitrile (CS) in 1928, and their initials were used
for its trade name. It has been used extensively in the past by
the U.S. military, and currently it is being used w orldwide
as a sensory incapacitant (32). Relative to CN, the LCts for
CS is higher and considered a safer riot control agent. It is
up to ten times more potent than CN. There has been exten-
sive experience with the use of this agent.

Oleoresin capsicum (OC) is also known as capsaicin and
pepper spray. OC is deri ved from extracts of the peppers
Capsicum annum and Capsicum frutescence. Numerous
compounds are found in this e xtract; however, capsaicin is
the primary and most irritating component. Itisno w the
most commonly used sensory incapacitant in the United
States, and its use is increasingly globally . Concentrations
are available in 1% to 10% solutions, with lower concentra-
tions for sale to the public. Capsaicin causes the release of
the neuropeptide substance P, which causes vasodilatation,
inflammation, and increased and prolonged pain through
slow-acting c-fibers (31,33,34).

Diphenylarenamine (DM) also known as Adamsite is an
irritant and vomiting agent. DM is more toxic than CN, CS,
and OC. At lower concentrations, DM acts in similar f ash-
ion as the other harassing compounds with typical sensory
irritant properties. At higher concentrations DM was known
to cause vomiting in a delayed fashion (31,35). This delayed
irritation caused by DM is considered an adv antage in war-
fare in that by the time the target develops irritant symptoms
and then puts on his/her mask, he/she may have already re-
ceived a large dose. The victim will begin to vomit, remove
his/her gas mask and be exposed, perhaps to nerve agents or
other highly toxic substances. At lower concentrations irri-
tant symptoms predominate, while higher doses are required
for nausea and vomiting. Due to the propensity for victims
to vomit, the use of DM has been widely discontinued in the
civilian setting.

SIGNS AND SYMPTOMS

Riot control agents all affect the ophthalmologic, upper res-
piratory, lower respiratory, and integumentary systems to
varying degrees. Table 5-1 summarizes the general clinical

effects by organ system. The most pronounced effect of all
these agents at lo w concentrations are the ophthalmologic

symptoms of intense pain and involuntary blinking that tem-
porarily will incapacitate the victim. Vomiting is very com-
monly associated with DM, as discussed previously. It has
also been seen to a lesser extent with the use of CN.
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IAGIRCR N Effects of Riot Control Agents

* Ophthalmologic—stinging, pain, tearing,
blepharospasm (involuntary blinking)

« Upper respiratory tract—pain/burning of the oropharynx
and nasal passages, copious rhinorrhea

» Lower respiratory tract—cough, chest tightness, short-
ness of breath

+ Dermal—stinging, burning, erythema, occasional
blistering

+ Qastrointestinal—vomiting (Adamsite)

The eyes are the most immediate and severely effected
of the target organs. The intense pain and blepharospasm
incapacitates the victim. Severe lacrimation, conjunctival
injection, and periorbital edema are also noted. The
symptoms appear within seconds for pepper spray and
within a minute for CS (32). Of the agents discussed, CN
is the most potentially harmful, while CS and pepper
spray are much safer. They all cause a conjunctivitis, but
CN has been sho wn to cause corneal edema, corneal
opacification, and glaucoma in animal models (35).
There are reports of CN powder lodging in the stroma of
the cornea. Much of the damage from CN was believed to
be due to the traumatic ef fect of the propellants used as
well as the proximity of the blast (36,37).  The effects
from CS and pepper spray typically resolv e within 30
minutes, while that of CN may be more prolonged.

The upper respiratory tract is uniformly irritated with
all harassing agents, with pepper spray having the fastest
onset on action. The effects include pain and stinging in
the nose and mouth, sneezing, increased secretions, and
rhinorrhea. At usual concentrations and limited € xpo-
sure, lower respiratory tract manifestations include
coughing, chest tightness, and shortness of breath. The
cilia function to clear the airw ays of the irritants and
protect the alveoli from further damage. At high enough
concentrations and prolonged e xposures, this protective
effect is lost, and there can be lo wer airway exposure
and damage (38). Bronchospasm is relati vely common,
especially in those with underlying reacti ve airway dis-
ease, and can be potentially serious. Rare cases of pul-
monary edema ha ve been reported for CS (39). Cap-
saicin is especially concerning in this re gard and has
been implicated in se veral deaths attrib uted to se vere
bronchospasm (31,40). Animal models with prolonged
and fatal exposure showed edema and inflammatory cell
infiltration in the alveoli.

Dermatological effects manifest initially as pain and ir-
ritation. Erythema followed by blistering and burning can
occur at higher doses. Usually these ef fects are minimal
and transient. The concentration, duration of e xposure,
and even humidity appear to af fect the se verity of the
burns when they occur (35). Higher humidity and mois-
ture have been reported to worsen the effect. An acute and
delayed allergic contact dermatitis is well described with
CN and CS, although CN is a much more potent sensi-
tizer. These effects are seen in tar get victims and espe-
cially those involved in the manufacture of these chemi-

cals (41). DM and capsicum both cause erythema and
pain, and DM may cause skin necrosis (31).

MEDICAL MANAGEMENT

In general, riot control agents cause little in the way of seri-
ous morbidity or mortality. The obvious exceptions include
those exposed to higher concentrations, especially in an en-
closed space, for a longer period of time. Those with under-
lying respiratory disease or decreased physiologic reserv e
may be more susceptible as well. Treatment is mainly sup-
portive. Patients should be disrobed and w ashed with copi-
ous amounts of cold water. Soap and water may be more ef-
ficacious but may cause a transient increase in the patient’ s
symptoms (37). The patient’s clothing should be sealed in a
plastic container until it can be washed in a cold solution for
decontamination.

Most cases of capsaicin, CN, or CS e xposure resolve
spontaneously within 30 minutes of exposure, and do not re-
quire treatment. More se vere ophthalmologic e xposures
may be treated as with other chemical e ye exposures. Con-
tact lenses should be removed and topical anesthetics can be
used liberally for pain control, and irrigation with isotonic
saline or lactated ringers is beneficial (35). Others have rec-
ommended eye exposures be treated by blowing dry air over
them with a cold hair dryerora f an (32,36,37). The eye
should be examined in all cases for the presence of foreign
bodies or more extensive eye injury. Referral to an ophthal-
mologist may be prudent, particularly for cases of more se-
vere ocular trauma or iritis.

Upper respiratory symptoms are generally transient and
should resolve without treatment. Occasionally lo wer tract
toxicity may occur in patients with prolonged e  xposures.
Patients with dyspnea can be treated with humidif ied oxy-
gen, and those with bronchospasm or underlying reacti ve
airway disease may benefit from -2 agonist. Patients with
prolonged dyspnea or chest tightness after a period of obser-
vation should be admitted and observ ed (31,32,35). Corti-
costeroids are of no pro ven benefit but may be considered
for use in patients with moderate or se vere toxicity. Acci-
dental exposures in inf ants and neonates are potentially
much more serious probably due to decreased protective re-
flexes and should be managed conservatively. Billmire et al.
reported a case of an accidental e xposure to pepper spray-
induced respiratory failure in a 4 week old that was success-
fully treated with e xtracorporeal membrane oxygenation
(ECMO) (42).

Dermal contamination should be treated similarly to other
chemical burns with copious irrigation. An alkaline solution
containing 6% sodium bicarbonate can hydrolyze CS and
may be used as a decontaminating solution. Diluted Bur-
row’s solution applied with moist dressings may be of some
symptomatic relief. Cold silver nitrate has also been recom-
mended (35). Allergic contact dermatitis should be treated
with topical corticosteroids (31,41).

TRIAGE CONSIDERATIONS

A rapid priority in treating patients ¢ xposed to riot control
agents is the safety of hospital staff and other victims. These
patients should be taken to a well-ventilated area for decon-



tamination as soon as possible to pre vent secondary harm to
staff or other patients.

PERSONAL PROTECTION

Standard universal precautions should be emplo yed. Long
sleeve gowns, rubber gloves, eye protection, and a well-fitted
respiratory mask should be w orn until the clothing has been
removed and the patient has been properly decontaminated. A
decontamination suite or a room with good ventilation should
be used if possible to protect emergency personnel.

Riot Control Agents Summary

= All riot control agents may cause irritation to the skin
and respiratory system.

m These agents are commonly used in police actions.

= In general, these agents have low morbidity and
mortality, and the effects are short lived.

m Rapid decontamination is the removal and sealing of
clothes.

m Wear protective clothing, and use a well-ventilated area.

m Thoroughly irrigate the eyes and skin.

» Humidified oxygen and beta-2 agonists may be bene-
ficial in patients with severe respiratory symptoms.

m Skin exposures may benefit from dilute Burrow’s so-
lution compresses or corticosteroids for allergic con-
tact dermatitis.

® Admit patients with prolonged respiratory symptoms
and all infants with exposures.

OTHER AGENTS

LSD, THC, and phenothiazines have been tested in the past
by the U.S. military and could theoretically be used as inca-
pacitating agents (2). However, military experimentation has
generally been considered unsuccessful. As a class, these
common drugs are difficult to weaponize and can lead to un-
predictable effects.

RESOURCES

1. Centers for Disease Control and Prevention
http://www.bt.cdc.gov

2. National Library of Medicine and National Institute
of Health Medlineplus
http://www.nlm.nih.gov/medlineplus
/biodefenseandbioterrorism.html

3. World Health Organization
http://www.who.int

4. National Institute for Occupational Safety and Health
http://www.cdc.gov/niosh/homepage.html
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5. Agency for Toxic Substances and Disease Registry
http://www.atsdr.cdc.gov/atsdrhome.html

QUESTIONS AND ANSWERS

1. You are treating a 19-year-old police officer who re-
sponded to a crime scene and was exposed to an un-
known aerosolized chemical agent one hour prior to
presentation. He is one of several membersin the unit
who was not wearing a protective gas mask prior to
the exposure. Your patient is disoriented, intermit-
tently agitated, at times sedated, and exhibiting occa-
sional random picking movements at his skin. His
heart rate is 132 and his temperature is 41°C. During
the exam, you note that his pupils are 4 mm, that his
skin is somewhat warm to the touch, and that his ax-
illa exhibits a lack of perspiration. His mucous mem-
branes appear rather dry also. What is the most im-
portant initial therapeutic treatment for this patient?

A. Immediately administer atropine 2 mg IM, fol-
lowed by haloperidol 5 mg IM, and then restrain
the patient with a heavy bed sheet.

B. The patient should be undressed, apply fans and
misting to cool the patient off. Start IV fluids and
administer benzodiazepines as needed for restraint
and sedation. Physostigmine may then be given.

C. One dose of physostigmine 2 mg IM is the only
treatment needed.

D. Give the patient a trial dose of naloxone and 1 g
acetaminophen and then observe.

E. Cover the patient with ice packs and bolus
2 liters of normal saline.

2. The patient in the first question has responded well
to the antidote and isnow alert and oriented. The of-
ficer in charge would like to know whether he can
take the officer back now that he has been treated.
You tell him:

A. The patient is free to go, but must be watched
closely and should return if the symptoms reoccur.

B. The patient must be monitored in the hospital and
treated with high-dose haloperidol as needed.

C. The agent the patient was exposed to can last up to
3 days, and the symptoms will likely return so that
the patient will need repeated doses of the antidote.

D. The patient may now return to active duty, but he
is to try and stay out of the heat.

E. The patient needs to be observed in the ER for 6
more hours, if his symptoms do not return, he then
is free to go.

3. Which of the following lessons learned from the
Chechnyan rebel hostage crisisismost valid?

A. Naloxone is a critical antidote that should not be
overlooked when preparing hospitals for readiness
against possible use of incapacitating agents.

B. Sedative opiates, if not properly disseminated, can
be associated with a high mortalilty rate.

C. Consideration of proper ventilation in the target
area should be done before using a calmative agent.


http://www.atsdr.cdc.gov/atsdrhome.html
http://www.bt.cdc.gov
http://www.nlm.nih.gov/medlineplus
http://www.who.int
http://www.cdc.gov/niosh/homepage.html
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D. The therapeutic indices of 4-n-substituted fentanyl Neonates and infants exposed are also at high risk and
derivatives are in actuality high. should be admitted for observation and treatment. The pa-
E. All of the above are correct. tient in our scenario does not manifest serious signs of pul-

monary toxicity and should respond well to supportive
treatment with beta-2 agonist and humidified oxygen. If
symptoms were to persist, a period of inpatient observation
isreasonable.

4. A 42-year-old armed burglary suspect was subdued
using oleoresin capsaicin. The police bring him in for
evaluation of hiscomplaints of shortness of breath. He
complained earlier of stinging in the eyes, but he no
longer has any visual complaints. He hasa history sig-
nificant for mild asthma. His vital signs are HR 112,
RR 16, T 99.2°F, and O, sat of 98% on room air. On  REFERENCES
examination, he is anxious, and you auscultate a few
faint wheezes, but his air exchange isgood_ You would 1. Fitzgerald GM, Sole DP. CBRNE—incapacitating agents,
do which of the following: Agent 15. In: White S, Talavera F, Darling RG, et al. eds.
eMedicine.com, Inc.; 2001;2(10).

2. Carter M. Flying high for the US  Army. New Sci. 1976;71

(1015):451.

. Ketchum JS, Sidell RS. Incapacitating agents. In: Textbook of

military medicine: medical aspects of chemical and biological

A. Order a chest X-ray, an arterial blood gas, and start
him on oxygen, inhaled beta-2 agonist and admin-
ister a dose of physostigmine 2 mg I'V. 3

B. After appropriate workup and treatment, call the

hOSpi_taliSt and get him admitted for observation. warfare. Zajtchuck R, Bellamy RF, eds. Washington DC: Of-
C. Adminster humidified oxygen, give one dose of a fice of the Sur geon General, Department of the Army, USA,

beta-2 agonist, and then reassess. If his condition 1997. (www.vnh.org/MedAspChemBioWar)

improves, discharge the patient to the custody of 4. Frontinu SJ, Bennet CHtrans. The stategems. London:

the police. William Heineman; 1925. Cited in: Goodman E. The descrip-
D. After your exam, discharge the patient immedi- tive toxicology of atropine. Edge wood Arsenal, MD. Unpub-

: : : : : . lished manuscript, 1961, and Zajtchuck R, Bellamy RF
ately since the ED is busy and this patient is obvi eds.Textbook of military medicine. Washington DC: Office of

ously not very sick.
d . . the Surgeon General; 1997.
E. Order a 3% bicarbonate nebulized solution and 5. Schultes R. Lecture 29—medicinal plants. In: BSCI 124 lec-

then reassess the patient’s symptoms in 20 minutes. ture notes. Undergraduate program in plant biology. University

of Maryland, Oct. 16, 1998. (www.life.und.edu/classroom/

ANSWERS bscil24/lec29.html)
6. Lewin, L. Die Gifte in der Weltgeschichte [Poisons in w orld
1: B. Thepatient in thefirst question was exposed to BZ. Initial history]. Berlin: Springer; 1920. Cited in: Goodman E. The
treatment should be supportive. Hyperthermia from an an- descriptive toxicology of atropine. Edge wood Arsenal, MD.
ticholinergic should be treated aggressively with evapora- Unpublished manuscript, 1961, and Zajtchuck R, Bellamy RF,
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Section 2

Biological Agents

Anthrax

Anthony J. Carbone

NAME OF AGENT

Disease: Anthrax; Organism: Bacillus anthracis.

THEORETICAL AND SCIENTIFIC
BACKGROUND

Anthrax is a zoonotic disease caused by the bacterium Bacil-
lus anthracis. Its name is derived from a Greek word for coal,
anthrakis, because the disease causes coal-like skin lesions in
humans (Fig. 6-1) (1). The disease has been described since
antiquity. The biblical fifth plague of ancient Egypt (circa
1500 B.c.) is believed to have been caused by anthrax (2). Vir-
gil recorded a description of anthrax in 25 B.C. (3), and the
disease was known as the “Black Bane” during the Middle
Ages (4). Robert K och used anthrax to demonstrate the mi-
crobial origin of disease in 1876 (5). Soon after , John Bell
recognized Bacillus anthracis as the cause of w oolsorter’s
disease (inhalational anthrax) and w as instrumental in estab-
lishing wool disinfection procedures, dramatically reducing
the incidence of occupational disease (6). Anthrax is also the
first disease after smallpox for which an effective vaccine was
developed [by William Greenfield in 1880 (7), followed by
Louis Pasteur’s heat-cured vaccine in 1881 (8)].

Figure 6-1. Cutaneous anthrax lesion of the neck. Source: CDC-
PHIL, date unknown.

EPIDEMIOLOGY OF NATURALLY
OCCURRING ANTHRAX

Anthrax is a naturally occurring disease that af fects herbi-
vores (primarily cattle, sheep, and goats) that become in-
fected after grazing on soil contaminated with B. anthracis
spores (9). The animals develop gastrointestinal anthrax fol-
lowed by systemic dissemination and death (1). Humans
generally acquire the disease following contact with anthrax-



infected animals or contaminated animal products. Human-
to-human transmission has not been described (2,9,10,12).

Anthrax occurs globally and is most common in agricul-
tural regions with inadequate anthrax control programs for
livestock. The disease has been reported in o ver 80 coun-
tries. Human cases are rare, but they have been reported in
Africa, the Middle East, Asia, Southern and Eastern Europe,
the Caribbean, and the Americas (13,14). Cutaneous anthrax
is the most common naturally occurring form of anthrax
with an estimated 2,000 cases annually worldwide (11).
Turkey reports over 400 human cases annually , mostly in
the form of cutaneous anthrax (15). The United States expe-
riences rare outbreaks in cattle along the “anthrax belt” of
the Great Plains and reported only six human cases between
1988 and 2001 (16,17). Inhalational anthrax is rare with
only 18 cases reported in the United States during the 20
century; most of these cases were attributed to occupational
exposure among goat hair mill and wool or tannery workers
(18,19). The largest reported epidemic of human anthrax oc-
curred in Zimbabwe with over 6,000 cases, virtually all cu-
taneous, with approximately 100 fatalities reported between
1978 and 1980. The outbreak was attributed to a lapse of es-
tablished public health and veterinary practices during the
Rhodesian Civil War (12,20). Gastrointestinal anthrax is un-
common, but probably underreported. Outbreaks of gas-
trointestinal anthrax are continually reported in Africa and
Asia following ingestion of insuf ficiently cooked contami-
nated meat (2).

Deliberate Transmission

Anthrax has long been recognized as a potential biological
weapon. The Japanese Imperial Army experimented with
anthrax on prisoners of w ar and Chinese ci vilians during
World War II (21,22). The U.S. military weaponized anthrax
spores in the 1950s and 1960s before its offensive biological
weapons program was terminated (23). The Soviet Union
produced and stockpiled thousands of tons of weaponized
anthrax beginning in 1973 and continuing until the f all of
the Soviet Union in 1991 (24). One So viet biological
weapons factory, located in Sverdlovsk, USSR (present day
Ekaterinsburg, Russia), accidentally released a small amount
of militarized anthrax spores in 1979, resulting in 68 re-
ported fatalities. Soviet officials claimed the fatalities were
due to gastrointestinal anthrax from tainted meat; ho wever,
local pathologists identified the causes of death as inhala-
tional anthrax on autopsy (25-29). In 1995, Iraq admitted to
having produced 8,500 liters of anthrax b ut declared that
they destroyed all biological weapons shortly after the start
of the Persian Gulf War in 1991 (30,31). The Japanese cult
Aum Shinrikyo sprayed anthrax from the rooftop of their
Tokyo headquarters in 1993 in an act of terrorism,  which
failed because the group unwittingly used a benign v accine
strain (32,33). In September 2001, an unknown terrorist
mailed threatening letters containing anthrax spores to tele-
vision news anchor Tom Brokaw, and U.S. Senators Tom
Daschle and Patrick Leahy, through the U.S. Postal Service.
When it was over, 23 individuals had contracted anthrax—
10 with inhalational anthrax and the remainder with cuta-
neous anthrax. Five of the 23 (22%) victims died as a result
of the anthrax infection; all five had been diagnosed with in-
halational anthrax (34-37).

Chapter 6 Anthrax 91

Microbiology

Bacillus anthracis is an aerobic, spore-forming, nonmotile,
encapsulated, gram-positive rod (Fig. 6-2). The natural reser-
voir for B. anthracis is the soil in the spore form of the organ-
ism. Anthrax spores germinate into v egetative bacilli when
they enter an environment that is rich in amino acids, nucleo-
side, and glucose, as is found in the blood and tissues of
hosts. The vegetative bacilli will form spores when nutrients
have been exhausted or when the en vironment is exposed to
ambient air (38,39). Vegetative bacteria cannot survi ve out-
side of an animal or human host, whereas the B. anthracis
spore is extremely hardy and has been known to survive in
soil for decades (40). The vegetative cell is large, measuring 1
to 10 pm by 1 to 1.5 um. Anthrax spores measure approxi-
mately 1 um (Fig. 6-3). B. anthracis readily grows aerobi-
cally on sheep blood agar and is nonhemolytic under these
conditions (2). The colonies are lar ge (4 to 5 mm), rough,
grayish-white, with a swirling “comet-tail” or “curled-hair”
appearance (Fig. 6-4). Several laboratory tests are used to dif-
ferentiate virulent B. anthracis strains from other innocuous
Bacillus species. Unlike other Bacillus species (B. subtillus
and B. cereus,) B. anthracisis characterized by the absence of
hemolysis, motility, growth on phen ylethyl alcohol blood
agar, gelatin hydrolysis, and salicin fermentation (1,9,48).
Microbiologists should be warned of the possibility of B. an-
thracisin order to run special tests on Bacillus species to rule

Figure 6-2. Photomicrograph of Bacillus anthracis using
Gram stain technique. Source: CDC-PHIL, date unknown.

Figure 6-3. An electron micrograph of spores from the Sterne
strain of Bacillus anthracis bacteria. Source: CDC-PHIL, 2002.



98 Section 2 Biological Agents

Figure 6-4. Bacillus anthracis colonies growing on sheep blood
agar. Note that some colonies demonstrate the classic “comet-
tailed” swirled appearance. Source: CDC-PHIL, date unknown.

out anthrax and to ensure that tests are processed under
Biosafety Level 2 (BSL2) conditions.

Pathogenesis

Anthrax infections are nearly al ways fatal in animals, but
they are not al ways fatal in humans. Anthrax spores enter
the body by inhalation, ingestion, or breaks in the skin
where they are phagocytosed by macrophages and carried
via lymphatics to re gional lymph nodes. The endospores
germinate inside the macrophages and become v egetative
bacteria. Vegetative bacteria are then released from the
macrophages where they multiply in the lymphatic system
and enter the bloodstream resulting in massi ve septicemia
(41). The vegetative bacilli e xpress virulence factors that
lead to death of the host. The principle virulence factors for
B. anthracis are encoded on two plasmids—one involved in
the synthesis of an antiphagoc ytic polypeptide capsule, and
the other containing the genes for the synthesis of three pro-
teins it secretes: Protective Antigen (PA), Edema Factor
(EF), and Lethal Factor (LF) (1,41,42). Indi vidually these
proteins are not c ytotoxic; however the combination of P A
with LF or EF results in formation of the binary ¢ ytotoxins,
lethal toxin, and edema toxin, respectively. The PA permits
the binding of lethal toxin and edema toxin to the host cell
membrane and f acilitates their transport across the cell
membrane (43). Edema toxin inhibits the neutrophil func-
tion and is responsible for the formation of the prominent
edema found in anthrax lesions (44,45). Lethal toxin attacks
macrophages resulting in the production of reacti ve oxygen
species and the release of the cytokines, tumor necrosis fac-
tor-a and interleukin-1¢, which lead to shock and sudden
death in appropriate concentrations (1,46—48).

Clinical forms of anthrax

Anthrax manifests itself in three major clinical forms depend-
ing upon the route of e xposure: cutaneous, gastrointestinal,
and inhalational anthrax. Ninety-five percent of human cases
of anthrax are reported as cutaneous (1,2,48). The remaining
cases tend to be inhalational from occupational € xposure to

contaminated animals and animal products. Gastrointestinal
anthrax is rare, and no cases have been reported in the United
States (49). Symptoms and incubation periods v ary depend-
ing on the route of transmission and the size of the inoculum.
In general, symptoms appear within 1 to 7 days of exposure
but may de velop within hours follo wing a large inoculum;
however, it could be as long as 60 days (1,41).

Cutaneous Anthrax. Cutaneous anthrax results from
handling contaminated animal tissue or products. Anthrax
spores enter the skin through small cuts and abrasions,
germinate to the bacillary form, and multiply. Germination
takes place in macrophages, and toxins release results in
edema and tissue necrosis, with little or no purulence (1).
Cutaneous anthrax usually remains local, although if un-
treated, the disease enters the lymphatics and becomes
systemic in 5% to 20% of cases (50). Cutaneous anthrax
has a mortality rate of 10% to 20% for untreated cases and
is usually less than 1% with treatment (1,2).

Gastrointestinal Anthrax. Gastrointestinal anthrax is
the least common, or more likely, the least reported of the
three clinical forms of anthrax. Gastrointestinal anthrax is
contracted after eating meat contaminated with ~ B. an-
thracis spores. The spores can infect the system an ywhere
along the gastrointestinal tract and cause tw o distinct syn-
dromes based upon the primary site of infection: abdomi-
nal and oropharyngeal anthrax. Autopsies suggest that the
initial site of infection is most commonly the terminal
ileum or cecum (28). The spores germinate into the v ege-
tative form and migrate to the mesenteric and other re-
gional lymph nodes. The bacilli multiply in the lymph
nodes resulting in bacteremia and death. The case fatality
rate for gastrointestinal anthrax is not precisely known, but
it is estimated to be 25% to 60% (9,51). Gastrointestinal
anthrax could potentially be the result of an act of bioter-
rorism. The Japanese Imperial Army’s secret biological
warfare program attempted to poison children with choco-
late tainted with anthrax spores during World War II (52).
The apartheid government of South Africa was found to
have developed biological weapons and attempted to poi-
son children with anthrax-containing chocolate (53).

Inhalational Anthrax. Inhalational anthrax de velops
after the deposition of spore-bearing particles, measuring
1 to 5 um, into alveolar spaces. The minimum infectious
inhaled dose for anthrax is not known for humans, but in
nonhuman primate studies it has ranged from 2,500 to
80,000 spores (18,54,55). Inhaled spores are ingested by
pulmonary macrophages and are carried to hilar and medi-
astinal lymph nodes where the y germinate and multiply .
Although the lung is the initial site of deposition of spores,
typical bronchopneumonia does not occur with inhala-
tional anthrax. Instead, multiplying bacilli in the hilar and
mediastinal lymph nodes release toxins producing hemor-
rhagic mediastinitis (27,41). Systemic disease results
when bacilli release toxins into the bloodstream causing
systemic hemorrhage, edema, and necrosis. The mortality
rate for untreated inhalational anthrax reaches 100%. The
mortality rate can be reduced if appropriate antibiotic ther-
apy is initiated within 48 hours of exposure, but it may still
be as high as 90% (1,2,23,48). The mortality rate for the
2001 anthrax attack was 45% with therapy (10,36).



SIGNS AND SYMPTOMS

Cutaneous Anthrax. Cutaneous anthrax is painless, does
not involve a disseminated rash, and results in a localized
black eschar that gives the disease its name. Cutaneous an-
thrax usually occurs following the deposition of spores into
skin with previous cuts or abrasions (9,11,56). Areas of ex-
posed skin, such as the hands, arms, face, and neck, are the
most frequently affected. Of the victims of the 2001 anthrax
attacks who contracted cutaneous anthrax, skin trauma was
not noted (57). The incubation period for cutaneous anthrax
ranges from 1 to 12 days, but it usually de velops within a
day (2,11,26). The primary lesion is a painless, pruritic mac-
ule or papule resembling an insect bite that de velops at the
site of infiltration. The lesions enlarge, vesiculate, and often
become hemorrhagic. By the second day, the vesicle usually
ruptures to form a round, depressed ulcer. Within 1 to 2
days, smaller (1- to 3-mm) satellite v esicular lesions often
surround the papule. These lesions are nonpurulent and con-
tain clear or serosanguinous fluid thatre  veals numerous
large bacilli on Gram stain. A painless, depressed, black es-
char forms over the lesion and is often associated with sig-
nificant localized, gelatinous, nonpitting edema. The edema
may become massive, especially with lesions involving the
face and neck. The eschar dries and falls off within the next
1 to 2 weeks, often without leaving a permanent scar. Lym-
phangitis and painful lymphadenopathy are often present
with associated systemic symptoms. Antibiotic therapy does
not appear to change the development of the skin lesion and
eventual eschar, but it does decrease the incidence of sys-
temic disease (11). The mortality rate without antibiotics is
as high as 20% due to systemic complications. Death with
appropriate antibiotic therapy is rare. The differential diag-
nosis of ulceroglandular lesions includes anti-phospholipid
antibody syndrome, brown recluse spider bite, coumadin/
heparin necrosis, cutaneous leishmaniasis, cutaneous tuber-
culosis, ecthyma gangrenosum, glanders, leprosy, mucor-
mycosis, orf, plague, rat bite fever, rickettsial pox, staphylo-
coccal/streptococcal ecthyma, tropical ulcer, tularemia, and
typhus. The differential diagnosis for ulceroglandular syn-
dromes includes cat scratch fe ver, chancroid, glanders, her-
pes simplex infection, lymphogranuloma venereum, melioi-
dosis, plague, staphylococcal and streptococcal adenitis,
tuberculosis, and tularemia (58).

Gastrointestinal Anthrax. Gastrointestinal anthrax devel-
ops after eating insufficiently cooked meat contaminated with
large numbers of v egetative anthrax bacilli or spores and in-
cludes two distinct syndromes: abdominal and oropharyngeal
anthrax (11). The symptoms of gastrointestinal anthrax ap-
pear 1 to 7 days after ingesting contaminated food and de-
pend upon the site of infection along the alimentary canal.

Abdominal anthrax. The disease usually presents with

fever, malaise, nausea, vomiting, and anorexia. The disease
rapidly progresses to severe, bloody diarrhea and signs sug-
gestive of acute abdomen and/or sepsis (1,48,56,59-61). The
primary intestinal lesions are ulcerative and usually occur in
the terminal ileum or cecum (62). Gastric ulcers may be as-
sociated with hematemesis or cof fee-ground emesis (48).
Constipation and diarrhea ha ve both been described, and
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stools are usually melenic or blood-tinged (41). Hemor-
rhagic mesenteric lymphadenitis and massi ve ascites are
often present (60). Advanced disease may be similar to the
sepsis syndrome occurring in late inhalational and cutaneous
anthrax. Morbidity is due to blood loss, fluid and electrolyte
imbalances, or subsequent shock. Death from intestinal per-
foration or toxemia occurs 2 to 5 days after the onset of dis-
case (41). Early diagnosis of gastrointestinal anthrax is diffi-
cult and mortality may be greater than 50% (62).

Oropharyngeal anthrax. Deposition and germination of
spores in the oropharynx result in a subset of gastrointesti-
nal anthrax known as oropharyngeal anthrax. P atients pres-
ent complaining of a severe sore throat, fever, dysphagia,
and occasionally respiratory distress (21,48). Other clinical
features include toxemia, inflammatory lesions of the oral
cavity or oropharynx, and marked cervical lymphadenopa-
thy with edema of the soft tissues of the cervical area (62).
Swelling may be severe enough to compromise the airw ay.
In an outbreak of anthrax in  April 1982 in northern Thai-
land, 24 cases of oropharyngeal anthrax were reported (63).
All of the af flicted had recently eaten w ater buffalo meat.
All but one required hospitalization, and three of the 24
(12.4%) patients died despite hospitalization and antibiotic
therapy (64). All of the patients sought medical attention be-
cause of painful neck swelling, and all but one complained
of fever. Other common symptoms included sore throat,
dysphagia, and hoarseness. The neck swelling w as due to
marked cervical lymphadenopathy and soft tissue edema.
Early lesions are edematous. Within 7 days, central necrosis
and ulceration de velop and form whitish patches. By the
second week, the patch de velop into a pseudomembrane
covering the ulcer similar to diphtheria (62).

Inhalational Anthrax. The classic clinical course of inhala-
tional anthrax is one of a biphasic illness. The incubation pe-
riod for inhalational anthrax typically ranges from 1 to 7 days,
but may develop as quickly as hours or as long as 60 days fol-
lowing exposure depending upon the size of the inoculum
(1,2,11,27,41). The initial phase be gins with a nonspecific ill-
ness characterized by fe ver, chills, headache, malaise, myal-
gias, weakness, nonproductive cough, and some chest and/or
abdominal discomfort and may last from hours to a fe w days
(2,11,18,57,65). The initial phase may be follo wed by a short
latent period lasting hours to a fe w days. The second phase
manifests abruptly with sudden high fever, diaphoresis, acute
dyspnea, cyanosis, chest discomfort, and shock (1,2,26-28,41).
Stridor may be present due to e xtrinsic obstruction of the tra-
chea by lymphadenopathy, mediastinal widening, and subcuta-
neous edema of the chest and neck (11).The disease progresses
rapidly with hypotension, hypothermia, shock, and death oc-
curring within 24 to 36 hours. The differential diagnosis for in-
halational anthrax includes influenza and influenza-lik e ill-
nesses from other causes. The CDC has published the results of
a study comparing signs and symptoms of patients diagnosed
with inhalational anthrax, laboratory-confirmed influenza, and
influenza-like illnesses from other causes (66). In this study
sore throat and rhinorrhea were common in influenza and in-
fluenza-like illnesses, whereas they were rare in inhalational
anthrax (sore throat—20%, rhinorrhea—10%). Shortness of
breath was prevalent in the patients with inhalational anthrax
(80%) compared to only 8% in influenza,  and 6% for in-
fluenza-like illnesses from other causes. Chest discomfort or
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pleuritic chest pain was present in 80% of the anthrax patients
and 35% of the influenza patients but only 23% of those suffer-
ing from influenza-like illnesses other than influenza (66).

Anthrax Meningitis. Hemorrhagic meningitis occurs in ap-
proximately 50% of inhalational anthrax cases and is belie ved
to develop as a result of the frank bacteremia (1,2,11,26-28,41).
Patients with anthrax meningitis are indistinguishable from
other forms of meningitis with patients exhibiting meningismus,
delirium, and obtundation (1,2,11,26-28,41). The cerebrospinal
fluid is hemorrhagic in most cases, and polymorphonuclear
pleocytosis is present. Numerous lar ge, encapsulated, gram-
positive bacilli are seen under microscop y. Anthrax meningitis
is almost always fatal, despite intensive antibiotic therapy, with
death occurring 1 to 6 days after onset of illness (41).

LABORATORY STUDIES

Routine blood studies are nonspecific and do not aid the diag-
nosis. Physiologic sequelae of severe anthrax infection in ani-
mal studies include profound hypoglycemia, hypocalcemia,
hyperkalemia, respiratory acidosis, and terminal acidosis (11).
One of the more useful diagnostic tests is the standard aerobic
blood culture, which should grow in 6 to 24 hours (67). If lab-
oratory personnel have been notified of the suspicion of an-
thrax, biochemical testing and colony morphology should pro-
vide a preliminary diagnosis in 12 to 24 hours (11). If
cutaneous anthrax is suspected, a Gram stain and culture of
vesicular fluid should confirm the diagnosis (11). Sputum
Gram stain and culture are not likely to be diagnostic given the
lack of a pneumonic process with inhalational anthrax (40). A
peripheral blood smear should re veal gram-positive bacilli
with systemic anthrax if antibiotic therap y has not been initi-
ated. Immunohistochemical e xamination of fluid or tissue
specimens with direct fluorescence assay (DFA) staining for
the polysaccharide cell wall and capsule of B. anthracis will
confirm the diagnosis (Fig. 6-5) (11). Various advanced detec-
tion methodologies, such as time-resolved fluorescence (TRF)
and polymerase chain reaction (PCR) are a vailable at desig-
nated Laboratory Response Network (LRN) reference labora-
tories. Table 6-1 below was published by the Centers for Dis-
ease Control and Pre vention to clarify which diagnostic tests
for anthrax are available at various levels of the LRN (68).

Radiographic studies

Radiographic studies should pro ve quite useful in diag-
nosing inhalational anthrax, although signs often appear
late in active disease. The appearance of a widened medi-
astinum in a pre viously healthy patient with fe ver, myal-
gias, or dyspnea should suggest the diagnosis of inhala-
tion anthrax (Fig. 6-6) (69,70). Some patients present
with the additional finding of (hemorrhagic) pleural effu-
sions, air bronchograms, and/or consolidation (57). The
differential diagnosis of mediastinal widening includes
normal variant (fat or tortuous v essel), aneurysm, histo-
plasmosis, sarcoidosis, tuberculosis, and lymphoma (11).
In the anthrax attacks of 2001, radiographic studies were
key in making the diagnosis of inhalational anthrax. Each
of the first ten patients had abnormal chest x-rays, and the
eight patients who recei ved chest computed tomographs
(CTs) had abnormal results. CT imaging may re veal hy-

perdense hilar and mediastinal adenopathy , mediastinal
edema, infiltrates, and pleural effusion (11).

Postmortem examination

A diagnosis of inhalational anthrax may be made on post-
mortem examination if hemorrhagic necrotizing thoracic lym-
phadenitis or mediastinitis are found in a pre viously healthy

Figure 6-5. Direct fluorescent antibody (DFA) stain of B. an-
thracis capsule at 1,000X magnification. Source: CDC-PHIL, 2002.
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Figure 6-6. Posteroanterior chest radiograph of inhalational an-
thrax patient showing widened mediastinum on the 4th day of
illness. Source: CDC-PHIL, 1966.
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IR Approved Tests for the Detection of Bacillus antracis in the Laboratory Response Network

LABORATORY LEVEL

TEST PROCEDURE A B C D
Gram stain (micromorphology) X X X X
Capsule (microscopic observation) X X X X
Routine culture:

1. Colonial morphology X X X X
2. Hemolysis X X X X
3. Motility X X X X
4. Sporulation (microscopic observation) X X X X
Confirmatory tests:

1. Lysis by gamma-phage ° X X X
2. Direct fluorescence assay (polysaccharide cell wall and capsule) ° X X X
3. Antimicrobial susceptibility testing ° ° X X
4. Advanced technology (e.g., time-resolved fluorescence testing, ° ° X X

polymerase chain reaction testing)
5. Molecular characterization ° ° ° X

Gram stain

Routine staining procedure for observation of bacterial micromorphology.

Capsule

In Level A laboratories, India ink may be used to visualize encapsulated B. anthracis in clinical specimens by direct examination of peripheral
blood, cerebrospinal fluid, or cells grown on media supplemented with sodium bicarbonate. M’ Fadyean stain (Level B) and DFA for capsular anti-
gen (Level B) may also be employed. Note that some avirulent strains, such as the veterinary vaccine Sterne strain, do not produce the capsule.
Routine culture

Standard 5% sheep blood agar (SBA) and chocolate agar will support growth. B. anthracis will not grow on MacConkey agar.

Colonial morphology

On SBA, after 15 to 24 hours incubation at 35° to 37°C, well-isolated colonies are 2 to 5 mm in diameter. The flat or slightly convex colonies are ir-
regularly round, with edges that are slightly undulate (irregular, wavy border), and have a ground-glass appearance. Colonies typically have a tena-
cious consistency; that is, teasing with an inoculating loop causes colony to “stand up” like beaten egg white.

Hemolysis

Colonies of B. anthracis are nonhemolytic. However, weak hemolysis may be observed under areas of confluent growth in aging cultures and
should not be confused with beta-hemolysis.

Motility

B. anthracis is nonmotile. Working in a biological safety cabinet (BSC) with gloves, prepare routine wet mount and observe microscopically. Alter-
natively, motility test medium may be used.

Sporulation

Spores will appear in a growing culture after 18 to 24 hours of incubation at 35° to 37° C in a non-CO,, atmosphere. Oval, central to sub-terminal
spores that do not appreciably swell may be observed by Gram stain (Level A), wet mount (Level B), or malachite green stain (Level B).

Lysis by gamma-phage

Highly specific for B. anthracis, and when demonstrated concomitantly with the presence of a capsule, provides confirmatory identification.
Direct fluorescence assay

Used to detect the galactose/N-acetylglucosamaine cell-wall-associated polysaccharide and capsule produced by vegetative cells of B. anthracis
strains. Concomitant demonstration of both antigens provides confirmatory identification.

Antimicrobial susceptibility testing

An array of selected antimicrobics is used to determine their respective minimum inhibitory concentrations using standardized methods against B.
anthracis.

Advanced technology

Various advanced detection methodologies include time-resolved fluorescence (TRF), polymerase chain reaction (PCR), etc. These may have future
applications within the LRN laboratories.

Molecular characterization

Various tests to determine the molecular characteristics of isolates are done. These include molecular subtyping using multi-locus variable-number
tandem repeat analysis (MLVA), sequencing of genes coding for 16S ribosomal RNA.

Serologic tests for potential exposure to B. anthracis are currently being validated and at this time their clinical utility is not known.

From U.S. Centers for Disease Control and Prevention web site. Approved tests for the detection of Bacillus anthracis in the Laboratory Response
Network (LRN). Available at: http://www.bt.cdc.gov/documentsapp/Anthrax/ApprovedLRNTests.asp. Last accessed on January 6, 2004.
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adult (27). Hemorrhagic meningitis should also raise strong
suspicions of systemic anthrax infection (2,27,71). DFA stain-
ing of infected tissues should be diagnostic for the polysaccha-
ride cell wall and capsule of B. anthracis (11).

MEDICAL MANAGEMENT

NOTIFICATION

The U.S. Public Health Service requires that all suspected
cases of anthrax be reported to local and state health depart-
ments, and that the diagnosis be confirmed by the Centers
for Disease Control and Prevention or other LRN reference
laboratories (11). If a vailable, consult with hospital infec-
tious disease and infection control services for the latest rec-
ommendations on the care of patients with anthrax.

ISOLATION

Isolation is not required for patients suspected of having an
anthrax infection because there is no data to suggest the dis-
ease is contagious (1,2,11,23,26,41).

LABORATORY SPECIMENS

Blood, sputum, cerebral spinal fluid, pleural effusion, and
stool or wound specimens should be taken for laboratory study
as indicated by the clinical presentation before initiating an-
tibiotic therapy. Nasal swab testing for anthrax spores may be
used for epidemiological data but should not be used to rule
out disease or exposure (11,36). Laboratory personnel should
be notified of the possibility of B. anthracis so that steps are
taken not to re gard Bacillus species as benign and to ensure
specimens are processed in a minimum of a BSL2 (72).

ANTIBIOTIC TREATMENT

Recommendations for antibiotic treatment of anthrax in this
chapter are based on the comprehensive evaluation made by the
Working Group on Ci vilian Biodefense as published in the
Journal of the American Medical Association entitled, “Anthrax
as a Biological Weapon: Medical and Public Health Manage-
ment,” commonly referred to as the ] AMA Consensus State-
ment on Anthrax (10). The Working Group was comprised of
experts on biological w arfare from the Center for Ci  vilian
Biodefense Studies at Johns Hopkins, including Thomas V. In-
glesby, D.A. Henderson, and Tara O’Toole; specialists such as
David T. Dennis from the Centers for Disease Control and Pre-
vention; and Edward Eitzen, Arthur M. Friedlander, and Gerald
Parker from the U.S. Army Medical Research Institute of Infec-
tious Diseases (USAMRIID) (10). The Working Group pub-
lished an update of recommendations for management follo w-
ing the anthrax attacks of 2001 (11). The regimens stated here
are based upon the recommendations of both consensus state-
ments and the Centers for Disease Control and Pre vention. Al-
though these recommendations were based upon the e valuation
of the most up-to-date studies a vailable at the time, final selec-
tion of antibiotic therapy should be made based upon the clini-

cal situation and the most current medical information available.
This author recommends v erifying antibiotic selection with
available local infectious disease specialists and public health
authorities as well as those at the Centers for Disease Control
and Prevention (CDC). Links to these sources are pro vided at
the end of this chapter. Adjustments to antibiotic coverage
should be made based upon antibiotic susceptibility testing of
cultures taken from the patient prior to initiation of therapy (11).

The CDC recommendations for treatment of inhalational/
gastrointestinal and cutaneous anthrax are pro vided in Tables
6-2 and 6-3 (36). In general, the treatment of choice for anthrax
is ciprofloxacin or doxycycline for 60 days duration. Note that
distinctions have been made between contained casualty set-
tings, mass casualty settings, and postexposure prophylaxis. A
contained casualty setting is one in which a modest number of
patients require treatment. In such a setting, parenteral antibiotic
therapy is optimal. Ho wever, in the event of a deliberate act
using aerosolized anthrax spores resulting in mass casualties,
there will most lik ely be a shortage of intra venous antibiotics,
equipment, and hospital beds. In such a setting, recommenda-
tions for oral antibiotic therapies are pro vided. It remains un-
clear whether the use of two or more antibiotics provides a sur-
vival advantage; however, combination therapy isav ery
reasonable treatment option in the f ace of life-threatening dis-
ease or when the possibility of a genetically engineered mul-
tidrug-resistant strain exists (10,11). When anthrax meningitis is
suspected, infectious disease specialists recommend using intra-
venous ciprofloxacin augmented with chloramphenicol,  ri-
fampin, or penicillin (10,11). Doxycycline should not be used if
meningitis is suspected because of its lack of adequate central
nervous system penetration (57). Extended-spectrum cephalo-
sporins and trimethoprim/sulfamethoxazole should not be used
due to potential drug resistance.

PREGNANT WOMEN

The CDC and the Working Group recommend that pre gnant
women suspected of having anthrax be treated with the same
regimen for nonpregnant adults—ciprofloxacin 400 mg IV bid
in combination therap y for a contained attack, and 400 mg
orally every 12 hours for mass casualty settings and postexpo-
sure prophylaxis (11,75). If susceptibility testing allows, amoxi-
cillin 500 mg three times a day for 60 days may be substituted.
Available data indicate that ciprofloxacin use during pre gnancy
is unlikely to be associated with high risk for fetal malformation
or teratogenesis risk. Penicillins are generally considered safe
for use during pre gnancy and should be substituted if suscepti-
bility testing indicates. The use of doxyc ycline during pre g-
nancy poses risks of li ver toxicity in pregnant women and fetal
dental and bone defects and, therefore, should be reserved for
situations where use of other antibiotics is not feasible (11,35).

BREASTFEEDING

Ciprofloxacin (and other fluoroquinolones), doxycycline
(and other tetrac yclines), and penicillin are secreted in
breast milk. Therefore, a breastfeeding woman should be
treated or receive prophylaxis using the same antibiotic rec-
ommended for her infant based on the current pediatric
guidelines (11,76). Again, if susceptibility testing allo ws,
switch breastfeeding mother to penicillin.



CHILDREN

Ciprofloxacin and other fluoroquinolones are generally
avoided in children younger than 16 years because of a risk of
permanent arthropathy in adolescent animals and transient
arthropathy in a small number of children. Ho wever, given
the risk of anthrax from a genetically engineered strain of B.
anthracis, the Working Group recommends that ciprofloxacin
be used as part of combination therap y in children with
inhalational anthrax (10,11,76). The same holds true for
doxycycline, which has been shown to retard skeletal growth
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in infants and to discolor teeth in inf ants and children. The
Working Group recommends using doxycycline in children if
antibiotic susceptibility testing, exhaustion of drug supplies,
or adverse reactions preclude the use of ciprofloxacin
(10,11,76). If susceptibility testing permits, amoxicillin
should be used preferentially in children. The current anthrax
vaccine is licensed for use in persons aged 18 to 65 years
based on studies conducted on this age group (79). No similar
studies exist in children; however, based on experiences with
other inactivated vaccines, it is likely that the vaccine would
be safe and effective in children (Tables 6-2 and 6-3) (10,11).

IR A Inhalational Anthrax Treatment Protocol®? for Cases Associated with this Bioterrorism Attack

CATEGORY INITIAL THERAPY (INTRAVENOUS)c'd DURATION
Adults Ciprofloxacin 400 mg every 12 h2 IV treatment initially®. Switch to oral antimicrobial
or therapy when clinically appropriate:
Doxycycline 100 mg every 12 hf Ciprofloxacin 500 mg PO BID
and or
One or two additional antimicrobialsd Doxycycline 100 mg PO BID
Continue for 60 days (IV and PO combined)?

Children Ciprofloxacin 10-15 mg/kg every 12 hMi IV treatment initially®. Switch to oral antimicrobial

~or
Doxycycline:2!
>8 yr and >45 kg: 100 mg every 12 h

>8 yr and <45kg: 2.2 mg/kg every 12 h

<8 yr: 2.2 mg/kg every 12 h
and
One or two additional antimicrobialsd

k Same for nonpregnant adults (the high

death rate from the infection outweighs

Pregnant Women

the risk posed by the antimicrobial agent)

Immunocompromised

persons and children

Same for nonimmunocompromised persons

therapy when clinically appropriate: )
Ciprofloxacin 10-15 mg/kg PO every 12 h'
or
Doxycycline.
>8 yr and >45 kg: 100 mg PO BID
>8 yr and <45 kg: 2.2 mg/kg PO BID
<8 yr: 2.2 mg/kg PO BID
Continue for 60 days (IV and PO combined)9Y

IV treatment initially. Switch to oral antimicrobial
therapy when clinically appropriate.? Oral therapy
regimens same for nonpregnant adults.

Same for nonimmunocompromised persons and
children.

8 For gastrointestinal and oropharyngeal anthrax, use regimens recommended for inhalational anthrax.
b Ciprofloxacin or doxycycline should be considered an essential part of first-line therapy for inhalational anthrax.
€ Steroids may be considered as an adjunct therapy for patients with severe edema and for meningitis based on experience with

bacterial meningitis of other etiologies.

d Other agents with in vitro activity include rifampin, vancomycin, penicillin, ampicillin, chloramphenicol, imipenem, clin-
damycin, and clarithromycin. Because of concerns of constitutive and inducible beta-lactamases in Bacillus anthracis, penicillin
and ampicillin should not be used alone. Consultation with an infectious disease specialist is advised.

€ Initial therapy may be altered based on clinical course of the patient; one or two antimicrobial agents (e.g., ciprofloxacin or

doxycycline) may be adequate as the patient improves.

TIf meningitis is suspected, doxycycline may be less optimal because of poor central nervous system penetration.
9 Because of the potential persistence of spores after an aerosol exposure, antimicrobial therapy should be continued for 60 days.

N If intravenous ciprofloxacin is not available, oral ciprofloxacin may be acceptable because it is rapidly and well absorbed from
the gastrointestinal tract with no substantial loss by first-pass metabolism. Maximum serum concentrations are attained 1-2 h
after oral dosing, but may not be achieved if vomiting or ileus are present.

" In children, ciprofloxacin dosage should not exceed 1 g/day.

I The American Academy of Pediatrics recommends treatment of young children with tetracyclines for serious infections,

(e.g,. Rocky Mountain spotted fever).

k Although tetracyclines are not recommended during pregnancy, their use may be indicated for life-threatening illness.
Adpverse effects on developing teeth and bones are dose related; therefore, doxycycline might be used for a short time

(7-14 days) before 6 months of gestation.

From U.S. Centers for Disease Control and Prevention. Symptoms and signs of inhalational anthrax, laboratory-confirmed influenza, and influenza-
like illness (ILI) from other causes. Notice to readers: considerations for distinguishing influenza-like illness from inhalational anthrax. MMWR. 9

November 2001:50(44);984-86.
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IAGIRGEC Cutaneous Anthrax Treatment Protocol? for Cases Associated with this Bioterrorism Attack

CATEGORY INITIAL THERAPY (ORAL)?

DURATION

Adults? Ciprofloxacin 500 mg BID
or

Doxycycline 100 mg BID

Children?
(not to exceed 1 g/day)P
or
Doxycycline:d

>8 yr and >45 kg: 100 mg every 12 h
>8 yr and <45 kg: 2.2 mg/kg every 12 h

<8 yr: 2.2 mg/kg every 12 h

Pregnant Women?€ Ciprofloxacin 500 mg BID
or

Doxycycline 100 mg BID

Immunocompromised

persons?® and children

Ciprofloxacin 10-15 mg/kg every 12 h

Same for nonimmunocompromised persons

60 days®

60 days®

60 days®

60 days®

@ Cutaneous anthrax with signs of systemic involvement, extensive edema, or lesions on the head or neck require intravenous

therapy, and a multidrug approach is recommended.

b Ciprofloxacin or doxycycline should be considered first-line therapy. Amoxicillin 500 mg PO TID for adults or 80 mg/kg/day
divided every 8 h for children is an option for completion of therapy after clinical improvement. Oral amoxicillin dose is based
on the need to achieve appropriate minimum inhibitory concentration levels.

C Previous guidelines have suggested treating cutaneous anthrax for 7-10 days, but 60 days is recommended in the setting of this
attack, given the likelihood of exposure to aerosolized B. anthracis.

d The American Academy of Pediatrics recommends treatment of young children with tetracyclines for serious infections (e.g.,

Rocky Mountain spotted fever).

€ Although tetracyclines or ciprofloxacin are not recommended during pregnancy, their use may be indicated for life-threatening
illness. Adverse effects on developing teeth and bones are dose related; therefore, doxycycline might be used for a short time

(7-14 days) before 6 months of gestation.

From U.S. Centers for Disease Control and Prevention. Update: investigation of bioterrorism-related anthrax and interim guidelines for exposure
management and antimicrobial therapy. MMWR. 26 October 2001; 50(42): 909-919.

SUPPORTIVE THERAPY

Toxin-mediated morbidity is a major complication of sys-
temic anthrax. Corticosteroids ha ve been suggested as ad-
junct therapy for inhalation anthrax associated with extensive
mediastinal edema, respiratory compromise, and meningitis
(36,41). If significant pleural effusions exist, they should be
drained, often leading to significant clinical improvement
(11). Pleural effusions are usually recurrent and hemorrhagic
so chest tubes should be left in place. A rational case could be
made for the use of passi ve immunization with anthrax anti-
toxin in addition to antibiotics therap y with serious cases of
anthrax, but no appropriate antitoxin is commercially a vail-
able (1). Finally, the correction of electrolyte and acid-base
imbalances, glucose infusion, vasopressor administration,
and early mechanical ventilation may prove helpful (11).

POSTEXPOSURE PROPHYLAXIS

Prophylaxis is indicated for persons e xposed to an air-
space contaminated with aerosolized B. anthracis. Pro-

phylaxis is not indicated for patient contacts (household
contacts, friends, coworkers) unless it has been deter-
mined that they have been similarly exposed to anthrax
spores. Prophylaxis is not indicated for health care and
mortuary workers who attend to patients or corpses using
standard precautions, or for the pre vention of cutaneous
anthrax (10). The U.S. F ood and Drug Administration
(FDA) has approved three antibiotics for use in reducing
the incidence or progression of anthrax after e xposure to
aerosolized B. anthracis: ciprofloxacin, doxycycline, and
amoxicillin (73,74). Ciprofloxacin or doxycycline are the
drugs of choice (11); amoxicillin is an option for children
and pregnant or lactating women exposed to strains of B.
anthracis that are susceptible to penicillin to avoid poten-
tial toxicity of quinolones and tetrac yclines (36,75,76).
The Advisory Committee on Immunization Practices
(ACIP) recommends that the duration of postexposure an-
timicrobial prophylaxis should be 60 days if used alone in
unvaccinated persons (74). After the anthrax attacks of
2001, the U.S. Department of Health and Human Services
announced additional options for prophylaxis of inhala-



tional anthrax for individuals who wish to take extra pre-
cautions, especially those with high levels of exposure
(77). Three options are now offered: (a) 60 days of antibi-
otic prophylaxis, (b) 100 days of antibiotic prophylaxis,
or (c) 100 days of antibiotic prophylaxis, plus the anthrax
vaccine as an in vestigational new drug (IND) gi ven in
three doses over 4 weeks (76,78).

ANTHRAX VACCINE

Anthrax Vaccine Absorbed (AVA), manufactured under
the trademark BioThrax by BioPort Corporation in Lans-
ing, Michigan, is the only licensed human anthrax vaccine
in the United States (74). The vaccine is derived from
sterile culture fluid supernatant tak en from an attenuated
strain of B. anthracis (79). The filtrate contains a mix of
cellular products including all three toxin components—
PA, EF, and LF—and does not contain live or dead organ-
ism (80,81). The vaccine series consists of six 0.5-mL
doses given subcutaneously at 0, 2, and 4 weeks, with
three booster vaccinations given at 6, 12, and 18 months.
The duration of efficacy of AVA in humans is unknown,
so the manufacturer recommends an annual booster in
order to maintain immunity (79). Contraindications to
vaccination include a pre vious anthrax infection or an
anaphylactic reaction following a previous dose of AVA or
any of the vaccine components (74). The vaccine is cur-
rently available to members of the military, hazmat or de-
contamination team members, and veterinarians, labora-
tory workers, and livestock handlers whose w ork place
them at high risk for contact with anthrax. The ACIP also
recommends BioThrax for poste xposure prophylaxis in a
three-dose regimen (0, 2, 4 weeks) in combination with
antimicrobial postexposure prophylaxis under an IND ap-
plication with the FD A for unvaccinated persons at risk
for inhalational anthrax (11,82,83).

TRIAGE CONSIDERATIONS

B Who gets seen first? The decision should be based
on established emergency department protocols.
Generally, those patients with signs or symptoms
of inhalational or gastrointestinal anthrax should
be seen ahead of stable patients with cutaneous
anthrax.

B Who needs isolation? Anthrax is not contagious
and patients do not require isolation. Patients
with suspected or diagnosed anthrax should be
handled with standard (universal) precautions.

B \Who gets antibiotics? Any patient suspected or con-
firmed to have infection with anthrax will need to
be treated with antibiotics. Those patients believed
to have inhalational, gastrointestinal, or serious
cutaneous anthrax should be treated with intra-
venous ciprofloxacin if available. Those individuals
believed to have had contact with anthrax spores
should receiveprophylactic antibiotic therapy.
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B Who needs admitting? Patients with inhalational or
gastrointestinal anthrax will need hospitalization.
Those with cutaneous anthrax should be admitted
based upon the seriousness of their condition and
the availability of hospital beds in the event of a
major outbreak or biological attack. Individuals
exposed to anthrax spores, but in stable condition,
should be able to be discharged with appropriate
oral antibiotic therapy with close follow-up.

PERSONAL PROTECTION

INFECTION CONTROL AND
DECONTAMINATION

Standard (Universal) Precautions. All persons who
come in close contact with suspected or confirmed cases of
anthrax should use the CDC Guidelines for Standard (Uni-
versal) Precautions (84,85). Exposure to the source of an-
thrax spores requires specialized protection. Both OSHA
and the CDC recommend a NIOSH-certified Class-95 respi-
rator or better. Refer to OSHA, NIOSH, or the CDC before
selecting a respirator for potential occupational exposure.

Laboratory Biosafety. A minimum of BSL2 practices,
containment equipment, and facilities are recommended for
activities using clinical materials and diagnostic quantities

of anthrax (86).

Post Mortem. Bodies of patients who ha ve died from an-
thrax infection should be handled with routine strict precau-
tions by trained personnel. Safety precautions for the trans-
port of the dead for burial should be the same as those when
transporting ill patients. Postmortem aerosol-producing pro-
cedures (e.g., sawing bone) are not recommended, but when
necessary, they should be carried out using high-ef ficiency
particulate filtered masks and ne gative-pressure rooms as is
customary when dealing with Mycobacterium tuberculosis
or similar microbes. If autopsies are performed, all instru-
ments and materials should be autocla ved or incinerated.
Embalming of bodies is potentially associated with special
risks, and consideration should be given to cremation (11).

Decontamination. Hospital rooms, emergency depart-
ment examination areas, reusable instruments, clothing, and
linens should undergo terminal cleaning after being used by
a suspected or conf irmed anthrax patient, in accordance
with standard precautions and hospital protocol (11). See
CDC Guidelines for En vironmental Infection Control in
Health-Care Facilities for specifics (87). Decontamination
may be accomplished using an y Environmental Protection
Agency (EPA)-approved hospital disinfectant; however, an-
thrax spores are extremely hardy and complete sterilization
often requires specialized materials and e xpertise. lodine
can be used, but it must be used at disinfectant strengths, as
antiseptic-strength iodophors are not usually sporicidal (23).
Hypochlorite solution has been used successfully as a spori-
cidal agent, and boiling w ater for 10 minutes can reduce
spore counts by at least 10°-fold (88).
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SUMMARY

Disease: ANTHRAX: cutaneous, gastrointestinal, and in-
halational.

Organism: Spore-forming bacterium, Bacillus anthracis.

Reservoir: Spores in the soil with near worldwide distribu-
tion.

Transmission: Anthrax is not contagious; human-to-human
transmission has not been documented. Transmission to hu-
mans occurs following contact with anthrax spores. Cuta-
neous anthrax develops from contact with infected animals
and contaminated animal products (to include hides, wool, or
bone-meal fertilizer). Gastrointestinal anthrax develops after
eating uncooked meat contaminated with anthrax spores. In-
halational anthrax historically was transmitted after breathing
an appropriate inoculum of anthrax spores in the air, often
disseminated from contaminated animal furs. Deliberate
transmission of anthrax is possible using spores and could

be used to inflict all three types of anthrax.

Incidence of naturally occurring anthrax: Naturally occur-
ring anthrax occurs infrequently in the United States. There
is usually one or fewer cases of human anthrax a year in the
United States, typically along the Cattle Belt of the Great
Plains, which results in a case of cutaneous anthrax. There-
fore, hospital and public health authorities should be notified
immediately of any suspected or confirmed cases of anthrax.

Mortality rate: The mortality rate for untreated inhalational
anthrax approaches 100%. The mortality rate can be reduced
if appropriate antibiotic therapy is initiated within 48 hours
of exposure, but it may still be as high as 90% (1,2,23,48).
The mortality rate for the 2001 anthrax attack was 50% with
therapy (10,34). The case fatality rate for gastrointestinal an-
thrax is unknown, but it is estimated to be 25% to 60%. Cuta-
neous anthrax is the least severe with a mortality rate of 10%
to 20% for untreated cases, and it should be less than 1%
with treatment. Anthrax meningitis has been invariably fatal.

Incubation period: The incubation period for anthrax de-
pends upon the route of exposure and the size of the inocu-
lum, typically in the range of 1 to 7 days following exposure
to spores. However, development of inhalational anthrax has
occurred as early as a few hours and as late as 2 months fol-
lowing exposure. Most inhalational anthrax cases present
within 48 hours following exposure (25-28,85).

Major signs and symptoms:
m All: Fever, malaise, headache, myalgias, and weakness.

m Cutaneous: Painless, pruritic papule that becomes vesicu-
lar, ruptures, ulcerates, and forms a depressed, black es-
char. Surrounding edema may be quite prominent.

m Gastrointestinal: Nausea, vomiting, bloody diarrhea, and
abdominal pain. Oropharyngeal anthrax presents with
sore throat, neck swelling, dysphagia, and occasionally
respiratory distress.

» |nhalational: Nonproductive cough, dyspnea, chest pain,
hemoptysis, with rapidly progressive respiratory failure.

= Diagnosis: Physical findings are nonspecific, and routine
blood or urine studies are not helpful. The organism is de-
tectable by Gram stain and culture of the blood, CSF, pleu-
ral fluid or wound aspirate prior to the administration of
antibiotic therapy. Radiographic studies are quite helpful
with the diagnosis of inhalational anthrax. A widened medi-
astinum may be seen on CXR in later stages of illness.
Definitive diagnosis is made via demonstration of lyses
by gamma-phage, DFA of the polysaccharide cell wall and
capsule, time-resolved fluorescence, polymerase chain
reaction, and molecular characterization at upper level
laboratories within the LRN.

= Treatment: Notify public health authorities as soon as anthrax
is suspected. Early administration of antibiotic therapy (after
collection of laboratory specimens) is crucial. The drugs of
choice for inhalation anthrax are ciprofl oxacin 400 mg or
doxycycline 100 mg 1V every 12 hoursin a contained casualty
setting (10,11). The duration of treatment with antibiotics
should be for a minimum of 60 days. If the strain is shown to
be susceptible, Penicillin-G IV may be substituted. In mass
casualty situations where intravenous therapy is not feasible,
oral ciprofloxacin may be prescribed. Children generally re-
ceive the same medications as adults (ciprofloxacin 20 to 40
mg/kg/day divided into two daily doses not to exceed 1
g/day); doxycycline is not generally recommended for chil-
dren or pregnant or lactating women.

= Prophylaxis: Prophylactic antibiotic treatment is recom-
mended for individuals with a history of exposure to anthrax
spores. The preferred regimen is ciprofloxacin twice daily for
60 days. The anthrax vaccine may be available for concomi-
tant prophylactic therapy in a three-dose regimen under IND
application with the FDA.

= Personal protection: When possible, decontaminate the pa-
tient outside the treatment facility according to accepted haz-
mat standard operating procedures. Once decontaminated,
use CDC-recommended standard universal precautions for all
suspected or confirmed cases of anthrax.

= |solation and decontamination: Health care workers
should use standard precautions when contact with a
potentially infected patient exists. After an invasive
procedure or autopsy is performed, the area used should
be thoroughly disinfected with a sporicidal agent such as
hypochlorite solution, and instruments should be auto-
claved to kill spores completely.

m \accine: AVA, a cell-free anthrax vaccine licensed under the
trade name BioThrax, is available to members of the mili-
tary, laboratory workers, and livestock workers who are at
significant risk of exposure to anthrax. The vaccine is given
in six doses at 0, 2, 4 weeks and 6, 12, 18 months. BioThrax
is also recommended as postexposure prophylaxis, in con-
junction with appropriate antibiotic therapy, as an emer-
gency IND (82). The vaccine is available in a three-dose
regimen (0, 2, 4 weeks) with postexposure prophylactic an-
tibiotic therapy; use of the anthrax vaccine alone is not rec-
ommended for postexposure prophylaxis.
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QUESTIONS AND ANSWERS

1. JAMA Consensus Statement on Anthrax. Inglesby
TV, Dennis DT, Henderson DA, et al. Anthrax as a
biological weapon: medical and public health
management. JAMA. 1999;1735-45. Available at:
http://www.bt.cdc.gov /Agent/Anthrax/Consensus.pdf.
Accessed January 6, 2004.

2. JAMA Consensus Statement on Anthrax, 2002
Update on Management. Inglesby TV, Dennis DT,
Henderson DA, et al. Anthrax as a biological weapon,
2002: update recommendations for management.
JAMA. May 2002;1:287(17)2236-52.

3. CDC Anthrax Home Page. U.S. Centers for Disease
Control and Prevention, Emergency Preparedness
and Response web site on anthrax. Available at:
http://www.bt.cdc.gov/agent/anthrax/index.asp.
Accessed January 6, 2004.

4. MEDLINEplus Health Information Anthrax Web Site.
A service of the U.S. National Library of Medicine
and the National Institutes of Health. Available at:
http://www.nlm.nih.gov/medlineplus/anthrax.html.
Accessed January 6, 2004.

5. USAMRIID’s Medical Management of Biological
Casualties Handbook. 4th ed. Kortepter M, Christopher
G, Cieslak T, et al., eds. Fort Detrick MD: U.S. Army
Medical Research Institute of Infectious Diseases;
2001. Available at:

http://www.usamriid. army.mil/education/bluebook.html.

Accessed January 6, 2004.

6. Military Textbook of Medical Aspects of Chemical
and Biological Warfare. Friedlander AM. Anthrax.
In: Zatjtchuk R, Bellamy RF eds. Medical aspects of
chemical and biological warfare. Bethesda, MD:
Office of the Surgeon General; 1997. Available at:
http://www.nbc-med.org/SiteContent/HomePage/
WhatsNew/MedAspects/Ch-22¢electrv699.pdf.
Accessed January 6, 2004.

7. Harrison’s Principles of Internal Medicine, Chapter 141:
Diphtheria, Corynebacterium Infections, and Anthrax.
Holmes RK. In: Fauci AS, Braunwald E, Isselbacher K1J,
Isselbacher KJ, Wilson JD, Martin JB, Kasper DL, et al.,
eds. Harrison’s principles of internal medicine, 15th ed.
New York: McGraw-Hill; 2001. p. 914-5. Available at:
http://www.mheducation.com /HOL2 chapters/HOL _
chapters/chapter141.htm. Accessed January 6, 2004.

8. The U.S. Centers for Disease Control and Prevention
Emergency Operations Center. Toll-free telephone
number: 1-770-488-7100.

9. The U.S. Army Medical Research Infectious
Disease (USAMRIID) Emergency Response Line.
Toll-free telephone number: 1-888-872-7443.

1. Anthrax occurs endemically in all of the following
populated continents EXCEPT:
A. Europe
B. North America
C. South America
D. Australia
E. Asia

2. What isthe most common clinical form of anthrax?
A. Meningitic
B. Gastrointestinal
C. Inhalational
D. Cutaneous
E. Oropharyngeal

3. Each of the following statements regarding inhala-
tional anthrax istrue EXCEPT:

A. Gastrointestinal symptoms may be present.

B. Patients usually present within 48 hours of expo-
sure.

C. A true pneumonia is not usually present.

D. Mediastinal widening is noted on chest radiograph
in late stage disease.

E. It is often transmitted from person to person.

4. According to the Working Group on Civilian Biode-
fense (JAMA Consensus Statement on Anthrax), what
is the drug of choice for initially treating an isolated
case of inhalation anthrax in an adult?

A. Erythromycin

B. Trimethoprim-Sulfamethoxazole
C. Ciprofloxacin

D. Amoxicillin

E. Streptomycin

ANSWERS

1. D. Australia

2: D. Cutaneous

3. C. Atrue pneumoniais not usually present.
4. C. Ciprofloxacin
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Plague

Anthony J. Carbone

NAME OF AGENT

Disease: Plague; Organism: Yersinia pestis.

MICROBIOLOGY

The disease known as plague is caused by Yersinia pestis, a
bacterium of the Enterobacteriaceae f amily. The plague
bacillus is a small, ovoid, nonmotile, nonspore-forming,
nonlactose-fermenting, gram-negative, rod-shaped bacterium.
Bipolar uptake occurs when using Wayson, Wright, Giemsa,
methylene blue, and occasionally gram-stained prepara-
tions, revealing the classic “safety pin”-shaped coccobacilli
under magnification (Fig. 7-1) (1,2)

THEORETICAL AND SCIENTIFIC
BACKGROUND

BRIEF HISTORY

Plague is a zoonotic disease (animal disease that is naturally
communicable to humans) caused by the bacterium Yersinia
pestis. Plague has been responsible for three great pan-
demics of human disease occurring in the 6, 14th, and 20th
centuries of the modern era, resulting in the deaths of mil-
lions and changing the course of history (3).

The first pandemic, known as the Justinian Plague, began in
the port cities of Egypt in 541 A.D. and spread throughout the
Mediterranean basin, the Middle East, and Europe, killing an
estimated 50% to 60% of the population before it ran its course
in 545 A.D. and decimated the Eastern Roman Empire (4).

The second plague pandemic, known as the Black Death,
is believed to have originated in Mongolia around 1320 and
spread throughout the occupied w orld over the next 130
years killing approximately one-third of the world’s popula-
tion at the time (5-7).
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Figure 7-1. Gram stain. Yersinia pestis, gram-negative bacillus at
1,000X. (From Centers for Disease Control-PHIL; Date: 2002.)

The third plague pandemic erupted in China in 1855,
killing 12 million people in China and India alone, before
reaching San Francisco’s Chinatown in 1900 (8). During
the next 4 years 121 people in California were infected,
killing all but three. A secondary plague epidemic erupted
in San Francisco in 1907 with 160 cases and 77 deaths
(9). Since the San Francisco epidemics, plague has been
endemic in the United States, predominantly in the south-
western states.

Because of plague’s legacy of death, devastation, and
fear, armies throughout the centuries have tried to exploit
Yersinia pestis as a weapon of war. The first documented
use of plague as a military weapon was during the siege of
Kaffa, a Crimean port city on the Black Sea, during the
year 1346. The besieging Tartars catapulted the corpses of
their own plague victims into the city . The Genoese fled
Kaffa and returned to Italy bringing plague along with
them and very likely starting the Black Death in Europe
(10-13). This practice was repeated as late as late as 1710
when the Russians used the same tactic against the
Swedes in the Russian-Swedish War of 1700—1725 during
the Siege of Revel (14).



During the 1930s and 1940s, the Japanese Imperial Army
experimented with plague within its secret biological
weapons program in occupied Manchuria. Approximately
3,000 scientists under the direction of Japanese General
Ishii Shiro, a military physician and microbiologist who was
fascinated with plague, worked to weaponize Yersinia
pestis. Japanese Unit 731 operated a plague flea f actory in
Manchuria with 4,500 breeding machines, producing about
100 million plague-infected fleas e very few days. The
Japanese Unit 100 reportedly dropped plague-infected fleas
over China resulting in a number of plague outbreaks where
none had previously occurred (15-17).

The United States studied plague as a potential weapon
in the 1950s before its offensive program was terminated by
President Richard Nixon in 1969 (18). In 1972 the United
States, the Soviet Union, and one hundred other countries
signed the Biological Weapons Convention (19). Shortly
after the treaty was signed, the Soviet government initiated a
massive clandestine offensive biological weapons program
under the name Biopreparat that researched, weaponized,
tested, produced, and stockpiled tons of deadly biological
agents, including a multidrug-resistant weaponized form of
plague that could be easily aerosolized (20,21).

Chapter 7 Plague H

EPIDEMIOLOGY OF NATURALLY
OCCURRING PLAGUE

Naturally occurring plague is primarily a disease of ro-
dents, which is transmitted to humans in sporadic cases
and epidemics. Natural infestation occurs in a variety of
susceptible host rodents such as the inf amous Rattus
rattus (22), the black house and ship rat, and other ani-
mals including ground and tree squirrels, prairie dogs,
and carnivores such as coyotes, bobcats, dogs, and cats
(23). Plague is a naturally occurring enzootic infection
of rats, prairie dogs, and other rodents on e very popu-
lated continent except Australia (24). On average, there
have been approximately 1,700 cases a year reported
worldwide in the past 50 years (25). India experienced a
major plague outbreak in 1994 in the industrial city of
Surat following a severe earthquake. When it was over,
56 people were reported to ha ve died from plague,
while some 6,500 individuals were treated with antibi-
otics (Fig. 7-2) (26).

Plague has been endemic within the continental United
States since it w as first observed in California in 1907
(27,28). The last major outbreak of plague in the United

[_] Countries reported plague, 1970-1998.

] Regions where plague occurs in animals.

Figure 7-2. World distribution of plague, 1998. (From CDC plague web site, Division of Vector-Borne Infectious Diseases, Centers for
Disease Control and Prevention, Atlanta, GA. Available at: http://www.cdc.gov/ncidod/dvbid/plague/epi.htm.)
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Figure 7-3. Reported human plague cases by county: United States, 1979-1997. (From CDC
plague web site, Division of Vector-Borne Infectious Diseases, Centers for Disease Control and
Prevention, Atlanta, GA. Available at: http://www.cdc.gov/ncidod/dvbid/plague/epi.htm.)

States occurred in Los Angeles in 19241925 when 40
people were infected and only tw o survived (29). The Cen-
ters for Disease Control and Prevention (CDC) report an av-
erage of 13 cases of plague annually with the majority of
cases occurring within the four southwestern states of Ne w
Mexico, Arizona, Colorado, and California (Fig. 7-2). In a
1997 study published by the CDC, 390 cases of plague were
reported in the United States from 1947 to 1996. Of these

cases, 84% were reported as bubonic, 13% were septicemic,
and 2% were pneumonic plague; case f atality rates were
14%, 22%, and 57%, respectively (30).

Most cases of plague in humans occur in the summer
months when the risk for exposure to infected fleas is great-
est (31). Most cases of plague in the United States ha  ve
been in men younger than 20 years old (32), and occurred
within a 1-mile radius of their homes (Fig. 7-3) (33).


http://www.cdc.gov/ncidod/dvbid/plague/epi.htm

TRANSMISSION

Infected Fleas

Although plague bacilli can be found in the feces and
urine of infected animals, and one can become infected by
feeding upon or e ven handling the flesh of infected ani-
mals, human plague is most commonly transmitted by in-
fected fleas (34—-36). Historically , the oriental rat flea,
Xenopsylla cheopis, is believed to have been largely re-
sponsible for the spread of bubonic plague (37); however,
some 200 species of animals and 80 species of fleas ha ve
been associated with plague transmission worldwide (38).
The most important vector of human plague in the United
States is the flea Diamanus montanus, the most common
flea on rock squirrels and California ground squirrels
(39). Plague vector fleas prefer the blood of their rodent
hosts, but if the rodent population begins to thin, the fleas
will switch to human hosts for survival. Large numbers of
rodents usually die off prior to human epidemics, precipi-
tating the transfer of the flea population from its natural
rat reservoir to humans (Fig. 7-4) (40).

Figure 7-4. The oriental rat flea, Xenopsylla cheopis, is one of
the major vectors responsible for transmitting plague between
animals and man. (From Centers for Disease Control-PHIL; date
unknown.)

Direct Contact

Plague can be transmitted directly to humans by handling
an infected animal, dead or alive, or by stumbling into an
infected animal’s nest while walking. Rock squirrels and
California ground squirrels are kno wn to infect man via
direct contact and fleas. Fur trappers often de velop
plague via direct contact while skinning infected animals
(41-44).

Human-to-Human Transmission

Human-to-human transmission of plague is rare, but it
can occur from close contact with patients coughing from
pneumonic plague. Respiratory transmission is thought
to occur more ef ficiently via larger droplets or fomites
rather than from small-particle aerosols (45). The last
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case of human-to-human transmission of plague in the
United States occurred during the Los Angeles epidemic
of 1924 (46).

Deliberate Aerosol Attack

The deadliest method of transmission w ould be via a deliber-
ate attack using aerosolized plague over a large area. Japanese
General Ishii Shiro attempted to initiate plague outbreak o ver
China during World War II using ceramic bombs f illed with
plague-infected human fleas, Pulex irritans, to target humans
directly with the hope of creating a plague outbreak (47-50).
During the 1970s and 1980s, the Soviet Union’s secret biolog-
ical weapons (BW) program perfected the methodology by
first developing a multidrug-resistant plague bacillus and then
weaponizing the agent so that it could be preserved and stored
into a variety of warheads and aerosolized easily when o ver a
target area (51,52). Despite the f all of the So viet Union, and
the reported dismantling of the BW program, this method of
aerosol transmission poses the greatest threat to mass casual-
ties of pneumonic plague today.

PATHOGENESIS IN NATURALLY
OCCURRING PLAGUE

In the majority of cases of naturally occurring plague, a flea
such as Xenopsylla cheopis survives by living off of a host
rodent like the ground squirrel. If the rodent is infected with
plague, the flea draws viable Yersinia pestis organisms into
its esophagus during a feed. The bacteria then multiply in
the flea’s stomach. If the host rodent dies, it looks for new
hosts and this is when man is most lik ely to be bitten by an
infected flea. When the flea bites the skin of a person and
begins to feed, plague bacilli are mix ed with the blood
drawn from the host and re gurgitated into the bite. The flea
may also discharge infected feces into the bite wound (53).

The flea’s bite leads to an inoculation of up to thousands
of plague bacilli into the victim’ s skin. [As few as 1 to 10
Yersinia pestis organisms are sufficient to infect rodents and
primates via oral, subcutaneous, intradermal, and intra-
venous routes (54).] The bacteria infiltrate through the cuta-
neous tissue into the cutaneous lymphatic v essels and de-
posit intore gional lymph nodes where the y are
phagocytosed but resist destruction. During the incubation
period, lasting 2 to 8 days, the bacteria multiply rapidly
causing suppurative lymphadenitis, which manifests as the
characteristic bubo.

Without treatment, the lymph node architecture is de-
stroyed resulting in bacteremia and septicemia spreading
plague to other or gans (55,56). The tissues most commonly
infected include the spleen, liver, lungs, skin, and mucous
membranes (57). The endotoxin of Yersinia pestis con-
tributes to the development of septic shock in a manner simi-
lar to other forms of gram-negative sepsis leading to dissem-
inated intravascular coagulation, shock, and coma (58,59).

Much less is understood about the pathogenesis of pneu-
monic plague. Estimates of infecti vity via the respiratory
route are in the range of 100 to 500 or ganisms for primary
pneumonic plague (60,61). Secondary pneumonic plague
occurs in untreated cases of bubonic plague that lead to sep-
ticemia and seeding of pulmonary tissue.



1 Section 2 Biological Agents

CLINICAL FORMS OF PLAGUE

1. Bubonic Plague: In the United States, most patients
(approximately 85%) with human plague present
clinically with the bubonic form. Bubonic plague
arises from the bite of an infected flea and the bacte-
ria become localized in an inflamed lymph node
(femoral, inguinal, or axillary depending upon the
site of the bite) where the bacteria replicates.

2. Septicemic Plague: A smaller number of patients (ap-
proximately 15%) will develop gram-negative sepsis
without evidence of a bubo in what is termed “pri-
mary septicemic plague.”

3. Pneumonic Plague: Primary pneumonic plague oc-
curs from the inhalation of Yersinia pestis bacteria
passed from humans or cats suffering with pneu-
monic plague (approximately 2% of all cases). This is
the form of plague that would be expected following
a deliberate attack using aerosolized Yersinia pestis
and is nearly always fatal if not treated quickly. Sec-
ondary pneumonic plague arises from poorly treated
bubonic or septicemic plague when Yersinia pestis
bacteremia seeds pulmonary tissues.

4. Plague Meningitis: Plague meningitis is seen in 6%
to 7% of all cases of plague, usually in children fol-
lowing ineffective treatment. Symptoms are similar to
other forms of acute bacterial meningitis.

5. Pharyngeal Plague: On extremely rare occasions,
individuals may develop a plague pharyngitis follow-
ing the inhalation or ingestion of plague bacilli. Pha-
ryngeal plague mimics tonsillitis associated with cer-
vical lymphadenopathy (the cervical bubo).

INCUBATION PERIODS

The incubation period for bubonic plague from flea bites
is 2 to 8 days before symptoms de velop. The incubation
period for septicemic plague can be shorter at 1 to 7
days. The incubation period for pneumonic plague fol-
lowing respiratory exposure to an aerosol is usually 2 to
4 days (62).

MORTALITY RATES

The mortality rate of plague v aries based upon a v ariety
of factors including the mode of inoculation, the amount
of bacterial inoculation, the age and health of the infected
person, and whether or not the agent is natural or has
been genetically engineered (63,64). The historical mor-
tality rate of untreated bubonic plague is approximately
60%, with death occurring within 10 days of onset
(65,66). The mortality rate for b ubonic plague drops to
less than 5% with early appropriate antibiotic therap y
(67), whereas untreated septicemic and pneumonic
plague have mortality rates of nearly 100%. In fact, even
with modern antibiotic therap y, survival is unlik ely if
treatment is delayed more than 18 hours follo wing respi-
ratory exposure (68).

PLAGUE FOLLOWING DELIBERATE USE AS
A BIOLOGICAL WEAPON

Clinicians and public health officials need to realize that the
epidemiology of disease for a deliberate attack using plague
as a biological weapon w ould differ substantially from a
naturally occurring outbreak of plague. Intentional dissemi-
nation of plague will most lik ely involve the use of an
aerosol of Yersinia pestisin order to inflict large numbers of
casualties with deadly pneumonic plague. Victims of such
an attack would present with symptoms resembling a host
of other severe respiratory diseases making the initial diag-
nosis of plague difficult.

The indications that plague had been intentionally dis-
seminated would include (a) the presence of plague in areas
not known to have endemic enzootic infection, (b) the ab-
sence of prior rodent deaths, and (c) severe rapidly progres-
sive respiratory disease in a number of pre viously healthy
individuals, suggestive of pneumonic plague.

SIGNS AND SYMPTOMS

BUBONIC PLAGUE

The pathognomic sign of b ubonic plagueisa v ery painful,
swollen, warm-to-touch, lymph node called a bubo. This sign
accompanied with fever, malaise, exhaustion, and a history of
possible exposure to rodents, fleas, wild rabbits, or sick or dead
carnivores should lead to the suspicion of plague.

Patients typically develop symptoms of bubonic plague 2 to
8 days following the bite from an infected flea. There is usually
sudden onset of fe ver, chills, and weakness, followed by the
formation of the tell-tale b ubo up to one day later (69). Since
fleas usually bite a person on the lo wer extremities, femoral
and inguinal buboes are most common. Infections from skin-
ning infected animals usually produce axillary buboes.

Buboes can grow from 1 to 10 cm in size and can be so
painful that they prevent the patient from mo ving the effected
site (70). The overlying skin is erythematous, warm, and ex-
tremely tender. There is often a considerable amount of
surrounding edema, but rarely lymphangitis. The buboes are
usually nonfluctuant, but may point, ulcerate, and drain spon-
taneously. Rarely, necrosis is present at which point the b ubo
will require incision and drainage (71,72). Approximately 4%
to 10% of bubonic plague patients are reported to have a visi-
ble ulcer or pustule at the flea inoculation site (73,74). Buboes
usually recede in 10 to 14 days if treated appropriately with
antibiotics and generally do not require incision and drainage
beyond diagnostic aspiration (Figs. 7-5 to 7-7) (75).

SEPTICEMIC PLAGUE

A small portion of patients who ha ve been bitten by an in-
fected flea develop Yersinia pestis septicemia without a dis-
cernable bubo in the form of the disease kno wn as primary
septicemic plague (76). Septicemia can also de velop sec-
ondary to bubonic plague in what is termed secondary sep-
ticemic plague (77).



Figure 7-5. Femoral bubo. This plague patient is displaying a
swollen, ruptured inguinal lymph node, or bubo. (From Centers
for Disease Control-PHIL; Date: 1993.)

Figure 7-6. Axillary bubo. An axillary bubo and edema exhib-
ited by a plague patient. (From Centers for Disease Control-
PHIL; Date: 1962.)

Figure 7-7. Cervical bubo. Plague patient whose symptoms in-
clude this swollen, ulcerated cervical lymph node. (From Cen-
ters for Disease Control-PHIL; Date: 1993.)
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Frequently, the plague infection spreads hematogenously
resulting in capillary fragility and causing cutaneous petechiae
and ecchymoses, which can mimic meningococcemia (78).
Plague septicemia can produce small artery thromboses in the
acral vessels of the nose and digits, resulting in gangrene and
complete necrosis (79). Black necrotic appendages and more
proximal purpuric lesions caused by endotox emia are often
present (80). These signs are believed to be responsible for the
term “black death” during the second plague pandemic (81).
Unfortunately, the late finding of acral gangrene will not be
helpful in the early diagnosis of plague when life-sa ving an-
tibiotics should be given (Figs. 7-8 and 7-9) (82).

Figure 7-8. Petechiae and purpura. Capillary fragility is one of
the manifestations of a plague infection, evident here on the
leg of an infected patient. (From Centers for Disease Control-
PHL; Date: 1954.)

Figure 7-9. Acral gangrene. This patient presented with symp-
toms of plague that included gangrene of the right hand caus-
ing necrosis of the fingers. (From Centers for Disease Control-
PHL; Date: 1975.)

PNEUMONIC PLAGUE

Symptoms of pneumonic plague be gin after an incubation
period of 1 to 6 days (a verage of 2 to 4 days) and include
sudden-onset of high fe ver, chills, headache, malaise fol-
lowed by cough, often with hemoptysis, chest pain, and dys-
pnea (83-85). Patients develop progressive dyspnea, stridor,
and cyanosis. Patients with terminal pneumonic or septic
plague develop livid cyanosis (86,87). Death results from
respiratory failure, circulatory collapse, and bleeding diathe-
sis if the condition was not diagnosed early and treated prop-
erly (88). During pre-antibiotic era epidemics, the average
time from respiratory e xposure to death from pneumonic
plague in humans is reported to be from 2 to 4 days (89).
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Primary pneumonic plague rarely occurs in the United
States. There have been two such cases in the United States
in the past 20 years, both occurring after handling domestic
cats with pneumonic plague. Both patients complained of
typical pneumonic symptoms, but they also complained of
prominent gastrointestinal symptoms of nausea, vomiting,
abdominal pain, and diarrhea. Diagnosis was delayed more
than 24 hours after symptom de velopment in both cases,
and both patients died (90,91).

PLAGUE MENINGITIS

Plague bacilli can spread hematogenously to the central
nervous system if appropriate antibiotic therapy is not ini-
tiated soon enough. The resulting plague meningitis with
fever, meningismus, and other meningeal signs is indistin-
guishable from meningococcemia (92). Plague meningitis
occurs in approximately 6% of septicemic and pneumonic
cases (93).

DIFFERENTIAL DIAGNOSIS

Diagnosis of plague is based primarily on clinical suspi-
cion. An acutely ill patient complaining of sudden onset
of fever, headache, malaise, and a painful, enlarged mass
in the groin or axilla (especially if in an endemic area or
following exposure to rodents, rabbits, or fleas) should
lead to the presumptive diagnosis of bubonic plague. The
differential diagnosis for b ubonic plague includes tu-
laremia, cat scratch fe ver, lymphogranuloma venereum,
chancroid, scrub typhus, and other staphylococcal and
streptococcal infections. Diagnosis can be aided by Gram
staining aspirate from the bubo.

The differential diagnosis of septicemic plague should
include meningococcemia, other gram-negative sepsis, and
the rickettsioses.

The diagnosis of pneumonic plague is usually much
more complicated because a plague aerosol is colorless,
odorless, and tasteless. There will not have been an explo-
sion or gas cloud to announce the presence of lethal agent
in the air. And the development of symptoms w ould not
occur for 1 to 3 days. The patient who presents with sys-
temic toxicity, a productive cough with bloody sputum
can lead to a lar ge differential. However, the sudden ap-
pearance of large numbers of pre viously healthy patients
with severe, rapidly progressive pneumonia with hemop-
tysis should strongly suggest pneumonic plague and a de-
liberate bioterrorist attack (94). Demonstration of gram-
negative rods in the patient” s sputum should readily
suggest pneumonic plague because Yersinia pestis is the
only gram-negative bacterium that can cause e xtensive,
fulminate pneumonia with bloody sputum in an otherwise
healthy, immunocompetent patient (95).

LABORATORY STUDIES

Routine Blood Studies

Routine blood studies are mar ginally helpful but will not
provide a def initive diagnosis. Complete blood count

(CBC) with differential should reveal leukocytosis with a
total white blood cell count up to 20,000 cells with a “left

shift” of increased bands, and greater than 80% polymor-
phonuclear cells (96). One often f inds increased fibrin-
split products indicati ve of lo w-grade disseminated in-
travascular coagulation (DIC). Serum blood urea nitrogen
(BUN), creatinine, alanine amniotransferase (AL T), as-
partate amniotransferase (AST), and bilirubin may also be
elevated, indicative of multiorgan failure (97,98).

Microscopy Studies

A presumptive diagnosis of plague can be made micro-
scopically by identifying the classic coccobacilli of
Yersinia pestis using Gram (Fig. 7-10), Wright, Giemsa
(Fig. 7-11), or Wayson’s stained smears of lymph node
needle aspirate, sputum, blood, or cerebrospinal fluid
specimens. Direct fluorescent antibody (DFA) staining is
quite useful when available due to the DF A stain’s affin-
ity for the F | capsular antigen of Yersinia pestis (Figs.
7-10 to 7-12).

Figure 7-10. Blood smear. This is a micrograph of a blood smear
containing Yersinia pestis plague bacteria. (From Centers for
Disease Control-PHIL; Date: 1975.)
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Figure 7-11. Wright's stain. Dark stained bipolar ends of
Yersinia pestis can clearly be seen in this Wright's stain of blood
from a plague victim. (From Centers for Disease Control-PHIL;
Date: 1993.)



Figure 7-12. Immunofluorescent study. DFA study revealing
Yersinia pestis at 200X. (From Centers for Disease Control-PHIL;
Date: 2002.)

Bacterial Cultures

Bacterial cultures of blood, bubo aspirate, sputum, and cere-
brospinal fluid (CSF) (if indicated) should be performed.
Yersinia pestis grows best aerobically at 28°C on sheep
blood or MacConkey agar media. Growth is usually demon-
strated in 24 to 48 hours, revealing tiny 1 to 3 mm “beaten-
copper” colonies at48 hours. At 72 hours, “fried-egg”
colonies may be identified. Laboratory personnel need to be
warned of suspected plague because automated bacterial
identification systems may misdiagnose Yersinia pestis, or
take up to 6 days to identify (Fig. 7-13).

Figure 7-13. Culture on sheep blood agar. Yersinia pestis grows
well on most standard laboratory media. After 48 to 72 hours,
gray-white to slightly yellow opaque raised, irregular “fried
egg” morphology; alternatively, colonies may have a “ham-
mered copper” shiny surface. (From Centers for Disease Con-
trol-PHIL; Date: 2002.)
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Radiographic Studies

Radiographic findings of the chest are v ariable in pneu-
monic plague but usually reveal bilateral infiltrates, which
may be patchy or a consolidated bronchopneumonia (Fig.
7-14) (99,100).

The CDC’s Laboratory Test Criteria for Diagnosis of
Plague helps health care w orkers determine if clinical and
laboratory results make the diagnosis of plague suspected,
presumptive, or confirmed (Table 7-1).

Figure 7-14. CXR pneumonic plague. Anteroposterior chest ra-
diograph of plague patient showing bilateral pulmonary infil-
trates. (From Centers for Disease Control-PHIL; Date: 1975.)

MEDICAL MANAGEMENT

NOTIFICATION

It is a U.S. Public Health Service requirement that all sus-
pected cases of plague be reported to local and state health
departments, and that the diagnosis be conf irmed by the
Centers for Disease Control and Prevention (101).

ISOLATION

Any patient suspected or confirmed to have pneumonic plague
should remain isolated during the f irst 48 hours of antibiotic
treatment, and until clinical impro vement results (102—104). If
large numbers of patients with pneumonic plague e ~ xist, they
may be cohorted while under going antibiotic therapy. Standard
Universal Precautions should be used whene ver handling pa-
tients with suspected or conf irmed infections or contact with
plague; Respiratory Droplet Precautions should be added for
suspected or confirmed pneumonic plague (105). In large pneu-
monic plague epidemics during the past century , human-to-
human transmission was prevented by simply wearing masks
(106-109). Therefore, existing national guidelines recommend
the use of disposable sur gical masks to prevent transmission of
pneumonic plague (110). The use of masks is recommended for
patients and health care professionals, as well as others who
may come within close contact (defined as 2 meters) (111,112)
of a patient with suspected pneumonic plague. P atients being
transported should be wearing surgical masks (113).
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IACIRSWA CDC's Laboratory Criteria for Diagnosis of Plague

SUSPECTED PLAGUE SHOULD BE CONSIDERED IF THE FOLLOWING CONDITIONS ARE MET:

1. Clinical symptoms are compatible with plague (i.e., fever and lymphadenopathy in a person who resides in or recently traveled

to a plague-endemic area).

2. Small gram-negative and/or bipolar-staining coccobacilli are seen on a smear taken from such affected tissues as

* Bubo (bubonic plague)
* Blood (septicemic plague)
* Tracheal/lung aspirate (pneumonic plague)

PRESUMPTIVE PLAGUE SHOULD BE CONSIDERED WHEN ONE OR BOTH OF THE FOLLOWING CONDITIONS ARE MET:

1. If immunofluorescence stain of smear or material is positive for the presence of Yersinia pestisF1 antigen.
2. If only a single serum specimen is tested and the anti-F1 antigen titer by agglutination is >1:10."

CONFIRMED PLAGUE IS DIAGNOSED IF ONE OF THE FOLLOWING CONDITIONS IS MET:

1. If a culture isolated is lysed by specific bacteriophage.

2. If two serum specimens demonstrate a fourfold anti-F1 antigen titer difference by agglutination testing.”
3. If a single serum specimen tested by agglutination has a titer of >1:128 and the patient has no known previous plague exposure

or vaccination history.”

*Agglutination testing must be shown to be specific to Y. pestisF1 antigen by hemagglutination inhibition.

Laboratory Test Criteria for Diagnosis of Plague. Taken from the CDC’s plague web site, Division of Vector-Borne Infectious Diseases, Centers for Dis-
ease Control and Prevention, Atlanta, GA. Available at: http:/www.cdc.gov/ncidod/dvbid/plague/lab-test-criteria.htm. Last accessed October 1, 2003.

LABORATORY SPECIMENS

Blood, sputum, bronchial washing, CSF, or lymph node as-
pirates should be taken for laboratory study as indicated by
the clinical presentation, as soon as possible before initiat-
ing antibiotic therapy.

ANTIBIOTIC TREATMENT

Recommendations for antibiotic treatment of plague in this
chapter are based here on the comprehensive evaluation made
by the Working Group on Civilian Biodefense as published in
the Journal of the American Medical Association entitled,
“Plague as a Biological Weapon: Medical and Public Health
Management,” commonly referred to as the JAMA Consensus
Statement on Plague (114). The Working Group was com-
prised of experts on biological w arfare from the Center for
Civilian Biodefense Studies at Johns Hopkins, including
Thomas V. Inglesby, D.A. Henderson, and Tara O’Toole; spe-
cialists such as David T. Dennis from the Centers for Disease
Control and Prevention; and Edward Eitzen, Arthur M. Fried-
lander, and Gerald Parker from the U.S. Army Medical Re-
search Institute of Infectious Diseases (115).

Although the recommendations made by the Working
Group published inthe ] AMA Consensus Statement were
made based upon the evaluation of the most up-to-date studies
available at the time, and their recommendations are still valid
at the time of this publication, final selection of antibiotic ther-
apy should be made based upon the clinical situation and the
most current medical information a vailable. This author rec-
ommends verifying antibiotic selection with a vailable infec-

tious disease specialists and public health authorities within
your state and at the Centers for Disease Control and Pre ven-
tion. Links to these sources are pro vided at the end of this
chapter. Adjustments to antibiotic co verage should be made
based upon antibiotic susceptibility testing of cultures tak en
from the patient prior to initiation of therapy (116).

The Working Group’s recommendations for antibiotic
therapy are provided in Table 7-2. Note that the Working
Group makes a distinction between contained casualty set-
tings and mass casualty settings and postexposure prophy-
laxis. A contained casualty setting is one in which a modest
number of patients require treatment. In such a setting, par-
enteral antibiotic therapy is optimal. However, in the event
of a deliberate act of bioterrorism using aerosolized plague
agent resulting in mass casualties, there will most likely be
a shortage of intravenous antibiotics, equipment, and possi-
bly hospital beds. In such a setting, recommendations for
oral antibiotic therapies are provided (117).

Sreptomycin has been recognized as the treatment of
choice for bubonic, septicemic, and pneumonic plague since
1948 and remains the drug of choice for adults and children
in the contained casualty setting (118,119). Chlorampheni-
col isthe drug of choice for plague meningitis for adults and
children in both the contained and the mass casualty setting,
with 1V therapy if available, otherwise supplanted by oral
preparations (120). If streptomycin is una vailable, genta-
micin may be substituted. Alternative therapies in the con-
tained casualty setting include intra venous doxycycline or
ciprofloxacin (Table 7-2).

In mass casualty situations where intravenous therapy may
not be feasible, oral doxycycline, ciprofloxacin, or chloram-
phenicol therapy may be substituted (Table 7-2) (121).


http://www.cdc.gov/ncidod/dvbid/plague/lab-test-criteria.htm
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B | AMA Consensus Statement Treatment of Pneumonic Plague Table®

PATIENT CATEGORY

RECOMMENDED THERAPY

CONTAINED CASUALTY SETTING

Adults

Preferred choices
Streptomycin, 1 g IM twice daily

Gentamicin, 5 mg/kg IM or IV once dialy or 2 mg/kg loading dose followed
by 1.7 mg/kg IM or IV 3 times daily*

Alternative choices
Doxycycline, 100 mg IV twice daily or 200 mg IV once daily

Ciprofloxacin, 400 mg IV twice daily"

Chloramphenicol, 25 mg/kg IV 4 times daily$

Children™™*

Preferred choices
Streptomycin, 15 mg/kg IM twice daily (maximum daily dose, 2 g)

Gentamicin, 2.5 mg/kg IM or IV 3 times daily*

Alternative choices
Doxycycline,

If 245 kg, give adult dosage

If <45 kg, give 2.2 mg/kg IV twice daily (maximum, 200 mg/d)

Ciprofloxacin, 15 mg/kg IV twice dailyT

Chloramphenicol, 25 mg/kg IV 4 times daily$

Pregnant Women 1t

Preferred choices
Gentamicin, 5 mg/kg IM or IV once daily or 2 mg/kg loading dose folowed
by 1.7 mg/kg IM or IV 3 times dailyt

Alternative choices
Doxycycline, 100 mg IV twice daily or 200 mg IV once daily

Ciprofloxacin, 500 mg twice daily*

MASS CASUALTY SETTING AND POSTEXPOSURE PROPHYLAXIS#

Adults

Preferred choices
Doxycycline, 100 mg orally twice daily T+

Ciprofloxacin, 400 mg IV twice daily

Alternative choices

Chloramphenicol, 25 mg/kg orally 4 times daily$™

Children

Preferred choices
Doxycycline, 1t

If 245 kg, give adult dosage

If <45 kg, then give 2.2 mg/kg orally twice daily

Ciprofloxacin, 20 mg/kg orally twice daily

Alternative choices

Chloramphenicol, 25 mg/kg orally 4 times daily¥™"

Pregnant Women

Preferred choices
Doxycycline, 100 mg orally twice daily'™

Ciprofloxacin, 500 mg/kg orally twice daily

Alternative choices

Chloramphenicol, 25 mg/kg orally 4 times daily$™

19
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1IN El | AMA Consensus Statement Treatment of Pneumonic Plague Table™ (continued)

* These are consensus recommendations of the Working Group on Civilian Biodefense and are not necessarily approved by the
Food and Drug Administration. See “Therapy” section for explanations. One antimicrobial agent should be selected. Therapy
should be continued for 10 days. Oral therapy should be substituted when patient’s condition improves. IM indicates intramus-

cularly; 1V, intravenously.

T Aminoglycosides must be adjusted according to renal function. Evidence suggests that gentamicin, 5 mg/kg IM or once daily,
would be efficacious in children, although this is not yet widely accepted in clinical practice. Neonates up to 1 week of age and
premature infants should receive gentamicin, 2.5 mg/kg IV twice daily.

f Other fluoroquinolones can be substituted at doses appropriate for age. Ciprofloxacin dosage should not exceed g/d in children.

§ Concentration should be maintained between 5 and 20 pg/ml. Concentrations greater than 25 pg/ml can cause reversible bone

marrow suppression (35,62).

skokok

Refer to “Management of Special Groups” for details. In children, ciprofloxacin dose should not exceed 1 g/d, chloramphenicol

should not exceed 4 g/d. Children younger than 2 years should not receive chloramphenicol.
11 Refer to “Management of Special Groups” for details and for discussion of breastfeeding women. In neonates, entamicin load-

ing dose of 4 mg/kg should be given initially.

# Duration of treatment of plague in mass casualty setting is 10 days. Duration of postexposure prophylaxis to prevent plague in-

fection is 7 days.

** Children younger than 2 years should not receive chloramphenicol. Oral formulation available only outside the United States.

1 Tetracycline could be substituted for doxycycline.

From Working Group Recommendations for Treatment of Patients with Pneumonic Plague in the Contained and Mass Casualty Settings and for
Postexposure Prophylaxis. Inglesby TV, Dennis DT, Henderson DA, et al. Plague as a biological weapon: medical and public health management.

JAMA. 3 May 2000;283(17):2287.

In all cases of plague, a single antibiotic is recommended
for a minimum of 10 days, or until clinical improvement re-
sults. Again, adjustments to antibiotic therap y should be
made based upon antibiotic susceptibility testing of cultures
taken from the patient prior to initiation of therapy (122).

PREGNANT WOMEN

In general, aminoglycosides are to be a voided in pre gnant
women if possible, unless severe illness warrants (123,124).
However, in the setting of pneumonic plague, there is no
more efficacious alternative. In the contained casualty set-
ting, gentamicin is the preferred aminoglycosides for preg-
nant women with pneumonic plague since streptomycin has
been associated with rare reports of irre versible deafness in
children following fetal exposure (125). In the mass casu-
alty setting, doxycycline should be used if parenteral gen-
tamicin is unavailable (Table 7-2) (126).

BREASTFEEDING

The Working Group recommends that the best treatment for
breastfeeding women with plague is to provide the mother and
infant with the same antibiotic based upon the best antibiotic
for the infant: IV gentamicin in the contained setting and oral
doxycycline in the mass casualty setting (Table 7-2) (127).

POSTEXPOSURE PROPHYLAXIS

The Working Group recommends that in a community expe-
riencing a pneumonic plague outbreak, all persons develop-
ing a new cough or a temperature of 38.5°C or higher should
be promptly treated with parenteral antibiotics according to
Table 7-2. In mass casualty settings or when resources will

not allow for parenteral antibiotics, then oral therapy should
be initiated according to Table 7-2. For infants, tachypnea
would also be an indication for immediate therapy (128,129).

Asymptomatic persons ha ving household, hospital, or
close contact (less than 2 meters/6.5 feet) with a patient with
untreated pneumonic plague should recei ve postexposure
prophylaxis for seven days (130), while watching for the de-
velopment of fever and cough based on the recommenda-
tions in Table 7-2 (131).

SUPPORTIVE THERAPY

Patients with pneumonic or septicemic plague will require
advanced medical supportive care in addition to antibiotic
therapy (132). Complications of gram-ne gative sepsis, such
as adult respiratory distress syndrome, DIC, shock, and
multiorgan failure, should be expected (133).

TRIAGE CONSIDERATIONS

WHO GETS SEEN FIRST?

Based on standard emer gency department protocols, those
with septicemic and pneumonic plague will most likely need
to be seen ahead of stable patients with bubonic plague.

WHO NEEDS ISOLATION?

Any patient suspected or conf irmed to ha ve pneumonic
plague needs respiratory isolation. Those with bubonic or
septicemic plague should be handled with standard (uni ver-
sal) precautions.



WHO GETS ANTIBIOTICS?

Any patient suspected or conf irmed to have infection with
plague will need to be treated with antibiotics.  Those pa-
tients believed to ha ve pneumonic or septicemic plague
should be treated with intra venous streptomycin (or genta-
micin) if available.

WHO NEEDS ADMITTING?

Patients with pneumonic or septicemic plague will need ad-
mitting. Those with b ubonic plague should be admitted
based upon their condition and the a vailability of hospital
beds in the event of a major outbreak or biological attack.

PERSONAL PROTECTION

INFECTION CONTROL AND
DECONTAMINATION

Standard (Universal) Precautions

All persons who come in close contact with suspected or
confirmed cases of plague should use the Centers for Dis-
ease Control and Pre vention Guidelines for Standard (Uni-
versal) Precautions (134,135). Hospitals are required to fol-
low Occupational Safety and Health Administration
(OSHA) Bloodborne P athogens regulations, which also
serve to protect health care w  orkers from transmission
(136). CDC-recommended Transmission-Based Droplet
Precautions are to be added for suspected or conf  irmed
cases of pneumonic plague (137). As a general rule, pneu-
monic plague should be handled with the same precautions
used to protect against the more common respiratory dis-
ease, tuberculosis (138). Transmission-Based Contact Pre-
cautions should be used for draining buboes.

Laboratory Biosafety

Simple laboratory work with the plague bacillus, such as han-
dling clinical material or cultures, should be handled using
Biosafety Level 2 conditions. Biosafety Le vel 3 precautions
are required when performing acti vities (e.g., centrifuging,
vigorous shaking, grinding, or cutting bone) in volving high
risk for aerosol or droplet production (139,140).

Post Mortem

Bodies of patients who ha ve died from plague infection
should be handled with routine strict precautions by trained
personnel. Safety precautions for the transport of the dead for
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burial should be the same as those when transporting ill pa-
tients (141). Postmortem aerosol-producing procedures (e.g.,
sawing bone) are not recommended, but when necessary, they
should be carried out using high-ef ficiency particulate-fil-
tered masks and ne gative-pressure rooms as is customary
when dealing with Mycobacterium tuberculosis (142).

Decontamination

Hospital rooms, emergency department examination areas,
reusable instruments, clothing, and linens should under go
terminal cleaning, after being used by a suspected or con-
firmed plague patient, in accordance with standard precau-
tions and hospital protocol (143). Decontamination may be
accomplished using any Environmental Protection Agency
(EPA) hospital-approved disinfectant, or a hypochlorite so-
lution (one part household bleach with nine parts w  ater).
Acrosolized plague is belie ved be susceptible to sunlight
and is expected to survive for only about 1 hour outdoors.

Environmental Decontamination

The plague bacillus does not pose a significant environmen-
tal threat to the population follo wing an aerosol attack be-
cause Yersinia pestis is very sensitive to light and heat and
does not survive long. A World Health Organization (WHO)
study conducted in 1970 estimated that a plague aerosol
would remain infectious for only 1 hour after an outdoor re-
lease (144). The bacillus w ould be e xpected to survi ve
longer if indoors and protected from sunlight and heat. On
the other hand, plague fleas are relatively hardy and can sur-
vive outdoors without a host for at least 6 months (145), and
cleanup of susceptible rodents should be a public health pri-
ority in the event of a bubonic plague outbreak.

Vaccines

Plague vaccines using dead or inacti vated Yersinia pestis
have been around since the f irst killed whole-cell v accine
was developed by Russian physician Waldemar Haffkine in
1896 (146). The United States licensed a F ormalin-killed,
phenol-preserved whole-cell, injected vaccine thatw as
available in the United States from 1946 until 1999 when it
was withdrawn from the market by the manufacturer (147).
The vaccine offered protection against bubonic plague, but
it did not prevent or ameliorate the development of primary
pneumonic plague when e xposure to aerosolized plague
bacteria (148—150). Live-attenuated vaccines have been un-
successful because they are much more reactogenic than the
killed vaccine (151). Research is ongoing in the pursuit of a
vaccine that protects against primary pneumonic plague
(152,153), and the National Institute of Allergy and Infec-
tious Diseases (NIAID) is currently accepting research pro-
posals for new plague vaccine for the general public.
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SUMMARY

Disease: PLAGUE: Bubonic, pneumonic, septicemic, and
rarely meningitic.

Organism: bacterium Yersinia pestis.
Transmission:
= Flea bites from infected rodents.

m Direct contact with infected tissues or body fluids from
handling sick or dead animals.

m Respiratory droplets from cats and humans with pneu-
monic plague.

m Intentional aerosolized weaponized agent.

Incidence of naturally occurring plague: An average of 13 cases

a year (range of 5 to 15) in the United States, usually in one of

the southwestern states (New Mexico, Arizona, Colorado, and

California). Plague may occur anytime during the year.

Mortality rate: The mortality rate for untreated pneumonic and
septicemic plague is 100%; it is 60% for untreated bubonic plague.

Incubation period: Bubonic plague: 2 to 6 days; primary pneu-
monic plague: 1 to 3 days.

Major signs and symptoms:

m All: fever, malaise, headache, myalgias, dyspepsia, vomit-
ing, and diarrhea.

m Bubonic: fever, malaise, headache, myalgias, tender lym-
phadenopathy (femoral, inguinal, axillary, and cervical),
high fever.

m Septicemic: absence of tender lymphadenopathy, severe
fever, and rapid progression to sepsis with multiorgan fail-
ure. Patients often complain of abdominal pain.

® Pneumonic: fever, malaise, headache, myalgias, cough,
dyspnea, chest pain, hemoptysis, with rapidly progressive
respiratory failure. Patients often complain of dyspepsia,
abdominal pain, nausea, vomiting, and diarrhea.

Diagnosis:
m Suspected: Suspect plague if large numbers of previously

healthy individuals present with rapidly progressive gram-
negative pneumonia, especially with hemoptysis.

RESOURCES

1. JAMA Consensus Statement on Plague. Inglesby TV,

Dennis DT, Henderson DA, et al. Plague as a biologi-
cal weapon: medical and public health management.
JAMA. 2000;2281-90. Available at: http://www.bt.cdc.
gov/Agent/Plague/Consensus.pdf. Accessed

October 1, 2003.

m Presumptive: Diagnosis can be made by Gram, Wright,
Giemsa, or Wayson stain of blood, sputum, CSF, or lymph
node aspirates. DFA studies can be helpful.

= Définitive: Requires a positive culture of Yersinia pestis.
PCR can be used if available.

Treatment: Isolate the patient and notify public health authori-
ties as soon as plague is suspected. Early administration of an-
tibiotic therapy (following laboratory specimens) is crucial.
The drug of choice for pneumonic plagueis streptomycin, 1 g
IM twice daily. If streptomycin is unavailable, use gentamicin
IM, followed by doxycycline or ciprofloxacin IV. Chloram-
phenicol isthe drug of choice for plague meningitis. In mass
casualty situations where intravenous therapy is not feasible,
oral doxycycline, ciprofloxacin, or chloramphenicol may be
substituted (154).

Prophylaxis: Prophylaxis is recommended for individuals with
a history of exposure to plague or infected fleas. The preferred
antibiotics include the tetracyclines, chloramphenicol, or one of
the effective sulfonamides.

Personal protection: Use standard universal precautions for all
suspected or confirmed cases of plague. Add Respiratory
Droplet Precautions for suspected or confirmed cases of pneu-
monic plague.

Decontamination: Decontamination may be accomplished
using any EPA hospital-approved disinfectant or a hypochlorite
solution (or one part household bleach with nine parts water),
which work best if left on contaminated areas for 30 minutes
before proceeding with usual cleaning. Decontamination of
clothing and fomites should be conducted. Aerosolized plague
is believed to survive for about 1 hour.

Vaccine: Vaccine is no longer commercially available in the
United States. The injected, Formalin-killed, whole-cell vac-
cine made many years ago does not protect against inhaled ex-
posure to plague bacteria and was withdrawn from the market
by the manufacturer in 1999. NIAID is currently accepting re-
search proposals for new plague vaccine for the general public.

3. WHO Plague Web Site. Communicable disease surveil-
lance and response, World Health Organization. Avail-
able at: http://www.who.int/csr/disease/plague /en/.
Accessed October 1, 2003.

4. MEDLINEplus Health Information Plague Web Site.
A service of the U.S. National Library of Medicine
and the National Institutes of Health. Available at:
http://www.nlm.nih.gov/medlineplus/plague.html.
Accessed October 1, 2003.

5. USAMRIID’s Medical Management of Biological Casual-

2. CDC Plague Home Page. Division of Vector-Borne ties Handbook. 4th ed. Kortepter M, Christopher G, Cieslak

Diseases Infectious Diseases, Center for Disease Con-
trol and Prevention, web site on plague. Available at:
http://www.cdc.gov/ncidod/dvbid/plague/. Accessed
October 1, 2003.

T, et al., editors. Fort Detrick, MD: U.S. Army Medical Re-
search Institute of Infectious Diseases; 2001. Available at:
http://www.usamriid.army.mil/education/bluebook.html.
Accessed October 1, 2003.
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6. Military Textbook of Medicine: Medical Aspects of
Chemical and Biological Warfare. McGovern TW, Fried-
lander AM. Plague. In: Zatjtchuk R, Bellamy RF, editors.
Medical aspects of chemical and biological warfare.
Bethesda, MD: Office of the Surgeon General; 1997.
Available at: http://www.nbc-med.org/SiteContent/
HomePage/WhatsNew/MedAspects/contents.html.

7. Harrison’s Principles of Internal Medicine Plague
Chapter. Campbell GL, Dennis DT. Plague and other
Yersinia infections. In: Fauci AS, Braunwald E, Issel-
bacher KJ, et al., editors. Harrison’s principles of inter-
nal medicine, 14th ed. New York: McGraw-Hill, Health
Professions Division; 1998.

QUESTIONS AND ANSWERS

1. Plague occurs endemically in all of the following pop-
ulated continents EXCEPT:
A. Europe
B. North America
C. South America
D. Australia
E. Asia

2. What isthe most common clinical form of plague?
A. Meningitic
B. Bubonic
C. Pneumonic
D. Septicemic
E. Pharyngitic

3. Each of thefollowing statementsregarding the clinical
presentation of pneumonic plagueistrue EXCEPT:
A. Gastrointestinal symptoms may be present.
B. It has a several-week course of development.
C. It is the most likely form of plague expected from a
terrorist attack.
D. A cervical bubo is sometimes present.
E. It may be transmitted to humans from cats.

4, According to the Working Group on Civilian Biode-
fense (JAMA Consensus Statement on Plague), what
is the drug of choice for treating an isolated case of
pneumonic plaguein an adult?

A. Erythromycin

B. Trimethoprim-Sulfamethoxazole
C. Amoxicillin

D. Tetracycline

E. Streptomycin

ANSWERS

1: D. Australia

2: B. Bubonic

3. B. It has a several-week course of devel opment.
4. E. Sreptomycin
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Smallpox

Lisa Rotz, Inger Damon, and Joanne Cono

NAME OF AGENT

Variola (Smallpox) Virus

MICROBIOLOGY

The etiological agent of smallpox is a double-stranded DNA
virus, variola virus, which belongs to the family Poxviridae,
genus orthopoxvirus. This genus includes se veral other re-
lated viruses, including vaccinia virus, which is used to pro-
duce smallpox vaccine because it induces cross-protecti ve
immunity to other orthopoxviruses. These viruses are brick-
shaped on electron micrography and measure about 300 by
250 by 200 nm (1).

THEORETICAL AND SCIENTIFIC
BACKGROUND

Prior to the eradication of smallpox, humans were the only
known natural reservoir. The last known naturally occurring
case of smallpox was in Somalia in 1977 (2). Routine vacci-
nation against smallpox w as discontinued worldwide in the
early 1980s following elimination of the disease through a
global eradication program led by the World Health Organi-
zation (WHO). Protection against smallpox following vacci-
nation is not lifelong. High-level protection lasts for approxi-
mately 5 years, and waning but still substantial protection
can persist for up to 10 years follo wing initial vaccination
with vaccinia virus, the related orthopoxvirus used in the
live-virus vaccine for smallpox (3,4). Protection against
death from the disease may persist e ven longer than protec-
tion against disease in v accinated individuals and may be
seen in persons v accinated over two decades ago (5,6). All

children and most adults are no w considered susceptible to
the development of disease if exposed to variola virus, either
because they were never vaccinated or were vaccinated more
than 20 years ago and are no longer fully protected. Al-
though the last case of smallpox occurred over 25 years ago,
the specter of bioterrorism has raised concerns for the use of
this virus as an agent of terrorism (7).

Human-to-human transmission of v ariola virus usually
occurs by inhalation of virus-containing lar ~ ge airborne
droplets of saliva from an infected person with subsequent
deposition on the oropharyngeal region of the susceptible in-
dividual. Transmission usually requires prolonged close con-
tact (face-to-face), although infrequently airborne transmis-
sion over greater distances has been described (8).
Transmission via direct contact with material from the small-
pox pustules or crusted scabs can also occur; however, scabs
are much less infectious than respiratory secretions, presum-
ably due to binding of the virions in the f ibrin matrix of the
scab. During the smallpox era, the overall average secondary
attack rate w as 58.4% in pre viously unvaccinated close
household contacts and 3.8% inpre  viously vaccinated
household contacts (2). Higher attack rates that have been re-
ported from some studies may ha ve been associated with
more favorable environmental conditions for transmission
(e.g., low heat and low humidity). Because of the lack of nat-
ural and vaccine-induced immunity, it is difficult to predict
the exact attack rates in today’s population.

Following deposition on the mucous membranes, the
virus passes into local lymph nodes with a brief period of
viremia. Next, a latent period of up to 2 weeks occurs during
which the virus multiplies in the reticuloendothelial system.
The onset of initial symptoms (the prodromal phase) is pre-
ceded by another short viremic period. During the prodromal
phase, the virus multiplies and in vades the mucous mem-
branes of the mouth and dermal layers of the skin. This leads
to the de velopment of the oropharyngeal and skin lesions
that contain infectious viral particles (2). Transmission of the
virus via large airborne droplets remains highest during the
first 7 to 10 days follo wing the onset of rash b ut decreases
significantly during the later stages of the disease (9).

81



88 Ssection 2 Biological Agents

SIGNS AND SYMPTOMS

Notify public health officials immediately of any suspected
smallpox patient. The three clinical forms of smallpox, ordi-
nary, flat, or hemorrhagic, may occur in unvaccinated or
distantly vaccinated individuals. During the smallpox era,
ordinary smallpox generally accounted for about 90% of
the cases. Flat and hemorrhagic clinical presentations ac-
counted for a much lower percentage (7% and <3%, respec-
tively) (1,10,11). An additional form, modified type, was
seen in individuals with previous vaccination who were no
longer fully protected. Although the case-fatality rate varied
with the different clinical forms of smallpox, it was approx-
imately 30% in unvaccinated individuals.

Differing clinical forms of disease are thought to be caused
by the host’s response to infection rather than dif ferent strains
of virus. The clinical course of ordinary or typical smallpox
begins with an asymptomatic incubation period follo wing in-
fection, which may last from 7 to 17 days (a verage 12 to 14
days). After the incubation period, the first symptoms be gin
with a prodromal phase and include fe ver, malaise, prostra-
tion, headache, and backache. During the prodromal phase, in-
dividuals often feel very ill, which may prompt them to remain
at home or seek medical care. This nonspecific viral syndrome
phase usually lasts from 2 to 4 days before the onset of the
rash or exanthem phase. Virus transmissibility or infectious-
ness begins as the fever peaks at the end of the prodrome pe-
riod and coincides with the onset of the rash. This rash begins
as lesions on the b uccal and pharyngeal mucosa, soon fol-
lowed by the appearance of rash on the f ace, forearms, and
hands (2,9). The rash spreads downward, and within a day or
so, the trunk and lower limbs are involved, including the palms
and soles. Usually the rash is evident on most parts of the body
within 24 hours. Ultimately the distribution of the rash is cen-
trifugal: most profuse on the face, and more abundant on the

Figure 8-1. This photograph depicts an African child displaying
the typical centrifugal rash distribution of smallpox on his face,
chest, and arms. (From CDC, Public Health Images Library # 3268.)

Figure 8-2. Closeup of smallpox pustules found on the thigh of
a patient during day 6 of the rash. (From CDC/Dr. Paul B. Dean,
Public Health Images Library # 2553.)

forearms than the upper arms, and on the lower legs than the
thighs (Fig. 8-1).

The lesions of the rash be gin as macules, which are small
discolored skin patches. The macules progress to firm papules,
then vesicles, which soon become opaque and pustular (Fig.
8-2). Progression of the rash is slower than varicella (chicken-
pox) with usually 1 to 2 days between each stage (macule to
papule to pustule). In addition, the lesions tend to progress
through stages together so lesions in an y area of the body are
all in the same stage of de velopment. The pustules, which are
considered the characteristic lesions of smallpox, are typically
raised and firm to the touch, or “shotty,” as if BB pellets were
embedded in the skin. Approximately 8 to 9 days after onset of
the rash, the pustules become pitlike and dimpled. Around day
14, the pustules dry up and become crusted. By about day 19,
after onset of prodromal symptoms, most pustules be gin to
scab and separate, with those on the palms and soles separat-
ing last. Virus particles can be present in lar ge numbers in the
scabs but are generally not highly infectious because the y are
enclosed within the hard, dry scab.

Flat-type or malignant smallpox, a very rare manifestation
of the disease, is believed to be associated with a deficient cel-
lular immune response to v ariola virus (2). This form of the
disease is characterized by a rapidly progressi ve septic state
and is very rare in previously vaccinated individuals. The skin
lesions develop slowly, become confluent, and remain flat and
soft, never fully progressing to the pustular stage. They have
been described as “velvety” to the touch, and sections of the
skin where lesions ha ve become confluent may slough of f.
The majority of flat-type smallpox cases are fatal (97% among
unvaccinated individuals), but if the patient survi ves, the le-
sions gradually disappear without forming scabs.

Hemorrhagic-type smallpox, which is also rare, is associ-
ated with petechiae (minute hemorrhagic spots) in the skin and
bleeding from the conjuncti va and mucous membranes. This
type of smallpox maintains a higherle ~ vel of prolonged
viremia as opposed to the other clinical forms of the disease.
Illness with se vere prodromal symptoms that include high
fever, severe headache, and abdominal pain be gins after a
sometimes shortened incubation period. Soon after illness
onset, a dusky erythema develops, which is followed by pe-
techiae and skin and mucosal hemorrhages. Death usually oc-
curs within the first week of illness (1), often before lesions
more characteristic of smallpox rash de velop. The two forms
of hemorrhagic-type smallpox, early and late, are differenti-
ated by the occurrence of hemorrhages after the appearance of
the rash in the late form. Hemorrhagic-type smallpox occurs



among all ages and in both se xes but is more common in
adults and almost universally fatal. Pregnant women also seem
to be more susceptible to de veloping this form of smallpox
than other adults. The underlying molecular biologic reasons
for the severe toxemia and other effects of this form of small-
pox are unclear.

A modified form of smallpox can occur in pre viously vac-
cinated individuals. The modification referred to in this form
of smallpox relates to the character and de velopment of the
rash with more rapid progression and resolution of the lesions.
In general, the prodrome stage with fever still occurs and may
also consist of severe headache and backache, with a duration
that may not be shortened. However, once the skin lesions ap-
pear, they generally evolve more quickly with crusting com-
pleted within 10 days. The lesions may be fe wer in number
and are more superf icial than those seen in ordinary-type
smallpox. Although a febrile prodrome generally still occurs,
fever during the rash stage is usually absent with this modified
form of smallpox.

In situations where smallpox w as not expected, smallpox
was at times confused with chickenpox. In contrast to chicken-
pox, all lesions on an'y one part of the body are at the same
stage of development with smallpox. Distribution of the rash
in chickenpox is uniform or centripetal; there may be more le-
sions on the trunk than on the f ace and distal limbs, and ab-
dominal involvement is equivalent to back in volvement. The
rash of chickenpox manifests as uniloculated v esicles that do
not umbilicate or dimple. The vesicles may also have irregular
borders. There are usually no lesions on the palms and soles in
chickenpox.

The Centers for Disease Control and Prevention (CDC) has
developed several resources that can be used to assist clinicians
in evaluating acute generalized v esicular or pustular rash ill-
nesses for their likelihood of being smallpox in a nonoutbreak
setting. These tools can be found on the CDC web site at
http://www.bt.cdc.gov/agent/smallpox/diagnosis/evalposter.asp
and include an interactive online version of the clinical evalua-
tion algorithm.

A number of nucleic acid polymerase chain reaction (PCR)
assays detect the presence of orthopoxvirus in clinical speci-
mens. The speciation of orthopoxvirus is then f acilitated by
endonuclease restriction fragment length polymorphism
(RFLP) analysis (12—14). The Laboratory Response Netw ork
(LRN), an affiliation of public health laboratories with the As-
sociation of Public Health Laboratories (APHL) and CDC,
has a variety of real-time PCR assays that can be used for the
detection of orthopoxviruses in clinical specimens. A subset of
LRN laboratories with appropriate biocontainment capabali-
ties, also has specific smallpox (variola) testing capacity. Elec-
tron microscopy, in facilities with well-trained personnel, is
another sensitive method for evaluating rash specimens for the
presence of poxvirus particles.

MEDICAL MANAGEMENT

There are no proven curative treatments for clinical smallpox.
Medical management of a patient with smallpox is mainly
supportive and consists of (a) isolation of the patient to pre-
vent transmission of the smallpox (v ariola) virus to nonim-
mune persons, (b) monitoring and maintaining fluid and elec-
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trolyte balance, (c) skin care, and (d) monitoring for and treat-
ment of complications. Reco very from smallpox results in
prolonged immunity to reinfection with v ariola virus. Variola
virus does not persist in the body after recovery.

Hospitalized suspected and conf irmed smallpox patients
should be isolated in a ne gative-pressure room, and strict air-
borne and contact precautions should be maintained at all
times. These precautions include use of N-95 or greater respi-
rators, gloves and gowns, and careful hand w ashing for all
health care workers entering the patient’ s room. If possible,
previously vaccinated personnel should be utilized to evaluate
and care for suspected or confirmed cases of smallpox. If pre-
viously vaccinated personnel are una vailable, staff without
contraindications to vaccination can provide care utilizing the
appropriate airborne and contact personal protecti ve equip-
ment, with vaccination provided as soon as possible (15).

During the vesicular and pustular stages of smallpox, pa-
tients may experience significant fluid losses and become hypo-
volemic or develop shock. Fluid loss can result from (a) fe ver,
(b) nausea and vomiting, (c) decreased fluid intake due to swal-
lowing discomfort from pharyngeal lesions, (d) body fluid shifts
from the vascular bed into the subcutaneous tissue, and (e) mas-
sive skin desquamation in patients with e xtensive confluent le-
sions. Electrolyte and protein loss may also occur in these pa-
tients. Fluid and electrolyte balance should be monitored in
hospitalized patients with appropriate oral or intra venous cor-
rection of imbalances. P atients with less se vere disease should
be encouraged to maintain good oral intake of fluids.

Nausea and vomiting can occur in the earlier stages of
smallpox, especially in the prodromal period before rash de-
velopment, and should be treated symptomatically. Occasion-
ally, diarrhea may occur in the prodromal period or in the
second week of illness and should also be treated symptomati-
cally. Acute dilation of the stomach rarely occurs and is more
common in infants. In some se vere cases of smallpox (espe-
cially flat-type), extensive viral infection of the intestinal mu-
cosa occurs with sloughing of the mucosal membrane. Most
of these cases are fatal.

Occasionally, bacterial superinfections may also occur and
should be treated with appropriate antibiotic therapy. Bacterial
superinfections can include abscesses of skin lesions, pneu-
monia, osteomyelitis, joint infections, and septicemia. Labora-
tory diagnostics (e.g., Gram stain, culture, and antibiotic sus-
ceptibility testing) should be performed to help guide
antibiotic therapy.

Viral bronchitis and pneumonitis can be complications of
severe smallpox. Treatment is symptomatic with measures to
treat hypoxemia with supplemental oxygen and/or intuba-
tion/ventilation as indicated. Secondary bacterial pneumonia
can occur and should be treated with appropriate antibiotics as
guided by laboratory diagnostics (e.g., Gram stain, culture,
and antibiotic susceptibility testing). Pulmonary edema is
common in the more se vere forms of smallpox (hemorrhagic
and flat-type) and should be treated with careful monitoring of
oxygenation, fluid status, blood pressure with supplemental
oxygen, and diuretics administered as needed. Although
cough is not usually a prominent symptom of clinical small-
pox, patients with a cough during the first week of illness may
transmit disease more readily than those without a cough be-
cause this is the period when oral secretions contain the lagest
amount of virus. A cough is more likely to produce small par-
ticle aerosols that can tra vel over greater distances. P atients
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that develop a cough later in the course of disease (after day
10), when viral counts in secretions are lower, are not as infec-
tious as those that develop coughs earlier.

Corneal ulceration and/or k eratitis, complications some-
times leading to blindness, occurred more frequently in hem-
orrhagic-type smallpox but were occasionally seen in the more
typical ordinary-type smallpox. Occasionally , blindness can
occur, but it generally is a result of an underlying condition
such as malnutrition and/or an opportunistic ocular bacterial
infection. The virus itself does not cause the corneal opacity
that can lead to blindness. In one case series (10), corneal ul-
cers occurred in 1% of nonhemorrhagic-type smallpox cases,
and keratitis occurred in about 0.25%. Corneal ulcerations can
appear around the second week of illness and be ~ gin at the
corneal margins. Ulcers can heal rapidly , leaving a minor
opacity or, on occasion, may cause severe corneal scarring.

Encephalitis occurs in about 1 out of e very 500 cases of
smallpox. It usually appears between day 6 and day 10 of
illness when the rash is still in the papular or wsicular stage.
During the smallpox era, this complication w as a minor
contributor to the case-fatality rate of typical smallpox, the
most common form of smallpox. Although sometimes slow,
recovery was usually complete.

Multiple studies of antivirals during the smallpox eradi-
cation failed to show significant benefit in the treatment of
smallpox (16,17). Cidofovir (Vistide, Gilead Sciences, Fos-
ter City, CA) has shown some in vitro and in vi vo (animal
studies) activity against orthopoxviruses (18-20). However,
its true effectiveness for treating clinical smallpox or v ac-
cine adverse events is not kno wn (9). This medication is
currently labeled for the treatment of ¢ ytomegalovirus
(CMV) retinitis and has been associated with renal f ailure.
Vaccinia human immunoglobulin (VIG), which is licensed
to treat certain post—smallpox v accination adverse effects,
has shown no efficacy in the treatment of clinically estab-
lished smallpox (15,21).

VACCINATION IN THE PREVENTION OF
SMALLPOX SPREAD

The major public health tool in fighting a smallpox outbreak
is vaccination of those e xposed to the virus. Because a
bioterrorist attack may be widespread and occult, large seg-
ments of the population may need to be v accinated. This
would require a large-scale effort by the medical and public
health workforce, with significant assistance needed from
all levels of government and society. In addition, the small-
pox vaccine, because it is a li ve-virus vaccine, carries cer-
tain risks with it. In the e vent of an outbreak, the risks of
vaccination are minuscule compared to the risks of the ac-
tual diseases, but medical care considerations in a smallpox
outbreak are not limited to indi viduals with clinical small-
pox. They also extend to treating complications that can be
seen following smallpox vaccination. Serious complications
are rare after primary v accination and even less likely in
previously vaccinated persons who are re vaccinated. How-
ever, the following serious complications to vaccination can
occur and may require medical interv ention: progressive
vaccinia, eczema vaccinatum, generalized vaccinia, post-
vaccination encephalomyelitis, inadvertent inoculation of
vaccinia virus, fetal vaccinia, and myopericarditis.

Figure 8-3. This patient presented with progressive vaccinia (also
called vaccinia gangrenosum) after having been vaccinated for
smallpox. (From CDC/California Department of Health Services,
Public Health Images Library # 4590.)

Sequelae may follow recovery from smallpox. The most
common are pockmarks, which may occur all o ver the body
but usually are most profuse onthe f ace. Lesion scars or
pockmarks are caused mainly by destruction of infected seba-
ceous glands and most prominent on the f ace where these
glands are larger and more numerous. In addition to the com-
plications just listed, osteomyelitis can also occur as a com-
plication of smallpox infection.

Progressive vaccinia (PV) is a rare and often f atal vaccine
complication characterized by progressi ve, often painless,
necrosis at the vaccination site, with or without metastases to
skin at other body sites (22) (Fig. 8-3). In a national surv ey in
1968, five cases (including two deaths) of progressive vaccinia
occurred among 6 million primary v accinees (0.83 cases/mil-
lion) and six cases (including tw o deaths) occurred among 8.6
million persons revaccinated with the licensed smallpox v ac-
cines containing the New York City Board of Health (NYCBH)
strain (0.7 cases/million) (23). PV is seen in persons with se-
vere immunodeficiencies. Individuals with deficits of the cell-
mediated immune system ha ve a poorer prognosis than those
with deficiencies of the humoral immune system. Congenital
or acquired immunodeficiency diseases or other forms of im-
munosuppression (e.g., by medications such as high-dose
steroids or chemotherapeutics) put an individual at risk for this
complication. This diagnosis should be considered if the vacci-
nation site lesion continues to progress and expand without ap-
parent healing more than 15 days after v accination (24). Ini-
tially, limited or no inflammation is present at the site and
histopathological examination shows an absence of inflamma-
tory cells (25). Indi viduals with PV can become viremic and
develop vaccinial lesions at distant body sites. Management of
progressive vaccinia includes aggressive therapy with vaccinia
immune globulin (VIG), monitoring with supportive care, and
contact infection control precautions to pre vent secondary or
nosocomial spread of the li ve virus contained in the lesions.
Rarely, surgical debridement is used with varying success (22).

Eczema vaccinatum (EV) can occur in people with a his-
tory of atopic dermatitis (eczema), irrespective of disease
severity or activity. This complication can occur following pri-
mary vaccination or contact with another person who has a
nonscabbed vaccination site that contains live vaccinia virus. It
is characterized by a localized or generalized papular , vesicu-
lar, or pustular rash (Fig. 8-4). The rash has a predilection for
areas of previous eczematous lesions but can occur anywhere
on the body. Individuals with EV are often systemically ill
with fever, malaise, and lymphadenopathy accompanying the
rash. Other nonatopic e xfoliative skin conditions can also



Figure 8-4. This 28-year-old with eczema vaccinatum contracted
it from her vaccinated child. She had had a history of atopic der-
matitis, but her dermatitis was inactive at the time of the child’s
vaccination. Treatment with vaccinia immune globulin (VIG),
idoxuridine eye drops, and methisazone (Marboran) resulted in
healed lesions with no scarring or lasting ocular damage. [From
CDC/Allen W. Mathies, MD, John Leedom, MD/ California Emer-
gency Preparedness Office (Calif/EPO), Immunization Branch,
Public Health Images Library # 4621.]

place an individual at risk for EV, but generally, the illness is
less severe than that seen in individuals with atopic dermatitis.
No data exists to predict the absolute risk for these persons,
but in the 1968 national survey there were 66 cases (no deaths)
among 14.5 million vaccines (4.6 cases/million) and 60 cases
(one death) among their several million contacts.

Treatment of EV includes the administration of VIG, hemo-
dynamic support with fluid replacement and electrolyte moni-
toring, and careful skin care. Early VIG administration reduced
the mortality from 40% to 30% in one study to 7% (26). Be-
cause large surface areas of skin can be compromised in EV
fluid and electrolyte losses can be signif icant. In addition, EV
patients should be follo wed closely for signs or symptoms of
infection or sepsis. Contact infection control precautions should
be followed because the lesions of EV also contain live virus.

Generalized vaccinia (GV) is a generalized maculopapular
or vesicular skin rash, sometimes covering the whole body ,
usually occurring within 6 to 9 days after primary vaccination.
The rash is generally benign, self-limited, and has a very good
prognosis, with most cases being managed on an outpatient
basis. Systemic symptoms usually do not accompan y GV, al-
though fever occasionally may precede the rash. The course of
the individual lesions resembles that of the lesion at the inocu-
lation site; however, if the rash is profuse the lesions may vary
greatly insize. This complication is estimated to occur in
about 242 out of every one million primary vaccinations (27).
In general, this complication of v accination does not require
the administration of VIG unless it is severe and the patient is
systemically ill or the patient has an underlying immunocom-
promising condition. Treatment with nonsteroidal antiinflam-
matory agents (NSAIDs) or oral antipruritics may pro  vide

Chapter 8 Smallpox 91

symptomatic treatment. Because the lesions of GV may con-
tain live virus, patients should be managed utilizing contact in-
fection control precautions and advised to k eep lesions cov-
ered as much as possible (22).

Postvaccination encephalomyelitis (PVEM) is a rare com-
plication that can occur in primary v accinees. The frequency
of its occurrence differed widely from country to country and
with the strain of vaccinia virus utilized in the vaccine. The in-
cidence of PVEM w as lower with the Ne w York Board of
Health (NYBOH) v accinia virus strain utilized in the U.S.
smallpox vaccines (2,23,28). PVEM typically affected persons
12 years, but could not otherwise be predicted based on preex-
isting medical conditions lik e other severe smallpox vaccine
reactions (e.g., EV and PV). This postvaccination reaction typ-
ically occurs 11 to 15 days follo  wing vaccination and is
thought to generally be the result of an autoimmune process,
although the pathophysiology is unclear . Rarely has v accinia
virus been isolated from the cerebral spinal fluid (CSF) of
PVEM or postvaccination encephalopathy (PVE) cases, and
controlled trials have not been done to determine the true sig-
nificance of this infrequent f inding (23,29). Symptoms of
PVEM include fe ver, headache, vomiting, confusion, delir-
um, disorientation, restlessness, drowsiness or lethar gy,
seizures, and coma. The CSF can demonstrate an ele vated
pressure but generally has a normal cell count and chemistry
profile. The principal pathological lesions resembled those of
other postinfectious encephalitides and includes peri  venous
inflammation and demyelination (2,30).

Infants less than 2 years old can also de  velop a rare PVE
similar to PVEM. Acute onset of PVE occurs earlier in the post-
vaccination period (6 to 10 days postvaccination), presents with
the same symptoms as PVEM, and may also include hemiple-
gia and aphasia. Generalized cerebral edema with a mild lym-
phocytic meningeal infiltration, widespread ganglion degenera-
tive changes, and occasional perivascular hemorrhages are the
associated pathological changes in this form of post—smallpox
vaccination central nervous disease.

PVEM following vaccination has been reported in about 3 to
12 per million primary v accines (28). The previously reported
mortality rate for PVEM or PVE is 15% to 25% , and 25% of
survivors were still left with some neurological deficits (23).

Diagnosis of PVE or PVEM is one of e  xclusion because
there are no specific diagnostic tests to confirm the diagnosis
of this complication and man y other infectious and toxic eti-
ologies that can result in similar clinical symptoms. No clini-
cal criteria, laboratory tests, or CNS radiological studies are
definite for the diagnosis of PVE or PVEM. There is no spe-
cific therapy for this complication other than supporti ve care
that includes anticon vulsants and intensi ve care monitoring
when required. Because this complication is not believed to be
the result of viral proliferation, the role of modern anti viral
medications is unclear. In addition, no previous studies with
VIG have shown this intervention is effective in the treatment
of PVEM or PVE (22).

Fetal vaccinia (FV) is an extremely rare complication
that can occur following smallpox vaccination during preg-
nancy or shortly before conception. Fe wer than 50 cases
have been reported in the literature. Skin lesions and or gan
involvement are the usual manifestations of this complica-
tion, which often results in premature deli very or fetal or
neonatal death. FV has been associated with v accination in
all three trimesters of pregnancy.
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Accidental infection or inadvertent inoculation (Al) of
vaccinia virus to some part of the body distant from the vacci-
nation site or of another person can occur when li ve vaccinia
virus, present at the site until it has healed, is inadvertently
transferred from the vaccination site to another body site or in-
dividual. This condition most commonly occurs in children
(22) and usually results in a lesion similar to the v accination
site. The body sites most commonly affected include the face,
mouth, lips, genitalia, and eyelid. Accidental infections of dis-
tal body sites are usually not serious and do not require spe-
cific treatment. Accidental infections of other indi viduals is
also usually not serious unless the individual has a preexisting
condition (e.g., eczema or immune disorders) that makes them
more susceptible to severe reactions to vaccinia.

Vaccinia infections involving the eye or eyelid (ocular im-
plantations), however, can be more serious and e ven threaten
sight if not evaluated and treated appropriately. Accidental im-
plantation is the most common postv accination complication,
accounting for about one-half of all complications in individu-
als receiving smallpox vaccine. This complication can be pre-
vented by careful attention to hand hygiene after touching the
site, site dressings, or other materials that have come into con-
tact with the vaccination site. In addition, scratching or unnec-
essary touching of the vaccine site should be avoided.

Ocular vaccinia implantations can result in blepharitis, con-
junctivitis, keratitis, iritis, or a combination of these presenta-
tions. These complications should be managed in consultation
with an ophthalmologist. Although controlled studies have not
evaluated the usefulness of current topical optic antiviral solu-
tions in the treatment of ocular v accinia infections, their off-
label use for this purpose has been recommended by some
ophthalmologists (22). Both trifluridine (Viroptic, King Phar-
maceuticals, Inc., Bristol, TN) and vidarabine (V ira-A, King
Pharmaceuticals, Inc., Bristol, TN) have stated in vitro and in
vivo activity against vaccinia virus in the product labeling, but
neither have been approved by the Food and Drug Administra-
tion (FDA) specifically for treatment of ocular v accinia dis-
ease. Under certain conditions, VIG may also be considered in
the treatment of severe ocular disease. When keratitis is pres-
ent, the potential benefit of VIG should be carefully evaluated
because studies utilizing an animal model ha ve indicated a
possible increase in the risk of corneal scarring when VIG was
used in the presence of this complication (31). However, if an-
other sight-threatening complication is present with k eratitis
(e.g., vision-threatening lid malformation), VIG can be con-
sidered in limited doses. Use of VIG to treat other serious vac-
cine complications such as eczema v accinatum is also indi-
cated, regardless of the presence of k eratitis. VIG is not
recommended for the treatment of isolated keratitis.

Cardiac adverse events have also been described follo w-
ing smallpox v accination. These events include myoperi-
carditis, ischemia, and arrhythmias, although causality has
not been established (32-35). Of the reported € vents, myo-
pericarditis appears to have the strongest potential association
with vaccinia vaccine (33,36,37). This postvaccination com-
plication has been previously reported from Europe and Aus-
tralia where non-NYCBOH strain w as used (38,39), but it
was not a pre viously well-described complication follo wing
vaccination with the New York Board of Health strain used in
the United States.

In January 2003 a smallpox v accination program for se-
lected civilian public health and medical response teams w as

initiated as part of an overall effort to prepare the United States
in the event of a terrorist attack using smallpox. The U.S. mili-
tary initiated a similar smallpox v accination program several
months earlier. The rate of myo/pericarditis reported in the
civilian program, including suspected and probable cases, was
approximately 1:1,700 vaccinees, and the rate reported in the
military program was approximately 1:12,000 vaccinees. This
complication is generally manifested by chest pain and can
also be associated with dyspnea, palpitations, electrocardio-
gram changes, and transient cardiac enzyme elevation. All pa-
tients with reported myopericarditis following smallpox vacci-
nation in the current U.S. ¢i  vilian responder and military
vaccination programs recovered (36).

TRIAGE CONSIDERATIONS

All individuals presenting to a medical f acility with an acute
generalized vesicular or pustular rash should be immediately
triaged to an appropriate respiratory isolation room within the
facility for further evaluation. This triage procedure should be
a routine part of medical f acility protocols, regardless of the
known or unkno wn presence of smallpox in a community
Other more common vesicular rash illnesses such as v aricella
and measles can be transmitted via the respiratory route and
would present an infectious risk to nonimmune staff and other
patients in the facility.

Smallpox patients admitted to a hospital where other nons-
mallpox patients are present must be managed under strict air-
borne and contact isolation precautions in order to pre vent the
nosocomial spread of disease. Standard precautions should
also be followed. In an outbreak situation where there may be
many smallpox cases requiring treatment, designated small-
pox evaluation and medical treatment facilities may be estab-
lished in the community by public health authorities. If such
facilities are established, suspected smallpox patients should
be triaged to these f acilities where they can be v accinated,
evaluated, and treated accordingly . Suspected smallpox pa-
tients who are isolated together should be v accinated against
smallpox to prevent against accidental exposure to the disease
in someone who may ha ve been clinically misdiagnosed as a
case of smallpox while awaiting laboratory confirmation (40).

PERSONAL PROTECTION

Vaccination of an indi vidual within 3 days of ¢ xposure to
smallpox virus can prevent or significantly lessen the sever-
ity of smallpox symptoms in the v ast majority of people
(41). Vaccination up to a week after e xposure likely offers
some protection from disease or may modify the severity of
disease (10,11). Although recent successful vaccination can
provide a high level of immunity for health care personnel,
appropriate airborne, contact, and standard infection control
procedures should still be follo wed when caring for small-
pox patients. Protecti ve clothing including go wns, masks
(properly fitted N95 or higher respirator masks), and gloves
should be worn by all personnel who enter and leave an iso-
lation room or area where smallpox patients are managed.
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SUMMARY Key Features of Smallpox Disease

Incubation Period
(Duration: 7 to 17 days)
Not contagious

Exposure to the virus is followed by an incubation period during which people do not have
any symptoms and may feel fine. This incubation period averages about 12 to 14 days but can
range from 7 to 17 days. During this time, people are not contagious.

Initial Symptoms
(Prodrome)

(Duration: 2 to 4 days)
Sometimes contagious*

The first symptoms of smallpox include fever, malaise, head and body aches, and sometimes
vomiting. The fever is usually high, in the range of 101° to 104°F. At this time, people are usu-
ally too sick to carry on their normal activities. This is called the prodrome phase and may last
for 2 to 4 days.

Early Rash
(Duration: about 4 days)
Most contagious

A rash emerges first as small red spots on the tongue and in the mouth.

These spots develop into sores that break open and spread large amounts of the virus into the
mouth and throat. At this time, the person becomes most contagious.

Around the time the sores in the mouth break down, a rash appears on the skin, starting on the
face and spreading to the arms and legs and then to the hands and feet. Usually the rash
spreads to all parts of the body within 24 hours. As the rash appears, the fever usually falls and
the person may start to feel better.

By the third day of the rash, the rash becomes raised bumps.

By the fourth day, the bumps fill with a thick, opaque fluid and often have a depression in the
center that looks like a belly button. (This is a major distinguishing characteristic of smallpox.)

Fever often will rise again at this time and remain high until scabs form over the bumps.

Pustular Rash
(Duration: about 5 days)
Contagious

The bumps become pustules—sharply raised, usually round, and firm to the touch as if there is
a small round object under the skin. People often say the bumps feel like BB pellets embedded
in the skin.

Pustules and Scabs
(Duration: about 5 days)
Contagious

The pustules begin to form a crust and then scab.
By the end of the second week after the rash appears, most of the sores have scabbed over.

Resolving Scabs
(Duration: about 6 days)
Contagious

The scabs begin to fall off, leaving marks on the skin that eventually become pitted scars.
Most scabs will have fallen off 3 weeks after the rash appears.
The person is contagious to others until all of the scabs have fallen off.

Scabs Resolved
Not contagious

Scabs have fallen off. Person is no longer contagious.

* Smallpox may be contagious during the prodrome phase, but it is most infectious during the first 7 to 10 days following rash onset.
Source: CDC. Adapted from table http://www.bt.cdc.gov/agent/smallpox/overview/disease-facts.asp.

RESOURCES

tion for clinicians about normal and expected vaccine
reactions and diagnosis and management of adverse

1. CDC: Emergency Preparedness and Response Smallpox
web site at http://www.bt.cdc.gov/agent/smallpox/index.
asp. Comprehensive information about smallpox, small-
pox vaccine, evaluation tool for suspected smallpox pa-
tients, diagnosis and treatment of vaccine adverse events,
and general smallpox response planning.

2. Smallpox Vaccination Overview for Clinicians: A Guide
to Resources on the CDC web site at http://www.bt.cdc.
gov/agent/smallpox/vaccination/clinicians.asp. Informa-

vaccine events.

3. Bioterrorism Readiness Plan: A Template for Healthcare
facilities APIC. Bioterrorism Taskforce and CDC Hospital
Infections Program Bioterrorism Working Group, 1999 at
http://www.cdc.gov/ncidod /hip/Bio/13apr99
APIC-CDCBioterrorism.PDF. General guidance for health
care bioterrorism response planning, including smallpox.

4. World Health Organization at: http://www.who.int/csr/
disease/smallpox/en/. General smallpox information and
teaching slide sets for smallpox.


http://www.bt.cdc.gov/agent/smallpox/index
http://www.bt.cdc
http://www.cdc.gov/ncidod
http://www.who.int/csr/
http://www.bt.cdc.gov/agent/smallpox/overview/disease-facts.asp
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QUESTIONS AND ANSWERS

1

2.

3.

Smallpox has which of the following clinical features?

A. Meningitic prodrome

B. Rash lesions in the same stage of development on
any one area of the body

C. Characteristic lesions are deep-seated, firm, well-
circumscribed pustules

D. Rash more prominent on trunk

E. Band C

Individuals with smallpox are most infectious during

which point of their illness?

A. When all scabbed lesions have separated

B. During the incubation period

C. The first 7 to 10 days following the appearance
of rash

D. When the rash lesions have all progressed to
pustules

E. At the onset of fever

Which of the following infection control and personal
protection measures should be followed when provid-
ing care for a person with smallpox or suspected
smallpox?

A. Airborne precautions with isolation in a negative-

pressure room

B. Contact and Standard precautions

C. Turnout (“bunker”) gear and self-contained air

D. Vaccination with vaccinia (smallpox) vaccine

E. Aand D

4. Which of the following has the lowest risk of serious

complications following smallpox vaccination?

An individual with active eczema (atopic dermatitis)
An individual with only a history of eczema (atopic
dermatitis) as a child

A individual taking immune suppressive medica-
tions following organ transplantation

A 50-year-old male being revaccinated after receiv-
ing primary smallpox vaccination as a child

All are at equal risk for serious complications fol-
lowing smallpox vaccination.

m o 0 wp

ANSWERS

1

2
3:
4.

E. BandC

C. Thefirst 7 to 10 days following the appearance of rash

E. AandD

D. A 50-year-old male being revaccinated after receiving pri-
mary smallpox vaccination as a child
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Viral Hemorrhagic Fevers

Erik J. Won and Anthony Carbone

NAME AND DESCRIPTION OF AGENTS

Viral hemorrhagic fever (VHF) has a v ariety of clinical mani-
festations and causative agents but is best characterized as an
acute febrile illness with abnormalities of circulatory regulation
and generalized signs of increased v ascular permeability.
Bleeding manifestations with fever in the presence of a bioter-
rorist threat should raise suspicions of VHF.

The etiology of VHF syndrome is represented by a di verse
group of RNA viruses in four distinct f amilies: (a) Arenaviri-
dae, (b) Bunyaviridae, (c) Filoviridae, and (d) Flaviviridae. All
of these viruses are enveloped with animal or insect reservoirs,
although the natural host of the f iloviruses (Ebola and Mar-
burg) remains unkno wn. Viruses causing VHF are initially
transmitted to humans via contact with the reserv  oir host or
vector. Viruses carried by rodent reserv oirs are transmitted to
humans through contact with urine, feces, or carcasses of in-
fected rodents. Arthropod vectors spread the virus by mosquito
or tick bite. Humans are not the natural reserv ~ oir forany
strains; however, some of these viruses can be spread from per-
son to person by either direct contact or aerosolized particles.

THEORETICAL AND SCIENTIFIC
BACKGROUND:

A consensus statement from an expert panel of 26 professionals
(1) determined the VHF agents posing the most serious risk as
biological weapons were Ebola and Marb urg viruses (Filoviri-
dae), Lassa fever and New World arenaviruses (Arenaviridae),
Rift Valley Fever (Bunyaviridae), and yellow fever, Omsk hem-
orrhagic fever, and Kyasanur Forest disease (Fla viviridae).
These agents metse veral criteria set forth by The Working
Group on Civilian Biodefense for agents that pose particularly
serious health risks as bio weapons. These criteria include: (a)
high morbidity and mortality; (b) potential for person-to-person
transmission; (c) low infective dose and highly infectious by
aerosol dissemination, with a commensurate ability to cause
large outbreaks; (d) ef fective vaccine unavailable or available
only in limited supply; (e) potential to cause public and health

care worker anxiety; (f) a vailability of pathogen or toxin; (g)
feasibility of large-scale production; (h) environmental stability;
and (i) prior research and de velopment as a biological weapon.
The viruses excluded from this list had limitations in their po-
tential use as weapons of mass destruction (some were dif ficult
to produce in lar ge amounts; others did not replicate to high
enough concentrations in cell cultures to be weaponized).

FILOVIRIDAE (EBOLA AND MARBURG)

The filoviruses include Ebola and Marb urg viruses. Both
viruses are recognized as Category A, or high priority, by the
National Institute for ~ Allergy and Infectious Diseases
(NIAID) (2) and Cate gory A (Biosafety Level 4) agents by
the Center for Disease Control and Prevention (CDC) (3,4).

The first recorded outbreak of Marb urg occurred in Eu-
rope (Germany and Yugoslavia) in 1967 and remains the only
outbreak to have occurred outside of Africa. This outbreak re-
sulted from the unwitting importation of infected monk eys
from Uganda. A total of 18 human outbreaks of Ebola and
Marburg VHF have been reported with 10 outbreaks in volv-
ing 30 or more victims.

The reservoir for Ebola and Marburg viruses is currently un-
known. Isolating the wild reservoir has proven to be an arduous
and daunting task. During the 1995 outbreak in Kikwit, Zaire,
3,000 vertebrates of multiple species and 30,000 arthropods
were sampled without any trace of Ebola detected (5). As such,
there have been no confirmatory studies to evaluate how virus
is transmitted from host to human. The primary mode of per-
son-to-person transmission is through direct contact with
blood, secretions, and infected tissue. Experiments in nonhu-
man primates have documented transmission of infection after
direct administration of Marb urg virus into the mouths and
noses of experimental animals (6). Se veral human infections
have also occurred through contact of contaminated f  ingers
with oral mucosa and conjuncti va (7). Percutaneous needle-
stick injuries are thought to be a particularly lethal mode of
transmission. Eighty-five of 318 cases (26.7%) in a 1976 Ebola
epidemic in Zaire occurred from individuals injected with con-
taminated syringes, and all cases acquired by injection resulted
in death (8). Evidence suggests that percutaneous e xposure to
very low concentrations of virus can result in infection (9).



It is unclear whether disease transmission can occur from
touching an infected patient or corpse through intact skin. A re-
view of the Ebola outbreak in 1995 (Kikwit, Democratic Re-
public of the Congo) revealed infection in several subjects who
prepared bodies for b urial (10,11). Local customs and b urial
practices involve washing the body and trimming hair and
nails, both of which pose a signif icant contact exposure to the
subjects (12). Animal studies using guinea pigs were unable to
demonstrate Marburg virus transmission through intact skin;
however, infection through open skin lesions did occur (4).

Some animal studies have raised concerns about person-to-
person transmission through aerosolized particles (5,13). Epi-
demiologic data suggests this is an unlik ely route of human
transmission, but it cannot be completely ruled out. In 1995 in
the Democratic Republic of the Congo, 316 subjects were in-
fected with Ebola. Only three health care w orkers became in-
fected: one had a needlestick injury , one was nonadherent to
barrier precautions, and one who al ways used barrier precau-
tions is believed to have accidentally rubbed her e yes with a
contaminated glove (14). Seventy-eight household members,
without direct physical contact, were disease-free. However, in
this outbreak, the only risk factor identified for five patients
was Vvisiting an infected patient in the absence of physical con-
tact. These cases led researchers to conclude that airborne
transmission could not be ruled out (15) but seemed, at most, a
secondary mode of transmission. In 2000 in Uganda, 224 peo-
ple died in an outbreak of Ebola. Of the medical personnel
who became ill, 64% were infected after isolation w ards and
infection control measures (gloves, gowns, shoe covers, surgi-
cal masks, and eye protection) were employed (16). Airborne
transmission could not be ruled out in this case.

Nevertheless, studies of other outbreaks ar gue strongly
against a respiratory route of transmission. Most Ebola epi-
demics in Africa were ultimately controlled and ended without
the use of specific airborne precautions. Airborne transmission
of Marburg virus was not observed in the 1967 outbreak in
Germany and Yugoslavia following the importation of infected
African green monkeys (17). In 1975, only 1 in 35 health care
workers exposed to Marburg disease without any barrier pre-
cautions became ill (18). In 1979, an outbreak of Ebola in
Sudan infected 34 people. Twenty-nine cases of infection were
reported among subjects who made direct physical contact,
while no cases among 103 persons exposed in confined spaces
without physical contact were reported (19). In 1994,only 1 of
70 contacts of an Ebola-infected patient acquired the disease
despite no airborne precautions (20). In 1996, 300 contacts of
Ebola-infected patients did not contract disease. These con-
tacts were involved in numerous procedures prior to the pa-
tient’s diagnosis with only standard blood and bodily fluid
precautions. Again, no airborne precautions were taken (21).

ARENAVIRIDAE: LASSA FEVER AND NEW
WORLD ARENAVIRUSES

Lassa fever and the New World arenaviruses (Lymphocytic
Choriomeningitis virus, Junin virus, Machupo virus, Sabia
virus, and Guanarito virus) are considered to have bioterror-
ism potential and are classified as Category A, or high prior-
ity, agents by the NIAID (2) and Cate gory A (Biosafety
Level 4) viruses by the CDC (3,4).

Rodents represent the natural reserv oir for arena viruses.
Most Lassa virus infections can be traced to contact with the
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rodent, Mastomys natilensis (22). Argentine hemorrhagic fever,
caused by Junin virus, is carried by the field mouse Calomys
colossus. They can be transmitted to humans via inhalation of
aerosolized particles from rodent urine/feces,  direct contact
with open wounds and mucous membranes, and ingestion of
food contaminated with rodent excrement (23,24).

The primary route of person-to-person transmission is
through direct contact with infectious blood or bodily fluids.
There have been no documented cases of respiratory trans-
mission of VHF arenaviruses; however, the possibility can-
not be ruled out.

In 1970, a nosocomial outbreak of Lassa fe ver occurred
in Nigeria. A single patient with pulmonary in volvement
caused 16 secondary cases of infection in subjects who
shared the same hospital w ard. Airborne transmission was
believed to be the most likely cause of infection, but no de-
finitive evidence of respiratory transmission was found, and
the exact mechanism of disease transmission in this out-
break remains unknown (25). In 1971, a student became in-
fected with Bolivian hemorrhagic fever watching a nursing
instructor demonstrate the changing of bed linens of an in-
fected patient. The student did not touch the bed linens nor
any object in the room and kept a distance of approximately
6 feet from the patient. Approximately 80 other health care
workers working with the patient, without respiratory pre-
cautions, did not become infected. Def initive evidence of
person-to-person airborne transmission is lacking, but no al-
ternative explanation to respiratory transmission w as found
for the single case of infection involving the student (26).

Findings that suggest a respiratory route of transmission
is unlikely include the case of a single infected patient travel-
ing from Sierra Leone to the United States. No secondary
cases developed among 522 contacts (27). Another case in-
volving a single infected patient traveling from Nigeria to St.
Thomas (U.S. Virgin Islands) saw no secondary infections in
159 people who had direct contact with the patient (28).

Incubation periods vary between 5 and 17 days. There
have been no documented cases of arena virus transmission
by infected persons during the incubation period (23,29).
Disease transmission occurs primarily during the acti ~ ve
phase of infection, but there have been reports of disease
transmission from convalescing patients to spouses. Infec-
tivity has been documented at 7 to 22 days after onset of ill-
ness (30) and Lassa fe ver virus has been detected in semen
samples up to 3 months after acute infection (31). Mortality
for Lassa fever ranges from 15% to 20%, while New World
arenaviruses range from 15% to 30% (25,27,29).

BUNYAVIRIDAE: RIFT VALLEY FEVER,
CRIMEAN CONGO HEMORRHAGIC FEVER,
HANTAVIRUS

Rift Valley fever (RVF) and hantaviruses have been recog-
nized as Category A, or high priority, agents by the NIAID,
while Crimean Congo Hemorrhagic Fever (CCHF) has been
classified as Category C by the same agency (2). The CDC
places a lower priority on these agents with RVF and CCHF
fitting the general definition of Category B agents and han-
tavirus listed among emer ging pathogens in Cate gory C
(3,4,32).
The bunyaviruses are transmitted by both rodent and

arthropod vectors. RVF is carried by mosquito v ector,
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CCHEF is transmitted by a tick v ector, and the hantaviruses
have rodent v ectors. All of these can be transmitted by
bites, direct contact with infected animal tissues, or
aerosolization of virus from infected animal carcasses.

RVF disease frequently resembles human influenza with
fevers, fatigue, loss of appetite, and associated constitu-
tional symptoms lasting for 2 to 5 days. In epidemic areas,
human infection rates can be as high as 35% (33). Se vere
cases can cause signif icant morbidity from li ver necrosis,
hemorrhagic phenomena, retinitis with visual impairment,
and meningoencephalitis (34,35), but fatality rates tend to
stay relatively low <1% (36,37). There are no reported
cases of person-to-person transmission of R VF (38). A
group of World Health Or ganization (WHO) consultants
have estimated that if 50 kg of R VF virus were released
from an aircraft on a population of 500,000 persons, 400
would die and 35,000 would be incapacitated (39). Suscep-
tible livestock could also become infected resulting in the
potential establishment of disease in the environment (1).

CCHEF fatality rates can be quite high with rates of 13%
to 50% being reported in the literature (40). Humans may
acquire the infection through tick bite, contact with blood
or tissues from infected livestock, and infections of medical
personnel treating or performing surgery on CCHF patients
(41). There are reports that Iraq studied CCHF virus as a
potential biological weapon and concluded that it w as un-
suitable as a biological weapon because it required v ectors
for dispersal (42). More recent reports, however, suggest
that advances in viral replication technology may allo w
CCHEF to be a viable aerosolized bioweapon (43).

Two diseases have been associated with the hanta virus
genus: hantavirus with pulmonary syndrome (HPS) and
hemorrhagic fever with renal syndrome (HFRS). Some
strains of hanta virus have been cited as ha ving fatality
rates as high as 50% (44). The high fatality rate associated
with HPS has given it some notoriety among laypersons,
but it has little potential for de velopment into a utilizable
biological agent (45). With rapidly increasing knowledge
about hantaviruses, many of the initial fears re garding
their potential use as bio weapons have been put to rest.
The CDC classifies it as a Category C virus, giving it low
priority as a risk to national security . The reason it has
fallen lower in the scope of potential VHF bioweapons is
multifactorial:

1. Hantaviruses are hard to produce. They are extremely
difficult to isolate (even in the most sophisticated labora-
tories) (46), dangerous for personnel involved in isola-
tion, human viremia is low and short-lived (making cap-
ture even more difficult) (47,48), and adaptation of virus
to growth in cell culture results in mutations and prolif-
eration of strains that have reduced infectivity (49).

2. Hantaviruses are not easily transmitted. Infected rodents
present only a limited period of viremia, after which
they develop neutralizing antibodies. This means that
blood from these rodents will not transmit disease and
only a few excretory organs and their excreta could be
considered as a source for terrorists seeking mass pro-
duction of virus. This represents a difficult method of
capture. Hantavirus-infected rodents also appear to be
healthy, making it difficult to identify target specimens
to obtain samples from. Human infection after a rodent
bite is also highly exceptional (50).

3. Hantavirus infections can frequently be treated and pre-
vented. Ribavirin has been shown to be active against
hantavirus when given early enough and in sufficiently
high intravenous doses. A field trial in China demon-
strated that this treatment can be lifesaving (51). The
same treatment was used in the management of HPS in
the United States, but survival curves between treated
subjects and nontreated subjects did not show an appre-
ciable difference (52). Inactivated vaccines have been
used for over a decade in South and North Korea (53).
The protection rate among 1.2 million people was re-
ported to be between 88% and 100% (54). Promising new
vaccines are also being studied with potential for greater
immunity to a broader range of hantavirus (55,56).

FLAVIVIRIDAE: YELLOW FEVER, DENGUE
FEVER, OMSK HEMORRHAGIC FEVER, AND
KYASANUR FOREST DISEASE

Dengue fever is a Class A pathogen according to NIAID
categories, while Kyasanur Forest disease receives a rating
of Class B, and yellow fever is Class C using the same rat-
ing system (2). The CDC considers these viruses Biosafety
Level 4 (BSL 4) agents and w ould be Cate gory B or C
agents according to category definitions (3,4).

Humans acquire yellow fever and dengue fe ver from the
bite of infected mosquitoes (57). Kyasanur Forest disease and
Omsk hemorrhagic fever are transmitted by tick bites (58,59).

There have been no documented cases of person-to-per-
son transmission or nosocomial spread of fla viviruses. As
with RVF, there is a theoretical risk of fla viviruses becom-
ing established in an en vironment following infection of
susceptible arthropod vectors (1).

SIGNS AND SYMPTOMS

There are a variety of potential clinical manifestations fol-
lowing infection, but the dominant clinical feature of VHF
syndrome is acute fever with changes in vascular permeabil-
ity (hypotension, petechiae, unexplained hemorrhage, con-
junctival infection, flushing, edema) (60). Other common
presenting complaints include malaise, prostration, myal-
gias, rash, headache, nausea, arhtralgias, abdominal pain,
and nonbloody diarrhea. Se vere VHF typically e volves to
shock and diffuse hemorrhage and is often accompanied by
neurological, hematopoietic, or pulmonary sequelae.

TYPICAL PRESENTATION OF VHF

Previously healthy person who becomes acutely ill with
high fever and the following signs and symptoms:

B Hemorrhagic manifestations (sometimes limited to
conjunctival infection and nose bleeds)

B Maculopapular rash in the absence of other dermato-
logic lesions

B Rapidly progressing illness leading to intractable shock

B Absence of cough or rhinorrhea

B Death within one week



It is significant to note that in the absence of a known bioter-
rorist attack, the likelihood of acquiring VHF is extremely low
unless patients, within three weeks before onset of fe ver, meet
one of the following criteria (adapted from CDC) (61):

1. Traveled in the specific local area of a country where
VHF has recently occurred

2. Had direct contact with blood, other bodily fluids, secre-
tions, or excretions of a person or animal with VHF.

3. Worked in a laboratory or animal facility that handles
hemorrhagic fever viruses.

4. The cause of fever in persons who have traveled to VHF
endemic areas is more likely to be a different infectious
disease (e.g., malaria or typhoid fever) than VHF; evalu-
ation and treatment of these other potentially serious in-
fections should not be delayed.

If there is a high suspicion for VHF, some clinical char-
acteristics may help to distinguish between agents (although
none are pathognomonic). Filoviruses, Rift Valley fever, and
flaviviruses tend to have a more abrupt onset of symptoms,
while arenaviruses have a more insidious onset. The
filoviruses and CCHF produce lar ge maculopapular rashes
and may often be accompanied by profound hemorrhagic
sequelae including disseminated intra vascular coagulation
(DIC) (Fig. 9-1). In contrast, hemorrhagic manifestations
are much less pronounced in Lassa fe ver, yellow fever, and
RVF. Jaundice is quite common in yellow fever, and retinitis
can be a distinguishing finding in RVF.

Definitive diagnosis requires specif ic virologic diagno-
sis. The inoculation of cultured cells with serum, cere-
brospinal fluid (CSF), or other body fluids or tissue extracts
is the classical method to isolate and detect VHF viruses.
Tests used to detect virus in acutely ill patients include anti-
gen-capture enzyme-linked immunosorbent assay (ELISA),
electron microscopy, reverse-transcription polymerase chain
reaction (RT-PCR), modified conventional PCR (including
nested, seminested, and Southern blotting), and real-time re-
verse-transcription PCR (62). Real-time re verse-transcrip-
tion PCR has recently been sho wn to be a sensiti ve and
rapid diagnostic test with the added capability of being able
to screen for multiple pathogens simultaneously (63). These
assays are currently only available at CDC or the U.S. Army
Medical Research Institute of Infectious Diseases (USAM-
RIID) (63).

Several new tests are being developed to allow quick de-
tection of virus-specific antibodies. The high virus concen-
tration of Ebola and Lassa fe ver patients often f acilitates
antigen detection (less sensitive than PCR but quicker) (64).
Another fairly simple test for Ebola virus can be performed
by immunoperoxidase staining of formalin-fixed skin biop-
sies in infected individuals (65). This method has the advan-
tage of being simple, specific, and safe (fixed material does
not have to be handled in a BSL-4 laboratory). These tests
could be of paramount importance in the future of bioterror-
ism preparedness and response. Early and timely detection
of a VHF case will make it much easier to recognize addi-
tional victims and will also allo w public health of ficials to
dispatch appropriate information and precaution require-
ments. As new patients become diagnosed, they can be
linked to common places and areas of potential e xposure
leading to identification of the index case/sentinel source.

If medical personnel suspect a diagnosis of ~ VHF, they
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Figure 9-1. Isolated female patient diagnosed with Crimean-
Congo hemorrhagic fever (CCHF). [Courtesy of Dr. B.E. Hender-
son, Center for Disease Control—Public Health Image Library
(PHIL ID#2317).]

should immediately report the case to their local public
health system, which will arrange for confirmatory testing to
be performed. No material should be shipped to the CDC or
USAMRIID laboratories without prior consultation. The fol-
lowing web sites offer more detailed instructions on packag-
ing biological agents suspected of being BSL-4 agents:

http://www.bt.cdc.gov/labissues/PackagingInfo.pdf
www.cdc.gov/od/ohs/biosfty/bmbl4/bmbl4s].htm.

MEDICAL MANAGEMENT

Supportive care is the mainstay of treatment for VHF. Special
attention should be directed at maintaining fluid and elec-
trolyte balance, circulatory volume, and blood pressure. In
some cases, intravenous fluids may not be adequate to reverse
hypotension and may contribute to pulmonary edema (61). If
hypotension does not impro ve with fluid challenge, strong
consideration should be gi ven to early v asopressor support
(1). Anticoagulants, nonsteroidal anti-inflammatory drugs,
aspirin, and intramuscular injection are contraindicated.
Transportation of patients by air is contraindicated due to ef-
fects of changes in ambient pressure on lung-water balance.

DECONTAMINATION

If the attack is ongoing or recently detected, it is imperative
for patients directly e xposed to the agent to tak e a full body
shower with soap before entering the hospital. Weaponization
of VHF in a liquid suspension may also prolong the life of the
virus by several hours to several days depending on the trans-
port medium so thorough decontamination of garments and
bags is required.

If an undetected bio weapon is released, at least a week
will elapse before significant numbers of patients become ill.
After this period of time, it is highly unlik ely thata VHF
agent will remain in the en vironment so there is not lik ely to
be a need for surface decontamination.


http://www.bt.cdc.gov/labissues/PackagingInfo.pdf
http://www.cdc.gov/od/ohs/biosfty/bmbl4/bmbl4s1.htm
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Decontamination is a significant concern for all virus-con-
taining body fluids (emesis, diarrhea, blood, saliva) from sick
patients. Filoviruses have the capability of surviving at room
temperature in liquid or dried material for a number of days
(depending on initial virus concentration) (66). Steam sterili-
zation (thermal inactivation) is the most ef fective method of
inactivating VHF agents (63). For the decontamination of ob-
jects and surfaces that cannot be sterilized by steam, the CDC
recommends treatment with 1:100 dilution of household
bleach or any standard hospital disinfectant re gistered with
the U.S. Environmental Protection Agency (EPA) including
quaternary ammonium compounds and phenol products.

Differential diagnosis should consider an extensive list of in-
fectious diseases (influenza, septic shock, toxic shock syn-
drome, meningococcemia, Rocky Mountain spotted fe ver, lep-
tospirosis, psittacosis, malaria, trypanosomiasis, plague, rubella,
measles, hemorrhagic smallpox), and several noninfectious
processes including idiopathic thromboc ytopenic purpura, he-
molytic uremic syndrome, and collagen vascular disease.

New technologies are being developed to more effectively
inactivate VHFs. One of the more promising methods is inac-
tivation with surfactant nanoemulsion (67). Nanoemulsions
are anew form of disinfectant composed of deter gents and
vegetable oil suspended in water. These disinfectants have the
ability to inactivate purified Ebola virus within 20 minutes.
The advantage of nanoemulsions is that the y are noncorro-
sive, simple to use (the majority of inactivation tools currently
require additional protective measures from the disinfectant
itself), very effective, and mild enough to be used in pre ven-
tion of transmission through foodstuffs and skin/mucosa con-
tact. Future studies on nanoemulsions are planned.

DRUG THERAPY

There are no antiviral drugs approved by the U.S. Food and
Drug Administration (FDA) for the treatment of VHFs.
Ribavirin has been used with varying amounts of success in
cases of Lassa fe ver, New World hemorrhagic fever, RVF,
and CCHF. Ribavirin is a nonimmunosuppressi ve nucleo-
side analog with broad anti viral properties. Treatment is
most effective if begun within 7 days of onset. Current rec-
ommendations are to treat initially with ribavirin 30 mg/kg
intravenously, followed by 15 mg/kg e very 6 hours for 4
days, then 7.5 mg/kg every 8 hours for an additional 6 days
(68). Ribavirin is not approved by the FDA for this indica-
tion and should be administered under an in  vestigational
new drug protocol. The primary adverse effect of ribavirin
is a dose-related, reversible, hemolytic anemia. Some car-
diac and pulmonary side ef fects have been reported with
combination treatments of riba virin-interferon therapy for
hepatitis C (69). No other FD A-approved antiviral com-
pounds are currently available for treatment of VHF.

VACCINES

There is a paucity of ef fective vaccines for VHF. The only
licensed vaccine isali ve attenuated v accine for yello w
fever. This has been shown to be highly effective in protect-
ing travelers to endemic areas (70), but it has not been effec-
tive in postexposure prophylaxis. The short incubation pe-
riod of yellow fever (3 to 6 days) does not provide adequate

time for infected patients to develop neutralizing antibodies
following vaccination.

Considerable research is being done in the development of
future VHF vaccines. Promising results have been obtained in
studies of laboratory animals. An experimental “accelerated
vaccine” has been successful in pro viding immunity to non-
human primates within 28 days (71). This is considered a sig-
nificant development as previous Ebola vaccines required six
months and multiple boosters to confer immunity on
macaque monkeys (used in an attempt to prevent outbreaks in
Africa). The speed of the ne w vaccine permits a strate gy
called ring vaccination, which aims to contain an outbreak by
inoculating all possible contacts of the f irst detected cases.
Ring vaccination is considered a viable option for dealing
with other bioterrorist attacks (smallpox). A portion of the
Ebola virus genome is “stitched” to a modified adenovirus,
the virus responsible for the common cold, in order to de-
velop the new vaccine. This generates an aggressive immune
response from the host and teaches the immune system to rec-
ognize the protein encoded by the inserted gene. Should this
vaccine prove effective in humans, it could form the template
for developing emergency vaccines against numerous other
diseases including viral bioweapons (72).

TRIAGE CONSIDERATIONS

Patients should be triaged according to their stage of disease
and projected survi vability based on the suspected agent.
Patients with the best chance of survi ving are those discov-
ered in the early stages of disease.

Unfortunately, individuals with frank hemorrhage and
evidence of end-or gan damage are lik ely to progress to
shock and death despite best medical care. These patients
should be offered supportive care. It is also signif icant to
note that patients in the latter stages of illness (characterized
by vomiting, diarrhea, and hemorrhage) pose the greatest
threat of transmission. These patients should be remo ved
from public spaces such as an emer gency department wait-
ing room and quarantined if possible.

PERSONAL PROTECTION

Caution should be e xercised in e valuating and treating pa-
tients with suspected VHF. The most common mechanism of
human-to-human transmission and nosocomial infection is
direct contact with blood, secretions, body fluids, and in-
fected tissue. Particularly significant to hospital personnel is
the finding that self-inoculation frequently occurs when
virus-containing material on contaminated hands of care-
givers makes contact with their o wn eyes and mouths (65).
This mode of transmission w as duplicated in laboratory e x-
periments where monkeys were lethally infected by instilling
drops of virus-containing fluid into their eyes and mouths (8).
Close attention to universal precautions should be used at all
times. A consensus statement by 29 medical specialists (1) rec-
ommends “VHF-specific precautions” including: strict adher-
ence to hand hygiene, double gloves, impermeable gowns, N-95
masks or powered air-purifying respirators, negative isolation



room with 6 to 12 air changes per hour, leg and shoe coverings,
face shields, goggles for e ye protection, restricted access of
nonessential staff and visitors to patient’ s room, and environ-
mental disinfection with an EPA-registered hospital disinfectant
or 1:100 dilution of household bleach. We also recommend haz-
ard labeling of specimens submitted to the lab, limiting mem-
bers of the patient care team to selected trained indi viduals, and
special attention directed to ward eliminating parenteral e xpo-
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sures when possible (endoscop y, respirators, arterial catheters,
phlebotomy, and laboratory analysis increase opportunities for
dissemination of infectious blood and body fluids).

In past outbreaks, the greatest risk of transmission from
sick to healthy people occurred during the opening phase
when patients were being cared for by f amily members with-
out appropriate precautions. F amily members should recei ve
appropriate instruction and education on precautions and risks.

SUMMARY Key Features of Viral Hemorrhagic Fevers

Family: Filoviridae
Genus: Filovirus
Virus (Disease): Ebola virus (Ebola hemorrhagic fever)

Marburg virus (Marburg hemorrhagic fever)

= Vector in nature = Unknown

= Geographic distribution = Africa

m Person-to-person transmission = Yes (Direct contact)
= Incubation period = 2 to 21 days

= Mortality = 50% to 90%

» Treatment = Supportive

Family: Arenaviridae
Genus: Arenavirus
Virus (Disease): Lassa virus (Lassa fever)
Junin virus (Argentine hemorrhagic fever)

Machupo virus (Bolivian hemorrhagic fever)

Sabia virus (Brazilian hemorrhagic fever)

Guanarito virus (Venezuelan hemorrhagic fever)

= Vector in nature = Rodent

» Geographic distribution = West Africa (Lassa), South America (Junin, Machupo, Sabia, Guanarito)

= Person-to-person transmission = Yes
= Incubation period = 5 to 16 days

= Mortality = 15% to 20%

= Treatment = Ribavirin, supportive

Family: Bunyaviridae
Genus: Nairovirus, Phlebovirus, Hantavirus

Virus (Disease): Nairovirus (Crimean-Congo hemorrhagic fever)

Phlebovirus (Rift Valley fever)

Hantavirus (Hantavirus hemorrhagic fever)

Vector in nature = Tick (CCHF)
Mosquito (RVF)
Rodent (HV)

Geographic distribution = Africa, central Asia, eastern Europe, Middle East (CCHF)

Africa, Saudi Arabia, Yemen (RVF)
Asia, Balkans, Europe, Eurasia (HV)

Person-to-person transmission = No
Incubation period =2 to 6 days
Mortality = 3% to 50% (CCHF)
<1% (RVF)
50% (Hantavirus)
Treatment = Supportive
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SUMMARY Key Features of Viral Hemorrhagic Fevers (continued)

Family: Flaviviridae
Genus: Flavivirus
Virus: Dengue virus (dengue fever, dengue hemorrhagic fever, hemorrhagic fever with renal syndrome)
Yellow fever virus (yellow fever)
Omsk hemorrhagic fever virus (Omsk hemorrhagic fever)
Kyasanur Forest disease virus (Kyasanur Forest disease)
Vector in nature = Tick (dengue fever and yellow fever)
Mosquito (Omsk and Kyasanur)
Geographic distribution = Asia, Africa, Pacific, Americas (dengue fever)
Africa, tropical Americas (yellow fever)
Central Asia (Omsk hemorrhagic fever)
India (Kyasanur Forest disease)
Incubation period = 3 to 5 days (dengue fever, but unknown for dengue hemorrhagic fever)
3 to 6 days (yellow fever)
2 to 9 days (Omsk and Kyasanur hemorrhagic fever)
Unknown for dengue hemorrhagic fever
Mortality = 5% to 20% (dengue hemorrhagic fever)
3% to 6% (yellow fever)
0.5% to 10% (Omsk hemorrhagic fever)
3% to 10% (Kyasanur Forest disease)
Treatment = Supportive

C. Arenavirus

RESOURCES D. Bunyavirus

E. Togavirus

2. Appropriate treatment for VHF patientsinclude all of
the following EXCEPT:
A. Supportive measures
B. Drug therapy when indicated
C. Anticoagulation
D. Early consideration of pressors when hypotension
2. For detailed packaging instructions on shipping BSL-4 becomes an issue
agents, visit E. Hemodynamic monitoring
http://www.bt.cdc.gov/labissues/PackagingInfo.pdf.

http://www.cdc.gov/od/ohs/biosfty/bmbl4/bmbl4s1.htm. 3. Laboratory methods for diagnosing VHF include
. Real-time reverse transcription PCR

Electron microscopy
Enzyme-linked immunosorbent assay (ELISA)

1. In the event of an actual or threatened bioterrorist incident,
immediately contact your state and local public health
office (a list of these can be found at
http://www.statepublichealth.org/index.php and the CDC
web site: http://www.bt.cdc.gov/emcontact/index.asp).

3. Borio L, Inglesby T, Peters CJ, et al. Consensus state-
ment—hemorrhagic fever viruses as biological weapons:
medical and public health management. JAMA. . Cell culture with anyline dye staining
2002;287(18):2391-405. Immunoperoxidease staining of formalin-fixed

4. Drosten C, Kummerer BM, Schmitz H, Gunther S. skin biopsies

Molecular diagnostics of viral hemorrhagic fevers.
Antiviral Res. 2003;57:61-87.

MU 0w

4. VHF precautions should include

. Double gloves

. N-95 masks

. Restricted access of nonessential staff and visitors
to patient’s room

. None of the above

All of the above

QUESTIONS AND ANSWERS

HO Qwp

1. The viral hemorrhagic fevers are a diverse group of
enveloped RNA viruses. What type of virus are Ebola ANSWERS
and Marburg examples of?
A. Filovirus 1. A. Filovirus
B. Flavivirus 2: C. Anticoagulation


http://www.statepublichealth.org/index.php
http://www.bt.cdc.gov/emcontact/index.asp
http://www.bt.cdc.gov/labissues/PackagingInfo.pdf
http://www.cdc.gov/od/ohs/biosfty/bmbl4/bmbl4s1.htm

3. D. Cell culture with anyline dye staining
4: E. All of the above
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Lesser Known Biological Agents and

Potential Threats

Teriggi J. Ciccone and Seric S. Cusick

TULAREMIA

Tularemia is a bacterial zoonosis caused by Francisella tu-
larensis, a facultative intracellular aerobic gram-ne gative
coccobacilli. Several other names ha ve been used to de-
scribe this disease, including rabbit fe ver, deerfly fever,
market men’s disease, or Francis disease. First described in
rodents during the early 20t century in Tulare County, Cali-
fornia, tularemia results in multiple clinical manifestations
in infected humans (1). Clinical disease is caused by tw o
isolates, known as Biovars Jellison Type A and B. This or-
ganism is found throughout most of the world with predom-
inance in the Northern Hemisphere. Tularemia is endemic in
the United States, northern Europe, Scandinavia, and the
former Soviet Union. Cases have been reported in all of the
continental United States, predominantly in southern and
western states. From 1990 to 2000, 1,368 cases of tularemia
were reported in the United States, with more than half of
the cases occurring in Missouri, Arkansas, South Dakota,
and Oklahoma (2).

THEORETICAL AND SCIENTIFIC
BACKGROUND

to-human transmission of tularemia has not been reported.
Tularemia has been recognized as a possible bio  weapon
since the 1940s. The United States produced and maintained
offensive tularemia during the 1950s and 1960s (3,4). A
startling World Health Organization report from 1970 pre-
dicted that 50 kg of tularemia disseminated within a popula-
tion of 5 million persons w ould result in 250,000 injuries
and 19,000 deaths (5,6).

Tularemia is classified as a category A agent by the Cen-
ters for Disease Control and Prevention (CDC) (7) and rep-
resents a threat for several reasons. The Jellison Type A iso-
late is highly virulent, causing disease in humans with
exposure to fe wer than 10 bacteria when inhaled (8-10).
This agent could be aerosolized and potentially spread o ver
a large area causing pulmonary tularemia. Additionally, tu-
laremia is a highly morbid disease, imposing a significant
burden of disease on the victims, and untreated tularemia
carries a mortality of upw ard of 33% (11). In addition to
being highly virulent and morbid, F. tularensis can survive
for prolonged periods of time in freezing conditions, mak-
ing its storage and potential shipment relati vely simple. In-
fected frozen rabbit meat has been sho wn to remain infec-
tive for greater than 3 years (12).

SIGNS AND SYMPTOMS

Human tularemia infection occurs after e  xposure to the
causative agent via insect bite or contact with contaminated
substances. Arthropod vectors include ticks, deerflies, and
mosquitoes. The natural reservoir for F. tularensis includes
rabbits, rats, mice, squirrels, beavers, and deer. Infection can
be introduced cutaneously or through mucous membranes
after insect or animal bite, handling infected animal car-
casses, or exposure to contaminated w ater. Respiratory ex-
posure to tularemia occurs via inhalation of contaminated
soil, dust, or other particles. Disease can also occur after in-
gestion of contaminated animal products or w ater. Human-

Tularemia causes multiple disease syndromes in infected hu-
mans depending on the site and amount of inoculum. Incuba-
tion periods after e xposure generally range between 3 and 6
days. Initial symptoms are nonspecific and can mimic flulik e
or upper respiratory infections. Abrupt onset of fe ver with
chills, myalgias, cough, fatigue, and sore throat are the earliest
symptoms. Pulse-temperature disassociation has been noted in
a large number of patients (11). Be yond this initial period,
more readily identifiable syndromes develop.
Ulceroglandular tularemia is the most frequent naturally

occurring form of the disease. Lesions on the skin or mucous
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membranes accompanied by re gional lymphadenopathy
characterize this form (13). Infection occurs after inoculation
of skin or mucous membranes. A tender, erythematous
papule develops a few days after inoculation. The lesion soon
begins to ulcerate within a fe w days with the onset of sys-
temic symptoms, with a granulomatous base and indurated,
raised borders. Lesions range in size between 0.5 and 10 cm.
As the disease process progresses, an eschar may form o ver
the ulcer. Ulcers and lymphadenopathy may persist for
months after onset if left untreated, with lymph nodes drain-
ing out onto the skin (13,14). Glandular tularemia is a syn-
drome in which regional lymphadenopathy occurs without a
frank ulcer. Oculoglandular tularemia results from inocula-
tion of the e ye. Purulent, painful conjunctivitis, chemosis,
and lymphadenitis are predominant features.

Tularemic pneumonia caused by inhalation of infectious
particles produces a different symptom complex and occurs
in approximately half of all cases of tularemia.  This syn-
drome would be the one most likely occurring during bioter-
rorist attacks via airborne dispersion of infecti ve particles.
Patients become ill 3 to 5 days after e xposure. Early consti-
tutional symptoms are often noted before more specific pul-
monary manifestations. After 3 to 6 days, sore throat, cough,
dyspnea, pleuritic chest pain, and hemoptysis develop. In a
majority of cases, patchy bilateral infiltrates or lobar con-
solidation with or without pleural effusions may make this
disease indistinguishable from other pneumonias. More
advanced cases of tularemic pneumonia cause pleuropneu-
monitis accompanied with hilar lymphadenopathy; however,
these radiographic signs may be nonspecific or absent. Left
untreated, tularemic pneumonia can lead to worsening respi-
ratory failure and acute respiratory distress syndrome re-
quiring assisted ventilation (12—-14).

Oropharyngeal tularemia occurs after ingestion of con-
taminated water, plant, or animal products. This syndrome is
characterized by pharyngitis, stomatitis, and prominent cer-
vical lymphadenopathy, mimicking acute streptococcal
pharyngitis (15,16). Ulcerations may form on the oropha-
ryngeal mucosa. Abdominal pain, nausea, vomiting, and di-
arrhea may also occur.

Typhoidal tularemia occurs when systemic illness pres-
ents without a clear localizing source of inoculation.  Tu-
laremic sepsis is the most se vere form of disease. The pa-
tient may present febrile, obtunded, and hypotensive and
ultimately may de velop multiorgan failure including dis-
seminated intravascular coagulation, acute renal failure, and
meningitis (14,15). Left untreated, this syndrome may result
in a fatality rate up to 60% (8,12,13).

MEDICAL MANAGEMENT

The diagnosis of tularemia is challenging for a number of
reasons. It is a relatively rare naturally occurring disease and
thus not initially suspected by physicians. No specific rapid
diagnostic test is readily a vailable in most settings (8,13).
From a laboratory perspective, the extremely high virulence
of tularemia limits the number of laboratories that can safely
work with this bacterium. Additionally, routine Gram stains
and cultures from v arious sources are unreliable. Serologi-
cal testing using late x agglutination or enzyme-link ed im-

munosorbent assays are a vailable; however, the utility of
these studies in an acute outbreak is questionable because
the serum antibodies required for serological testing do not
develop for days to weeks after infection (13). More rapid
diagnostic tests include direct fluorescence antibody and
immunohistochemical studies. The use of these modalities
is limited by the lack of appropriate equipment and person-
nel in many hospital laboratories. Most often these studies
require samples to be sent to a reference laboratory , adding
further delay to the diagnosis.

Given the nonspecific presentations of tularemia and the
lack of rapid diagnostic testing, the physician’s clinical sus-
picion becomes critically important. Tularemia should be
suspected in cases where a large number of patients within a
specific geographical area develop symptoms of severe res-
piratory and systemic infections. A cluster of atypical pneu-
monia with hilar lymphadenopathy in otherwise healthy pa-
tients should raise suspicion for possible bioterrorist attack
and prompt further actions. Hospital infectious disease au-
thorities should be notified, and a report should be made to
local and regional health departments. Clusters of tularemic
pneumonia should also be reported to local law enforcement
agencies and the Federal Bureau of Investigation.

Routine laboratory data is nonspecif ic but may reveal a
mild leukocytosis with a lymphocytosis (11,13,15,17). Chest
roentgenograms should be obtained on all patients with non-
specific pulmonary symptoms searching for pleuropneu-
monitis and hilar lymphadenopathy . Cultures from blood,
sputum, conjunctival, and oropharyngeal secretions should
be collected and sent to appropriate laboratories for culture
on glucose ¢ ysteine blood agar or thioglycollate broth
(8,13).

Aminoglycoside antibiotics, specifically streptomycin,
are considered the drugs of choice for the treatment of tu-
laremia (8,12,13,15). Streptomycin is dosed as 1g intramus-
cularly (IM) twice daily for adults, and 15 mg/kg IM twice
daily for children. Where streptomycin is una vailable or
contraindicated, gentamicin at 5 mg/kg intra venously (IV)
daily can be used for adults; 2.5 mg/kg IV three times a day
can be used in children. Treatment should continue for 10
days. Alternative choices include doxyc ycline, chloram-
phenicol, and ciprofloxacin.

A bioterrorist attack has the potential to cause massi  ve
outbreaks of tularemia. Under such circumstances, the use
of IV antibiotics on a lar ge scale may not be feasible. The
Working Group on Civil Biodefense recommends the use of
oral antibiotics in mass casualty e vents (8). Both doxyc y-
cline and ciprofloxacin are recommended for both adults
and children. Doxyc ycline dosing is 100 mg orally twice
daily for adults and 2.2 mg/kg orally twice daily for children
under 45 kg. Ciprofloxacin dosing is 500 mg orally twice
daily for adults and 15 mg/kg orally twice a day for chil-
dren. Treatment should continue for 14 days.

Methods of postexposure prophylaxis have been recom-
mended for lar ge-scale tularemia attacks. A study in the
1960s found human volunteers treated with tetracycline for
24 hours prior to aerosolized tularemia e xposure were pro-
tected from disease (18). In the ¢ vent of a known tularemia
attack before the mass outbreak of symptoms, postexposure
prophylaxis with doxycycline or ciprofloxacin should be ad-
ministered to potential victims. In the event of an attack that
is not apparent until patients be gin manifesting signs and



symptoms of tularemia, asymptomatic patients within the
attack area should begin a fever watch and begin postexpo-
sure prophylaxis if fever develops (8).

TRIAGE CONSIDERATIONS

Because there has ne ver been a reported case of tularemia
spread between humans, no specific isolation is required for
patients in whom this diagnosis is suspected. In the event of
a mass casualty event, priority should be given to those pa-
tients with more se vere respiratory signs and symptoms
such as hypoxia, tachypnea, and respiratory failure. These
patients may require immediate adv anced airway interven-
tions. The larger remainder of amb ulatory patients with
symptoms of pneumonia should be triaged based on acuity
and comorbid factors. Children and the elderly may develop
disease in a more rapid and severe fashion.

PERSONAL PROTECTION

Universal precautions should be observ ed for patients with
suspected tularemia. A 0.5% hypochlorite solution can be
used to sanitize bedding and surf aces contacted by patients
with tularemia (19). Although no human-to-human trans-
mission has been reported, the high virulence of tularemia
in culture requires e xtreme caution for laboratory w orkers.
Highly trained personnel should perform cultures in a spe-
cially equipped reference laboratory . Laboratory w orkers
should wear impervious f ace masks, gloves, and gowns
under negative-pressure microbiological cabinets (12).

Vaccination against tularemia w as initiated in the 1930s
in the former Soviet Union in endemic areas (20). A live at-
tenuated vaccine has been used in a limited setting among
high-risk personnel such as laboratory technicians in the
United States. Use of this vaccine is currently under review
by the Food and Drug Administration. The Department of
Defense maintains this v accine as an in vestigational new
drug at the U.S. Army Medical Research and Material Com-
mand at Fort Detrick, Maryland (13).

SUMMARY

B Tularemia is an ef fective bioweapon due to its
virulence, high morbidity and mortality, and ease
of storage, transport, and dispersion by aerosol.

B Although tularemia causes multiple clinical syn-
dromes, a primarily respiratory disease would re-
sult from a bioterrorist attack via aerosolized par-
ticles.

B Aminoglycosides, specifically streptomycin, are
the treatments of choice for tularemia. In mass
casualty events, oral doxycycline and
ciprofloxacin should be used.
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Q FEVER

Q fever is a febrile illness originally described in 1935 as
Query fever prior to the discovery of the infectious agent
Coxiella burnetii. This obligate intracellular, gram-nega-
tive coccobacillus has a w orldwide zoonotic reserv oir.
The organism is located within the acidif ied phagolyso-
somes of eukaryotic cells and may sporulate in the pres-
ence of unfavorable environmental conditions.

THEORETICAL AND SCIENTIFIC
BACKGROUND

An illness initially disco vered during an outbreak among
abattoir workers in Australia, Q fever remains a disease
found primarily among persons in contact with infected
livestock. Its zoonotic reserv oir is broad, infecting mam-
mals, birds, and arthropods. Arthropod carriage is thought
to be an important source for enzoonotic transmission b ut
not human infection (19). Cattle, sheep, and goats are the
most common sources of human infection. ~ The bacteria
are concentrated in the placenta of mammals and may be
shed in milk, wurine, and feces. Inhalation of a single
aerosolized bacterium may be sufficient to cause human in-
fection. This respiratory route is the primary mode of trans-
mission. Due to high concentration of or ganisms in birth
products, persons in contact with parturient animals are at
particularly high risk for contracting the disease. C. burnetii
has amark ed ability to resist heat and desiccation,  and
locations at which parturition occur may contain infecti ve
particles for weeks. Although less common, infection may
also occur through ingestion of raw milk products, requiring
a significantly larger inoculum (21). Human-to-human
transmission is re garded as rare b ut has been reported in
cases of blood transfusion, transplacental congenital infec-
tion, upon autopsy of infected cadavers, and by a case report
of an obstetrician becoming infected while performing a
therapeutic abortion on an infected w oman (21). Se xual
transmission has been demonstrated in the murine model
and was recently reported in the case of an occupationally
exposed man potentially transmitting the bacterium to

his wife (22). The organism’s potential infecti vity is fur-
thered by the ability to tra vel long distances windborne or
upon contaminated fomites. Downwind reach of C. burnetii
in a hypothetical biological attack is estimated to be 20

km (4).

Once infected, most often via the aerosol route, the or-
ganism replicates during a 1- to 6-week incubation pe-
riod (19,21,23). Late in this phase, a transient bacteremia
ensues, providing the opportunity for hematogenous
seeding of multiple organ systems. Infection with C. bur-
netii may be asymptomatic in over 50% of cases (19,21).
Acute Q fever is typically a self-limited, febrile illness.
However it may also present as atypical pneumonia, hep-
atitis, myocarditis, pericarditis, or encephalitis. Mortality
rates of untreated acute Q fe ver are 1% to 2% with mor-
tality rates in treated patients being less than 1% (21). A



108 Section 2 Biological Agents

chronic form of Q fe ver may ensue and is most com-
monly characterized by endocarditis and/or chronic gran-
ulomatous hepatitis. Persons with underlying cardiac
valvular abnormalities and v arious immunodeficiencies
are most susceptible to developing chronic Q fever.

The prevalence of acute Q fe ver is difficult to assess
and varies dramatically worldwide. It is unclear whether
this reflects actual difference in the number of cases, dis-
crepancy in the level of physician awareness, a lack of di-
agnostic capabilities, or a combination of these f actors.
Annual incidence in the United States is reported as 20,
with an unknown incidence worldwide (19).

C. burnetii has long been recognized as a potential bi-
ological agent, as evident by testing that be gan in the
1950s at Fort Detrick by the U.S. War Reserve Service
(4). This microbe was maintained in the U.S. biological
arsenal prior to the destruction of such materials in the
early 1970s. More recently, the Japanese cult responsible
for the March 1995 sarin attack of a Tokyo subway was
found to be experimenting with several biological agents,
including C. burnetii. This agent’s utility in bioterrorist
attacks is enhanced by high infecti vity, expansive wind-
borne reach, and its ability to resist unf avorable condi-
tions. However, it is limited as a biological agent due to
its prolonged and varied incubation period, the relatively
low morbidity and mortality, and the near absence of per-
son-to-person transmission.

SIGNS AND SYMPTOMS

Acute Q fever most commonly presents as a nonspecif ic
febrile illness characterized by an acute onset of
headache, fatigue, myalgias, fever, and chills. Another
common and often misdiagnosed presentation is atypical
pneumonia, which can range from an incidental f inding
on chest radiograph to, rarely, acute respiratory distress.
Clinically evident hepatitis occurs in up to one-third of
patients with acute Q fe ver and may be accompanied by
nausea and vomiting, but it is rarely associated with ab-
dominal pain, jaundice, or marked hepatic dysfunction
(19,24). Additionally, it has become increasingly recog-
nized that Q fe ver may be associated with v arious exan-
thems, including pink macules and purpura. Physical e x-
amination is often unre vealing but may be notable for
inspiratory crackles, hepatomegaly, or splenomegaly, in
addition to fever and cutaneous findings. The combination
of fever, pneumonia, and acute hepatitis should alert the
physician to the possibility of acute Q fever.

MEDICAL MANAGEMENT

Often the presentation of acute Q fe ver resembles that of
other pneumonias or viral syndromes. Initial diagnostic

evaluations may yield nonspecific results. A normal white
blood cell count is found in the majority of patients. How-

ever, increased transaminase le vels and an ele vated ery-
throcyte sedimentation rate are presentino  ver half of
those presenting with acute Q fe ver (21,23,24). Thrombo-
cytopenia and increased serum creatinine are present in a
small fraction of patients. Chest radiographs may be con-
sistent with atypical pneumonia, with increased reticular
markings, multiple opacities, atelectasis, or pleural effu-
sion. C. burnetii remains difficult to culture, and diagnosis
requires serological tests with subsequent comparison be-
tween acute and con valescent phase sera. The diagnostic
examinations of choice are indirect immunofluorescence
(IFA) and enzyme-linked immunosorbent assay (ELISA).

Diagnosis of Q fe ver resulting from a bioterrorist at-
tack may prove challenging for physicians. The prolonged
incubation time and diverse, often nonspecific, symptoms
contribute to the potential dif ficulty in diagnosis. An in-
creasing number of otherwise healthy persons with a sim-
ilar constellation of symptoms may allow the physician to
consider a common exposure to C. burnetii.

Acute Q fever is often a self-limited disease that re-
solves without the administration of antimicrobial agents.
However, a 5- to 7-day course of tetrac  ycline (500 mg
orally every 6 hours) or doxycycline (100 mg orally every
12 hours) is recommended as first-line therapy in order to
reduce the rate of complications and the duration of ill-
ness. Fluoroquinilones may serve as an alternative in the
case of meningoencephalitic disease or tetrac ycline intol-
erance (19,21).

TRIAGE CONSIDERATIONS

For nearly all persons with Q fe ver, triage will proceed
according to standard emergency department practice. Pa-
tients with the rarer se vere manifestations of Q fe ver
should be triaged according to the presenting clinical pic-
ture. Respiratory isolation is not recommended gi ven the
absence of e vidence supporting human-to-human trans-
mission via respiratory droplets.

PERSONAL PROTECTION

Health care workers are advised to use standard precau-
tions when caring for patients potentially afflicted with Q
fever. One group recommends contact plus droplet pre-
cautions during obstetrical procedures for infected pre g-
nant women (25). Given documented transmission among
laboratory personnel, BSL3 containment practices are re-
quired. Decontamination may be performed using 0.5%
hypochlorite, 1% Lysol, 2% formaldehyde, or 5% hydro-
gen peroxide. Postexposure prophylaxis should consist of
doxycycline for 5 days, beginning 8 to 12 days after expo-
sure (19). For those at high risk for contracting the dis-
ease, a vaccine may be obtained from USAMRIID (F ort
Detrick, MD) as an investigational new drug.



SUMMARY

B Q fever is most often an asymptomatic or self-
limited febrile illness caused by infection with
Coxiella burnetii.

B The triad of fever, atypical pneumonia, and acute
hepatitis may help identify cases of acute Q fever
presenting to the emergency department.

B The use of C. burnetii as a biological weapon is
aided by its stability, infectivity, and windborne
reach but limited by the low morbidity/mortality,
infrequent person-to-person transmission, and a
prolonged incubation period.

BRUCELLOSIS

Brucellosis, also known as undulant fe ver, malta fever,
and mediterranean fever, is caused by an aerobic, faculta-
tive, intracellular, gram-negative coccobacillus. It is cate-
gorized as a category B agent by the CDC (7). The organ-
ism is found throughout the w orld, with predominance in
agrarian areas around the Mediterranean Sea, Middle
East, Indian subcontinent, and Latin America with poor
food sanitation standards. The disease is rare in the
United States and generally confined to veterinarians and
those with occupational e xposure to li vestock. Between
1992 and 1999, 813 cases of brucellosis were reported in
the United States, with more than half occurring in Cali-
fornia and Texas (26). Natural reservoirs include domesti-
cated animals such as cattle, goats, pigs, sheep, and dogs.
Several species are found in these dif ferent animal hosts.
Brucella abortus occurs in cattle, B. melitensis in sheep
and goats, B. suis in swine, and B. canis in dogs. Brucel-
losis is notable for its protean clinical manifestations and
nonspecific presentations (15,27).

THEORETICAL AND SCIENTIFIC
BACKGROUND

Humans become infected with brucellosis through a num-
ber of mechanisms. Most commonly, natural infection oc-
curs after ingestion of contaminated animal products, par-
ticularly unpasteurized milk and cheese. Skin or mucous
membrane contact with contaminated animal products
also causes disease. Infection may occur via the respira-
tory tract through inhalation of infected particles. As with
other potential bioterrorist agents, Brucella species are
highly virulent when inhaled, with only 10 to 100 or gan-
isms required to cause infection (28). Spread of brucel-
losis between humans is not belie ved to occur. Brucella
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use as a bioweapon is aided by its ability to survive under
hostile conditions outside of the host for prolonged
periods of time. Brucella bacterial may survive up to 10
weeks in water and soil (29).

Brucellosis was one of the f irst biological agents
weaponized by the United States in the 1940s (19,29).
However, despite its relative high virulence, its use as a
potential bioterror weapon is limited. Unlik e many other
bioweapons, infection with brucellosis does not carry a
high mortality rate. Untreated disease only causes death
in about 2% of victims, usually from endocarditis
(12,29-31). Additionally, a prolonged incubation period
lasting up to months mak es brucellosis a less ef fective
bioweapon than other inhaled bacteria such as anthrax,
plague, and tularemia.

SIGNS AND SYMPTOMS

After infection, the bacterium survives intracellularly in
host monocytes and leuk ocytes and spreads hematoge-
nously to various organs, leading to the wide v ariety of
both systemic and localized disease noted in brucellosis
infections. Incubation periods can range from 5 days to
months after exposure. Most often, patients have nonspe-
cific systemic complaints such as fe ver, chills, sweats,
headache, fatigue, and weakness. The fever pattern is
classically intermittent and irre gular over weeks to
months in the untreated patient.

Localizing symptoms in volved the gastrointestinal
tract in up to 70% of patients (29). P atients often present
with anorexia, nausea, vomiting, diarrhea, and abdominal
pain. Spread to the liver may cause liver abscesses, hepa-
titis, and hepatomegaly. Pancreatitis, cholecystitis, and
splenic abscesses may result from hematogenous spread.
Arthralgias of the axial skeleton and large joints, particu-
larly sacroilitis, occur in 20% to 60% of cases and can
lead to osteomyelitis (29). Acute orchitis and epididymitis
may occur in the setting of systemic illness (32). Pul-
monic manifestations are rare, even if the or ganism in-
fects the host via the respiratory tract (21). When present,
pulmonic manifestations include interstitial pneumonitis,
hilar lymphadenopathy, pleural effusions, and empyema.
Less commonly, central nervous system (CNS) manifesta-
tions ranging from depression and difficulty with concen-
tration to meningitis, encephalitis, and brain abscesses
occur (27). Endocarditis occurs in less than 2% of cases
but is the primary cause of death from brucellosis.
Chronic forms of disease may result in prolonged com-
plaints of fatigue, anorexia, and depression, mimicking
chronic fatigue syndrome (15). Findings on routine labo-
ratory data may re veal anemia with thromboc ytopenia.
The serum white blood cell count may be lo w or normal,
with lymphocytic pleocytosis occasionally found. Mildly
abnormal liver function tests may also be seen with he-
patic involvement (29,30). Cerebrospinal fluid (CSF)
analysis in cases of CNS involvement may reveal lympho-
cytic pleocytosis and an elevated protein level. CSF Gram
stain and culture are often negative.
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MEDICAL MANAGEMENT

The nonspecific protean presentations of brucellosis make it
a difficult diagnosis. When suspected, blood or other poten-
tially infected tissues should be sent for culture. Bone mar-
row culture has been found to ha ve higher yield than blood
cultures (27). Brucella species are exceeding slow to grow
in culture, and the culture must be maintained for 4 to 6
weeks. In cases of a potential bioterrorist attack, = a more
rapid diagnostic test is required. Serum agglutination tests
exist and can be performed more rapidly than cultures. Al-
though most patients with active infection will have positive
serological test results with titers greater than 1:160, diag-
nosis using these methods can result in false negative results
(27,30).

In the setting of a possible bioterrorist attack, physicians
noting a large number of otherwise healthy individuals with
vague multisystem complaints and a lack of historic e xpo-
sure to animal products or livestock need to consider brucel-
losis as a possible etiology. Because of the slow incubation
period of brucellosis, these trends may only be noted over a
matter of weeks to months.

Treatment of brucellosis requires multiple agents for a
prolonged period of time to a void relapse (27,29,30). In a
majority of cases, doxycycline 100 mg twice daily plus ri-
fampin 600 to 900 mg per day orally is the recommended
treatment regimen. In more severe cases, rifampin should be
substituted with streptomycin 1 g IM per day for the f irst 3
weeks (33). In children, trimethoprim-sulfamethoxazole has
shown promise when combined with rifampin, although re-
lapse rates are higher when compared with patients treated
with doxycycline (34). CNS in volvement may require a
third-generation cephalosporin such as ceftriaxone (19,25).
Corticosteroids have been recommended for cases of neuro-
brucellosis (19,27).

Postexposure prophylaxis for inadv ertently inoculated
persons consists of a combination of doxyc ycline and ri-
fampin for 3 weeks. This regimen could theoretically be
used in high-risk patients after a biological attack. There is
no vaccine available for brucellosis.

TRIAGE CONSIDERATIONS

Because transmission of brucellosis between humans is not
thought to occur, no specific isolation precautions are re-
quired in suspected cases. Because of the relatively indolent
course of brucellosis and its low mortality, a true mass casu-
alty scenario with a large number of critically ill patients ar-
riving for medical treatment at the same time w ould be un-
likely, even after a bioterrorist attack.

PERSONAL PROTECTION

Health care workers should practice uni versal precautions
when caring for patients with brucellosis. Material and sur-
faces contacted by infected patients can be adequately disin-

fected with a 0.5% hypochlorite solution (19). Due to this
agent’s high virulence when inhaled, laboratory personnel
should be trained in isolation measures and w ork with cul-
ture samples under negative-pressure precautions.

SUMMARY

B Brucellosis represents a moderate threat in a po-
tential bioterrorist attack because of its high viru-
lence when inhaled. Ho wever, a prolonged incu-
bation period and lo w mortality make it a lesser
threat than other inhaled bacteria.

B Brucellosis is known for its protean, multisystem
manifestations and indolent course, making it an
especially challenging diagnosis.

B Treatment of brucellosis requires prolonged treat-
ment, ideally with doxycycline and rifampin.

FOOD AND WATERBORNE PATHOGENS

This group of agents includes those that cause acute diarrheal

illness after ingestion of a contaminated food or w ater source.
Several bacteria have been implicated in acts of bio warfare
and/or mass epidemics, including Mibrio cholerae, Shigella
dysenteriae, Salmonella  species, and Escherichia coli
O157:H7. Viral pathogens—such as rota virus and Norw alk
virus—are also frequent causes of outbreaks of gastroenteritis.

THEORETICAL AND SCIENTIFIC
BACKGROUND

Vibrio cholerae is transmitted via the fecal-oral route,
through contaminated water or vegetables, or by ingestion
of undercooked marine shellfish serving as reserv oirs. The
organism may survive for 5 to 10 days on foodstuffs (35). It
is a cause of epidemic diarrhea throughout much of the de-
veloping world. Large numbers of the organism must be in-
gested to cause disease because of its susceptibility to stom-
ach acid. Toxins produced by the bacteria result in massi ve
watery diarrhea due to chloride and w ater secretion. Elec-
trolyte imbalance and dehydration are the primary cause of
morbidity and mortality, with fatality rates as high as 50%
in untreated cases yet limited to less than 1% if treated (36).

Shigella dysenteriae causes an inflammatory, bloody di-
arrhea that may be spread person to person via the fecal-oral
route or less commonly by food- and waterborne outbreaks.
An inoculum of as few as 100 organisms may result in dis-
ease. Following a 1- to 4-day incubation period, a self-lim-
ited 5- to 7-day illness ensues. Patients may shed the organ-
ism in fecal matter for weeks after symptoms subside.
Mortality is rare in otherwise healthy individuals, but docu-
mented complications include hemolytic-uremic syndrome
and toxic megacolon.



Salmonella species include those responsible for typhoid
fever and those associated with enterocolitis. S typhi and
paratyphi cause systemic febrile illnesses that require person-
to-person transmission. The mortality rate of treated typhoid
fever is extremely low, but a chronic carrier state with fecal ex-
cretion of the bacteria may occur . The nontyphoidal species
are commonly associated with food-borne outbreaks due to
contamination with human or animal w aste. The incubation
period is 6 to 48 hours, and a self-limited diarrheal illness of 3
to 7 days follows. Severe disease may be observ ed in infants
and the elderly, with mortality rates in the United States less
than 1%.

Infection with Escherichia coli O157:H7 results in a toxin-
mediated hemorrhagic colitis. It may be transmitted person to
person, but the major source of infection is contaminated
ground beef. The bacteria are relatively stable in the en viron-
ment and may contaminate w ater supplies and other food
sources. The illness is characterized by bloody stools and re-
solves within 1 week. A potential complication of this infec-
tion is hemolytic-uremic syndrome, which is associated with a
3% to 5% mortality rate.

Rotavirus is a common cause of gastroenteritis in children
worldwide. It is transmitted primarily via the fecal-oral route.
However, the virus exhibits marked stability in the en viron-
ment and may be contracted by ingestion of contaminated
food or water. Infection results in a nonbloody diarrhea after a
2-day incubation period. The virus replicates in the mucosa of
the small intestine, impairing transport mechanisms. The ill-
ness is of concern only in young children who are susceptible
to dehydration and electrolyte imbalances. Adults experience
mild disease likely secondary to partial immunity.

Norwalk virus is named for an outbreak of gastroenteritis at
a school in Norwalk, Ohio, in 1968. The virus is highly conta-
gious, with as few as 10 viral particles sufficient to cause dis-
ease (37). Additionally, it is resistant to environmental factors.
The primary mode of infection is through the fecal-oral route,
but fomites and w aterborne carriage are also implicated in
transmission. Incubation period is typically 1 to 2 days and an
acute, self-limited illness lasting 1 to 3 days follows.

Food- and waterborne illnesses have been previously iden-
tified and emplo yed as biological agents. Japan utilized
Shigella species, Mbrio cholerae, and Salmonella species
(among others) in bio warfare experimentation on prisoners
and in attacks on Chinese cities during the years 1932 to 1945
(4). More recently, intentional contamination of food supplies
with Salmonella species and Shigella dysenteriae led to out-
breaks involving 751 and 45 cases of gastroenteritis, respec-
tively (38,39). The utility of these agents is aided by their sta-
bility and relative ease of dissemination via contamination of
the food and water supply. They are fortunately limited in their
efficacy as biological agents due to the relati ve low morbidity
and mortality associated with the resultant illnesses.

SIGNS AND SYMPTOMS

Clinical presentation of the illnesses discussed is often that of
an acute gastroenteritis that follo ws a benign, self-limited
course. Patients may report abrupt onset of crampy abdominal
pain or discomfort. A historical factor of diagnostic v alue is
the character of the stools produced during the illness. Cholera
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is associated with “rice-water” stools of large volumes and in a
minority of cases may be associated with o verwhelming fluid
loss. Shigella infections may begin with watery diarrhea, but
classic findings of dysentery follo w, with bloody-mucoid
stools. The nontyphoidal Salmonella infections are varied and
may or may not be associated with bloody diarrhea. Enterohe-
morrhagic E. coli strains cause bloody diarrhea without mu-
cosal invasion. Microscopic examination of stool samples is
negative for neutrophils, unlike other or ganisms causing
bloody diarrhea. Rotavirus and Norwalk virus infections are
both characterized by nausea, vomiting, and watery, non-
bloody diarrhea. Signs and symptoms of dehydration should
be identified during history and physical examination.

MEDICAL MANAGEMENT

Clinical diagnosis may be suggested by historical and epi-
demiological factors. Methylene blue staining of stool speci-
mens distinguishes invasive from noninvasive forms of infec-
tious diarrhea. Stool cultures allo w diagnosis of bacterial
agents responsible for such illnesses. In patients at risk for de-
hydration and electrolyte abnormalities, a basic chemistry
panel should be obtained.

Physicians should be alerted to the possibility of an out-
break of a food- or waterborne illness based on the volume of
similar complaints and an y potential common e xposures.
Treatment must first address any hemodynamic instability or
electrolyte abnormalities associated with volume loss. Antimi-
crobial therapy guided by in vitro susceptibility is indicated in
severe cholera, nontyphoid salmonella infections requiring
hospitalization, Shigella infections, and in immunocompro-
mised patients, limiting duration of symptoms and time of ex-
cretion of organisms. Treatment should also occur in the im-
munocompromised. Antibiotics are not indicated in mild
disease or in cases of E. coli O157:H7. Increased toxin release
from the enterohemorrhagic E. coli may heighten the risk of
developing hemolytic-uremic syndrome (40).

TRIAGE CONSIDERATIONS

Triage of patients presenting with symptoms suspicious for
the illnesses just mentioned should proceed as per usual emer-
gency department practices. P atients at risk for se vere mani-
festations (infants, elderly, or immunocompromised) and
those with signs or symptoms of profound dehydration should
be managed appropriately. Isolation procedures are not neces-
sary in this setting.

PERSONAL PROTECTION

Standard precautions should be utilized when caring for pa-
tients with presumed food- or w aterborne illnesses. Conta-
minated surfaces should be treated with an EP A-registered
hospital detergent-disinfectant. The vaccines in e xistence
for typhoid fever have demonstrated poor ef ficacy and are
no longer recommended by the CDC. Vaccines for cholera
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are not currently available in the United States but are in use
in other countries. A live-virus vaccine developed for ro-
tavirus is no longer recommended because of concerns over
a potential relationship with intussusception in inf ants re-
ceiving the vaccine (41).

VIRAL ENCEPHALITIDES

70% of cases. F atality rates for WEE are approximately
10% (45). Although rarely f atal, VEE is a potential
bioweapon because nearly all human cases become symp-
tomatic (19,47). The case-fatality rate for West Nile virus
ranges from 4% to 18% (48).

SIGNS AND SYMPTOMS

Several viral agents with primary central nerv ous system
(CNS) effects have the potential for use as bioweapons. This
group of agents includes the alphaviruses, Venezuelan, east-
ern, and western equine encephalitides (VEE, EEE, and
WEE, respectively), and West Nile virus, a flavivirus. The
alphaviruses are enveloped RNA viruses. They were origi-
nally discovered as a v eterinary illness from horses in the
1930s. EEE is the most common naturally encountered al-
phavirus causing CNS infection in the United States. Be-
tween 1983 and 2000, 182 cases were reported to the Cen-
ters for Disease Control. A majority of cases are found in
Florida, Georgia, Massachusetts, and New Jersey, predomi-
nantly in coastal and sw ampy areas. Between 0 and 200
cases of WEE occur each year in the United States, gener-
ally in the western and Great Plain states. VEE occurs pre-
dominantly in Central and South America; however, cases
have occurred in the Gulf states and southwestern United
States. West Nile virus was first reported in Uganda in 1937.
Since 1999, the number of West Nile cases in the United
States has increased dramatically (42). In 2002, there were
over 4,000 reported cases (43).

THEORETICAL AND SCIENTIFIC
BACKGROUND

Natural transmission of these viruses to humans occurs
via a bite by an infected mosquito v ector. Human-to-
human spread is not believed to occur. Seasonal variations
in the incidence of viral encephalitis result from changes in
the natural mosquito population. Peak incidence occurs
in the summer months, corresponding to both an increase in
the number of mosquitoes and more frequent outdoor activi-
ties by humans. After a bite from an infected mosquito, viral
particles from the gut of the insect are inoculated into the
skin and enter the lymphatic system. Initially , the virus
replicates in lymphoid tissue. After replication, viral parti-
cles are released into the circulation, resulting in high levels
of viremia and ultimately entry into the CNS (44).

EEE, WEE, and VEE are classified as cate gory B
agents by the Centers for Disease Control. These agents
represent potential bio weapons because they are highly
infectious when aerosolized (19). The first documented
human cases of VEE occurred in laboratory workers in the
1940s (44). Additionally, these agents can be produced in
large amounts and stored with relati ve ease. Morbidity
and mortality rates v ary. EEE carries a mortality rate of
30% to 75%, with children and the elderly being the most
susceptible (19,45,46). EEE is also highly morbid, with
permanent neurological sequelae occurring in 30% to

Incubation periods for the viral encephalitides range from
3 to 14 days. Most often a systemic febrile illness occurs
with fever, chills, headache, myalgias, nausea, and vomit-
ing. Upper respiratory symptoms including sore throat,
cough, and pleuritic chest pain occur with WEE infec-
tions. Patients are often leuk openic during this phase of
the illness. Ele vated aspartate transaminase and lactate
dehydrogenase levels are occasionally found with VEE
infections. Progression of disease to CNS involvement re-
sults in altered le vels of consciousness, nuchal rigidity,
ataxia, focal motor and cranial nerv e deficits, seizures,
and frank coma (19,44,45). Cerebrospinal fluid (CSF)
analysis typically re veals lymphocytic pleocytosis with
elevated protein levels. Hyponatremia is sometimes noted
in patients with neurological symptoms. P atients with
VEE infections rarely de velop neurological signs and
symptoms, whereas EEE infections result in the most se-
vere neurological abnormalities.

Most patients infected with West Nile virus are asympto-
matic. Generally, a mild febrile illness occurs and resolv es
within 7 days. In addition to constitutional symptoms, lym-
phadenopathy and erythematous morbilliform rash may
occur. Progression to se vere neurological signs and symp-
toms occurs in less than 1% of infected patients (48).

MEDICAL MANAGEMENT

In the setting of a possible bioterrorist attack,the diagnosis
of viral encephalitis should be considered when a lar  ge
number of patients present over a relatively short period of
time with febrile illnesses that progress toin ~ volve the
CNS. Physicians should consider the local pre valence of
the various viral encephalitides as well as seasonal and cli-
mactic variations in the mosquito population. Serum elec-
trolytes and complete blood count should be obtained. Any
patients with both fever and neurological signs and symp-
toms should under go both a CNS imaging and lumbar
puncture with CSF analysis for cell count, glucose, and
protein levels. Both computer tomography (CT) and mag-
netic resonance imaging (MRI) have been used to demon-
strate that a large number of neurologically impaired EEE
patients have focal lesions in the basal ganglia, thalamus,
and brain stem, with MRI considered the superior test
(46). Serological assays or viral isolation are required to
make a specific diagnosis. Both VEE and EEE can be iso-
lated from serum during the early febrile phase of the ill-
ness; however, complement-fixing serological assays to
detect IgM antibodies may be required during the en-
cephalopathic phase due to lo w viremic loads (19,44).



Serological testing can also be performed on CSF samples.

West Nile virus can also be diagnosed with serological as-
says for IgM in serum and CSF (48).

Treatment of viral encephalitis is generally supporti ve.
Systemically ill patients may require antip yretics and intra-
venous hydration. Actively seizing patients should recei ve
benzodiazepines and monitored care. Mechanical v entila-
tion may be required for acutely encephalopathic patients.
Ribavirin may have in vitro acti vity against these viruses;
however, they are generally not used clinically (44,49).

TRIAGE CONSIDERATIONS

No specific isolation is required for viral encephalitis be-
cause no human-to human spread occurs. However, patients
presenting febrile with neurological def icits may require
negative-pressure isolation for the possibility of bacterial
meningitis. Patients should be triaged according to the acu-
ity of their systemic and neurological symptomatology.

PERSONAL PROTECTION

Mosquito control in endemic areas remains the most use-
ful means of preventing zoonotic viral encephalitis. Practi-
tioners caring for patients with viral encephalitis should
maintain universal precautions. Laboratory workers should
use negative-pressure cabinets and wear high-ef ficiency
particle respirators (19). A live attenuated vaccine is avail-
able for VEE, used primarily for at-risk laboratory person-
nel. Inactivated vaccines are available in limited settings
for EEE and WEE.

SUMMARY

B Viral encephalitides are potential bio weapons
by means of inhalation of aerosolized particles.

B Viral encephalitides present initially as non-spe-
cific febrile illnesses that may progress to pro-
found CNS signs and symptoms.

B No specific, effective treatment for zoonotic
viral encephalitis exists.

SEVERE ACUTE RESPIRATORY
SYNDROME (SARS)

The severe acute respiratory syndrome (SARS) is an acute,
infectious, respiratory illness first reported in No vember
2002 in southern China. Subsequently, a novel coronavirus
(SARS-CoV) responsible for this clinical syndrome w  as
identified and further characterized in early 2003 (50-53).

Chapter 10 Lesser Known Biological Agents 113

THEORETICAL AND SCIENTIFIC
BACKGROUND

In the Guangdong Pro vince of China in late 2002, out-
breaks of an atypical pneumonia were reported. The illness
frequently progressed to respiratory f ailure and af fected
both casual contacts and e xposed health care practitioners.
An infected physician then tra veled to Hong K ong where
he resided in a hotel with international guests prior to his
hospitalization. By March 2003 outbreaks of the illness
termed SARS by the CDC had de veloped in Hong K ong,
Singapore, Vietnam, and Toronto, each of which could be
linked epidemiologically to this index case (54). These fur-
ther outbreaks were described in the literature (55-58) and
marked the beginning of a worldwide epidemic. As of Sep-
tember 2003, the World Health Organization (WHO) had
identified 8,098 probable cases with a fatality rate of 9.6%
and 29 reported probable cases in the United States (59).

By April 2003 several groups had identif ied the novel
coronavirus, SARS-CoV, as the etiologic agent (50-53).
The coronaviruses are a group of RN A viruses previously
known to cause mild forms of respiratory and enteric dis-
eases. The extent of the natural reserv oir for this ne wly
identified virus remains to be elucidated. Ho wever, similar
strains have been identified in several animal species, in-
cluding the masked palm civet, raccoon dog, and Chinese
ferret badger, sold at markets in Guangdong (54).

The virus is transmitted primarily via respiratory
droplets, although evidence indicates the virus may be shed
in feces and urine as well (50). The observed incubation pe-
riod ranges from 2 to 16 days, during which time the pa-
tient is not acti vely contagious. The stability of the virus
outside the body has been preliminarily determined by the
WHO to be 2 to 4 days in urine and feces.A majority of pa-
tients may continue to shed the virus up to 3 weeks after
onset of symptoms (60).

Known development of SARS-CoV as a biological
agent for warfare or bioterrorism has not been reported.
The highly contagious nature of the virus, with significant
person-to-person transmission, and the potential for mass
morbidity and mortality are concerning features that lend to
its use as a biological weapon. The stability of SARS-CoV
in the environment is unclear and may limit its utility in
such applications.

SIGNS AND SYMPTOMS

The initial manifestations of SARS are fe ver, myalgias, dry
cough, headache, and dizziness. Less frequent symptoms
may include coryza, sore throat, nausea, vomiting, and diar-
rhea. Common findings on physical e xamination include
fever >38°C, hypoxia, inspiratory crackles, and dullness to
percussion. For an unknown percentage of those infected,
the clinical course may be asymptomatic or limited to a
mild respiratory illness. Ho wever, within a week of symp-
tom onset many patients will de velop increasing dyspnea
and clinical signs of a w orsening pneumonia, with 25% of
adult patients requiring intensive care.
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MEDICAL MANAGEMENT

The clinical presentation of SARS often resembles that of
an atypical pneumonia. Chest radiographs may re veal non-
specific abnormalities including focal or patchy air space
consolidations. CT of the chest demonstrates peripheral,
subpleural, ground-glass opacities with air bronchograms.
Initial laboratory evaluation may reveal leukopenia (34%),
lymphopenia (70%), thrombocytopenia (45%), prolonged
activated partial thromboplastin time (42%), elevated D-
dimers (45%), and elevated lactate dehydrogenase (71%)
(56). Early diagnostic evaluations required acute and conva-
lescent sera for ELISA detection of antibody to SARS-CoV.
The development of reverse transcription polymerase chain
reaction testing has allo wed for detection of viral RN A in
clinical samples (61). These laboratory tests are a vailable
through the CDC Laboratory Response Netw ork. A sus-
pected or probable case may be identif ied in the setting of
moderate to severe respiratory illness in the absence of an
identifiable cause when combined with supporting epidemi-
ological factors. These include contact with kno wn or sus-
pected SARS patients within 10 days or tra vel to re gions
listed under CDC travel alerts or advisories.

Several factors may alert the physician to the possibility of
a SARS epidemic. A pattern of atypical pneumonia in lar ge
numbers of otherwise healthy indi  viduals may be present.
Given the highly infectious nature of SARS-CoV , afflicted
health care practitioners and other clear epidemiological links
may be identified.

The treatment of SARS is lar gely limited to supporti ve
care. However, during the epidemic in Hong K ong, a combi-
nation of ribavirin and corticosteroids was used with reported
favorable outcomes (58,62). This regimen has yet to be evalu-
ated in controlled studies. In vitro studies ha ve demonstrated
the potential utility of human interferons in the treatment of in-
fections with SARS-CoV (63).

TRIAGE CONSIDERATIONS

In the emergency department, suspected or probable cases of
SARS should be placed in ne gative-pressure isolation. The
disease is reportable to local and state health departments,
which may assist in the identification of an outbreak and the
quarantine of those e xposed to suspected cases. Further
triage of such patients should progress in concert with stan-
dard emergency medicine practices, providing supplemental
oxygen and respiratory support as clinically indicated.

PERSONAL PROTECTION

The use of respiratory droplet and contact precautions is
recommended for the pre vention of nosocomial transmis-
sion of SARS (63,64). The CDC recommends the use of
EPA-registered hospital deter gent-disinfectant for cleaning
potentially contaminated spaces. F or laboratory in vestiga-
tions, BSL-2 or -3 practices are recommended to prevent in-

fection of personnel. At the time of printing, no postexpo-
sure prophylaxis or vaccine exists.

SUMMARY

B The severe acute respiratory syndrome (SARS)
is a febrile respiratory illness that may progress
to acute respiratory failure in up to a fourth of
those infected.

B The novel coronavirus that causes SARS is
highly infective via respiratory droplets and has
an incubation period of 2 to 16 days.

QUESTIONS AND ANSWERS

1. Tularemia is a potent bioweapon due to all of the
following factors EXCEPT:
A. Untreated cases carry a relatively high mortality rate
B. Death in untreated cases can occur over a matter of
hours after exposure
C. Tularemia can be effectively spread via aerosolized
particles
D. A minimal number of infectious particles are re-
quired to cause disease
E. Tularemia is a hardy bacterium that can survive for
prolonged periods of time in hostile environments

2. In patients presenting with acute febrile ilinesses and
focal neurological symptoms, the following diagnoses
should be highly considered:

A. Eastern equine encephalitis

B. Severe acute respiratory syndrome
C. Q fever

D. Brucellosis

E. Venezuelan equine encephalitis

3. Signs and symptoms of Q fever include all of the
following EXCEPT:
A. Fever
B. Pneumonia
C. Diarrhea
D. Hepatitis
E. Rash

4. Optimal treatment for brucellosis consists of:
A. Rifampin and ciprofloxacin
B. Doxycycline and rifampin
C. Ciprofloxacin
D. Ampicillin
E. Chloramphenicol

ANSWERS

1. B. Death in untreated cases can occur over a matter of hours
after exposure

2: A. Eastern equine encephalitis

3. C. Diarrhea

4. D. Ampicillin
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Botulinum: The Most Toxic
Substance Known

Robert Abar Timmons and Anthony Carbone

NAME AND DESCRIPTION OF AGENTS

Botulinum toxin is a potent protein neurotoxin that causes
the paralytic condition kno wn as botulism. This toxin has
the distinction of being the most potent substance by weight
known to science (1,2), requiring only 0.001 pg/kg body
weight to kill 50% of animals in laboratory studies (3). Bot-
ulinum toxin type A is 15,000 and 100,000 times more toxic
by weight than VX and sarin nerve gases, two of the well-
known organophosphate nerve agents, respectively (3). It
further has the singular distinction of being both a substance
approved for medical treatment and a feared agent of bio-
logical terrorism. Currently, botulinum toxin is approved by
the U.S. Food and Drug Administration (FDA) for use in
treating neuromuscular disorders such as blepharospasm,
strabismus, and torticollis. It also has several off-label uses,
such as treatment of wrinkles, migraine headaches, chronic
low back pain, stroke, traumatic brain injury, achalasia, and
various dystonias (4). It should be noted that the licensed
preparation is suf ficiently dilute, containing only about
0.3% and 0.005% of the estimated human lethal inhalational
and oral doses, respectively, that it is impractical for use as a
bioterror weapon (4).

Botulinum toxin is elaborated by Clostridium botulinum,
a spore-forming, gram-positive, anaerobic bacterium that is
found throughout the world in soil and marine environments
(5). Botulism is a neuroparalytic illness that results from the
action of botulinum toxin. It typically be gins with cranial
nerve involvement and progresses caudally to in volve the
extremities (5). Because of botulinum toxin’ s extreme po-
tency and lethality, ease of production and transport, and
need for prolonged resource-intensive care of victims, it was
one of the first agents to be considered for use in modern
times as a biological weapon inw arfare (6). Though the
United States has renounced an y further research in de vel-
oping botulinum toxin as a biological weapon, concern re-
mains that other countries or terrorist groups may still at-
tempt to employ it (6). Currently it is one of six potential
biological warfare agents listed by the Centers for Disease
Control and Prevention (CDC) as a Category A agent, desig-
nating it as a high-priority biological agent of concern (7).

A German scientist, Justinius Kerner, first discovered
botulism in 1793. K erner traced the disease to spoiled
sausage, a result of the crude means of sausage preservation
at the time, and he named the substance “wurstgift”  or
sausage poison. This led to the origin of the term “botu-
lism,” as the Latin root word for sausage is botulus. C. botu-
linum was first described by Emile van Ermengem in 1897

m
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after isolating the microbe while in vestigating a foodborne
outbreak in Ellezelles, Belgium (8,9). Foodborne botulism
remains the most common form of disease in adults. Ho w-
ever, plant rather than animal products are the more com-
mon vehicles for poisoning, typically as a result of unre gu-
lated “home canning” or other improper food handling (8).

In humans, botulinum toxin inhibits the release of acetyl-
choline, leading to a characteristic flaccid paralysis (10).
Four distinct forms of botulism can occur, depending on the
mode of acquisition of the toxin. Cases may be classified as
(a) foodborne botulism, resulting from ingestion of food
contaminated with C. botulinum and containing preformed
toxin (10); (b) wound botulism, caused by toxin produced in
a wound contaminated by C. botulinum (10); (c) infant bot-
ulism, which is due to the endogenous production of toxin
in the intestine of infants following ingestion of germinating
spores of C. botulinum (10); or (d) inhalational botulism, a
man-made form that results from inhaling aerosolized botu-
linum toxin (4). Intestinal botulism, a variation of infant
botulism, can also occur in children or adults and is repre-
sented by those cases in which no food vehicle can be iden-
tified, there is no evidence of wound botulism, and there ex-
ists the possibility of intestinal colonization in a person
older than 1 year of age (10).

Inhalational botulism has been demonstrated experimen-
tally in primates (11), has been attempted by bioterrorists in
recent times (12,13), and has been the intended outcome of
at least one country’ s specially designed missiles and ar-
tillery shells (4,14,15). However, there has only been one re-
port of three indi viduals suffering from accidental inhala-
tional botulism, having occurred inthree v eterinary
personnel in West Germany in 1962. All three individuals
had detectable Type A botulinum toxin in their serum fol-
lowing exposure to reaerosolized botulinum toxin while
disposing of lab animals whose fur w as coated with aero-
solized type A botulinum toxin (16).

THEORETICAL AND SCIENTIFIC
BACKGROUND

C. botulinum is a species of four genetically distinct groups
that have in common the production of antigenically distinct
neurotoxin with a similar pharmacologic action but that other-
wise would not be designated as a single species (4,17,18). C.
botulinum organisms are straight to slightly curved, gram-pos-
itive (in young cultures), motile, anaerobic rods, 0.5 to 2.0 um
in width, and 1.6 to 22.0 pm in length, with oval, subterminal
spores (8,19). There are seven distinct toxin types of C. botu-
linum described (A, B, C;, D, E, F, and G), distinguished by
the antigenic characteristics of the neurotoxins the y produce
(10). An eighth toxin type, C,, is not a neurotoxin but actually
a cytotoxin of unknown clinical significance (5). Toxin types
A, B, E, and in rare cases F cause human botulism (8). Types
C, and D cause disease in mammals and birds (5,10). Type G,
now called C. argentinense, has been associated with sudden
death, but not with neuroparalytic illness, in a few patients in
Switzerland (5). Additionally, the rare clostridial strains of C.
baratii and C. butyricum also have the capacity to elaborate
botulinum toxin (4,5,20-22) (Figs. 11-1 and 11-2).
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Figure 11-1. A photomicrograph of Clostridium botulinum type
A viewed using a Gram stain technique. CDC/Dr. George Lom-
bard (1978). The bacterium C. botulinum produces a nerve toxin,
which causes the rare, but serious paralytic illness botulism.
There are seven types of botulism toxin designated by the letters
A through G; only types A, B, E, and F cause illness in humans.
[Photomicrograph: Courtesy of Dr. George Lombard, Centers for
Disease Control and Prevention- Public Health Image Library
1978 (PHIL ID#2131).]

¥
e | Q

v

-

[ 4
o

" 4
Ly
,
P % ; > |
\‘ 0
- b
vy

- .-

Figure 11-2. Clostridium botulinum spores stained with Mala-
chite Green Stain. CDC/Courtesy of Larry Stauffer, Oregon State
Public Health Laboratory (2002). The endospores of C. botu-
linum when stained using the Malachite Green staining method
will appear as green spheres, while the bacilli themselves will
turn purple in color. [Photomicrograph: Courtesy of Larry Stauf-
fer, Oregon State Public Health Laboratory (2002). Centers for
Disease Control and Prevention—Public Health Image Library
1978 (PHIL ID#1932).]

Each of the se ven active neurotoxins has similarity in
structure and mechanism of action, producing a polypeptide
of 150 kDa, which is activated by proteases subsequent to
bacterial lysis (8). Active botulinum neurotoxin is a simple
dichain polypeptide consisting of a 100 kDa hea vy chain
(H), which is the fragment in volved in neurospecific bind-
ing and translocation into the nerve cell, and a 50 kDa light
chain (L), responsible for intracellular catalytic acti vity
(5,8). The heavy and light chains are joined by a single
disulfide bond (4,23). The heavy chain is composed of an
amino-terminal 50 kDa domain (H y) and a carboxy-termi-
nal 50 kDa domain (H ) (8). The light chain is a zinc-



containing endopeptidase that blocks acetylcholine-contain-
ing vesicles from fusing with the terminal membrane of the
motor neuron (4,24).

Neuronal cell intoxication involves four steps: (a) bind-
ing of the carboxy-terminal end of the hea vy chain (H¢) to
polysialoganglioside receptors on the neuronal membrane,
(b) endocytotic internalization of acti ve toxin into endo-
some-like compartments, (¢) membrane translocation facil-
itated by the amino-terminal half of the hea vy chain (Hy),
and (d) enzymatic cleavage of SNARE proteins by the light
chain (L), which prevents complete assembly of the synap-
tic fusion comple x and thus blocks release of the neuro-
transmitter acetylcholine from synaptic terminals of the
motor neurons in muscle (5,8). The muscle is unable to
contract in the absence of acetylcholine release (8,25).

The light chain (L) of each neurotoxin type is a zinc-
containing endopeptidase that is capable of clea  ving a
toxin-specific location of at least one of three proteins
(4,8). Botulinum toxin types A, C, and E cleave the protein
SNAP-25 (= synaptosomal-associated protein of 25 kd);
types B, D, F and G cleave the protein synaptobrevin; and
type C cleaves the protein syntaxin (4). These three pro-
teins are members of a group of proteins known as SNARE
proteins, or soluble NSF-attachment protein receptor (4,8).
SNARE proteins are essential to the docking and fusion of
synaptic vesicles with the presynaptic membrane (25).

As mentioned pre viously, botulinum toxins are the
most toxic substances by weight kno wn to science. The
precise human lethal dose of botulinum toxin is not
known but can be estimated from primate studies.  The
LDs,H, or lethal dose to 50% of the human population ex-
posed, for botulinum toxin has been estimated to be about
1 ng/kg (1,6). By extrapolation, the lethal amounts of crys-
talline type A toxin for a 70-kg human w ould be approxi-
mately 0.09 to 0.15 p g intravenously or intramuscularly,
0.70 to 0.90 u g inhalationally, and 70 png orally (4,11,
26-28). All of the botulinum toxins are slightly less toxic
by experimental models when e xposure is by the pul-
monary route, as estimates for the LD 5, via inhalation is
approximately 3 ng/kg based one xperimental models
(6,29). The oral route of e xposure to botulinum toxin ap-
pears to be 2 degrees of magnitude less toxic than the in-
travenous or intramuscular routes.

The most likely scenario for terrorist or biological w ar-
fare use of botulinum toxin is an intentional aerosol re-
lease, or possibly an attempt to contaminate a food or water
source (3). There has never been a reported case of w ater-
borne botulism (4,8,30,31). Speculation has arisen that bot-
ulinum toxin may be used to contaminate a municipal water
supply, but this scenario is not lik ely (4,32). One reason is
that botulinum toxin is rapidly inacti vated by standard
potable water treatments such as chlorination and aeration
(4,33). A second reason is that because of the slow turnover
time of large capacity reservoirs, a comparable large inocu-
lum of botulinum toxin w ould be required, and this would
be technically infeasible to produce and deli  ver (4,34).
However, botulinum toxin may remain viable in untreated
water or beverages for several days; therefore, these items
should be investigated in the absence of other identif iable
sources of a botulinum index case or outbreak (4,33,35).

The three primary forms of naturally occurring botulism
are foodborne, wound infection, and infant or adult intes-
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tinal botulism. The U.S. incidence of botulism is typically
fewer than 200 cases of all forms annually (8). F oodborne
botulism is a rare entity , as there are on a verage approxi-
mately 9 to 10 outbreaks and a median of 24 total cases of
this disease per year in the United States (8). From 1950
through 1996, there were 444 outbreaks and 1,087 cases of
foodborne botulism recorded in the United States (8). Both
the average number of outbreaks per year and the a verage
number of cases per outbreak has remained stable through-
out the last century (8). The single largest outbreak of food-
borne botulism in the United States in the last century oc-
curred in Michigan in 1977, in which there were 59 cases
as a result of eating home-preserv ed jalapefio peppers at a
restaurant (4,36) (Figs. 11-3 and 11-4).

Figure 11-3. The jars of contaminated jalapefio peppers in-
volved in an outbreak of botulism in Pontiac, Michigan, April
1977. CDC/Dr. Chas. Hatheway. The bacterium C. botulinum pro-
duces a nerve toxin, which causes the rare, but serious paralytic
iliness botulism. [Photograph: Courtesy of Dr. Chas. Hatheway,
Centers for Disease Control and Prevention—Public Health
Image Library, April, 1977 (PHIL ID#3355).]

Figure 11-4. This is a close-up of contaminated jalapefio peppers
involved in an outbreak of botulism in Pontiac, Michigan, April
1977. CDC/Dr. Chas. Hatheway. [Photograph: Courtesy of Dr.
Chas. Hatheway, Centers for Disease Control and Prevention—
Public Health Image Library (PHIL ID#3884).]
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Of the 135 foodborne outbreaks in the United States from
1980 to 1996, toxin type A accounted for 54.1%, toxin type B
for 14.8%, toxin type E for 26.7%, and toxin type F for 1.5%
of these outbreaks, with 3.0% of the outbreak causes undeter-
mined (4,8). Toxin types C and D cause botulism in wildlife
and domestic animals, though it is thought that humans are
susceptible based on primate studies (4,37-39). Toxin type G
is produced by a bacterial species in South American soil and
has never caused recognizable foodborne botulism (4,40).

Nearly all states ha ve reported at least one outbreak of
foodborne botulism since 1950; however, over half (53.8%)
of all outbreaks reported ha ve occurred in just five western
states (California, Alaska, Washington, Colorado, and Ore-
gon) (8). The geographic distribution of foodborne botulism
cases by toxin type is closely correlated with the distritution
of organism types found in the environment. Type A toxin is
predominant west of the Mississippi Ri ver, and has ac-
counted for 85% of foodborne outbreaks in this area (4,8).
Type B toxin is distrib uted generally but more common in
the eastern United States, where it has accounted for 60% of
foodborne outbreaks east of the Mississippi Ri  ver (4,8).
Toxin type E predominates in the Pacific Northwest, Alaska,
and the Great Lakes area, and foodborne outbreaks of type
E toxin are commonly associated with f ish products, espe-
cially native Inuit and Eskimo foods (4,5,8).

Any outbreak of botulism is a public health emer gency
and should include the possibility of bioterrorism (3,8,10).
Certain features would be suggestive of a bioterrorist act or
intentional release of botulinum toxin, such as a large num-
ber of patients presenting with acute flaccid paralysis and
bulbar palsies, or patients presenting with an unusual toxin
type not commonly associated with human botulism (4). Pa-
tients should be asked whether they know of any other per-
sons with similar symptoms. A careful travel history is vital
in this age of rapid and easily accessible airline travel. A di-
etary history is also valuable. Absence of a common dietary
exposure among temporally clustered victims of botulism
would suggest the possibility of inhalational botulism (4).

SIGNS AND SYMPTOMS

The onset of botulism can be quite striking, and very frighten-
ing to victims of poisoning. Whether botulinum toxin is in-
gested, produced in the intestine or an infected wound, or pos-
sibly inhaled, it enters the vascular system and is transported
to peripheral cholinergic nerve terminals, including neuromus-
cular junctions, postganglionic parasympathetic nerv e end-
ings, and peripheral ganglia (5). Here it binds irre versibly to
the nerve terminal. After binding, the toxin is internalized and
enzymatically blocks acetylcholine release. Though all forms
of botulism exhibit nearly identical signs and symptoms, food-
borne botulism’s neurologic signs may be preceded by ab-
dominal cramps, nausea, vomiting, or diarrhea (4,41). Ho w-
ever, these gastrointestinal symptoms are belie  ved to be
caused by other bacterial metabolites present in the food
(4,17). Thus they may not occur if purified botulinum toxin is
intentionally created and disseminated in food or aerosols (4).
The classic presentation or triad of botulism is that of a
patient who is afebrile, develops a symmetric, descending
flaccid paralysis that begins in the bulbar musculature, and

with a clear sensorium (4). Cranial nerve palsies almost al-
ways mark the onset of symptoms and are a k ey factor in
distinguishing someone with symptomatic botulism (5).
The central nervous system is not involved. While the ex-
tent or rate of onset of paralysis may v ary among individ-
ual patients, the disease manifestations are similar re gard-
less of toxin type (4,8,41-44). Se verity of symptoms may
range from mild symptoms that are barely noticeable on
examination to paralysis so se vere that patients appear
comatose and require months of mechanical v entilatory
support (4). Reco very ensues only after re generation of
motor axon twigs that reenerv ate paralyzed muscle fibers,
a process that takes weeks to months in adults (4,45,46).

Frequently patients with botulism will present with vision
problems, especially double or blurry vision, as well as dif fi-
culty speaking or sw allowing (4). The prominent neurologic
findings in all forms of botulism include diplopia, ptosis,
blurred vision, dilated or poorly reacti ve pupils, dysarthria,
dysphonia, and dysphagia (4,6,9,41,47). The oropharynx may
appear dry and injected due to peripheral parasympathetic
cholinergic blockade (4). Sensory changes are conspicuously
absent, except for occasional patients with circumoral or pe-
ripheral paresthesias that typically result due to hyperv entila-
tion as a victim becomes distressed by the onset of paralysis
(4). The prominent bulbar palsies are sometimes summarized
as the 4 Ds: diplopia, dysphagia, dysarthria, and dysphonia (4).

Eventually the paralysis will e xtend beyond bulbar muscu-
lature, and generalized weakness and hypotonia will de velop.
There will be a loss of head control, and dysphagia and loss of
a protective gag reflex may require intubation and mechanical
ventilation. Untreated patients will suf fer death from airw ay
obstruction due to paralysis of pharyngeal and upper airw  ay
muscles and inadequate tidal volume due to diaphragmatic and
accessory muscle paralysis (4).

Though botulism does not cause fe ver, secondary infec-
tions, such as aspiration pneumonia or genetically engineered
strains of biological weapons that also contain botulinum toxin,
may be present to cloud the diagnostic picture. The toxin does
not penetrate brain parenchyma, so patients are not confused or
obtunded, unless there is a secondary process interfering. How-
ever, patients may appear lethar gic and have communication
problems that can be mistaken for confusion or mental difficul-
ties (4) (Figs. 11-5 and 11-6).

Figure 11-5. A 14-year-old-boy fractured his right ulna and radius and
subsequently developed wound botulism. CDC PHIL, date unknown.
[Photograph: Courtesy of Centers for Disease Control and Preven-
tion—Public Health Image Library, date unknown. (PHIL ID#1936).]
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Figure 11-6. A young child with botulism, which is evident as a
marked loss of muscle tone, especially in the region of the head
and neck. CDC PHIL, date unknown. [Photograph: Courtesy of
Centers for Disease Control and Prevention—Public Health
Image Library, date unknown. (PHIL ID#1935).].

MEDICAL MANAGEMENT

Any case of suspected botulism should be considered a po-
tential public health emer gency due to the possibility that
others are likely to be ill or exposed to toxin from a deliber-
ate release or residual contaminated food (4,8—10). Clini-
cians caring for a patient with suspected botulism should
immediately notify their local public health department and
hospital infection control official to coordinate the shipment
of therapeutic antitoxin, laboratory diagnostic testing, and
epidemiological investigation (4,8). Botulism suspected
solely on clinical grounds is a le gally required reportable
event to public health authorities in most U.S. jurisdictions,
and tenacious execution of this task is essential (4).

The diagnosis of botulism relies on the astute clinician to
recognize characteristic signs and symptoms of isolated
cases or outbreaks and to suspect the disease in the conte xt
of a reasonable history (consumption of home-canned food
or unreliable food source). F ailure to suspect botulism and
include it in the differential has led to misdiagnosis, includ-
ing an illustrative outbreak in Canada where 28 people over
a 6-week time period became ill before the diagnosis w  as
made in a patient (2000 miles from the source!) and the
cases were retroactively traced (4,48).

Botulism should be suspected inan  y adult who is
afebrile, mentally intact, with cranial nerve dysfunction and
symmetric descending flaccid paralysis without sensory
findings, or in any infant with poor feeding, diminished
sucking and crying ability , neck and peripheral muscle
weakness, and/or ventilatory distress (5,8). Botulism is
often misdiagnosed as Guillain-Barré or Miller -Fisher syn-
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drome, myasthenia gravis, or a central nervous system dis-
order (4) (Table 11-1).

Unless there are secondary or underlying conditions,
routine laboratory tests such as serum electrolytes, renal and
liver function, complete blood counts, urinalysis, and elec-
trocardiograms are not helpful in diagnosing botulism, but
they may help differentiate other conditions that may appear
similar (8). A normal cerebrospinal fluid (CSF) analysis
may help distinguish botulism from Guillain-Barré syn-
drome, though the CSF may appear normal early in Guil-
lain-Barré and can sometimes sho w slightly elevated CSF
protein in botulism (8).

Currently only the CDC and approximately 20 state pub-
lic health agencies are capable of performing laboratory di-
agnostic testing for botulism, and they should be consulted
prospectively about specimen collection and processing
(4,8). Samples to be collected include serum, stool, gastric
aspirate, and, if available, vomitus and the suspected food
source (4,8). All samples should be collected prior to giving
antitoxin and then refrigerated (4,8,10). A medication list of
the patient should accompany the samples because medica-
tions that are toxic to mice can be dialyzed from samples
before testing (4).

Demonstration of toxin in serum and other specimens by
mouse bioassay is the standard diagnostic test for botulism
(4,26). The mouse bioassay can detect as little as 0.03 ng of
botulinum toxin and can yield results in as little as 1 to 4
days, whereas culture of fecal and gastric specimens can
take anywhere from 5 to 21 days (4,26). Samples should be
collected as early as possible for tw o reasons. The first is
that the lik elihood of obtaining positi ve test results de-
creases with time (8). The second reason is that treatment
with antitoxin needs to be initiated early in the course of
neurologic dysfunction to be ef fective (8,49), and antitoxin
will nullify the test results of the mouse bioassay . If inhala-
tional botulism is suspected, the most likely means of labo-
ratory diagnosis is through enzyme-link ed immunosorbent
assay (ELISA) identification of botulinum toxin from nasal
mucosa swabs taken within 24 hours of exposure (6).

The mainstays of treatment for botulism are early admin-
istration of equine antitoxin and supporti ve care (8). Timely
administration of passive neutralizing antibody may pre vent
progression of neurologic decline or shorten the duration of
ventilatory failure (4). However it will not re verse existing
paralysis, as it only neutralizes toxin unbound to nerv e end-
ings (4,8,42,49,50). Treatment with antitoxin should not be
delayed for microbiological testing (4). Furthermore, aggres-
sive respiratory monitoring and thorough intensive care must
be maintained throughout any period of paralytic illness (8).

Botulinum antitoxin contains neutralizing antibodies
against the three most common causes of human botulism,
toxin types A, B, and E. This licensed trivalent formulation
is available from the CDC via state and local public health
departments. Currently the dose of licensed antitoxin is one
10-ml vial, diluted 1:10 in 0.9% saline solution, given by
slow intravenous infusion (4,8). This provides serum levels
of type A, B, and E antibodies capable of neutralizing serum
toxin concentrations far in excess of those reported for food-
borne botulism patients, so only one dose is required (4,8).
For patients who may be intentionally e xposed to unnatu-
rally large amounts of botulinum toxin, such as from a bio-
logical weapon, the adequacy of neutralization can be con-
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I-GIRR RN Possible Mistaken Conditions for Botulism and Potential Distinguishing Features

CONDITIONS

POTENTIAL DISTINGUISHING FEATURES

Guillain-Barré syndrome* and variants
(e.g., Miller-Fisher, which has a
descending paralysis)

History of antecedent infection; paresthesias; ascending paralysis; early areflexia;
CSF protein increase; EMG findings

Myasthenia gravis*

Recurrent paralysis; EMG findings; sustained response to anticholinesterase therapy

Stroke*

Asymmetric paralysis; abnormal CNS image

Other intoxication
(e.g., alcohol, CO, nerve gas,
organophosphates)

History of intake or exposure; excessive drug levels in body fluids

Lambert-Eaton syndrome

Increased strength with sustained contraction; evidence of lung carcinoma

Tick paralysis

Paresthesias; ascending paralysis; attached tick

Poliomyelitis

Antecedent febrile illness; asymmetric paralysis; CSF pleocytosis

CNS infections, especially of brainstem

Mental status changes; CSF and EEG abnormalities

CNS tumor

Paralysis often asymmetric; abnormal CNS image

Streptococcal pharyngitis

Absence of bulbar palsies; positive rapid antigen test or throat culture

Psychiatric illness*

Normal EMG in conversion paralysis

Viral syndrome*

Absence of bulbar palsies and flaccid paralysis

Inflammatory myopathy*

Elevated creatinine kinase levels

Diabetic complications*

Sensory neuropathy; few cranial nerve palsies

Hyperemesis gravidarum*

Absence of bulbar palsies or acute flaccid paralysis

Hypothyroidism*

Abnormal thyroid function test results

Laryngeal tumor*

Absence of flaccid paralysis; dysphonia without bulbar palsies

Overexertion*

Absence of bulbar palsies or acute flaccid paralysis

Adapted from Arnon SS, Schecter R, Inglesby TV, et al. Consensus statement—botulinum toxin as a biological weapon: medical and public health
management. Table 3. JAMA. 2001 Feb 28:285(8);1059-70.

CSF indicates cerebrospinal fluid; EMG, electromyogram; CNS, central nervous system; EEG, electroencephalogram.

*Misdiagnosis made in large outbreak of botulism in Canada (4,48).

firmed by retesting serum for toxin after treatment (4). In the
event that another toxin type w as intentionally disseminated,
the U.S. Army maintains anin vestigational heptavalent
(ABCDEFQ) antitoxin, though the time required for toxin typ-
ing prior to administration of this antitoxin decreases its utility
in an outbreak (4,51).

The safety of botulinum antitoxin is uncertain. ~ Approxi-
mately 9% of patients treated with equine antitoxin have expe-
rienced some sort of hypersensitivity reaction (4,8,52), though
the recommended dose was previously larger than current rec-

ommendations. Skin testing should be performed prior to ad-
ministration of antitoxin. P atients responding to challenge
with a substantial wheal and flare reaction may be desensi-
tized over 3 to 4 hours before additional antitoxinis gi ~ ven
(4,8). Clinicians should review the package insert and instruc-
tions with public health officials prior to using antitoxin.
Infant botulism requires supportive care, and use of anti-
toxin is of questionable benefit in light of the risk of induc-
ing lifelong hypersensiti vity to equine antigens (8). A
human-derived botulism immune glob ulin is currently



under investigation in California (4,8,42,53,54). As for other
special populations with botulism, based on limited infor-
mation, children, pregnant women, and immunocompro-
mised persons with botulism should be treated by standard
therapy (4). Both children (4,55,56) and pre gnant women
(4,57,58) have received equine antitoxin without apparent
short-term adverse effects, though the risks to fetuses of ex-
posure to equine antitoxin are unknown (4).

Antibiotics have no known use for treatment of botulism,
but they may be required for treatment of secondary infec-
tions, or treatment of wound botulism based on wound cul-
ture results (4,5,8). Aminoglycoside antibiotics and clin-
damycin are contraindicated because of their ability to
exacerbate neuromuscular blockade (4,59,60).  Activated
charcoal may be given for detoxification prior to availability
of antitoxin, but there is no data on its usefulness (4,61).
Emetics and gastric lavage can be used if the time since in-
gestion is brief (5). In the absence of ileus, cathartics and
enemas may also be used to purge the gut of toxin (5).

A pentavalent (ABCDE) botulinum toxoid v accine has
been in use by the CDC for lab w orkers and by the military
for protection of troops (3,4,62). A recombinant vaccine is
also in development (4,63). The toxoid is not useful for post-
exposure prophylaxis, as it induces immunity o ver several
months (4). Furthermore, mass immunization is not feasible
and possibly undesirable, due to scarcity of the toxoid, rar-
ity of disease, and loss of potential therapeutic benef it of
medicinal botulinum toxin (3,4).

TRIAGE CONSIDERATIONS

In the event of a large-scale exposure to botulinum toxin, one
must consider certain aspects of triage that may need to be
employed. Patients who are victims of botulinum toxin poi-
soning may progress to respiratory f ailure within hours to
days of the first onset of symptoms. These patients would re-
quire ventilatory support. However, neuromuscular recovery
would ensue only after re growth of new axon terminals, a
process that takes 2 to 3 months or longer . Thus any large-
scale exposure of populations to botulinum toxin would eas-
ily overwhelm an institution’s, or even an entire metropolitan
area’s, available mechanical v entilation resources. F or this
reason, supplementary support measures should be coordi-
nated with appropriate agencies, institutions, and neighbor-
ing facilities in advance of such an occurrence (10,47,64).

PERSONAL PROTECTION

Since botulism is an intoxication rather than an infection, it
is not transmissible from person to person. Also, botulinum
toxin does not penetrate intact skin. Thus medical personnel
caring for patients with suspected botulism should use stan-
dard precautions. Furthermore, patients with suspected bot-
ulinism do not need to be isolated. Ho  wever, those with
flaccid paralysis in whom there is a suspicion of meningitis
do require droplet precautions until this is ruled out
(4,9,10,65).
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SUMMARY

The seven serotypes of botulinum toxin produced
by Clostridium botulinum are the most toxic
substances known (6). They cause the disease
known as botulism, a rare b ut potentially f atal
illness, usually from the ingestion of preformed
toxin in improperly preserved foods. A single gram
of crystalline toxin could kill more than one million
people, though technical f actors concerning
dissemination would make such a scenario dif ficult
(4). Though botulism is not an infectious disease,
and is not spread person to person, even one
suspected case constitutes a medical and public
health emergency to pro vide necessary treatment
and intervention to prevent additional cases.

Due to their e xtreme potency and lethality, wide
availability, ease of production, and need for
prolonged intensive care among af fected persons,
botulinum toxins ha ve been e valuated by se veral
countries as a potential biological weapon (6).
Terrorists have already attempted use of botulinum
toxin as a bioweapon, when the Aum Shinrikyo cult
in Japan made three attempts at aerosol dispersion
between 1990 and 1995; luckily each one w as
unsuccessful (4,12,13). Ne vertheless, botulinum
toxin remains on the list of Cate gory A agents of
bioterrorism with the CDC (7).

Botulinum toxin works by irre versibly blocking
the action of the neurotransmitter acetylcholine at
the neuromuscular junction, causing a characteristic
flaccid, descending paralysis, along with cranial
nerve palsies. Diagnosis is made clinically , with
treatment required prior to laboratory conf irmation
at a limited number of federal and state laboratories.
Treatment consists of intensi ve supportive care,
including prolonged mechanical ventilation in some
patients, and administration of antitoxin maintained
by the CDC.

RESOURCES

In the event of an actual or threatened bioterrorist incident,
immediately contact your state and local public health office
(a list of these can be found at http://www.statepublichealth.
org/index.php and the CDC web sites: ~ www.bt.cdc.gov/
protocols. asp, www.bt.cdc.gov/emcontact/ index.asp).
1. Websites Relevant to Bioterrorism Response and Readi-
ness Pertaining to Botulinum Toxin
http://www.apic.org
2. CDC Bioterrorism Web Pages
http://www.bt.cdc.gov/
http://www.bt.cdc.gov/agent/botulism/index.asp


http://www.statepublichealth
http://www.bt.cdc.gov/
http://www.bt.cdc.gov/emcontact/
http://www.apic.org
http://www.bt.cdc.gov/
http://www.bt.cdc.gov/agent/botulism/index.asp
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3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Agency for Toxic Substances and Disease Registry—
USA, Global Information System
http://www.atsdr.cdc.gov/gis/conference98/gisindex.html

. Medical NBC Information Online Server

http://www.nbc-med.org/ie40/Default.html

. Center for Civilian Biodefense Strategies Johns

Hopkins University Web Pages
http://www.hopkins-biodefense.org/
http://www.hopkins-biodefense.org/pages/
agents/tocbotox.html

. Association of Public Health Laboratories

http://www.aphl.org/

. Association of State & Territorial Health Officials

http://www.astho.org/

. U.S. Army Medical Research Institute of Infectious

Diseases (USAMRIID)
http://www.usamriid.army.mil/education/bluebook.html

. NOVA: PBS series on Bioterrorism

http://www.pbs.org/wgbh/nova/bioterror/

National Institute of Allergy and Infectious Diseases
(NIAID): Bioterrorism
http://www.niaid.nih.gov/publications/bioterrorism.htm

Federation of American Scientists: Working Group on
Biologic and Toxin Weapons
http://www.fas.org/bwc/index.html

Center for Infectious Disease Research and Policy,
University of Minnesota
http://www.cidrap.umn.edu/cidrap/

Center for Non-proliferation Studies—Monterey
Institute of International Studies
http://cns.miis.edu/

U.S. Food & Drug Administration
http://www.fda.gov/oc/opacom/hottopics/
bioterrorism.html

Health Agency Locator
http://www.statepublichealth.org/index.php

National Association of County & City Health
Officials (NACCHO). Bioterrorism &
Emergency Response Program
http://www.naccho.org/project90.cfm

National Library of Medicine: Biological Warfare
http://www.sis.nlm.nih.gov/Tox/biologicalwarfare.htm

USAMRIID. Phone: (301) 619-2833.
Email: USAMRIIDweb@amedd.army.mil

CDC: CDC’s 24-hour telephone number for state health
departments to report suspected botulism cases, obtain
clinical consultation on botulism cases, and request
botulinum antitoxin release has changed. State health
departments should call 770-488-7100. The call will
be taken by the CDC Emergency Operations Center,
which will page the Foodborne and Diarrheal Diseases
Branch medical officer on call. All other aspects of the
botulism emergency response system will remain un-
changed. Medical care providers who suspect a diagno-
sis of botulism in a patient should immediately call
their state health department’s emergency 24-hour tele-

20.
21.
22.

23.

phone number. The state health department will contact
CDC to arrange for a clinical consultation by telephone
and, if indicated, release of botulinum antitoxin.

U.S. Public Health Service. Phone: 1 (800) 872-6367
National Response Center. Phone: 1 (800) 424-8802

Domestic Preparedness Information. Phone:
1 (800) 368-6498

Arnon SS, Schecter R, Inglesby TV, et al. Consensus
statement—botulinum toxin as a biological weapon:

medical and public health management. JAMA. 2001
Feb 28:285(8);1059-70.

QUESTIONS AND ANSWERS

1

2.

3.

4,

Which of the following statementsisg/are true regard-
ing the epidemiology of botulism?

A. Foodborne botulism is the most common form of
botulism.

B. The incubation period is dose-dependent and, in a
biological attack, could be less than typically ob-
served in foodborne illness.

C. Inhalational botulism occurs naturally in cannery
employees.

D. Mortality in treated patients is 30%.

Which of the following is a true statement regarding
theclinical presentation of botulism?
A. Botulism presents as an initial nonspecific febrile
illness.
B. Paralysis begins in the bulbar musculature.
C. Paresthesias are secondary to sensory nerve damage.
D. Respiratory failure is not likely to occur.

Which of thefollowing isatrue statement about botu-
linum antitoxin?
A. Ttis effective against all seven types of botulism.
B. It reverses paralysis upon administration.
C. It must be obtained from CDC through the local
and/or state health department.
D. It is recommended for prophylaxis of close con-
tacts of cases.
E. All of the above.

Which of the following is a true statement about the
diagnosis of botulism?
A. Tt is confirmed by blood culture.
B. It must be confirmed in a public health laboratory.
C. Itis supported by pathognomonic findings on EMG.
D. All of the above.
E. None of the above.

ANSWERS

1. B. Naturally occurring forms of botulisminclude infant, wound,

and foodborne botulism. Infant botulismis the most common
form. Inhalational botulism does not occur naturally and would
most likely result secondary to the deliberate release of a botu-
lism aerosol. Theincubation period of foodborne botulismis 12
to 72 hours and is dose-dependent. Aerosol exposureislikely to
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2. B.

result in a shorter incubation period. Death occursin 60% of
untreated cases, but < 5% of treated.

Botulism patients present with the acute onset of an afebrile,
symmetric descending flaccid paralysis. Paralysis beginsin the
bulbar musculature, with cranial palsies. Respiratory failure
can occur in aslittle as 24 hours. Sensory changes are not pres-
ent, with the exception of paresthesias secondary to anxiety
with subsequent hyperventilation.

3: C. Trivalent botulinum antitoxin is effective against toxin types A,

4. B.

B, and E and is available from CDC. An investigational hep-
tavalent toxin is held by the U.S. Army, but it is not currently
available for usein the general population. Antitoxin prevents
binding of toxin to the acetylcholine receptor, subsequent to its
administration, but it does not reverse the effects of already-
bound toxin. Botulismis not transmitted from person to person:
therefore, prophylaxisis not necessary for contacts of cases.
Laboratory confirmation of botulismis by mouse bicassay,
available at CDC and certain public health laboratories. EMG
findings are nonspecific but may be useful in ruling out other
potential causes of paralysis.
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Toxins

Section A: Staphylococcal Enterotoxin Type B

Sophia Dyer and Stephen Traub

STAPHYLOCOCCAL ENTEROTOXIN B

Staphylococcal enterotoxin B (SEB) is one of many entero-
toxins produced by the Staphylococcus organism. Saphylo-
coccus species and other bacterial organisms produce many
enterotoxins that are responsible for a myriad of ef fects in
the animal or human serving as host for the or ganism. Due
to their clinical effects and mode of action, these are some-
times referred to as superantigens or p yrogenic toxins. In
total, seven enterotoxins have been identified. The type B
serotype is the agent that has been most e xtensively studied
as a biological weapon. The U.S. military considered SEB
as a weapon in the 1960s (1,2).

THEORETICAL AND SCIENTIFIC
BACKGROUND

SEB is frequently classified as an “incapacitating agent” be-
cause it does not in general produce mortality . Its military
usefulness is based on the belief that this agent would be ef-
fective to halt troop movements; within the civilian popula-
tion, it would produce a lar ge number of ill persons o ver a
short period of time. This wave of patients could overwhelm
the medical care system, and the enterotoxin could also be

mistaken for more lethal biological agents, promoting fear
and terror.

Enterotoxins in general are exotoxin products of bacteria,
that is, secreted toxins. “Entero” means these toxins are pre-
dominantly identified as causing illness to the gastrointesti-
nal system. Some clinicians may not be f amiliar with the
term “SEB”; ho wever, most are well acquainted with the
toxin-caused staphylococcal food poisoning syndrome: ab-
dominal pain, nausea, vomiting, and diarrhea with onset
within a few hours of ingestion of the of fending food prod-
uct. With staphylococcal food poisoning, enterotoxins are

responsible for the clinical syndrome. Naturally occurring
strains of staphylococcus aureus produce enterotoxins when
allowed to grow in milk products, meats, and bakery prod-
ucts. Staphylococcal enterotoxins are protein comple — xes,
many with similar amino acid sequences (1). Other entero-
toxins are identified as having distinct protein compositions
from staphylococcus aureus. These are classed as A through
G, but type B can be taken as an example of the entire class.

Another enterotoxin to produce disease is the toxic shock
syndrome toxin (TSST-1). This toxin shares some structural
relations to SEB as well as other staphylococcal toxins.
Streptococcal species produce several toxins as well.

The concept of SEB classif ication as incapacitating
agents is reflected in the dif ferences between the ef fective
dose versus the lethal dose of this toxin. Ef fective dose is
also considered the incapacitating dose. This is represented
by the concepts of ef fective/incapacitating dose for 50% of
an exposed population (ED50) and lethal dose for 50% of an
exposed population. The reported incapacitating dose for
50% of apopulatione xposed to SEB is 0.0004 micro-
grams/kg with inhalation exposure, as compared to the lethal
dose (LD50), which is an e xponentially larger dose of 0.02
micrograms/kg (2). These doses are less than lethal doses for
many chemical exposures.

SEB, like many similar toxins in its family, causes its ef-
fects by its tendenc y to activate the immune system non-
specifically. The chemical interaction responsible for this
stimulation occurs on multiple le vels; SEB affects both T-
cell antigen receptors and MHC (major histocompatibility
complex) class II components of the immune system.  The
MHC class II molecules are found on the cell surf  aces of
what is frequently termed “antigen presenting cell”
macrophages, dendritic cells, and B-cells. The subsequent
stimulation of CD-4 helper T-cells results in the release of
cytokines and further activation of the immune system. Pro-
liferation of these stimulated T-cells is believed to be at the
heart of the effect of SEB (4). The end result of this immune
system activation is release of cytokines. Cytokines released
include interferon gamma, interleukin-6, and tumor necrosis
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factor (3). The effect of this “cytokine storm” is to produce
the inflammation and hence clinical syndrome of SEB poi-
soning. Gastrointestinal disease from SEB may also result
from the release of other substances such as histamine and
leukotrienes.

In addition to SEB’ s ability to generate release of ¢ y-
tokines and activate an immune system response that results
in a clinical syndrome, it possesses other characteristics that
make it plausible for use as a biological weapon. One of
these characteristics is the toxin’ s stability with respect to
temperature, solubility in w ater, and stability in air . SEB
could be delivered by an aerosol mechanism or solubilized in
water, representing an ingestion hazard from contaminated
foodstuffs or potable w ater. (Note: Chlorination of w ater
should eliminate the toxin.)

In addition to recognition of the clinical signs of SEB ex-
posure, detection of SEB is possible in environmental and bi-
ological samples. Available technologies include ELISA and
TRF (time-resolved fluorometry). Note that other biological
weapons of concern detected by TRF techniques include
Francisella tularensis and Clostridium botulinum toxin A/B
(5). Reverse passive latex agglutination (RPLA) tests can
identify SEB in food. Polymerase chain reactions can be
used to identify the staphylococcal aureus genome. Retro-
spective diagnosis can be attempted with the use of serologi-
cal tests for SEB in victims.

SIGNS AND SYMPTOMS

Signs and symptoms of illness dif fer by the route of e xpo-
sure to this superantigen. Because SEB is one of the fre-
quently suspected etiologies of naturally acquired food-
borne illness, it could be dif ficult to differentiate between
exposure to SEB as acquired from a culinary misadv enture
or illness as the result of an intentional contamination of
food products. One leading point might be the type of food
ingested because naturally occurring staphylococcal entero-
toxin food poisoning typically is seen in dairy products,pas-
try (especially cream-filled pastry), custard, ham, and potato
salad. The clinician should be cognizant of the potential for
victims exposed to inhalational SEB to ha ve combined
symptoms of inhalational exposure and signs and symptoms
of ingestion of SEB, if during the inhalational e xposure the
victim swallowed the toxin in addition to inhaling.

Ingested SEB food-borne illness is typically self-limited.
Incubation period can be as short as 1 hour after ingestion of
the food substance, with a general range of 1 to 6 hours after
exposure for the onset of symptoms. Predominating symp-
toms are nausea and vomiting with abdominal cramping (9).
Fever and diarrhea are not seen in all patients. Man y pa-
tients begin to recover after 24 hours. Other food-borne tox-
ins that present with nausea and v omiting as predominant
symptoms are Bacillus cereus and Norwalk-like virus.
Bacillus cereus s typically associated with starch-rich foods
such as rice and recognized as the etiology of a vomiting ill-
ness associated with fried rice dishes. Norw alk-like virus
(norovirus) is a common source of food-borne illness (10).
Norwalk-like virus can be contracted via food products and
has been associated with shellfish. It can also be contracted
via contact with contaminated surfaces, then through hand-

to-mouth activity that transmits the virus. The presenting
symptoms are similar to SEB ingestion. Norw alk-like virus
(norovirus) has an incubation time of 24 to 48 hours. Vomit-
ing and diarrhea are typically both present. With SEB, diar-
rhea is less prevalent and generally nonbloody. Other symp-
toms found with all of these e xposures may include fe ver,
generalized myalgias, and fatigue (11). Several outbreaks of
norovirus on cruise ships ha ve been documented and may
give a sense of ho w a localized bioterrorism outbreak may
present. In one report, vomiting and diarrhea were present in
the majority of the patients stricken (12).

Most patients reco ver without significant morbidity and
mortality from SEB food-borne illness. The clinician should
consider testing of food product or vomitus for the SEB toxin
to confirm the etiology of the illness. Ingestione  xposures
would not be expected to present the constellation of respira-
tory symptoms described later . However, ingestion of SEB
after inhalation exposure can demonstrate both symptoms of
inhalation exposure and ingestion in the same victim.

One of the best documentations of € xposure to the in-
halational form of the SEB agent is chronicled in the te  xt
Medical Aspects of Chemical and Biological Warfare pub-
lished by the Surgeon General of the U.S. Army. In this re-
port the exposure event was a laboratory accident af fecting
nine laboratory workers (14). It appears that all patients e x-
posed became symptomatic, but biological or environmental
sampling is not described in the authors’ report of the expo-
sure. Two additional workers were in the vicinity b ut be-
lieved not to have been exposed. Nonproductive cough was
found in all patients. Onset a veraged at approximately 10
hours after exposure. Other respiratory findings included in-
spiratory and expiratory rales, orthopnea, and varying de-
grees of dyspnea. Exertional dyspnea persisted for 10 days
in one patient. Chest pain accompanied with respiratory
symptoms in many patients presented around the same time
of onset of the nonproductive cough. Chest radiograph find-
ings included pulmonary edema, interstitial edema, peri-
bronchial cuffing, atelectasis, and even “normal” chest radi-
ograph interpretation. Fe ver was found in all patients.
Duration of fever was up to 5 days. Shaking chills and onset
of fever was estimated at 8 to 20 hours after suspected time
of exposure. Myalgias were also seen in this case series.
Headache was also a common presenting sign, even as early
as 4 hours after exposure. Similar to myalgias, average time
to onset of headache symptoms w as 13 hours. Symptom
control of headache was achieved with oral medications. In-
terestingly, nausea, anorexia, and vomiting were demon-
strated in this series of patients. Some of the v omiting was
posttussive in nature. No diarrhea w as seen. In terms of
length of illness, the results are of concern when consider-
ing the potential impact to the health care structure. Cough
may persist for up to 4 weeks, and return to work may take
up to 2 weeks. Adult respiratory distress syndrome (ARDS)
could develop in some patients, severely taxing the critical
care system (13). Dif ferential diagnosis should include
common community-acquired pneumonias, influenza, and
mycoplasma respiratory illnesses. Most of these illnesses
would not be expected to either occur in a small number of
patients (i.e., most community-acquired pneumonia and
mycoplasma) or to ha ve an epidemiological pattern more
consistent with a natural movement of an infectious disease
through a population, as would be the case with influenza.
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SUMMARY

Most of the treatment options for either gastrointestinal
presentation of SEB or the inhalation form of the illness
focus on supporti ve care. Fe ver and myalgias can be
treated with antipyretics. Some patients with gastrointesti-
nal symptoms may require support with intravenous fluids.
Antiemetics could also be utilized to control vomiting and
encourage self-hydration. Cough suppressants can provide
symptomatic relief. Of most concern w ould be the pro-
gression of respiratory compromise to require supplemen-
tal oxygen and potentially in some cases the need for
endotracheal intubation and mechanical v entilation. An-
tibiotics are not belie ved helpful, except in the e vent of
secondary infection in the patient with respiratory compro-
mise. Other work has explored the possibility of blocking
the effects of superantigens from both staphylococcal au-
reus and streptococcus species. Peptide antagonists ha ve
been found to decrease mortality by inhibiting the im-
munological cascade before acti vation in a mouse model
(6). Of concern, many staphylococcus species produce
some variant form of toxin, not necessarily SEB, requiring
specific tailoring of a peptide antagonist. A vaccination
candidate has been de veloped against SEB with the pro-
duction of a recombinant SEB strain using E. coli as an in-
termediate step. The product reduced lethality by elicita-
tion of an immune response able to respond to a challenge
with SEB (7). A future possibility is the use of antibodies
against SEB. P assive transfer of immunoglob ulins pro-
duced in chickens offered protection against a lethal chal-
lenge of SEB in rhesus monkeys even if administered after
exposure (8). As of this writing, no human vaccination is
currently available.

TRIAGE CONSIDERATIONS

In the case of ¢ xposure to gastrointestinal SEB, most pa-
tients are expected to have a self-limiting course of illness.
Antiemetic therapy may allow for early discharge to home,
and not all patients require intra venous fluid rehydration.
Consider clinical signs and symptoms of dehydration as de-
cision points for the utilization of medical resources with in-
travenous fluids. Small children and the elderly may not tol-
erate dehydration well and should be triaged accordingly
For an inhalation exposure, it would be prudent to focus at-
tention on those with underlying respiratory illness,  im-
munocompromise, and the extremes of age. Other groups of
concern would be those with abnormal oxygen saturation,
hypotension not quickly re versed with fluid resuscitation,
and abnormal chest radiograph (especially f indings consis-
tent with pulmonary edema or ARDS).

PERSONAL PROTECTION

SEB is not spread person to person. Uni versal precautions
should be in place with patient contact activities.

SEB can affect the victim via ingestion or inhalation.
Ingestion of toxin results in symptoms generally
within 6 hours: nausea, vomiting, on occasion fever,
and diarrhea. Most illness is self-limiting.

Inhalation of toxin results in fever, nonproductive
cough, myalgias, and chest pain and can result in
pulmonary edema or ARDS. Cough may be a
prolonged symptom. There is no person-to-person
spread.

RESOURCES
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enterotoxin B and related pyrogenic toxins. In: Textbook
of military medicine. Part I. Warfare, weaponry and the
casualty. Vol. 3. 1997;621-31.

2. Briggs S, Brinsfield KH eds. Advanced disaster medical re-
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www.usda.gov.

QUESTIONS AND ANSWERS

1.SEB can develop in improperly refrigerated food-

stuffs. Which of the following is not commonly associ-
ated with SEB?

A. Pastry

B. Milk products

C. Starchy foods

D. Potato salad

E. Cream fillings

2. Different presentations are possible for SEB. Which of
the following would not typically be associated with
SEB infection?

A. Nausea, vomiting

B. Nonproductive cough, fever
C. Myalgia, headache

D. Bloody diarrhea

E. Normal chest radiograph


http://www.cdc.gov
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3.Which of the following statements are false regarding
SEB?

A. May occur not associated with a terrorist event

B. Is a common cause of food-borne illness

C. Inhalation exposure frequently presents with
respiratory symptoms rather than gastrointestinal

D. A human vaccine is currently available

E. Cough symptoms may last for more than 1 week

4. The differential diagnosis for inhalational exposureto
SEB could include which of the following?
A. Botulism toxin
B. Nerve agent exposure
C. Influenza
D. Shigella
E. Anthrax

ANSWERS

1. C. Sarchyfoods

2. D. Bloody diarrhea

3. D. Ahuman vaccineis currently available
4. C. Influenza
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Section B: Trichothecene Mycotoxins

Sophia Dyer

TRICHOTHECENE MYCOTOXIN, T-2
MYCOTOXIN, “YELLOW RAIN"

THEORETICAL AND SCIENTIFIC
BACKGROUND

Mycotoxins have provided many benefits for society: peni-
cillin-based antibiotics; ¢ yclosporine A (an important im-
munosuppressant for transplant patients); ¢ ven cholesterol-
lowering drugs (such as lovastatin) are based on mycotoxins.
Even outside the realm of biological weapons, however,
mycotoxins are the source of signif icant human suffering.
Aflatoxin contamination of food is a major source of illness
in the form of a potential etiology of hepatocellular carci-
noma. Another mycotoxin still in use today medically , but
also with severe potential toxic effects, is ergotamine. A con-
tamination of rye with ergotamines is believed by some to be
the cause of behavioral changes that led to the Salem witch
trials in 1692.

Trichothecenes compose a group of mycotoxins. These
mycotoxins are derived from many different fungi: fusarium,
myrothecium, stachybotrys, trichoderma, and cephalospo-
rium. Fusarium is the source of weaponized trichothecene
T-2 mycotoxin. Although other mycotoxins may also pos-
sess the potential for human toxicity , the focus here is on
what is known about T-2 mycotoxin as a biological weapon,
due to known experience weaponizing this toxin. Another
member of the trichothecene mycotoxin f amily is v omi-
toxin, with the physiological ef fects directly related to the
toxin’s name. Between 1997 and 1998, an estimated 1,700
children in the United States became ill with nausea,  ab-
dominal cramps, and of course v omiting after suspected
vomitoxin contamination of burritos at a level of less than 1
part per billion in the contaminated food (1). Reports of tri-
chothecene-induced illness from contaminated food date
back to 1913 Siberia (2). T-2 mycotoxins have relevance to
more modern history. Many are familiar with the “yello w
rain” attacks in Southeast Asia inthe 1970s, but also in
Afghanistan in the late 1970s and reportedly in the Iraqi re-
search weapons machine (3,4). Some belie ve T-2 mycotox-
ins were used in Iraqi warheads released in Desert Storm. T-
2 mycotoxin has several properties that increase its utility as
a biological weapon: It is resistant to UV light de gradation,
has high heat stability, and although not soluble in w ater, it

is soluble in solv ents such as ethanol, methanol, propylene
glycol, and dimethyl sulfoxide (DMSO) (5). An uncon-
firmed report from the Iran-Iraq war suggested that T-2 my-
cotoxin was mixed with mustard (a blister agent) (6). Simi-
lar toricin, T-2 mycotoxin can represent not only an
inhalation hazard but ingestion in foodstuffs.

T-2 mycotoxins are generally non volatile stable com-
pounds. Although stable in high heat, 3% to 5% sodium
hypochlorite solution will inactivate the toxins, thus making
this the decontamination solution for surf aces and equip-
ment (7). The T-2 mycotoxins’ mechanism of action is com-
plex. Several possible sites of cellular damage exist. Most of
the focus on T-2 mycotoxin damage is its effects on protein
synthesis. T-2 mycotoxin binds to 60S ribosome, affecting
peptidyltransferase and peptide bond formation (8), protein
elongation, and protein synthesis termination (9). The inhi-
bition of protein syntheses caused by T-2 mycotoxin starts
as soon as 5 minutes after exposure in a cell study (10). Tri-
chothecene mycotoxins can cross cell membranes, and their
lipophilicity allows for absorption through skin, gastroin-
testinal, and respiratory systems.

Other research points to the ability of these toxins to
cause cellular apoptosis as demonstrated in an animal model
with thymus, spleen, liver, and Kupffer cells affected (11).
Apoptosis in intestinal crypt cells has been seen (12) with
DNA fragmentation potentially initiating apoptotic changes
(13). In addition to cellular damage, direct interference with
the proper functioning of brain monoamines is possible as
demonstrated in the cerebral changes in T-2 mycotoxin—ex-
posed rats (14).

A victim can be exposed to T-2 mycotoxin by several dif-
ferent routes: aerosol, droplets, or dust. Lethality appears to
be a factor of route of exposure. The lethal concentration of
50% of an exposed population (LCt50) is gi ven a range of
200 to 5,800 mg min/m? (15-17). For skin injury, T-2 myco-
toxin is actually more potent than the vesicant mustard with
an LD50 of 2 to 12 mg/kg 3. These mycotoxins do not ap-
pear to bioaccumulate (18). Metabolism involves utilization
of glucuronide conjugation, oxidation, hydrolysis, deepoxi-
dation (19), and enterohepatic recirculation (20).

SIGNS AND SYMPTOMS

Acute inhalation exposure could be e xpected to involve the
entire respiratory system. Inhalation of the toxin will lend it-
self to potentially swallowing the toxin, thus gastrointestinal
symptoms may appear as a component of the respiratory e x-
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posure. Respiratory symptoms reported include rhinorrhea,
epistaxis, nasal pain and itching, sore throat, aphonia, change
in vocal quality, cough, dyspnea, and chest pain (21). Ocular
exposure can be assumed to have occurred in most situations
that include respiratory e xposure to the toxin. Ocular irrita-
tion, tearing, blurred vision, and corneal injury could be e x-
pected and may last up to 7 days (22,23). Other related
symptoms can include anore xia, lethargy, nausea, hypoten-
sion, and shock related to gastrointestinal symptoms of diar-
rhea that can proceed to bloody diarrhea and hematemesis.
Symptoms have developed within minutes to hours of e xpo-
sure. Acute ingestion of the toxin from contaminated food or
water supply would be expected to yield these gastrointesti-
nal and systemic presenting symptoms also.

Acute dermal exposures begins to become symptomatic
within a few hours after dermal contact. Redness, cutaneous
irritation followed by desquamation, as well as the possibil-
ity of vesicles increasing to bullae, may result, with symp-
toms slow to resolve over weeks. Maximal damage is likely
seen by 48 hours (21). Differential diagnosis should include
exposure to vesicants (such as mustard and Le wisite). Note
that, as with mustard agents, T-2 mycotoxin effects do have
similarities to radiation exposure and could thus be called a
radiomimetic toxin.

Detection can be accomplished in en  vironmental and
agricultural samples using GLC (gas-liquid chromatogra-
phy), TLC (thin-layer chromatography), and HPLC (high-
performance liquid chromatography). In biological samples,
urine can be analyzed using TLC as well as gas chromatog-
raphy and mass spectrometry. In the exposed patient, an ini-
tial elevation of neutrophil counts follo wed by falling neu-
trophil counts, elevation of prothrombin, and partial
prothrombin time may be seen. Electrolyte abnormalities
may result from gastrointestinal fluid/electrolyte losses as
well as anemia if significant hemorrhage occurs or is due to
bone marrow injury. Radioimmune assays and enzyme-
linked immunoassays for ¢ xposure assessment are other
technologies that may be available (24).

MEDICAL MANAGEMENT

Exposed skin should be washed with soap and water to prevent
further absorption and secondary contamination with the toxin.
In an animal study, washing even up to 6 hours after e xposure
prevented dermal lesions (25). Consideration should be gi ven
to the use of activated charcoal in the event of direct oral expo-
sure to T-2 mycotoxin or for inhalation e xposure that can lead
to secondary ingestion of particles residing on the oral mucosa.
Activated charcoal and superactivated charcoal has been found
to be useful in reducing mortality in a vian and mouse models
(26-27). Eye irrigation for ocular e xposures may reduce the
burden of the toxin. Skin care should comprise decontamina-
tion and supporti ve care with soothing lotions such as
calamine. Respiratory care is supporti ve (humidified supple-
mental oxygen if indicated, bronchodilators if needed, and
cough suppressants). Intravenous hydration may be needed for
gastrointestinal losses and hypotension if present. In animal re-
search, selenium pretreatment (acting as a free radical sca  v-
enger) reduced toxicity of T-2 mycotoxin (28). Other antioxi-
dants that have been considered include vitamin C and vitamin
E in cell-line studies (29).

TRIAGE CONSIDERATIONS

Patients with respiratory symptoms of dyspnea, respiratory
distress, and/or pulmonary edema should be carefully ob-
served for the need for potential airway support. Throat irrita-
tion and cough are early indicators that respiratory e xposure
has occurred; those patients should be observ ed for worsen-
ing respiratory symptoms. P atients with gastrointestinal e x-
posures should be considered at risk for dehydration, vomit-
ing, hematemesis, watery or bloody diarrhea, and shock.
Neutropenia and/or thrombocytopenia should be screened for
because of the radiomimetic effects of this agent.

SUMMARY

B T-2 mycotoxin dermatological exposure: burn-
ing, skin inflammation, necrosis, vesicles to bul-
lae.

B T-2 mycotoxin respiratory exposure: cough,
throat irritation, chest pain, dyspnea, pul-
monary edema to ARDS.

QUESTIONS AND ANSWERS

1.T-2 mycotoxin dermal exposure can appear similar
to which of the following exposures?
A. Mustard
B. Anthrax
C. Smallpox
D. Nerve agent
E. Staphylococcus enterotoxin B

2.Complications of T-2 mycotoxin can include which
of the following?
A. ARDS
B. Shock
C. Hematemesis
D. Corneal irritation
E. All of the above

3.T-2 mycotoxin causes damage to which of the follow-
ing cellular componentsor functions?
A. Lipid manufacturing
B. Protein elongation
C. Golgi apparatus
D. Mitochondrial function
E. Reproductive cell damage only

ANSWERS

1: A. Mustard
2: E. All of the above
3. B. Protein elongation
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Section C: Ricin

Stephen Traub

RICIN

Ricin is a toxin found in castor beans, which are the seeds of
the plant Ricinus communis. Ricin poisons mammalian ribo-
somes, that part of the cell responsible for protein synthesis.
It is extraordinarily potent, with a lethal dose of 500 to 700
micrograms for the a verage human adult when inhaled or
injected. The U.S. Centers for Disease Control (CDC) clas-
sifies ricin as a Class B biological terrorism threat (1,2),
identifying it as an agent that can be disseminated with
moderate ease and that w ould be expected to cause signifi-
cant morbidity.

The processing of castor beans to castor oil, a commonly
available consumer product, produces a residue that is rich
in ricin. This residue is then heated to deacti vate the toxin
and used for agricultural purposes. It is conceivable that the
residue could be diverted before heating, however, and puri-
fied for terrorist purposes.

Ricin is toxic by oral,  injected, and inhaled routes.
Should ricin ever be used as a weapon of mass destruction,
it would most likely be disseminated by aerosolization.

THEORETICAL AND SCIENTIFIC
BACKGROUND

MOLECULAR BASIS OF RICIN TOXICITY

Ricin toxin is composed of tw o protein chains, A and B,
which are joined together by a chemical linkage of tw o sul-
fur atoms. The ricin A chain produces the biochemical
changes that produce cellular toxicity , whereas the ricin B
chain governs the entrance of ricin into susceptible cells.
Ricin binds through the B chain to cell surf ace carbohy-
drates. These cell surf ace carbohydrates are ubiquitous
within the human body, and thus ricin can bind to and sub-
sequently enter many different types of cells. The exact
mechanism by which ricin enters the cell is not completely
understood and may involve several different pathways (3).
Once ricin enters the cell, the chemical linkage between
the A and B chain is broken. The free A chain then acts as an
enzyme that chemically alters mammalian ribosomes (4),
rendering them dysfunctional. Because the A chain is an en-
zyme, which promotes a destructive chemical reaction but is
not consumed by it, each ricin A chain molecule is capable
of inactivating over 1,000 ribosomes. This, in part, is re-

sponsible for ricin’s potency because a single molecule can
disrupt the protein-synthesis machinery of a cell.

Because ribosomes are crucial to normal protein synthe-
sis, their deactivation by ricin disrupts normal cellular func-
tion. Cells incapable of producing the proteins crucial to
their survival soon die, producing the cascade of symptoms
seen in ricin poisoning.

TECHNICAL CONSIDERATIONS REGARDING
RICIN AS A WEAPON OF MASS
DESTRUCTION

Contamination of food or water supplies could produce epi-
demic oral ricin poisoning. This mode of attack w ould
likely be less appealing to terrorists, however, because ricin
is several orders of magnitude less toxic when administered
by the oral route. Inhalation w ould likely be the route by
which bioterrorists w ould deliver ricin because it can be
stored as a powder, aerosolized without losing its biological
activity, and is extremely potent when delivered in this fash-
ion. Although injection can produce se vere morbidity and
mortality, obvious technical barriers mak e the use of ricin
by this route as a weapon of mass destruction unlikely.

This does not mean it cannot be used by this route as an
agent of terror or murder, however. Georgi Markov was an
exiled Bulgarian dissident li ving in London during the
height of the Cold War, who was broadcasting scathing anti-
Soviet views on the BBC. He was almost assuredly assassi-
nated by a ricin-containing pellet, delivered by means of a
modified umbrella (5).

SIGNS AND SYMPTOMS

The signs and symptoms of ricin poisoning depend on the
mode of exposure. Scenarios involving oral, injected, and
inhaled poisoning are all possible.

Oral. The symptoms encountered in epidemic oral ricin
toxicity would likely resemble cases of castor bean inges-
tion reported in the medical literature (6-9). As such, health
care providers should expect to see abdominal pain, nausea,
vomiting, and diarrhea occurring within several hours of in-
gestion; the vomiting and diarrhea may be bloody. This ini-
tial gastrointestinal phase may be followed by hypovolemia
and circulatory collapse. Hepatotoxicity may occur se veral
days later in moderate to severe cases.

Inhalation. Ricin might be aerosolized for use as a
bioweapon. In humans, fulminant inhalational ricin toxic-



ity has not been reported. Inhalational ricin toxicity has
been studied in animals, however (10,11), and human in-
halational ricin poisoning w ould likely resemble the
symptoms seen in these experimental models. Health care
providers should expect to see toxicity developing several
hours after exposure. This dose-related toxicity may range
from a simple cough in cases of tri vial exposure to pul-
monary edema and acute respiratory f ailure in more se-
vere cases.

Injection. Because injection of ricin w ould involve per-
son-by-person contact between terrorists and their victims,
it is the least likely route to be involved in an attack. Health
care providers should know the signs and symptoms of
ricin injection, however, especially in light of the f act that
this toxin has been used as an agent of terror in the past.

Several cases of human ricin poisoning by injection
(5,12,13) suggest a clinical syndrome. P ain at the injec-
tion site is follo wed by local lymphadenopathy , after
which nausea, vomiting, and gastrointestinal hemorrhage
may ensue. Renal, hepatic, and respiratory failure may
occur, and in two cases death occurred approximately 3
days after exposure to the toxin.

MEDICAL MANAGEMENT

Treatment of ricin toxicity is entirely supporti ve. No anti-
dote is available. The initial assessment of the ricin-poi-
soned patient be gins with an assessment of the patient” s
airway, breathing, and circulation. Patients who are mori-
bund from the latter stages of oral or injectional ricin poi-
soning, as well as those with respiratory failure from inhala-
tional ricin poisoning, should be intubated endotracheally .
Supplemental oxygen should be administered to assure ad-
equate tissue oxygenation; v ery high levels will likely be
required in patients with lung damage from inhalational
ricin toxicity. Hypovolemia is e xpected in virtually all
cases of significant ricin poisoning and should be treated
with aggressive infusion of crystalloid. P atients who re-
main hypotensive after appropriate fluid resuscitation re-
quire vasopressor therapy. Late complications, such as
renal and/or hepatic failure, are managed with aggressive
supportive care as well.

TRIAGE CONSIDERATIONS

The triage of ricin-poisoned patients must tak e into ac-
count two factors: the route of exposure and the severity of
the patient’s illness. Exposure route is important in that in-
halational toxicity will produce symptoms more quickly
than ingestion or injection. Pulmonary deterioration should
be predicted, and patients should be triaged to an appropri-
ate area or facility.

Severity of patient illness should govern other triage de-
cisions, with the most ill-appearing patients addressed
first. Because there is no antidote for ricin poisoning, there
is no pressure to deliver these patients to a hospital quickly
for preemptive treatment.
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PERSONAL PROTECTION

Water precautions. Ricin is stable in water and resistant to tra-
ditional chlorine decontamination techniques. The reverse os-
mosis water purification unit used by the U.S. military ef fec-
tively purifies drinkingw ater. An easier approach to
purification of potentially ricin-tainted potable water is boiling
for 10 minutes, which inactivates the heat-labile toxin (14).
Respiratory precautions. Appropriate respiratory precau-
tions will pre vent inhalation of ricininthee  vent of an
aerosolized attack. Standard U.S. military issue M17 or M40
masks are acceptable respiratory precautions (15), and civil-
ians would likely rely on level C or better “hazmat” gear.
Vaccination. Vaccination with inacti vated ricin toxoid at-
tenuates ricin-induced lung injury ine  xperimental animal
models. Protection has been demonstrated whether the toxoid
is delivered orally (16), subcutaneously (17), or directly into
the lung (18). Although such work is encouraging, it should be
noted that vaccination would have to occur days or weeks
prior to exposure to have any benefit. Furthermore, this exper-
imental work is at this time confined to animal models.

SUMMARY

Ricin is a potent, naturally occurring toxin that
poisons mammalian cells by disrupting normal
protein synthesis. It is toxic by the oral, inhaled, and
injected routes. Symptoms vary depending on dose
or route of e xposure, but pulmonary toxicity from
inhalational exposure and hypo volemia regardless
of route of e xposure are the most feared sequelae.
Care is supporti ve because no antidote to ricin
poisoning exists.

RESOURCES

Centers for Disease Control and Pre vention: Ricin:
http://www.bt.cdc.gov/agent/ricin/fag/index.asp.

QUESTIONS AND ANSWERS

1. Ricin isan extremely potent toxin. Which of the follow-
ing representsa potentially lethal dose of inhaled ricin?
A. 500 micrograms
B. 5 grams
C. 50 grams
D. 500 grams

2. Ricin may produce toxicity via several mechanisms of
exposure. Which of the following isNOT aroute of ex-
posure that would be expected to cause toxicity?

A. Dermal
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B. Oral
C. Injected
D. Inhaled

3. Which of following is NOT a clinical feature of ricin

poisoning?
A. Acute lung injury
B. Vomiting and diarrhea
C. Hypotension from circulatory collapse
D. Paralysis

4, Which of the following statements about the treat-

ment of ricin poisoning is FALSE?
A. The initial treatment of dehydration and/or hy-
potension is aggressive crystalloid infusion.
B. Hypotension unresponsive to crystalloid infusion
may require vasopressor therapy.
C. Hypoxia should be treated with supplemental
oxygen.
D. The ricin antidote, if delivered within 2 hours of
exposure, will prevent the development of any
clinical symptoms.

ANSWERS
1. A. 500 micrograms. One half of one gram represents a lethal

dose of inhaled ricin. Aerosolization of even a few hundred
grams of ricin, therefore, could easily produce a mass ca-
sualty incident.

: A. Dermal. The skin provides an effective barrier against ricin
because the protein does not penetrate intact integument.
Oral toxicity fromricin poisoning may occur, although
higher doses of ricin would be needed to produce toxicity
by this route. Injected or inhaled ricin is expected to cause
serious morbidity or mortality in doses of lessthan 1 gram.

. D. Paralysis. Answers a, b, and c are all symptoms that one
might see after ricin poisoning. Paralysisis a common find-
ing in poisoning by nerve agents and might be seen after
poisoning by botulinum toxin, but it is not an expected find-
ing in ricin poisoning.

. D. Thericin antidote, if delivered within 2 hours of exposure,
will prevent the development of any clinical symptoms. An-
swers A, B, and C all represent appropriate therapy for
ricin poisoning. At the present time, there is no antidote for
ricin poisoning; treatment is supportive.
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Types of Radiation: Basic Theory
Explained for the Nonphysicist

Greene Shepherd

THEORETICAL AND SCIENTIFIC
BACKGROUND

What are radiation and radioactivity? What are the immediate
and long-term threats to life and health that can result from ex-
posure? How is it detected? What safety measures are needed?
Where can I find expert help? These are questions that man 'y
health care professionals are uncomfortable answering. The
next several chapters are devoted to addressing such questions
for the clinician. The goal of the current chapter is to provide a
clear and user-friendly description of radiological principles.
Radiation is simply the release of ener gy from atoms in
the form of particles or waves. To understand how radiation
is generated, a basic understanding about the structure of
atoms is needed. Atoms are the basic building blocks of all
matter (Fig. 13-1). The atom consists of a central nucleus,
with shells of electrons orbiting around this nucleus. Elec-
trons are very small relative to the size of the nucleus and
are negatively charged. The nucleus carries a positive charge
and is made up of protons and neutrons. Each element has a
defined number of protons. These protons, which are posi-

tively charged, have the tendency to repel each other. Neu-
trons also exist in the nucleus of atoms, except for hydro-
gen, which only has one proton. Neutrons are roughly the
same size as protons, but they do not carry a char ge. Think
of neutrons as spacers that k eep the positively charged pro-
tons from repelling each other. In most atoms there is an av-
erage ratio of 1.2 neutrons for e very 1 proton. When such a
balance exists, the nucleus of the atom is v ery stable and
emits little ener gy except under very extreme conditions.
When there is an imbalance of this ratio of protons to neu-
trons, an element is radioactive. Often the imbalance is due
to an excess of neutrons. An element with an unbalanced
nucleus is referred to as an isotope or radionuclide. Dif fer-
ent isotopes of the same element are identified based on the
difference between the atomic weights. F or example the
atomic weight of iodine is normally 125.9 g/mol while the
most common radioacti ve isotope weighs 131 g/mol. The
extra weight in this case comes from e xcess neutrons. In
order for the nucleus of the atom to return to a stable or bal-
anced condition it will release energy. This release of energy
is referred to as radioacti ve decay or simple decay (Fig.
13-2). This process will continue until enough ener gy has
been released for the nucleus to stabilize.

131
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Proton

Neutron

Electron

Figure 13-1. The basic structure of an atom.

Energy

Radiation

Radioactive
Atom

Q

Particle

Figure 13-2. Emission of energy from a radioactive atom in the
form of a wave (top) and a particle (bottom). (From the Nuclear
Regulatory Commission: http://www.nrc.gov/reading-rm/basic-
ref/glossary/radioactivity.html.)

The energy is released in tw o forms that can be described
as particles and waves. The first form of radiation is tiny fast-
moving particles that ha ve both ener gy and mass (weight).
The other form of radiation is pure ener gy with no weight.
This kind of radiation is vibrating or pulsating w aves of elec-
trical and magnetic energy. It is also referred to as electromag-
netic waves or electromagnetic radiation. Another way of de-
scribing radiation is in terms of how it interacts with matter; it
can be classified as ionizing or nonionizing. lonization is the
process of removing electrons from atoms, leaving two electri-
cally charged particles (ions) behind. Ionizing radiation comes
in the form of atomic particles and w aves that deliver a large
amount of energy. Nonionizing radiation does not ha ve suffi-
cient energy to remove electrons from atoms (1,2).

An unstable nucleus can become stable by changing a neu-
tron into a proton with the ejection of a ne gative bit of matter
(a beta particle or electron). Con versely, a proton can change
into a neutron with the ejection of a positi vely charged bit of
matter (a positron or positively charged electron). The nucleus
of large unstable atoms can reach stability by ejecting lar ger
particles that consist of tw o protons and tw o neutrons (an
alpha particle). Since the number of protons can change as an
atom reaches stability, the resultant element can be dif ferent
than the original one.

Because energy is released at predictable rates, we are able
to calculate the half-life (t;/,) of the radioactive element. This
is simply the amount of time it tak es for the amount of a ra-
dioactive isotope to decrease by 50% as it loses ener gy to be-
come a stable element. These half-lives can be v ery short
(technetium 99m, t;,, = 6 hours) or v ery long (Uranium 235,
t,, = 7.1 108 years). It is important to remember that e ven a
tiny amount of a substance (say a milligram) will contain mil-
lions of indi vidual atoms. When thinking about radioacti ve
decay, we are really dealing with the con version of individual
atoms. When we talk about half-life, we are talking about how
many atoms are decaying over a period of time. For example if
we started with 100 atoms of a radioacti ve element, the half-
life would indicate how long it would take for 50 of the atoms
to decay to a stable conf iguration. Half-lives will not be the
same for different isotopes. Table 13-1 contains a list of com-
mon isotopes with half-li ves and types of radiation emitted.
When all the excess energy and mass is given off, the resultant
element finally becomes stable. For all practical purposes, any
amount of radioacti ve material will be completely depleted
after 10 half-lives.

The most common types of ionizing radiation are alpha parti-
cles, beta particles, protons, gamma rays, and x-rays. Alpha par-
ticles usually have high energies (4 million to 8 million electron
volts, or MeV), and they consist of tw o protons and tw o neu-
trons. They travel a few centimeters in air and up to 60 microme-
ters into tissue. The high energy and short path result in a dense
track of ionization along the tissues with which the particles in-
teract. Alpha particles will not penetrate the stratum corneum of
the skin, and thus they are not an e xternal hazard. However, if
alpha-emitting elements are taken into the body by inhalation or
ingestion or from open wounds, serious problems such as cancer
may develop. Alpha emitters are primarily uranium isotopes and
are generally found in nuclear chemistry laboratories and isotope
production facilities. They can also be found in hospitals that
offer nuclear medical services. They are not likely to be used as a
weapon unless combined with a con ventional explosive device
(Chapter 17). The path length of a proton is some what longer
than that of an alpha particle of equi valent energy. Beta particles
interact much less readily with matter than do alpha particles and
will travel up to a fe w centimeters into tissue or man y meters
through air. Exposure to external sources of beta particles is po-
tentially hazardous, but internal exposure is more hazardous. Ex-
amples of beta-particle emitters are the isotopes carbon-14, gold-
198, iodine-131, radium-226, cobalt-60, selenium-75, and
chromium-51. Protons with ener gies of a fe w million electron
volts can be produced by high-ener gy accelerators and are quite
effective in producing tissue ionization. They are similar to alpha
particles but have a longer path length and are more likely to pro-
duce hazardous effects. Gamma rays are electromagnetic energy
emitted from the nucleus. They have a range of many meters in
air and many centimeters in tissue and, like beta particles, consti-
tute a biologic hazard both internally and externally. Examples of
gamma emitters are cobalt-60, cesium-137, iridium-192, and ra-
dium-226. X-rays, like gamma rays, are high-energy electro-
magnetic energy with short w avelengths. X-rays and gamma
rays are sometimes referred to as photons. These waves or rays
are very penetrating and can ionize atoms deep within the body .
X-rays generally have longer wavelengths and lower frequencies
relative to gamma rays; consequently, they have lower energies.
The biologic effects of x-rays and gamma rays are better kno wn
than any of the other forms of ionizing radiation.
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PHYSICAL EFFECTIVE RADIATION
ISOTOPE HALF-LIFE HALF-LIFE TYPE
Americium-241 458 yr 139 yr a,e, g
Americium-243 7950 yr 194 yr a,g
Antimony-122 67 h — b-,bt, g
Antimony-124 60 d — b-, g
Antimony-125 2.7yr — b-,e-, g
Argon-37 35d — g
Arsenic-74 18d 17d b-, b+, g
Arsenic-76 26.5h — b-, g
Arsenic-77 39h 24 h b-, g
Barium-131 12d — g, e-
Barium-133 7.2yr — g, et
Barium-137m 2.55 min — g, e-
Barium-140 13d 11d b-,e-, g
Beryllium-7 53d — g
Bismuth-207 30 yr — e-, g
Bismuth-210 5.01d — a,b-,g
Bromine-82 35.34h — b-, g
Cadmium-109 453 d 140d e, g
Cadmium-115 53.5h — b-, g
Cadmium-115 43 d — b-, g
Calcium-45 165d 162d b-
Calcium-47 4.5d 4.5d b-, g
Californium-243 2.6 yr 2.2 yr g, a, N
Carbon-11 20.3 min — b+, g
Carbon-14 5730 yr 12d b-
Cerium-141 33d 30d b-,e-, g
Cerium-144 284d 280d b-,e-, g
Cesium-131 9.70d — g
Cesium-134 2.05 yr — b-, g
Cesium-137 30.0 yr 70d b-,e-, g
Chlorine-36 3.1 _105yr — b-, g
Chromium-51 27.8d 27d e-, g
Cobalt-57 270d 9d e-, g
Cobalt-58 71.3d 8d b+, g
Cobalt-60 526 yr 10d b-, g
Copper-64 12.8 h — b-,e-, b+, g
Curium-242 163d 155d a,N, g
Curium-243 32 yr 27.5d a,g
Curium-244 17.6 yr 16.7 yr a,N, g
Dysprosium-159 144 d — e-, g
Erbium-169 9.4d — b-,e-, g
Europium-152 13 yr 3yr b-,bt+,e-, g
Europium-154 16 yr 3yr b-,e-, g
Europium-155 2yr 1.3 yr b-,e-, g
Fluorine-18 2h 2h b, g
Gadolinium-153 242 d — e-, g
Gallium-67 78.1h — g
Gallium-68 68.3 min — bt, g
Gallium-72 14.1h 12h b, g
Germanium-71 11.4d — g
Gold-195 183d — e, g
Gold-198 2.7d 2.6d b-,e-, g
Gold-199 75.6h — b-,e-, g
Hafnium-181 42.5d — b-,e-, g
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IGIRRERN [sotopes Listed Alphabetically* (continued)

PHYSICAL EFFECTIVE RADIATION
ISOTOPE HALF-LIFE HALF-LIFE TYPE
Holmium-166 26.9h — b-,e-, g
Hydrogen-3 12 yr 12d b-
Indium-111 2.8d — g
Indium-113m 100 min — e-, g
Indium-114 72 sec — b-, b+, g
Indium-114m 49d 27d e-, g (DR)
lIodine-123 13h — g
lodine-125 60d 42 e-, g
lodine-129 1.7 107 yr — b-,e-, g
lodine-130 12.4h — b-, g
Iodine-131 8.05d 8d b-,e-, g
Iridium-192 74 d b-,e-, g
Iridium-194 17.4h — b,c, g
Iron-52 83h — -, g
Iron-55 2.6 yr 1yr g
Iron-59 45d 42d b-, g
Krypton-81m 13.0 sec — g
Krypton-85 10.76 yr — b-, g
Lanthanum-140 40.22 h — b-, g
Lead-210 2yr 1.3 yr a,b-,e-, g
Lutetium-177 6.7d — b-,e-, g
Magnesium-28 21 h — b-,e-, g
Manganese-54 303 d — e-, g
Mercury-197 2.7d 2.3d e-, g
Mercury-197m 24 h — e-, g
Mercury-203 4d 11d b-,e-, g
Molybdenum-99 67h 1.5d b-, g
Neodymium-147 11.1d — b-,e-, g
Neptunium-237 2 106 yr 200 yr a, g (DR)
Neptunium-239 2.3d 23d b, g
Nickel-63 92 yr — b-
Niobium-95 35d — b+, g
Osmium-191 15d — b-,e-, g
Oxygen-15 124 sec — bt, g
Palladium-103 17d — g
Palladium-109 1347 h — b-,e-, g
Phosphorus-32 14d 14d b-
Plutonium-238 88 yr 63 yr g,a
Plutonium-239 24 104 yr 197 yr g a
Polonium-210 138d 46d a,g
Potassium-42 12h 12h b-, g
Praseodymium-142 19.2h — b-, g
Praseodymium-143 13.6d — b-
Praseodymium-144 17.3 min — b-, g
Promethium-147 2.6 yr 1.6 yr b-
Promethium-149 22d 22d b-, g
Protactinium-233 27.0d — b-,e-, g
Protactinium-234 6.75h — b-,e-, g
Radium-224 3.6d 3.6d g, a (DR)
Radium-226 160 yr 44 yr a, e-, g (DR)
Rhenium-186 90 h — b-,e-, g
Rhodium-106 30 sec — b-, g
Rubidium-82 1.3 min — bt, g

Rubidium-86 19.0d 13.2d b-, g
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IGIRRERN [sotopes Listed Alphabetically* (continued)

PHYSICAL EFFECTIVE RADIATION

ISOTOPE HALF-LIFE HALF-LIFE TYPE
Ruthenium-97 2.9d — e-, g
Ruthenium-103 39.6d — b-, g
Ruthenium-106 367 d 2.5d b- (DR)
Samarium-151 87 yr — b-,e-, g
Samarium-153 47 h — b-,e-, g
Scandium-46 84d 40d b-, g
Selenium-75 1204 d — e-, g
Selenium-77m 17.5 sec — g
Silver-110 24.4 sec — b-, g
Silver-110m 253d 5d b-,e-, g
Silver-111 7.5d — b-, g
Sodium-22 2.60 yr 11d b+, g
Sodium-24 I5h 14h b-, g
Strontium-85 64 d 64 d e-, g
Strontium-87m 2.83 hr — e, g
Strontium-89 52d — b-, g
Strontium-90 28 yr 15 yr b- (DR)
Sulfur-35 88d 44d b-
Tantalum-182 115d — b-,e-, g
Technetium-99 2,12 105yr 20d b-
Technetium-99m 6.0h — e-, g
Tellurium-132 78 h — b-,e-, g
Terbium-160 72.1d — b-,e-, g
Thallium-201 73h — g (DR)
Thallium-204 3.8 yr — b-, g
Thorium-230 8 104 yr 200 yr a, g

* a, alpha; b, beta; e, electron; g, gamma; DR, daughter radiation; N, neutron.
Adapted from Ellhorn, M.J. ed. Ellenhorn’s medical toxicology: diagnosis and treatment of human poisoning. 2" ed. Baltimore: Williams

& Wilkins; 1997.

Nonionizing radiation is quite common and consists of
low-energy electromagnetic waves. This includes the visible
spectrum, infrared, and ultraviolet light. Low-energy electro-
magnetic energy such as radio waves and microwaves are also
nonionizing forms of radiation. Nonionizing radiation lacks
the energy to dislodge orbital electrons or destroy the physical
integrity of an impacted atom. Generally speaking, nonioniz-
ing radiation is not able to cause mass casualties. ~ Although
largely improbable, nonionizing electromagnetic devices such
as lasers or electromagnetic pulses could theoretically be used
by terrorists to damage structures or interrupt the function of
electronic devices.

RADIATION UNITS

Like most drugs or chemicals, there is a relationship be-
tween radiation dose and its ef fect on the body. To quantify
the varying effects of radiation e xposure, one must be able
to understand the dose of radiation. Most drug dosing can be
thought of as an amount (grams,  etc.) per unit of body
weight (kilograms or pounds). Radiation dosing can be
thought of as an amount of ener gy absorbed by the body .

The dosing can be acute, a one time exposure, or chronic, a
cumulative dose over time. Table 13-2 contains def initions
of the units and terms that are used to describe radiation and
its dosing. Currently, two systems of units describing radia-
tion are widely used. In the United States the older terms
“rads,” “rems,” and “curies” are frequently used, while
newer units consisting of “gray,” “sievert,” and “becquerel”
are used internationally. Table 13-3 shows the relationship
between the dif ferent systems of units. The international
system is becoming more popular because it produces num-
bers that are more practical to use when describing effects of
commonly encountered doses. F or the purpose of this sec-
tion, the older and more familiar terms will be used followed
by the newer units in parentheses where appropriate.

The basic unit for measuring radiation is the rad (or the
international Gy). The rad is def ined as the deposition of
0.01 joule of ener gy per kilogram of tissue. Think of rad
(Gy) as a one time dose, like an x-ray. To quantify the
amount of damage that is suspected from a radiation ¢ xpo-
sure, rads (or an equi valent number of Gy) are con verted
into rems, which at one time stood for Roentgen Equi valent
Man. The rem (or the similar international unit sie vert, or
Sv) is adjusted to reflect the type of radiation absorbed and
the likelihood of damage (Table 13-2). Think of rem (Sv) as



142 Section 4 Nuclear Terrorism

AR ERPA Radiation Measurements and Definitions (S1 Units in Descriptions)

CHARACTERISTIC UNITS DESCRIPTION
Energy Electron volt eV = Kinetic energy of an electron as it moves
(eV) through a potential difference of 1 volt.
or Joule (J) J = the kinetic energy of an object with a mass of 2
kilograms moving with a velocity of one meter per second.
Half-life Time The time required for the radioactivity of an isotope
to decrease by 50%.
Rate of Curie (Ci) Radioactivity emitted per unit of time
radioactive or 1 Ci=3.7 _10'0 disintegrations per second.
decay Becquerel (Bq) 3.7 1010 Ci=1Bq =1 disintegration per second.
Air exposure Roentgen (R) Used to quantify ionization caused by x-rays or
gamma radiation in air. One roentgen of exposure
will produce about 2 billion ion pairs per cubic
centimeter of air.
Absorbed dose Rad The amount of ionizing radiation that the body absorbs.
or One rad results in the absorption of 0.01 Joule (1 Gy = 1 Joule)
Gray (Gy) of ionizing radiation per gram of medium.
Biologic Rem Dose of any form of ionizing radiation that produces the
effectiveness or same biological effect as 1 roentgen;
Sievert (Sv) 1 rem = 1 rad X Penetrating Factor (PF),
where the value of PF depends on the type of radiation as follows:
x-radiation = 1.0
gamma radiation = 1.0
beta=1.0
alpha =20
neutrons = 5 to 20, depending on their energy

Agency for Toxic Substances and Disease Registry. Toxicological profile for ionizing radiation. Atlanta: U.S. Department of Health and Human
Services, Public Health Service; 1993.

AR EREN Conversions Between New and Old Units Used for Describing Radiation

QUANTITY OLD UNIT SYMBOL NEW UNIT SYMBOL RELATIONSHIP
Activity curie Ci becquerel Bq 1Ci=3.7_1010Bq
Absorbed dose rad rad gray Gy 1 rad =0.01 Gy
Dose equivalent rem rem sievert Sv 1 rem=0.01 Sv

the cumulative dose. In most cases of one time “flash”expo-
sure, the rad (Gy) and rem (Sv) will be equivalent. For exam-
ple, a standard x-ray machine was used to deliver 100 rads of
radiation. If you get e xposed every day for 10 days your cu-
mulative dose (100 rads per day) w ould be 1000 rem (T ables
13-1 to 13-3).

Radiation is measured by a variety of instruments (Chapter
14). The instrument used depends on the type of radiation
being emitted. Personnel who ha ve a potential for radiation
exposure will need to w ork with badges or other de vices to
measure their e xposure levels. This will allow planning for
how to rotate staff and to know who might require treatment.

RADIATION DOSES IN PERSPECTIVE

Radioactivity has existed for millions of years in the crust
of the earth, in building materials, in the food we eat, in the
air we breathe, and in virtually e verything that surrounds
us. Radiation from these materials, as well as cosmic radia-
tion from the sun and universe, makes up the natural back-
ground radiation to which we are constantly exposed.

Most individuals are exposed to about 360 millirems
(3.6 mSv) per year from natural and man-made sources.



Smoking 1.5 packs of cigarettes a day for 1 year pro-
duces an accumulative radiation dose of 16 rem (0.16 Sv)
to the bifurcation of the bronchus. If an indi vidual is ex-
posed to more than 100 rads (1 Gy) at one time, pre-
dictable signs and symptoms will de velop within a fe w
hours, days, or weeks depending on the dose. Fifty per-
cent of individuals exposed to a single dose of 450 rads
(4.5 Gy) of penetrating radiation will die without medical
intervention, within 60 days.

The dose of radiation a person receives and the likeli-
hood of adverse effects from radiation e xposure depend
on four factors: source of radiation, distance from the
source, duration of exposure, and shielding. Identifying
the radiation source is important because the magnitude
and type of radiation being released can be determined
from it. As previously discussed, penetrating forms of
ionizing radiation are the most concerning. It is also im-
portant to appreciate how much radioactive source mate-
rial is present. The dose of radiation decreases dramati-
cally as the distance away from the source of radiation is
increased. Avoiding direct physical contact with the
source is important in limiting e xposure. If a person is
forced to work in close proximity to a radiation source,
he or she should be allo wed to use tools that allo w the
person to work at a distance from the source. Ev en sim-
ple tools such as poles, rakes, or shovels can dramatically
reduce the dose. A general rule of thumb is that by dou-
bling the distance from the radiation an indi vidual will
get four times less radiation. If the distance between the
individual and the source is halv ed, exposure will in-
crease by a factor of four. This phenomenon is described
by a mathematical model kno wn as the in verse square
law (Fig. 13-3). The further the person is a way from the
source, the lower the radiation dose will be. Duration of
exposure is another important f actor in estimating the
total dose absorbed. The shorter the time within in a radi-
ation field, the less the radiation exposure. Limiting time
in close proximity to the radiation source will dramati-
cally decrease the total dose absorbed. Shielding refers to
anything that can be placed between the indi vidual and
the radiation source to block its ef fects. Radiation can
also be blocked or reduced by v arious materials. In gen-
eral, dense materials are better shields than materials
with low density. However, there are some e xceptions.
Alpha radiation can be stopped by a sheet of paper Alpha
particles travel approximately 1 to 2 inches in air and
cannot penetrate unbroken skin. Beta particles tra vel up
to 10 feet in air and can penetrate a fe w millimeters of
tissue. They can be stopped by light layers of clothing,
aluminum foil, or an average book. Gamma rays are only
reduced by dense materials such as steel, concrete, earth,
or lead. Gamma rays can travel several hundred feet in air
and penetrate the human body . Neutrons can tra vel sev-
eral hundred feet in air and are v ery damaging to cells.
They can be slowed or stopped by hydrogenous materials
(wax, water, or plastics). Do not shield neutron-produc-
ing sources with lead or dense materials. The neutrons
will collide with the atoms in these materials and emit
gamma rays in the process. Using w ax, water, or plastic
as a covering for more dense shielding will minimize sec-
ondary radiation from neutrons. This approach offers the
safest shielding when dealing with an unidentified source
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Figure 13-3. The inverse square law demonstrates how the radi-
ation dose decreases as you move away from the source of the
radiation. Notice how the spacing between the particles in-
creases as they move away from the source.

of radiation. When dealing with radiation, the factors of
distance, duration, and shielding can be manipulated to
decrease health risks.

TYPE OF RADIATION EXPOSURE

Three types of radiation e xposure can occur: external irradia-
tion, contamination, or incorporation. External irradiation oc-
curs when all or part of the body is exposed to penetrating radia-
tion from an external source. During exposure, this radiation can
be absorbed by the body or can pass completely through it. A
similar thing occurs during an ordinary chest x-ray. This type of
exposure can occur all at once, like asingle x-ray , or ona
chronic basis, as with a person who w orks with radium e very
day. Following external exposure, an individual is not radioac-
tive and can be treated lik e any other patient. Contamination
means that radioactive materials in the form of gases, liquids,
and/or solids are on/in a person’ s body are said to be contami-
nated. An external surface of the body, such as the skin, can be-
come contaminated, and if radioactive materials get inside the
body (through the lungs, gastrointestinal tract, or wounds), the
contaminant can become deposited internally. Contaminated in-
dividuals are at significant risk due to close proximity to the ra-
diation and the potential for a long duration of e xposure unless
they are decontaminated. Incorporation refers to the uptak e of
radioactive materials by body cells, tissues, and target organs
such as bone, liver, thyroid, or kidney. In general, radioactive
materials are distributed throughout the body based upon their
chemical properties. Incorporation cannot occur unless internal
contamination has occurred. Individuals who are contaminated
can pose a risk to other people. These three types of events (i.e.,
external irradiation, contamination, and incorporation) can hap-
pen in combination and can be complicated by physical injury
or illness.

Radioactive iodine is probably the most common and signif-
icant of isotopes that can be incorporated into the body The thy-
roid is the only or gan in the body that uses iodine. Blocking
available sites for iodine in the thyroid with nonradioacti ve io-
dine prevents incorporation. When the thyroid is properly
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blocked, radioactive iodine has nowhere else to go and will be
eliminated in the urine without noticeable effect, no matter how
much an indi vidual is e xposed to. Unfortunately, the nonra-
dioactive iodine has to get there before the radioactive iodine, so
potassium iodide must be administered within 4 hours of the ex-
posure to be effective. After 12 hours, there is no protective ef-
fect. Elimination of internal contamination with other isotopes
such as uranium and tritium may be hastened through urinary
alkalinization and forced fluids to reduce the potential for injury

MEDICAL MANAGEMENT

The most immediate source of e xpertise on patients who are
exposed or contaminated by radioactive substances will likely
be a medical physicist, nuclear pharmacist, or radiation safety
officer. Most governments require that any health facility that
administers radiation to patients (as diagnostic studies or ther-
apy) have a person with significant training and experience as-
sessing and treating the effects of radiation on people. Such in-
dividuals will also be v ery familiar with how to activate the
assistance of governmental resources if needed. Due to their
wide distribution and specialized knowledge, such individuals
are invaluable local resources when planning, doing training
exercises, or responding to actual threats.

SUMMARY

Radiation is energy released from unstable atoms. It
can be released as particles or as waves. If the radia-
tion has enough ener gy, it can produce dangerous
ionizing interactions with li ving tissue. The dose
absorbed depends on the source of the radiation, the
distance from it, shielding, and the duration of
exposure. Knowledge of these f actors can help to
minimize exposures.

COMMON FORMS OF IONIZING RADIATION
B Alpha particles—Intermediate energy and low

penetration

B Beta particles—Low energy and intermediate
penetration

B Gamma rays or x-rays—High energy and high
penetration

PRINCIPLES FOR MINIMIZING EXPOSURE

B Stay as far away from the source as practical.
B Use appropriate shielding.

B Limit exposure time.

QUESTIONS AND ANSWERS

1. Which of the following is NOT a common type of ion-
izing radiation?
A. Beta particles

B. Electrons
C. Gamma rays
D. Protons

E. X-rays

2. Which of thefollowingis NOT TRUE regarding alpha
particles?

A. Alpha particles usually have low energies.

B. Alpha particles consist of two protons and two
neutrons.

C. Alpha particles will not penetrate the stratum
corneum of the skin.

D. Alpha particles travel a few centimeters in air and
up to 60 micrometers into tissue.

E. Alpha particle emitters are primarily uranium iso-
topes and are generally found in nuclear chemistry
laboratories and isotope production facilities.

3. Which of thefollowing statementsis FAL SE?

A. If an individual is exposed to more than 100 rads
at one time, predictable signs and symptoms will
develop within a few hours, days, or weeks de-
pending on the dose.

B. All individuals exposed to a single dose of 450
rads of penetrating radiation will die within 60
days if they receive no medical intervention.

C. Most individuals are exposed to about 360
millirems per year from natural and man-made
sources.

D. Alpha radiation can be stopped by a sheet of paper.

E. Gamma rays are only reduced by dense materials
such as steel, concrete, earth, or lead.

4. Which of thefollowingisNOT CORRECT?

A. A rem is the dosage of any ionizing radiation that
will cause biologic injury to human tissue equal to
the injury caused byl roentgen of x-ray or gamma-
ray dosage.

A rad is a unit that measures the absorbed dose of
ionizing radiation.

A roentgen is a unit of measure quantifying ioniza-
tion produced by x-radiation or alpha-ray radiation.
. A curie is a measure of a substance’s radioactivity.
Radioactive half-life is the time required for the
radioactivity of an isotope to decrease by 50%.

ANSWERS

1: B. Electrons.

2: A. Alpha particles usually have low energies.

3. B. All individuals exposed to a single dose of 450 rads of pen-
etrating radiation will die within 60 days if they receive no
medical intervention.

4. C. Aroentgen isa unit of measure quantifying ionization pro-
duced by x-radiation or alpha-ray radiation.

mo O W
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Detection of Nuclear Radiation

Keith Edsall and Daniel C. Keyes

INTRODUCTION

Ionizing radiation is not detectable by an y natural means.
Specific devices are necessary to detect alpha, beta, gamma,
x-rays, and neutrons. Medical staff must learn to use simple
portable instruments and interpret the f indings, and they
must also be a ware of the associated pitf alls when using
these instruments. Understanding the technical aspects of

the working of the instrument is not essential, but those in-
terested can obtain the information from an y nuclear

physics textbook. Note that this chapter uses the units of
rads and rems, currently used in the United States. See
Chapter 13 for a discussion of ne wer international units of
measurement used in discussing radiation.

RADIATION DETECTION INSTRUMENTS

Instruments used to detect radiation can be di ~ vided into
three major categories: portable instruments, laboratory in-
struments, and personnel and area dosimeters (Table 14-1).

AR AW Instrument Requirements Based on the Type of Radiation Incident

TYPE OF INCIDENT INSTRUMENT REQUIRED

COMMENTS

Geiger Miiller (GM)
instrument; ionizing chamber
instrument; dose-rate/meter

Sealed beta gamma source

GM instrument is used for low dose rates and counts.
An ionizing chamber instrument is used to measure high
dose rates.

Instruments as above, together
with air samplers

Unsealed beta gamma
sources

Instruments as above. Also an air sampler may be used
to determine the concentration of radioactive material in the
air in the working environment.

Known neutron source Neutron meter

These instruments can measure high doses of neutrons.

Instrument using an alpha probe;
air sampler

Alpha sources

Use of this instrument requires special training.
The probe must be held very close without touching
the skin. These probes are easy to contaminate.

Contained criticality Ionizing chamber; dose rate

meter; neutron meter

Requires a high dose rate meter and also a neutron meter.

Uncontained criticality All those required for
“contained criticality” along

with an air sampler

Initial radiation will consist of high dose gamma and
neutrons. However, all types of radiation will be produced
by the fission products formed, which are radioactive

Unknown radioactivity All of the above

Assuming the worst, all such instruments may be required. It is

easy to scale down in an incident; it is very difficult to scale up.

Note: Regular training in instrument use is essential not only in aiding the treatment of the patient but also protection of the medical staff.
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PORTABLE INSTRUMENTS

The portable instruments that hospital and prehospital per-
sonnel use are capable of detecting contamination on the pa-
tient and also the dose rate coming off the patient as a result
of external or internal contamination. Man y medical deci-
sions can be made from the information gained.

The Geiger-Muller “Counter”

The most common type of portable instrument used is the
Geiger Miiller, known familiarly as the “Geiger counter.” It is
constructed using either an end windo w probe to detect beta
and gamma radiation or a pancake probe to detect alpha, beta,
and gamma radiation (Fig. 14-1).

Chapter 13 describes the penetrating characteristics of the
different types of radiation and ho w to pro vide protection.
Alpha radiation can be completely shielded by a simple piece
of paper; beta particle shielding can be achie ved by using a
light material such as aluminum. Gamma radiation can only
be attenuated by using heavy materials such as lead, depleted
uranium, or blocks of concrete; and f inally, neutrons are
shielded by materials with a high hydrogen content such as
polystyrene or wax.

The Geiger counter detects beta and gamma irradiations
using the end windo w device. With the window facing the
contamination, two types of radiation can be detected, beta
and gamma. By turning the end windo w 90 degrees, the cas-
ing of the end windo w probe, which is made of metal, only
permits gamma radiation through, shielding out beta radia-
tion. Therefore the types of radiation can be differentiated.

The Pancake Probe

The typical pancake probe, more sensitive than the end win-
dow, is capable of detecting alpha, beta, and gamma radia-
tions. However, it is inefficient when it comes to detecting
alpha radiation. Special probes are used with a thin Mylar

RADIATION INSTRUMENT

Y
L 1 Aluminum shielding
p Y
L 1 Paper shielding
o p Y

Radioactive Source

Figure 14-1. Differentiation of types of radiation by using
shielding.

film cover containing zinc sulphide. Scintillation is used to
measure alpha radiation, requiring a scintillation material
known as a phosphor. When a phosphor material is e xposed
to ionizing radiation, it causes excess energy due to electron
excitation and produces a flash of light. These flashes of light
are directed onto a photo multiplier tube that changes them
into electrical pulses, and by means of electronic circuits is
able to record readings on an instrument scale.

The scintillation counter’ s advantages over a Geiger -
Miiller instrument are that it has greater range for measuring
dose rate, is capable of measuring higher count rates, and
demonstrates improved accuracy when measuring dose rates.
Removing the protective cover from the pancak e probe, one
can detect the three types of radiation, which can be differen-
tiated by using simple shielding.

Placing a piece of paper between the radiation source and
the probe of the instrument shields out alpha, allowing only
the beta and gamma radiation to reach the probe of the instru-
ment. Placing a thin piece of aluminum between the radiation
source shields out beta radiation and also alpha radiation, al-
lowing only gamma to reach the probe. The pancake probe
casing is generally made out of aluminum. By turning the
head 180 degrees, the beta radiation is shielded out. Therefore
users have a good idea of what types of radiation the y are
dealing with and what radiation is the main contributor.

The Geiger-Miiller instrument can be used to measure
counts per minute or dose rate in mR/Hr . 1 mR/Hr corre-
sponds to approximately 2,000 to 3,000 counts per minute.
A word of caution: These instruments only detect low levels
of gamma, and they can saturate with high-count levels giv-
ing azeroreading. Typical range for a Geiger -Miiller
counter is up to 80,000 counts per minute and up to 20 m/R
per hour. Note that these instruments are calibrated against a
known gamma source. For higher levels of gamma, a differ-
ent type of instrument is required (e.g.,an ionizing chamber,
which can read levels up to SOOR/Hr), and assistance should
be obtained from a nuclear health physicist.

The Geiger-Miiller instrument only distinguishes types of
radiation, but it does not indicate what specific isotope or iso-
topes are causing the radiation. Identification of isotopes can
only be achieved by using specialized laboratory techniques
such as a mass spectrometer . Thus contaminated clothing,
wound dressings, and other related samples should be sent as
soon as possible to the designated nuclear laboratory for iden-
tification of radioactive isotope/isotopes.

Generally speaking, these types of instruments have a low
sensitivity, in the range of 10%. Therefore only part of the ir-
radiation/contamination present is being measured.

BACKGROUND RADIATION AND
INTERPRETATION OF DETECTION
DEVICES

We live in a “radiation en vironment.” The annual back-
ground radiation and human-made radiation in the United
States is estimated as 360 m/rem. The contributions are 87%
natural occurring, approximately 11.5% medical, 0.5%
weapon fallout, 0.5% air tra vel and luminous dials, and
0.5 % occupational exposure.



We are continuously exposed to natural occurring sources
including cosmic radiation, terrestrial gamma rays, internal
radiation, and decaying products such as radon. ~We also
have internal radiation: We are all “radioactive” with carbon
14 (C14) and potassium 40 in our bodies in v ery small
amounts. C14 is produced by cosmic radiation interacting
with nitrogen in the upper atmosphere changing N14 to
C14. The C14 dif fuses down into the lo wer atmosphere
where it is absorbed by li ve tissue, and radioactive potas-
sium 40 is found in the soil.

We are also exposed to human-made radiation, especially
from medical sources including x-rays, nuclear medicine pro-
cedures, and radiotherapy procedures. Nuclear weapon tests
also contribute to background e xposure, but this is declining
since the cessation of atmospheric testing in the mid-1960s.
Other trivial contributions come from the nuclear industry.

It is important to know the level of background radiation
in your area. Background radiation v aries from area to area
and from day to day. If you live in a mountainous region, the
background radiation is much higher than in a “sedimen-
tary,” or low-altitude region. Measure the background radia-
tion in your area regularly so that in a radiation incident you
will be able to calculate the increase abo ve this background
level. There have been cases in which it was erroneously as-
sumed some individuals were contaminated, when in fact it
was background radiation being measured. In areas of lo w
natural radiation, the background count might be approxi-
mately 20 to 30 counts per minute. In areas with greater nat-
ural background le vels, the count would be much higher .
Therefore it is essential you measure the background for that
particular day, especially before patients arrive at your hos-
pital. You are looking for an y increase in the instrument
count level above background.

Many common errors occur with radiation instruments,
and adequate training for medical staf f in the use of the in-
struments accompanied by re gular practice sessions is es-
sential. Experience dictates that most serious incidents
occur at inconvenient hours when the staffing levels are at a
minimum. Therefore all key staff must know how to use
these instruments.

Common errors that occur using radiation detection in-
struments include the follo wing: (a) not checking batteries
regularly; (b) leaving the batteries in the instrument, which
corrodes the connecting terminals; (c) using the wrong scale
on the instrument, resulting in misinterpretation of the read-
ings; (d) not calibrating the instrument re gularly; and (e)
covering the alpha probe head with a sur gical glove to pre-
vent the probe becoming contaminated. Putting a sur  gical
glove over the probe is fine to measure beta or gamma radia-
tion, but it is contraindicated when measuring alpha radia-
tion. If alpha radiation cannot penetrate through a piece of
paper, it certainly will not penetrate a surgical glove. During
exercises, people have made the simple error of putting a
surgical glove over the probe to protect the alpha probe. This
resulted theoretically in the medical facility becoming com-
pletely contaminated when they were under the impression
they were free from contamination.

Monitor slowly, moving the probe at a rate of about an
inch a second. Make sure you monitor the whole body, espe-
cially paying close attention to the back and head including
the hair. The use of the probe v aries depending on which
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type of radiation you are measuring. Hold the probe about 1
centimeter away from the skin to pick up beta and gamma
radiations. If measuring alpha, hold the alpha probe closer
to the skin, that is, only a few millimeters, otherwise you
will miss alpha radiation. Note that when detecting alpha ra-
diation, it is very easy to contaminate the probe so mak e
sure spare alpha instruments are a vailable and you have an
adequately trained staf f member to perform the detection
process. It requires considerable practice to use an alpha
probe competently.

Develop a procedure to monitor the body so you do not
miss any part of the body. If you find contamination on the
person’s clothing, stop monitoring, remove the clothing, and
then remonitor from the be ginning. Handle the instruments
with care because the y are delicate and sensiti ve. Always
transport the instruments in their carrying case.

NEUTRON METER

Neutron meters are straightforw ard but do require instruc-
tion and practice to be ef fective. Neutrons, as the name im-
plies, are neutral and do not produce ionization directly
They are detected via indirect methods. One common
method is to use an instrument that contains helium gas.
When the helium gas is bombarded with neutrons, the neu-
tron is absorbed into the nucleus and a proton is ejected,
changing helium into tritium. This proton causes ionization
in the instrument, thereby indirectly demonstrating the pres-
ence of neutrons.

CRITICALITY INCIDENT

Under normal conditions, reactors are kept below a “critical
mass.” If this minimum threshold amount of nuclear mate-
rial is reached, it can cause a propagating nuclear reaction
that goes out of control. It occurs when sufficient fissile ma-
terial is present (fissile materials are those containing atoms
with nuclei capable of splitting). One such material is ura-
nium-235 (U-235), which in the correct geometrical arrange-
ment can start a chain reaction. When a U-235 atom is bom-
barded with a thermal neutron, it causes the uranium atom to
split. This creates two fragments, each of which are new ele-
ments that may or may not be radioacti ve, plus energy, plus
on average three new free neutrons. The three new neutrons
go on to split another three atoms of U-235, producing nine
new neutrons, and so on, to cause a chain-reaction “cas-
cade” and uncontrolled fission. This is referred to as a criti-
cality incident.

An example was the Tokai Mura criticality accident on
September 30, 1999. After too much enriched U-235 w as
dissolved in nitric acid, the critical threshold was reached.
The quantity of uranium used and the geometrical shape
was such as to cause “criticality ,” resulting in pulsed high
levels of neutron and gamma emissions. The reaction pro-
duced large amounts of energy in the form of heat, which
changed the geometrical conf iguration and the mass be-
came noncritical. However, on cooling, the geometric con-
figuration returned to the ideal and the solution became
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critical, resulting in intermittent criticality. Therefore with re-
spect to fissile material it is essential that a critical mass is not
inadvertently assembled, which could cause a serious radia-
tion accident.

In a criticality incident, a person may be exposed to a flux
of neutrons. As aresult of the neutron e xposure, the patient
may actually emit radiation in the form of “secondary
gamma.” This is one of the few times when the victim can ac-
tually become a radiation source. Radiation emission by the
patient can be detected by placing a beta gamma detector on
the abdomen of the patient and ha ving the patient bend o ver
the probe.

PERSONNEL DOSIMETERS

Several types of dosimeters can be used by the medical staf f.
However, patients will not have been wearing one of these de-
vices when they were exposed. Therefore calculating the dose
of the patient will be a very difficult task for the nuclear health
physicist. Arrangements must be made to pro vide these de-
vices for the staff prior to initiating work in an at-risk environ-
ment. The dosimeters must be w orn on the anterior thorax.
Note that the dose recorded is the dose to the dosimeter and
does not necessarily represent an accurate whole-body dose to
the individual, especially in a nonuniform radiation f ield.
Some dosimeters may not ha ve a very high maximum meas-
urement. If an individual wearing such a badge e xperiences a
very high exposure, it may be impossible to determine the ac-
tual dose received. Typically, hospital staff members receive
very low doses. Higher, more dangerous doses would only be
expected at the incident site, and then only when entering the
cordoned-off area (Table 14-2).

The types of dosimeter recommended for medical staf f in-
clude the thermo luminescent dosimeter , a quartz f iber
dosimeter, and an instantaneous electronic readout dosimeter .
In the case of a criticality accident, a neutron dosimeter is also
required. Air sampling systems can also play a role. There are
other types of dosimeters, but these are the essential ones re-
quired for hospital staff.

THERMOLUMINESCENT DOSIMETER (TLD)

Two main types of thermoluminescent dosimeters (TLD)
are in common use: the one positioned on the anterior chest
and the finger-tip dosimeter. These dosimeters use the prop-
erty of certain crystals with impurities added into the crys-
tal. In simple terms, these crystals can trap radiation energy
within their structure. Typically, lithium fluoride is used and
impurities such as copper within the crystal serv e as elec-
tron traps between the v alence and conduction band within
the crystal. When radiation enters the TLD, electrons are
caught in these electron traps. To release trapped electrons
to their stable state, heat is applied to the crystal (200° to
300°C) resulting in the emission of light, which can be de-
tected by using a photo multiplier tube and thereby enabling
the dose to be calculated.

This type of de vice has many advantages. The dose re-
sponse is linear, up to 10 grays (1,000 rads). It can be meas-
ured rapidly within a few minutes, but typically the dosime-
try laboratory is not in close proximity to the hospital. Quite
often these laboratories are in distant cities, making “real-
time” use impractical. The crystal material used in the
dosimeter reacts just lik ¢ human tissue (kno wn as “tissue
equivalent”), and so it provides an accurate estimate of tis-
sue dose. This type of dosimeter can also be modified into a
finger-tip device, giving an indication of the dose recei ved
to the fingers of emergency staff or surgical staff carrying
out surgical procedures.

QUARTZ FIBER DOSIMETER

The quartz fiber dosimeter can measure beta, gamma, and x-
rays. Its range can be up to 200mR per hour , and there are
various designs depending on the radiation ranges being de-
tected. The dosimeter is pen shaped and worn just inside the
neck margin of the surgical gown. It is an ionization cham-
ber of the capacitor type. These devices require char ging,
and an ionizing current is allo wed to disperse the char ge.
The quartz fiber is supported by a wire. When these compo-

VAN P:BB Characteristics for Use of Personal Dosimeters

TYPE OF INCIDENT DOSIMETER

COMMENTS

Sealed source:
alpha, beta, gamma
radiation

quartz fiber dosimeter (QFD)

Thermo-luminescent dosimeter (TLD);

TLD legal requirement: to be worn under a surgical gown
on the anterior chest. QFD is worn inside the neck of the
surgical gown. These are very sensitive. Do not knock or
drop them. They will give a falsely high reading.

Unsealed radioactive TLD, QFD, and also a personal

source: air sampler

alpha, beta, gamma

A personal air sampler should be as close to the nose and
mouth as possible and positioned on the superior anterior
chest.

Criticality accident TLD, QFD, neutron dosimeter

(e.g., criticality lockout)

In this situation high doses are to be expected.
Expert advice is required.

Adapted from Wald N. Ionizing radiation. ATSDR. 1993 Oct.



nents are both charged to positive polarity, they cause a de-
flection of the quartz f iber. When ionizing radiation enters
the ion chamber, a “leakage current” flow discharges the de-
vice and causes the quartz fiber to move toward the positive
support wire.

NEUTRON PERSONNEL DOSIMETERS

The neutron personnel dosimeter uses a type of plastic called
CR39, the same plastic often used in the manuf acture of
lenses of glasses. In simple terms, neutrons cause tracks in
the plastic and these are used to estimate the dose of radia-
tion exposure (1).

CRITICALITY LOCKETS

Criticality lockets are used when fissile material is handled
in the environment of nuclear reactors and in reactor fuel
ponds. These devices measure very high neutron doses.
Neutrons are measured indirectly via bombardment of cer-
tain materials that release beta particles. These beta parti-
cles can be counted and the neutron dose calculated. Later
neutron dosimeters use a type of plastic called CR39, the
same plastic often used in the manuf acture of lenses of
glasses. As just described, the neutrons cause tracks in the
plastic that are used to estimate the dose of radiation
caused by neutrons.

ELECTRONIC READOUT INSTRUMENTS

These compact instruments give an instantaneous readout of
the dose. They can be worn by the response team or placed

in strategic positions inside the w ork environment. They
have an audible alarm that can be set to activate upon reach-
ing a specific dose.

AIR SAMPLERS

The personal air sampler is worn on the chest as close to the
nose and mouth as possible and usually positioned on the
neck collar. Another type, the static sampler, is placed in
strategic positions in the hospital emer gency department or
at the incident site. Some of the static air monitors are pro-
vided with an audible alarm that can be set to a certain level
of contamination by the health physicist. These devices are
used to monitor the contamination le vels of radioactivity in
the working environment and measure the radioactive parti-
cles suspended in the air . This is achie ved by drawing a
known quantity of air through a filter paper. A health physi-
cist then counts the f ilter paper under correct conditions.
The airborne activity is calculated from the count rate on the
filter paper.

THE IMPORTANT ROLE OF THE HEALTH
PHYSICIST

The health physicist complements the role of the doctor
and must exercise his or her role on a regular basis. Leaving
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it to the time of the nuclear incident will be too late. Also,
the health physicist must be e xperienced with trauma. It
would not be the first time an individual has fainted at the
sight of blood. R. E. Toohey wrote an e xcellent review of
the role of the health physicist (2).

SUMMARY

The medical staf f in the emer gency department,
which includes doctors, nurses, and ancillary staff,
require proper training in the use of radiation instru-
ments. Provision of or access to these instruments, as
well as personnel dosimeters, is essential. Re gular
training with these instruments is k ey to maintain
staff competence in their use (Figs. 14-2—14.5).

Figure 14-2. Quartz fiber pen dosimeter with its charger.

Figure 14-3. Radiation instrument with alpha probe.
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Figure 14-4. Finger dosimeter.

Figure 14-5. Radiation with pancake probe.

QUESTIONS AND ANSWERS

1. With what radiation must most care be taken when
trying to detect it with the appropriate instrument?
A. beta
B. gamma
C. neutrons
D. alpha

2. Common error(s) that occur while using radiation de-
tection instrumentsinclude:

A. Finding the batteries are dead when the instrument
is needed

B. Leaving the batteries in the instrument, which cor-
rodes the connecting terminals

C. Using the wrong scale on the instrument, which
results in misinterpretation of the readings

D. Covering the alpha probe head with a surgical
glove to prevent the probe becoming contaminated
E. All of the above

3. Regarding air samplers:

A. Personal ones are usually positioned on the thigh.

B. A static sampler is typically placed in strategic po-
sitions in the hospital emergency department or at
an incident site.

C. Some static air monitors are provided with flash-
ing lights and a silent alarm that can be set to cer-
tain levels of contamination by health physicists.

D. They cannot be used to monitor contamination
levels of radioactivity in the working environment

E. They may be used to measure water contamination
as well as air.

4. Which of thefollowing isFALSE?

A. Neutrons can produce ionization directly.

B. Under normal conditions, reactors are kept below
a “critical mass.” If this minimum threshold
amount of nuclear material is reached, it can cause
a propagating nuclear reaction that goes out of
control.

C. The annual background radiation and human-
made radiation for the year in the United States is
estimated to be 360 m/rem. Major contributions
are 87% natural occurring and approximately
11.5% medical.

D. Specific devices are available to detect alpha, beta,
gamma, X-rays, and neutrons.

E. Beta particle shielding can be achieved by using a
light material such as aluminium.

ANSWERS

1. D. alpha

2. E. All of the above

3. B. Astatic sampler istypically placed in strategic positionsin
the hospital emergency department or at an incident site.

4: A. Neutrons can produce ionization directly.
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Personal Protection and Decontamination
for Radiation Emergencies

Keith Edsall and Daniel C. Keyes

PERSONAL PROTECTION

Personal protection for incidents in volving radioactive ma-
terials should be inte grated into an all-hazards approach to
disaster planning. Important features to include in such
planning are (a) predetermination of hospital and emer-
gency department layout and staffing for triage, decontami-
nation, and management of victims; (b) proper training and
availability of equipment for use of personal protection; (c)
knowledge of where expert advice can be obtained over the
telephone and the time interv al it would take for experts to
arrive on request; and (d) a wareness of specialized centers
in the area where patients can be transferred if needed and
preexisting written understandings with these institutions.
Finally, regular exercises will be needed to reinforce learn-
ing and to correct deficiencies in the overall process.

Personal protection is based specif ically on proper con-
sideration of the type of radiation in volved, whether alpha,
beta, gamma or neutron, and the ever-important features of
time, distance, shielding, and quantity (Chapter 13). One
must also know what the basic radiation detection instru-
ments are and understand ho w to interpret the readings of
these instruments (Chapter 14). Indi vidual staff members
need to know about the types of personal dosimeter to use
and where to place them on oneself. In this chapter , we dis-
cuss which type of protection must be w orn in the hospital
environment, as well as accepted practices and procedures
for the decontamination of patients.

Radiation can either be caused by  particles, including
beta or alpha particles or neutrons, or €l ectromagnetic waves,
including gamma rays and x-rays. Particular radiation can be
blocked completely by proper shielding; ho wever, electro-
magnetic radiation can only be decreased (attenuated). It is
not completely stopped by shielding. Ho wever, if the proper
amount of shielding is used, the amount of radiation that
penetrates will be so lo w as to be of no biological signif i-

cance. By carrying out set procedures correctly, it is possible
to limit the dose to the medical staf f and also pre vent both
external and internal contamination from occurring.

PROTECTION AGAINST ALPHA RADIATION

Alpha particles, which produce dense ionization, can only
travel 1 or 2 centimeters in air and only up to about 70 microm-
eters into tissue. The penetrating power of alpha particles is
very poor and can be stopped completely by a piece of paper .
Since the outer layers of skin are dead and generally thick er
than 70 micrometers, alpha particles externally would not gen-
erally cause biological damage. On the other hand, alpha parti-
cles that enter into the body present a more serious situation be-
cause the alpha particles are no w adjacent to li ve tissue and
could cause serious biological damage within that 70-microm-
eter track length. Inhalation and ingestion of alpha particles are
therefore the primary concern with respect to personal protec-
tion. If a patient has been e xposed to alpha radiation but is not
contaminated, there is no need for personal protection whatso-
ever. However, if the patient has been contaminated with alpha-
containing material, then removal of clothing and w ashing
should be sufficient to protect the medical personnel from risk.
In addition, application of a face mask and standard “universal
precautions” (which will be described later in this chapter)
should be sufficient for this purpose.

PROTECTION AGAINST BETA RADIATION

Beta particles have a range of ener gies, and their penetrating
power depends on the initial energy of the particle concerned.
There tends to be a range or gpectrum of energies for beta par-
ticles. Beta particles typically tra vel 1 to 3 meters in air and

just a few millimeters into tissue. Beta particles of higher ener-
gies can penetrate deeper into tissue. With internal intake of
beta particles, the depth of penetration into li ve tissue would
be the same. These particles can cause severe beta burns of the

191
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skin as was seen in the Chernobyl accident. They may also
cause severe internal damage if they enter the body via inhala-
tion, ingestion, or wounds. To shield against beta particles, a
light material such as aluminum is all that is required. In f act,
it is preferable to use materials such as aluminum to pre vent
Bremsstrahlung radiation. Bremsstrahlung radiation occurs
when beta particles come under the influence of a positive nu-
cleus. As a result of such close proximity and bending around
the nucleus, they slow down. As this occurs, it gives off heat
and x-ray electromagnetic radiation. This is more lik ely to
occur if a heavy material is used, such as tungsten. This is the
principle of an x-ray machine.

PROTECTION AGAINST GAMMA
RADIATION

Gamma rays, as with ordinary x-rays, penetrate right
through the body. The gamma radiation interacts with the
biological tissues and causes damage. Therefore this type
of radiation can produce the  acute radiation syndrome
(Chapter 16). Shielding required for this type of radiation
requires lead, concrete, or depleted uranium. Shielding at-
tenuates this type of radiation b ut does not completely
shield against it; ho wever, the amount of gamma rays that
penetrates the shield is so small that it is of no biological
significance. An important point to mention here is that if a
patient who has been irradiated by gamma rays only , this
patient is not radioactive and is of no danger to the medical
staff. The opposite may actually be true: the medical staff,
with the bacteria they normally carry, can endanger an im-
munocompromised patient. The reason in mentioning this
point is that there ha ve been a few cases around the w orld
where patients have been refused admission into the hospi-
tal because of concerns that the y might contaminate the
hospital. In these cases, there is no contamination, and
there is no residual irradiation on the patient. There is
therefore no danger the hospital or hospital staf f. Consider
a routine chest radiograph. After patients ha ve a chest
x-ray, they do not walk out of the x-ray department radioac-
tive. The same principle applies to gamma exposures.

NEUTRONS

Criticality accidents involving neutron exposures may actu-
ally cause the patient to become radioacti ve. The sodium in
our body has an affinity to capture neutrons, and in so doing
it changes from the normal Na-23 to radioacti  ve Na-24,
which has a half-life of 15 hours. This can be detected sim-
ply by placing an instrument on the abdomen of the patient
and having the patient bend over the instrument. The axillae
may also be used for this purpose. The instrument will then
detect any secondary gamma radiation. Neutrons are highly
penetrating and are shielded by material of high hydrogen
content such as wax or polystyrene.

TIME

Time is an important factor with respect to exposure; ideally
the time spent in a radiation en vironment should be as short
as possible. Experts, either at the scene of the incident or at

the hospital emer gency department, set specific limits of
dose for responders in an emer gency. The fact that such
threshold levels are set does not mean that the responders re-
ally receive this dose of radiation. Ideally, one should rotate
staff so that the dose is “shared,” keeping individual doses to
a minimum. There is a much greater risk of exposure to high
doses at the incident scene than in the hospital emer gency
department. In the hospital en vironment, the dose received
by hospital staff is generally low. Nevertheless, the practice
of rotating staff is important in both settings.

DISTANCE

Distance is an important f actor to tak e into consideration
when dealing with radiation. A useful rule of thumb is to re-
member the inverse square law: by doubling the distance the
dose is reduced to a quarter . In practical terms, the radiation
dose will be markedly reduced if one works a few extra feet
from the radiation source. If one considers being one foot
away from a radioacti ve source and the dose recorded from
the instrument reads 80 cGy (centi-Gray) by doubling the dis-
tance to 2 feet the instrument would read 20 cGy, a quarter of
the original dose. By doubling the distance again to 4 feet, the
dose would again be reduced by a quarter to 5 cGy . There-
fore, by increasing the distance to 4 feet, the dose has reduced
from 80 cGy to 5 cGy, for a total reduction in dose of 75 cGy.

SURGERY AND OTHER WORK VERY CLOSE
TO RADIOACTIVE SOURCES

When working very close to a contaminated patient, the
converse of the inverse square law applies. If performing
surgery or otherwise working in close proximity to the pa-
tients, the doses increase by the same “in verse square”
principle. By halving the distance the dose w ould go up
fourfold. As one approaches the source, the dose rapidly
rises. On actual direct contact with the source, the dose
could be very significant. It is important to remember to
never pick up a source with your fingers, no matter how
small it is. When working directly on wounds, it is prefer-
able to use 6-inch swab forceps not your fingers. The dose
resulting from direct contact of the w ound with your fin-
gers could be significant compared to the dose 6 inches
away using forceps.

QUANTITY

The quantity of radiation can be modif ied rapidly in a

contaminated radiation incident simply by remo ving the
clothing. This is particularly important if a lar ge number
of contaminated casualties arri ve at your facility. Taking
off the clothing reduces the contamination of the patient

by approximately 85% to 90%. Each individual’s clothing
should be double-bagged using polyethylene bags, which
are labeled with the patient’s name, date of birth, and time
the clothing was removed. This clothing must not be kept
in the emergency department but instead should be placed
outside the hospital in a designated area as determined by
the health physicist. In this way, a build-up of radioactive
material in the emergency department can be avoided, and



the staff will not be exposed to unnecessary irradiation. It
is also important to remove all radioactive waste from the
emergency department as soon as possible.

The preceding discussion endea vors to illustrate ho w
the important principles of time, distance, shielding, and
quantity of radiation are the key concepts to remember in
protecting hospital personnel.

TRIAGE CONSIDERATIONS

It may be anticipated that man y otherwise healthy b ut
concerned individuals will arrive at the hospital, demand-
ing treatment and reassurance. As such, it is recom-
mended that an area be designated to pro vide personnel
for monitoring and counseling. (See also Chapter 41.)

Individuals, who believe that they have been contami-
nated or irradiated b ut who have been shown not to be,
tend to suffer from stress, in some cases severe. In the ex-
perience of the author, the counseling team should consist
of a health physicist, a physician conversant with radia-
tion, a psychiatrist, and a radiation safety officer with in-
strumentation. Patients benefit from seeing the instru-
ments used. By using these de vices, the counseling team
can clearly demonstrate that the patients have no contami-
nation on them. This counseling center should be posi-
tioned away from the emergency center but within a short
distance of it. If the hospitals and emer gency services are
forewarned that a nuclear terrorist e vent has taken place
before the public are aware, then receiving centers can be
set up before victims arrive. One option is to use a nearby
public venue such as a sports arena. Triage can be set up
there and only patients requiring hospital treatment need
to be transferred to the hospital.

MEDICAL MANAGEMENT

PREPARING THE HOSPITAL AND STAFF TO
RECEIVE CONTAMINATED PATIENTS WITH
TRAUMA

Emergency departments are often accustomed to recei v-
ing occasional chemical casualties, and usually a small
area of an emergency department is designated for decon-
tamination and care of these patients. Such a small area
will most likely not be adequate in a terrorist e vent. Most
of the area in the emer gency department will be required
for this type of event, remembering that it is easy to scale
down but very difficult to scale up in an emer gency. It is
essential for the emer gency disaster plan to include the
possibility of radiation incidents. In a terrorist ¢ vent, the
number of people arri ving at the emer gency department
may range anywhere from just a few people to a crowd in-
volving thousands of people. With most serious disasters
around the world, only the most seriously injured people
have stayed at the accident site for initial triage. The vast
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majority of patients either found the hospital on their own
or used public transportation. This was seen in the 1995

Japanese terrorist attack with sarin nerve agent. In that in-
cident, approximately 500 people were taken to the hospital
by the general public before the f irst ambulance arrived.
Therefore, it is important that the hospital’ s emergency
plans be designed to cater to large numbers of people who
require triage and decontamination.

As with chemical incidents, patients should be prop-
erly disrobed and decontaminated prior to passing into the
emergency department. Triage is required to dif ferentiate
the type of patient you are dealing with. If the patient is
contaminated without any trauma, then facilities must be
put in place to enable remo val of clothing. This includes
washing facilities for decontamination of hair and sho w-
ering, biological sampling, and the provision of replace-
ment clothing. Ideally, the only patients who should then
be seen in the emer gency department are those who ha ve
been traumatized, have been irradiated to significant lev-
els, or have any likelihood of heavy contamination exter-
nally or internally. Ultimately they will be given treatment
depending on the radioactive isotope identified. Many pa-
tients may be followed up as an outpatient.

PREPARATION OF THE EMERGENCY
DEPARTMENT

Ideally, the emergency department should be divided into
two major areas: (a) a “dirty area” (contaminated) and (b)
a “clean area” (kept free of contamination). A third area
may be used in case of o verload (Fig. 15-1). The ventila-
tion system to the emer gency department should be com-
pletely isolated from the rest of the hospital,  and even
shut down if necessary. This prevents the transmission of
radioactive contamination to other parts of the hospital.
All unnecessary equipment should be remo ved from the
designated dirty area of the emer gency department. Any-
thing that cannot be remo ved should be co vered with
drapes. The floor should be co vered with an impervious
material and “taped do wn.” A typical practice is to use
common “butcher’s paper” and tape it do wn. Demarcate
the dirty area from the clean area by using colored floor
tape. Butcher’s paper is a good choice for a number of
uses. It is v ery strong and ine xpensive. If there are an y
splashes decontaminating a patient, the paper absorbs the
liquid and is easily identif iable. Once the splashing is
identified, one should mark around it with a mark er pen
and cover with a spare piece of the paper. Then one writes
on the patch the w ord “contamination.” Once all the pa-
tients have been dealt with, the specialist team will con-
centrate on the splashed areas f irst, by decontaminating
the area. When this has been completed, the rest of the
paper on the floor is removed and bagged. Final monitor-
ing of the area is carried out, and the emergency depart-
ment can then be used again for its normal functions.
X-ray facilities are an important consideration because
it is relatively easy to contaminate this department. F or
this reason, it may be advisable to use only portable x-ray
machines. The machines should be positioned on the edge
of the clean area. The x-ray head and arm of the machine
can be covered with a polythene bag so that the arm can
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Figure 15-1. Generic layout diagram of a hospital emergency department.

be maneuvered into the dirty area without contaminating
the x-ray machine. X-ray film cassettes should be placed
in a polyurethane bag before being transferred into the
dirty area.

Part of your resuscitation facility should be within the
dirty area to deal with emer gency traumatized patients.
You must deal with the trauma first before considering the
irradiation or contamination problem. If an endotracheal
tube is being inserted into a patient, a good practice is to
put a surgical hat over the patient’s hair. Following this
practice will prevent the clothing of the resuscitator from
becoming contaminated when inserting the tube, checking
placement, or auscultating the chest with a stethoscope.

The dirty area should containw  ash basins and a
shower, if possible, with a designated pathw ay to the
clean area for movement of patients. An operating theater
should be designated for severely injured patients. If pos-
sible, this should be situated close to the emer gency de-
partment. A patient requiring a life-saving surgical proce-
dure then may be tak en directly to the operating theater .
There may be concern about contaminating an operating
room. However, these theaters are designed to be decon-
taminated as a result of viral and bacterial agents so the y
can also be decontaminated as a result of radioactive con-
tamination. Patients who are being transferred to the oper-
ating room may be covered with a clean drape. To prevent
contamination of the hospital by the wheels of the gurney,
one may roll the wheels of the gurne y onto duck tape, at
the demarcation of the dirty and clean area barrier . This
will trap an y potential contamination on the gurne y
wheels. There should be provision for a designated path-
way for emergencies through the clean area if necessary
to access the operating room.

PERSONAL PROTECTION

PROTECTIVE CLOTHING REQUIRED BY
HOSPITAL STAFF

Hospital staff working in the “dirty” area should wear surgical
greens and gown, as well as work with “universal” (body se-
cretion) precautions. Surgical hood, mask and face shield, and
shoe covers or surgical boots are also included in this uniform.
Two pairs of surgical gloves are generally recommended, with
the inner pair being a different color than the outer. The second
color of the outer sur gical gloves allows for changing as one
moves from patient to patient. On some occasions people have
taken off the outer glo ves and forgotten to put a ne w set on.
The practice of using tw o colors allows the staff to be re-
minded when they take off the outer gloves. If the inner gloves
become contaminated, they can be removed under controlled
conditions and under the watchful eye of the health physicist.
They may then be replaced with tw o new sets of gloves. The
inner set of surgical gloves should be taped to the slee ves of
the surgical gown; the outer set of gloves is not taped. Also the
opening on the back of the surgical gown should be taped, just
as the surgical trousers should be taped to the surgical boots. It
is also advisable to wear a lightweight w  aterproof plastic
apron over the other garments.

DOSIMETERS

Dosimeters should be pro vided for each member of staf f
entering the dirty area. The characteristics of these devices



are described in Chapter 14 and include a quartz f  iber
dosimeter (QFD) worn just inside the neck of the sur gical
gown for easy access. The health physicist will monitor
the dose received by the members of staff in the dirty area
periodically. These devices give an instantaneous readout.
Dosimeters should be handled v ery carefully, as these de-
vices are sensiti ve to knocks or being dropped. Another
personal measuring device that, by law, must be worn is a
thermoluminescent dosimeter. This is worn on the anterior
chest underneath the sur gical gown. The thermolumines-
cent dosimeter cannot be read immediately and must be
sent to a re gistered dosimetry laboratory to be read. It is
important that you know in advance where this laboratory
is situated. Arrangements should be made with this labora-
tory in the e vent of an emer gency. There should also be
provision for supply of these dosimeters in the e vent of a
nuclear incident; ho wever, the hospital should already
have a limited stock of dosimeters and should pro vide for
the rapid acquisition of additional supplies if needed.

Instantaneous readout dosimeters are electronic devices
that can be worn by the individual or placed in a strate gic
position both in the dirty and clean areas so that e veryone
can see what dose is accumulating in that particular area.
Individuals need to wear personal dosimeters because our
body senses cannot detect irradiation. They also serve to
reassure the individual staff members because the actual
dose received will generally be very low.

In a radiation incident, staff should be committed into
the designated dirty area only as they are needed. This sit-
uation is different from the normal trauma disaster where
staff members are already at their designated positions.
The hospital will not kno w initially how many patients it
will be receiving; it could be one or tw o, or it could be
hundreds. The staff assigned to the dirty area will need to
undress in a specific order, handing over their dosimeters,
and to be fully monitored from head to toe to rule out con-
tamination. When done correctly, this procedure should
take between 5 and 10 minutes for each individual. Thus if
30 people are in the dirty area, it will take a few hours to
monitor the last staff members out of the dirty area if there
is only one exit monitoring team. Rotate staf f as much as
possible to share the dose. Also staff members should be
informed not to eat, drink, or smoke in or near the treat-
ment or decontamination sites. Also it is a good idea to re-
mind staff to use the rest room before entering the dirty
area, as they could be there for a long period of time. If
possible, a counseling team should be assigned specif i-
cally to the emergency staff. The emergency staff will not
have deep knowledge of radiation. Following the incident,
all staff members will need to be monitored fully , their
doses assessed, and reassurance pro vided by an e xpert.
There often will be a need for psychological support both
during and after the incident.

All hospital emergency staff should be able to use radi-
ation instruments in an emergency and differentiate among
alpha, beta, and gamma radiation. Unfortunately , quite
often these events happen during “off hours,” with a mini-
mum staff level. Not kno wing how to use these instru-
ments correctly can lead to major problems. Only by regu-
lar practice with these radiation instruments will the staf f
become competent. Common failures with instrumentation
are covered in Chapter 14.
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REMOVING CLOTHING FROM THE PATIENT

There is a slight difference between the patient arriving by
ambulance and the patient arriving at the door of the emer-
gency department. The patient arriving by ambulance may
already be wrapped in blankets. Before transferring the pa-
tient onto a hospital gurney, place two sheets on the gurney
and then transfer the patient. The contamination is con-
tained on the inner surface of the blankets that the patient
is wrapped in, and on the outer surf ace of the patient’ s
clothing. One should roll the blankets from the outside in,
thus trapping the contamination, which is on the inside of
the blanket. While being conscious of the potential for
contamination on the outside of the patient’s clothing, care-
fully cut the clothing away from the face down both arms
and legs. Do not put the clothing under tension when cut-
ting because this tends to release contamination into the
air in the region of the faces of the emergency staff carry-
ing out the procedure. Once the clothing is cut,  roll the
clothing from the inside out to trap the contamination in-
side the clothing. There will be two rolls on either side of
the patient, including the clothing along with the blankets.
One side of the top sheet is carefully folded, placed by the
side of the patient, and then rolled up. The same procedure
is carried out on the other side. The patient can then be
rolled over onto the second clean sheet. The top sheet,
which now contains the contaminated clothing and blan-
kets, is folded at both ends to prevent venting of the radioac-
tive material when rolling up the contaminated clothing.
This clothing is then carefully placed in a polyethylene bag
and sealed. Footwear is removed by encasing each shoe in a
polyethylene bag and then pulling the shoe off. The contam-
inated shoe is then contained in the polythene bag.

The contents of the bag are then placed in another
polyethylene bag and labeled with the patient’s name, date
of birth, and the time the clothes and shoes were removed.
The contaminated clothing is immediately remo ved from
the emergency department to the designated contamina-
tion collection site outside the hospital. At a later stage,
the contaminated clothing will be assessed by health
physicists to determine the amount of contamination each
individual was subjected to and to aid in determining
what contribution to the total dose the patient received.

Patients who walk into the hospital should wear a mask
prior to and during the remo val of contaminated clothing
to prevent inhalation of airborne particles. A staff member
should aid the patient in carrying out this procedure. Once
the clothing has been removed from these patients, the pa-
tients should be surveyed with the radiation instruments,
and any necessary biological samples should be then
taken from the patient. Typically these samples include
nasal swabs, nose “blows,” throat swabs, all urine, feces,
and a blood sample.

Great care must be tak en with decontamination be-
cause significant amounts of fluid are required. It is v ery
easy to contaminate oneself by not follo wing the correct
procedures. In general, the priority is to decontaminate
wounds first and then to decontaminate the remaining
skin. To care for a wound, place a cover over the area, and
surround the wound with waterproof drapes. These drapes
must be taped do wn. The drapes should be arranged to
provide a run-off for the irrigation fluid into a collecting
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container, such as a polyethylene bag placed into a garbage
can. The initial count reading of the radiation instrument
is recorded. The wound is then irrigated with sterile saline
using a 50 cc syringe se veral times, ensuring that all the
washings are collected into the polyethylene bag. The drapes
around the wound are remo ved and placed in the same
bag as the washings. The wound is then dried and moni-
tored again. It is important that the drapes be remo  ved
prior to conducting these repeat measurements because
these drapes can cause f alse readings on the measuring
device. After irrigation, the radiation count of the w ound
should be reduced. This procedure may be repeated se v-
eral times until the wound is completely free of contami-
nation. Ideally, the wound will be irrigated until the radia-
tion count has become equal to the background radiation.
However in some instances complete decontamination of
the wound cannot be achieved. Such cases require referral
for surgical debridement of the wound.

If there is localized contamination of the skin adjacent
to the wound, then the same procedure is carried out with
respect to draping the area. Ho wever, one should apply
soapy swabs, working from the outside edge of the con-
taminated skin to the center. This procedure is usually re-
peated several times. A detailed procedure is described in
Chapter 16.

All the washing fluid and material remo ved from the
wound are collected and sa ved for future analysis by the
health physicist to determine the dose recei ved to the tis-
sues of the w ound in order to determine if there will be
any long-term ef fects as a result of radiation e xposure
from the radioacti ve contamination. Sometimes lar ge
quantities of sterile normal saline are used to decontami-
nate a wound. It is critical that these procedures be carried
out meticulously so that the medical staf f do not become
contaminated.

SHOWERING

In the current atmosphere of terrorism preparedness, many
hospitals are becoming prepared to perform sho  wers on
large numbers of people. (See also Chapter 29.) In the ter-
rorist situation, the hospital could be faced with hundreds of
people requiring radioactive decontamination. If the hospi-
tal receives warning about an incident before the general
public becomes aware, then one option might be to use a
sports stadium or other lar ge venue that has both sho wers
and toilet facilities. The hospital will undoubtedly be inun-
dated with large numbers of indi viduals who suddenly ar-
rive, creating a difficult problem. Of course, it is not possi-
ble to produce sho wers immediately without adv anced
preparation. If such an irrigation system is not immediately
available, it may be necessary to transfer the patients to an-
other site that has these facilities.

Typically showers may be set up in a lar ge covered
parking area with plumbing. Both hot and cold w ater ter-
minals are required. Garden hoses and showerheads could
be attached to these terminals. One method of decontami-
nation involves the use of showers at two levels: high and
low. The lower level shower head is used to decontami-
nate only the hair on the head, while the higher shower is
used to decontaminate the whole body . The hair of the
head should be decontaminated first. This is achieved by

bending the patient o ver the improvised container, while
making sure to a void runoff of contaminated w ater onto
the rest of the body . If this is not done properly , runoff
may contaminate hair in the chest, axilla, and pubic re-
gion. Once the hair has been decontaminated, then the pa-
tient is placed under the sho wer. In colder climates, tem-
porary winter heating is used to prevent hypothermia. The
contaminated water should also be collected. Proper
screening should be pro vided to allow discreet lanes for
males and females. After decontamination, clean clothing
will be required for all patients. Protecti ve clothing is re-
quired for hospital personnel who assist patients with de-
contamination. This typically consists of w  aterproof
clothing and boots together with a mask and splash visor
and a waterproof hood. Hospital staff must also wear the
relevant dosimeters as discussed previously.

In conclusion, personal protection against irradiation and
contamination involves the provision of protective clothing
and dosimeters to members of the staff, as well as the ability
to carry out decontamination procedures correctly . Staff
members should also be trained in the proper use of radia-
tion instruments and interpretation of the results. Ulti-
mately, this requires regular training and exercises.

Staff members will initially be very apprehensive about
treating irradiated or contaminated patients. With proper
training and preparation of the hospital f acilities, expo-
sures will be kept to very low, safe levels. However, if the
correct procedures are followed, the dose to the staff will
be very minimal. International incidents in volving expo-
sure to radiation have illustrated this point. An example of
this was seen in an incident in Goiania, Brazil, where a
number of patients were heavily contaminated both exter-
nally and internally. Some of these patients also suf fered
from acute radiation syndrome and required treatment for
several months. In spite of this, the average dose received
by the medical support team was less than 1 rem (5 MSv)
radiation because of the proper attention to the procedures
described in this chapter.

SUMMARY

If faced with an irradiated or contaminated patient,
medical staff willbev ery apprehensive about
providing treatment because their medical training
did not cover managing this type of patient. It is
essential that medical staf f be trained to deal with
these patients and at the same time kno w how to
protect themselves. After the medical staff has been
trained, their fear of treating patients who ha  ve
been irradiated or contaminated will disappear
Exercises on relevant procedures on a regular basis
should be carried out to reinforce and maintain
knowledge and skills. The training for doctors,
nurses, paramedics, and health physicists can be
obtained. One center that pro vides training on a
regular basis is the Radiation Emergency Assistance
Center/Training Site (REAC/TS). See the resources
section for more information.



RESOURCES

1. Radiation Emergency Assistance Center/Training Site
(REAC/TS) Web Address:
http://www.orau.gov/reacts/default.htm

QUESTIONS AND ANSWERS

1. Personal protection for incidents involving radioac-
tive materials should be integrated into an all-haz-
ards approach to disaster planning. Important fea-
tures to include in such planning include all of the
following, EXCEPT:

A. Predetermination of hospital and emergency de-
partment layout and staffing for triage, decontami-
nation, and management of victims

B. Distribution of alpha-detectors and potassium io-
dide pills to all medical personnel before radiation
accidents

C. Proper training and availability of equipment for
use of personal protection

D. Knowledge of where expert advice can be ob-
tained over the telephone and the time interval it
would take for experts to arrive on request

E. Awareness of specialized centers in the area where
patients can be transferred if needed, and preexist-
ing written understandings with these institutions

2.What isthe source of radiation?
A. Alpha and beta particles
B. Neutrons
C. Electromagnetic waves including gamma and x-
rays
D. A+C
E. A+B+C

3.Which of the following statements about alpha parti-
clesisFALSE?

A. Alpha particles, which produce dense ionization,
can only travel in air a centimeter or two and only
up to about 70 micrometers into tissue.

B. The penetrating power of alpha particles is very
poor and can be stopped completely by a piece of
paper.

C. Since the outer layers of skin are dead and gener-
ally thicker than 70 micrometers, alpha particles
externally generally do not cause biological dam-
age.

D. If an alpha particle enters the body, it may be adja-
cent to live tissue and can cause serious biological
damage within that 70-micrometer track length.

E. If a patient has been contaminated with alpha-con-
taining material, potassium iodide will completely
obliterate any adverse effects.

4.Which of the following statements about gamma rays
isFALSE?
A. A patient who has been irradiated by gamma radia-
tion is likely radioactive and is generally dangerous
to the medical staff.

Chapter 15 Personal Protection and Decontamination 197

B. Gamma rays, as with ordinary x-rays, penetrate
right through the body.

C. Gamma radiation interacts with the biological tis-
sues and causes damage; therefore, it can produce
the acute radiation syndrome.

D. Shielding required for this gamma radiation re-
quires lead, concrete, or depleted uranium.

E. Shielding attenuates gamma radiation, but does not
completely shield against it; however, the amount
of gamma radiation that penetrates the shield is so
small that it is of no biological significance.

ANSWERS

1: B. Digtribution of alpha-detectors and potassiumiodide pillsto
all medical personnd before radiation accidents.

2: E. Alpha and beta particles, neutrons, and €l ectromagnetic
waves including gamma rays and x-rays.

3. E. If apatient has been contaminated with alpha-containing
material, potassiumiodide will completely obliterate any
adverse effects.

4: A. A patient who has been irradiated by gamma radiationis
likely radioactive and is generally dangerous to the med-
ical staff.
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Treatment of Radiation Exposure
and Contamination

Keith Edsall and Daniel C. Keyes

ost physicians have little knowledge about treating
Mradiation injuries because the subject is not included

in the medical school curriculum. Radiation acci-
dents are not common e vents; however, a number have oc-
curred throughout the world in recent years. Se veral interna-
tional terrorist e vents have demonstrated the threat of
biological, chemical, and nuclear terrorism. Experts w orld-
wide agree that the possibility of a nuclear terrorist threat e x-
ists. Since the devastating attack on the World Trade Center in
New York, the sarin attack on the subway system in Japan, the
train bombings of Madrid, Spain, in 2004, and various other
terrorist bombings, concerns have now changed from “if  to
“when” terrorists will attempt a nuclear attack of some sort.

This chapter discusses how to diagnose, investigate, and
provide initial treatment with respect to irradiation and con-
tamination of patients. Ev ery specialty within the hospital
will be involved in one way or another with the treatment of
these patients. These include emergency physicians, hema-
tologists, pathologists, microbiologists, toxicologists, gen-
eral and plastic sur geons, dermatologists, nutritionists, and
intensive care specialists, to name but a few. There will also
be a requirement for nuclear , medical, and health physics
specialists such as those from REA C/TS (Radiation Emer-
gency Accident Center and Training Site) located in Oak
Ridge, Tennessee, to be involved. REAC/TS is one of the
World Health Or ganization—designated collaboration cen-
ters for support and advice in the ¢ vent of a radiation acci-
dent. However, these specialists will take time to get to you,
with delays estimated at 12 to 24 hours depending on your
geographical location. Thus for the first few hours you will
be on your own. But you should plan to ha ve a direct com-
munication link with an or ganization such as REA C/TS,
which will be able to offer advice.

In the terrorist event you will not know what radioactive
isotope/isotopes you are dealing with initially, and this will
take time to identify. If a dispersal de vice using explosives
has been used, your facility could receive hundreds of wor-
ried people. Some of these indi viduals will be traumatized,
irradiated, and contaminated, some without trauma but ex-
posed to radiation, and some who are possibly contami-
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nated. It may be assumed that the majority of people who
believe they have been irradiated or contaminated in actual
fact are not. With most disasters people tend to go straight to
the hospital and not w ait for emergency services to arri ve.
This has been well documented after man y major disasters
that have occurred around the w orld. If instead sealed
sources were strate gically placed or an isotope w as dis-
persed without the use of ¢ xplosives, the patients w ould
likely arrive at different hospitals or medical facilities over a
period of time complaining of various ailments that initially
would not be attributed to irradiation. Therefore vigilance is
of prime importance, and radiation should be added to the
differential diagnosis.

ACUTE RADIATION SYNDROME

Before discussing acute radiation syndrome (ARS), the con-
cepts of both cell death and the LD 5, must be understood.
Cell death is defined as the stopping of cell division and not
the killing of the cell outright. Significant doses of radiation
can prevent cell division, whereas very high doses are re-
quired to kill the cell outright. Rapidly dividing cell popula-
tions within the body are very sensitive to radiation such as
the hematopoietic cell lines of the bone marrow and the ep-
ithelial cells lining the small intestine.

Our body senses cannot detect radiation, so we must rely
on instruments to measure an'y exposure. Experiments were
carried out on animals in the late 1940s and early 1950s to
determine the acute dose of whole body exposure required to
kill 50% of the animals in a set period of time,  usually 30
days, known as the LD 530. The dose required v aried from
animal species to species. In general, the smaller the animal,
the higher the LD 543,. For example, the goat requires only
3.5 Gy (350 rads), whereas the frog must receive the higher
dose of 7 Gy (700 rads). Other factors influence the suscepti-
bility to radiation, including age, sex, genetic considerations,
health, and the nutritional status of the animals. With respect
to humans, very limited information is available to be certain
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of the LD5,. With information from accident data and results
from human studies on patients after the dropping of the
atomic bombs on Hiroshima and Nagasaki, the LDs for hu-
mans is believed to be in the region of 2.5 to 4.5 Gys (250 to
450 rads). ARS in humans takes longer to express itself com-
pared to animal data and is closer to 60 days. Therefore in
humans we talk about the LD 5, defined as the lethal dose
required to kill 50% of the population within 60 days.

To produce classical ARS, certain parameters are re-
quired. Of particular importance is the presence of a high
dose delivered very rapidly at a high dose rate. Also the ra-
diation must be penetrating, and it is usually the result of
whole body exposure. Note that the source of radiation is
not important. It is immaterial what the radioacti ve source
is, whether the source is from a reactor or from sealed or un-
sealed containers used in industry or medicine. If the dose is
high enough, it will produce the same biological damage.

ARS follows a set course, which will express itself within
hours to weeks depending on the level of dose received. The
syndrome can be divided into four phases: (a) the prodromal
phase, (b) the latent phase, (c) the illness phase, and (d) the
phase of final outcome, either recovery or death. ARS can be
expressed as injury to several major organ systems including
the hematopoietic, gastrointestinal, pulmonary, and finally
the cardiovascular and central nerv ous system (CVS/CNS)
syndrome. The expression of damage to these organ systems
depends on the dose recei ved. The hematopoietic syndrome
is seen within the dose range of 2 to 8 Gy (200 to 800 rads).
The gastrointestinal syndrome is seen in the dose range of 8
to 30 Gy (800 to 3,000 rads). The CVS/CNS syndrome is in
the range of 30 Gy (3,000 rads) and upward. Note that as the
dose increases, the survival time decreases. If untreated,
death from the hematopoietic syndrome will occur within 60
days. Death from the gastrointestinal syndrome will occur
within 1 to 2 weeks, and CVS/CNS syndrome death is the
most rapid, usually occurring within 48 hours (Table 16-1).

THE PRODROMAL PHASE

After exposure to radiation, several vague, nonspecific symp-
toms begin to occur, known as the prodromal phase. The
time to onset of the prodromal phase of signs and symptoms
can be from minutes to hours depending on the dose re-
ceived. Anorexia, vomiting, and diarrhea are the main symp-
toms and signs. The most important indicator of prognosisis
the time of onset of vomiting following irradiation. Vomiting
within 2 to 4 hours is an indication of a high dose of radia-
tion. Other signs and symptoms are the de ~ velopment of
headache and a rise in core temperature. At doses below
1 Gy (100 rads) there are very few signs and symptoms, and

these patients can be sent home and followed up on an outpa-
tient basis. At doses of 1 to 2 Gy (100 to 200 rads), vomiting
will develop in a number of patients, and it is advisable to
admit these patients for observation. At doses in the range of
2 to 4 Gy (200 to 400 rads), vomiting is noted in the majority
of patients. This occurred within the f irst 2 to 8 hours. In
doses of 4 to 8 Gy (400 to 800 rads), vomiting occurs in only
2 hours. At doses above 8 Gy, vomiting is severe, starting
much earlier, within the first hour or so.

POTENTIALLY MISLEADING
PRESENTATIONS

A word of caution is warranted from the experience of sev-
eral radiation accidents around the w orld. The prodromal
phase is sometimes misdiagnosed or not € ven seen. In sev-
eral cases the patients were thought to ha ve “food poison-
ing,” and it was only after a fall in the white cell count (lym-
phocytes, granulocytes, and platelets) that medical personnel
realized they were dealing with a radiation incident. ~ An-
other lesson to be learned was from the Goiania accident in
Brazil, where out of the 112,000 people monitored, approxi-
mately 8,000, who had no radiation exposure presented with
either erythematous rashes or nausea or vomiting. Of course
these people were concerned that they, too, might have been
exposed (1).

THE LATENT PHASE

During the latent phase, the patient appears asymptomatic.

This phase typically lasts from 2 to 4 weeks. Ho wever, if the
dose received by the patient is very high, the latent phase can
be shortened. Occasionally, the patient goes directly into the

illness phase. During the latent phase, the patients are asymp-
tomatic; however, it is during this period that rapidly dividing
cell populations become depleted and patients be gin to de-
velop infections. These patients will usually require prophy-

lactic antibiotics, antiviral agents, and antifungal agents.

THE ILLNESS PHASE

The illness phase is expressed by the damage to the specific
organ system and depends on the level of whole body expo-
sure dose received by the patient. Great strides ha ve been
made toward treatment of the hematological system, but un-
fortunately this is not the case for the “full-blown” gastroin-

VARSIl Characteristics Features of Clinical Syndromes Resulting from Radiation Exposure

SYNDROME | KEY CHARACTERISTICS DOSE RANGE USUAL TIME TO DEATH
CVS/CNS Cardiovascular and brain failure | 30 Gy (3,000 rads) 48 hours
Gastrointestinal Small intestine failure 18 to 30 Gy (800 to 3,000 rads) 1 to 2 weeks
Hematopoetic Bone marrow failure 2 to 8 Gy (200 to 800 rads) 60 days
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testinal syndrome or the CVS/CNS syndrome. For the latter
two, at present no treatment is available that can confidently
bring about a full recovery.

DEFINITIVE OUTCOME:
THE PHASE OF RECOVERY OR DEATH

Recovery of these patients can tak e weeks to months and
follow-up will be required for the rest of their lives.

ASSESSING AN IRRADIATED CASUALTY

When assessing a casualty from a terrorist e vent, a number
of distinct scenarios are possible. The patient could have in-
juries resulting from the use of e xplosives. The patient may
have received whole body or partial body irradiation, and
the patient may be externally or internally contaminated.
Various combinations of these may occur together in a sin-
gle patient. The time interv al between when patients re-
ceived the dose to when the y develop signs and symptoms
could range from a few days up to 3 weeks.

Remember that the irradiated patient is not a “medical
emergency.” No immediate intervention will make a differ-
ence to the survival of the patient. When caring for a trau-
matized irradiated patient, your first priority is to stabilize
the patient for the trauma, not radiation. After the patient
has been stabilized, proceed to focus on the problems of ir-
radiation and contamination. Note that radiological contam-
ination differs from chemical decontamination, where early
decontamination is the rule. This is because with radiation
exposures, the causative agent can be detected immediately
with instrumentation. Also, staff members are wearing pro-
tective clothing with dosimeters. It is therefore possible to
monitor them and have them rotate into or out of the en vi-
ronment if needed. Hence, with respect to radiation, it is
often said, “You will be thanked for a live contaminated pa-
tient; however, you will not be thanked for a clean corpse.”

IMPORTANT CLUES FROM
THE PATIENT’S HISTORY

Several important variables may be obtained from simply talk-
ing to the awake and oriented patient. For example, did the pa-
tient develop nausea, vomiting, and diarrhea recently? What
time did the symptoms start, how long did they last, and was it
diagnosed as food poisoning? Did the patient recei ~ ve any
treatment for the vomiting? Other important information may
be obtained by directed questions. Were any other people in-
volved? Was the patient aware of where he or she w as on that
particular day? If the patient noticed skin redness, when and
where did it occur? Did it disappear, has it reoccurred, and are
there any areas of dry peeling or blistering of the skin?

The past medical history of the patient is also important. Ask
if there is an y history of renal disease, for example, because
most interventional drugs used for remo val of internal radioac-
tive contamination are excreted through the kidneys. Has the pa-

tient had any nuclear medicine procedures with radioactive iso-
topes? If so, when were these performed? There has been the
odd case where it w as believed the patient w as contaminated
with radiation, only to learn later the patient had a recent nuclear
medicine procedure. Inquire about the f amily medical history,
and then carry out a full medical e xamination. If anything sug-
gests radiation injury, photograph the involved site (2).

BIOLOGICAL SAMPLING:
LABORATORY TESTS FOR PATIENTS
WITH ACUTE RADIATION EXPOSURES

BLOOD

1. Obtain a complete blood count and white cell differen-
tial. Repeat every 4 to 6 hours, especially monitoring the
lymphocyte count. By plotting the lymphocyte curve and
comparing it to the Andrews lymphocyte curves, you can
predict the prognosis and clinical course of the patient
(3,4) (Fig. 16-1).

2. Obtain a full hospital biochemical laboratory screening as
baseline information.

3. If you believe you are dealing with a criticality incident with
the possibility of exposure to neutrons, send blood sample for
identification of radioactive sodium. Natural body sodium 23
(Nays) has the affinity of absorbing neutrons, changing it into
radioactive Na,,, which is a beta and gamma emitter. Nay,
has a half-life of approximately 15 hours.

4. Take a blood sample for cytogenetic analysis, and send it to
a designated laboratory capable of doing chromosome
analysis. They will be looking for “dicentric malforma-
tions” in the chromosomes. The dose to the patient (up to
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Figure 16-1. Andrews lymphocyte—prognosis nomogram.



10 Gy) can be determined. The lower limit of detection is
in the region of 150 to 200 mGy (15 to 20 rads). Lympho-
cytes are required for this analysis. The lymphocytes are
made to divide, fixed in metaphase, and the dicentric le-
sions are counted. The results of this laboratory test will
not be available for a few days. Bender first proposed the
use of dicentrics as a biological marker of radiation injury
(5). However, some limitations exist with the interpretation
of these results (6).

5. Take a blood sample for full human leukocyte antigen
(HLA) typing. Also ABO blood typing and Rh blood
grouping should be performed in case the patient requires
blood transfusions or stem cell transplantation later.

6. For patients with potential or confirmed internal contamina-
tion, several samples are required. Save urine and fecal sam-
ples. Fecal samples are very important with respect to intake
of insoluble radioactive isotopes located in the lungs or gas-
trointestinal tract. Fecal samples are often very difficult to
obtain, especially in those individuals who are treated as out-
patients. Stress the importance of these samples to the pa-
tients. Biological models used by the health physicist can
determine the body burden of the relevant organ by the ra-
dioactive isotope involved using these samples.

7. Take a nasal swab specimen from each nostril, recording
the time the swabs were taken and also the time the patient
was removed from the radiation environment. Approxi-
mately 5% of the total radioactive material is held in the
nares in the 1.5 hours after exposure. After this time, there
tends to be clearance from the nose. Hence if you obtain a
low reading from the nasal swabs more than 1.5 hours fol-
lowing exposure, this reading could represent a falsely low
reading. The patient may have inhaled a significant amount
of radioactivity (7). Be sure to record the time the swab
samples were taken following exposure.

8. Other nonbiological samples to be taken are from the cloth-
ing and wound dressings of the patient. These should be
sent to a nuclear laboratory to identify the isotopes you are
dealing with, if you are dealing with a contamination.
However, with the instrumentation used in your clinical
setting, only the types of radiation produced are detected,
not the actual isotopes. You may also take samples from
metal objects such as jewelry and even the patient’s med-
ication. In the early 1980s, a radiation accident occurred in
Norway. In this case, the health physics specialists at the
time were able to calculate the dose to the patient by meas-
uring the dose received to his angina medication (nitro-
glycerine tablets). This was achieved by using a technique
known as electron spin resonance dosimetry (8).

ASSESSING THE PATIENT

The key blood test to monitor is the white cell dif ~ ferential
count, which should be obtained every 4 to 6 hours for the first
24 to 48 hours. You may then display your results graphically
and determine the prognosis of the patient.

An indication of the dose the patient has recei ved can be
estimated from the time of onset of v omiting initially, as al-
ready mentioned. The major problem is the time the patient
presents to you after irradiation. Immediately following the ra-

Chapter 16 Treatment of Radiation Exposure and Contamination 161

diation exposure, there will be a rise in granulocytes, which is
considered the trauma steroid response (“demargination”), fol-
lowed shortly by a fall in the lymphocyte count. The lympho-
cyte cell line is very sensitive to irradiation. As described ear-
lier, the Andrews lymphocyte curves can give an indication of
the severity of the ef fect of irradiation on the hematopoietic
system (9).

The Andrews nomogram gives a useful indication of the
prognosis with respect to the patient. At very high dose ranges,
the lymphocyte pool can be completely depleted within a 24-
to 48-hour period. Therefore if the patient arri ves for medical
assessment more than 48 hours after the e xposure and has re-
ceived a significant high dose of irradiation, the patient will
have no lymphocytes for the dicentric chromosomal analysis
mentioned earlier (Fig. 16-2).

When one follows the general trend of the fate of the gran-
ulocytes, the nadir (lowest point) usually occurs at around 20
to 30 days after the e xposure, with recovery taking place at
around 30 to 40 days, depending on the dose of radiation re-
ceived. At very high doses, one can expect no recovery at all.
In the dose range of 2 to 4 Gy (200 to 400 rads),one might see
an “abortive attempt” of granulocyte recovery. This may mis-
lead the clinician into thinking the patient is reco vering. The
platelets are also v ery sensitive to irradiation, and their nadir
tends to be slightly later than the granuloc ytes. The conse-
quences of failure of these three cell lines will f inally lead to
severe infection and hemorrhage if not properly treated.

SPECIFIC TREATMENT
FOR RADIATION INJURY

Treatment of radiation exposure depends largely on the organ
systems involved and the e xtent of exposure. Among those
who survive trauma and the initial phase of radiation sick-
ness, the hematopoietic system is the most important focus
of treatment in these patients.

Treatment of the hematopoietic syndrome is quite a so-
phisticated undertaking, often involving the use of cytokines,
peripheral blood stem cells, platelet growth factors, platelet
transfusions, cord blood stem cells, and bone marrow trans-
plants. These approaches have sometimes been successful in
supporting the patient during the hematopoietic crisis. Treat-
ment in a number of cases was given in the nadir phase of the
syndrome because the radiation accident w as not identified
until the latter part of the latent phase. The consensus now is
to give cytokine treatment as soon as possible if the dose re-
ceived was high enough to severely affect the stem cell lines.

CYTOKINES IN THE TREATMENT
OF THE HEMATOPOIETIC SYNDROME

A specific class of drugs used to stimulate the bone marro w
stem cells is the cytokines. These include granulocyte colony
stimulating factor (G-CSF filgrastim) and granulocyte macro-
phage colony stimulating f actor (GM-CSF sar gramostim).
The current drug of choice is G-CMF because it has fe =~ wer
side effects. However, it tends to delay the reco  very of
platelets, and platelet transfusions are generally required.
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Figure 16-2. Damage to white blood cell lines over time.

When using G-CSF, platelet recovery ensues only after admin-
istration is stopped. In various accidents around the world, both
G-CSF and GM-CSF ha ve been used. GM-CSF w as used in
Goiania (3) where the patients were in the nadir phase. This re-
sulted in recovery of some patients, but for those who did not
survive it was believed no stem cells were left for the cytokines
to act on. In the case of the Soreq accident in Israel, the patient
was given GM-CSF within the first 24 hours and also received
a bone marrow transplant 4 days follo wing the accident (10).
This was the first patient to receive the cytokine within the first
24 hours. Unfortunately, the patient succumbed to pneumonia
and multiorgan failure and died approximately a month later.

Peripheral blood progenitor cells (PBPC) have also been used
to treat the hematopoietic syndrome. Approximately 10% of pe-
ripheral blood is made up of these progenitor cells. These may be
obtained by apherisis and ¢ xpanded by c ytokines in vitro and
then transferred back into the patient (11).

One newer technique involves the use of hematopoietic
cord blood cells (stem cells). These are obtained from the um-

bilical cord of the placenta at the time a baby is delvered. The
cord blood is screened at the time of collection to rule out in-
fectious diseases and then HLA typed. It is stored in liquid ni-
trogen. Umbilical cord blood has been used to treat a number
of genetic and malignant diseases in children; a single collec-
tion would be sufficient to treat a child. So f ar cord blood
transplants have been associated with reduced graft v ersus
host disease (GVHD). In fact, in some cases full HLA typing
was not achie ved where cord blood stem cells were used.
Very little is kno wn about treating the adult in the accident
situation. Umbilical cord blood transplant w as used to treat
one of the patients in the Tokaimura accident in Japan.

An excellent discussion about the management of hematolog-
ical cell transplantation has been published (12,13). It has shown
experimentally that cord blood cells can be obtained from deli v-
ery wards; matched for HLA, ABO, and Rh; and stored at nor-
mal blood storing temperatures of 4°C. Using this technique,
cells were viable for another 10 to 21 days using gas permeable
bags perfused with oxygen (14). This resulted in a reduction in
the T-cell lymphocytes at a later stage. Hence it may be useful to
consider this approach during radiation emergencies.

The major problem of HLA mismatch is it can cause GVHD.
In this condition, the implanted blood progenitor cells react
against the patient in whom the y were implanted. Cord blood
cells may have fewer problems with GVHD. It is known, for ex-
ample, that some children treated for cancer with cord blood
stem cells without full HLA typing did very well. The numbers
of cord blood stem cells required for an adult in an emer gency
are not known; howeyver, it is known that there are more stem
cells per milliliter of cord blood compared to bone marrow. The
concept of using cord blood in an emergency in the future is that
these cells will be harv ested at the time of each indi  vidual’s
birth. They are then stored in case the y are needed at some fu-
ture time. There is no invasive painful harvesting procedure as
there is in bone marro w harvesting. Usually patients who re-
quire transplant receive their transplants within 3 to 5 days (15).

Platelet growth factors, thrombopoietin (TPO), and mega-
karyocyte growth and de velopment factor (MGDF) are other
modalities currently under in vestigation for the stimulation of
platelet production to prevent hemorrhage (15). Before the intro-
duction of these growth factors, the only treatment available was
platelet transfusion. TPO administered immediately postirradia-
tion is recommended by most specialists; ho wever, it has not al-
ways been successful, and further research is required to def ine
its role fully in treating victims of radiation illness.

TREATMENT OF THE
GASTROINTESTINAL SYNDROME
AND CVS/CNS SYNDROME

There is currently no treatment for full reco very for either of
these syndromes. Ifa high le vel of radiation e xposure oc-
curred, the gastrointestinal syndrome will ensue and patients

will suffer from vomiting and diarrhea. Sometimes the diar-

rhea will be bloody and e xplosive. Injury from irradiation is

mostly confined to the lining of the small intestine, especially
the villi and crypts. This results in shrinkage, ulceration,
bleeding and sloughing of the internal lining, and loss of func-
tion. The inner lining loses its inte grity, resulting in loss of
electrolytes and important fluid loss. Also there is invasion by
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bacteria or bacterial toxins through this defecti ve barrier. This
usually leads to infection, septicemia, and death.

Vomiting can be treated with odansetron, a 5-HT3 receptor
antagonist (16). The commonly recommended practice is to
“sterilize” the intestines by using prophylactic antibiotics.
Treatment of these syndromes is being in vestigated, but cur-
rently there are not many satisfactory alternatives.

LOCAL INJURIES

Local injuries, including trauma and radiation skin injuries,
are very important. If the patient is suf fering with the acute
radiation syndrome and trauma, there is only a 24- to 48-hour
window of opportunity a vailable to operate. After this time,
patients typically de velop the hematological syndrome and
become immunocompromised. Patients who receive surgery
during this time are prone to develop serious infections, often
leading to death. If this window of opportunity is missed, sur-
gery must be delayed until reco very of the bone marrow has
taken place. Note that for patients with both trauma and irra-
diation, the dangers are far greater than with irradiation alone.

Skin injuries can re veal a probable dose that the patient
has received to the particular part of the body. The clinical ex-
pression of skin injuries can be di vided into epilation, ery-
thema, dry desquamation, wet desquamation, and finally
necrosis. These are deterministic ef fects, in that there is a
threshold dose for each one of these.

Epilation is the loss of body hair . The dose required to
produce this is 3 Gy (300 rads). It usually takes 2 to 3 weeks
to fully develop, and it is important to e xamine the whole
body, especially arms and legs and chest. If a lesion is pres-
ent, it is useful to take photographs.

Erythema is manifested at v arious times depending on the
dose. If a part of the body is exposed to 3 Gy, the erythema takes
3 weeks to occur. At a dose of 6 Gy, the erythema will occur in
only 24 to 48 hours. It then tends to disappear and reoccurs a
few days later. Therefore the patient must be checked on a regu-
lar basis in the initial phase and serial photographs should be
taken of the injury. Erythema that occurs minutes after exposure
may be due to the chemical nature of the radioactive isotope and
does not necessarily have any prognostic significance.

Dry desguamation is a dryness or peeling of the skin simi-
lar to that seen with sunb urn without blisters. The dose re-
quired to produce this ef fect is 10 Gy (1,000 rads), and the
time to expression is 2 to 4 weeks. Moist desquamation can
present with small blisters, and as the dose increases these can
coalesce into large blisters. The dose range for this lesion is
from 15 to 25 Gy, and the expression of these injuries occurs
after about 2 to 8 weeks depending on dose. Finally necrosis
of the skin results with doses above 50 Gy (5,000 rads), occur-
ring from days to weeks. By e xamining these types of injury
one is able to achie ve a rough assessment of the dose the pa-
tient has received to that particular part of the body.

CONTAMINATION

Contamination can be di vided into e xternal and internal,
and both of these can occur at the same time. The radioac-

tive material can either be in a gas, liquid, or solid form and
can therefore contaminate a victim in several ways.

External contamination is most often the result of ra-
dioactive material being released into the atmosphere (“fall-
out”). The fallout settles on indi viduals or populations
within a limited region. Since 90% of one’s body is covered
with clothing, simply by remo ving the clothing carefully
one can eliminate 85% to 90% of the contamination. The re-
maining exposed parts include the head (hair , face, neck)
and hands, providing there has been no damage to the cloth-
ing. Simply shampooing the hair a fe w times will result in
effective decontamination of the hair. If the patient is ambu-
latory, the hair can be w ashed in the barber position o ver a
sink. If you are f aced with the situation where radioacti ve
material can still be detected after se veral washings, cut off
the hair with scissors. Ne ver use a razor to sha ve the head
because this can produce small cuts and pro vide a pathway
for internal contamination. Ho wever, it is very uncommon
for hair removal to be necessary. Ideally one should collect
the contaminated water by disconnecting the w aste pipe of
the sink and allo wing the water to drain into a container .
This simple technique may not be practical if a lar ge num-
ber of people must be decontaminated. The face, eyes, ears,
and nostrils also require irrigation and decontamination.

For skin decontamination, simple washing with soap and
water is usually all that is necessary. The technique involves
washing from the outside toward the center, and it may have
to be repeated many times. The goal is to detect a decrease
in the instrument count after every wash. Acceptable decon-
tamination can be defined as a decrease in radiation instru-
ment count to no more than twice the background le vel. If
this simple procedure is unsuccessful, use light abrasi ve
techniques such as the use of cosmetic puf f pads or a mild
abrasive paste such as ground corn with w ashing powder.
Diluted bleach has also been used, but it is not suitable for
use on the face. If the skin becomes red, stop the procedure.

Another method used is known as the “sweat technique.”
Place a gauze pad over the contaminated area. Cover the site
with polythene that is taped do wn and left in position for 4
to 6 hours. Remo ve the dressing and w ash the area again.
Note that these sweat dressings are not to be left on
overnight. The final method is using a gauze dressing or a
cotton glove and changing the dressings daily . The basis of
this procedure is that 13% of epithelial skin is shed daily.

It is sometimes possible to mak e the isotope more soluble
and thereby simplify its removal. In the Goiania, Brazil, inci-
dent, acetic acid solution was successfully used to decontami-
nate Cesium 137 from the skin (17). In the past it was consid-
ered acceptable to use potassium permanganate as a stripping
agent for the outer layers of skin, but this is no longer utilized
because of the strong oxidizing character of this agent.

INTERNAL CONTAMINATION

The three major routes by which internal contamination can
occur are inhalation, ingestion, and through a wound. In un-
usual cases, absorption of the radioacti ve isotope can also
occur through the intact skin, as with radioactive isotope tri-
tium. The water form of this isotope can be absorbed
through the intact skin.
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When the information becomes available, it is helpful to
be aware of the characteristics of each isotope in volved in
the radiation incident. Knowing what isotope you are deal-
ing with gives an indication of what the target organ is likely
to be. Examples include radioactive iron, which principally
affects the bone marro w and the li ver. Radioactive iodine
131 targets the thyroid gland. Hea vy metals such as pluto-
nium exert their effect principally on bone and liver.

The physical form of the isotope is also important
whether it is in gaseous, liquid, or solid form. In the case of
tritium, the radioactive isotope can either be in gaseous or
liquid phase. The target organ in this case depends on the
solubility of the isotope. Tritium in the gaseous form is in-
soluble, and the tar get organ is only the lungs. Tritiated
water is soluble and the whole body would be irradiated.

Another important factor is the half-life of the isotope. De-
pending on the isotope, this can range from seconds to thou-
sands of years. The definition of the physical half-life is the
time it takes the radioactive isotope to decay to half'its v alue.
Ten half-lives are considered to be the time for the isotope to
decay completely. The biological half-life is the time for half
of the isotope to be e xcreted from the body. The combination
of the physical and biological half-li ves is called the €ffective
half-life and can be derived by using the following formula:

biological half-life X physical half-life

Effective half-life = — - - - -
biological half-life + physical half-life

If the isotope of concern is insoluble, the injury is limited to
the organ of entry. Examples of tar get organs affected in this
way include the lungs (inhalation), gastrointestinal tract (inges-
tion), or direct absorption across w ounds. The most common
site of injury for these insoluble isotopes is the lungs, resulting
from inhalation of contaminated air. Taking nasal swabs within
the 1.5 hours will give an indication of the lung burden the pa-
tient has received. Approximately 5% of the intake is contained
within the anterior nares during this time period. The particle
size of an inhaled isotope is also important to determine. How-
ever, this information will not be available until some time after
the event. Particles between 1 and 10 microns tend to get
trapped in the terminal bronchioles, which are not lined with
ciliated epithelium. Lar ger particles are transported up the
bronchial tree with the aid of the ciliated epithelium,which acts
as an escalator. When these particles reach the back of the tra-
chea, they are either e xpelled by coughing or sw allowed,
thereby contaminating the gastrointestinal tract. Collect all
fecal samples. This measurement of contamination in fecal
samples allows the nuclear health physicist to calculate the
lung burden. When patients have received a very large intake of
radioactive material into their lungs, especially isotopes with
very long half-lives, medication is required to aid e xcretion of
these isotopes. If this f ails, broncheoalveolar lavage may be
considered. The procedure consists of w ashing out the lungs
with isotonic saline under a general anesthetic. The washing
procedure is repeated se veral times, and an estimated 25% to
50% of the intake can be removed by this method (18).

CONTAMINATED WOUNDS

Wounds contaminated with radioacti ve material resulting
from trauma must be treated after stabilization of the patient

and before decontamination of the skin. Copious irrigation
of the wound with normal saline is required. Surround the
wound with w aterproof drapes and sa ve all washings for
analysis at a later stage. The wound may require several irri-
gations. After each irrigation, monitor the wound with a ra-
diation instrument. If the count from the instrument is still
decreasing, continue irrigating. The goal is to arri ve at less
than twic