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Pulmonary Embolism: Diagnostic Evaluation

Scary Skin: 
Cutaneous Manifestations of Biological, Chemical, 
and Radiological Terrorism

T-2), smallpox, botulism, and the viral hemorrhagic
fevers (VHF).  Chemical agents discussed will include
vesicants and riot control agents. Finally, cutaneous
radiation injury will be considered.

Biological Agents

Biological warfare is not new.  In 184 B.C.,
Carthaginian soldiers led by Hannibal filled earthen
pots with Òserpents of every kindÓ to be hurled onto the
decks of Perganum ships.2 In 1346, in the Black Sea
port of Kaffa, the corpses of plague victims were cata-
pulted by the attacking Tatars at the defending
Genoeses.3 In the late 1700Õs during the French and
Indian War, the British intentionally exposed unsuspect-
ing Native Americans to smallpox-contaminated blan-
kets.  In the 1930Õs, the Japanese attacked Chinese cities
with anthrax, cholera, shigellosis, salmonella, and
plague, causing thousands of casualties.  The USSR and
Iraq are known to have weaponized anthrax, and in
Japan, the Aum Shinrikyo cult deployed anthrax, botu-
lism, and Q fever as terror agents, with mixed results.
Anthrax has been delivered via the mail to its victims in
the United States. In spite of the Geneva Biological
Weapons Convention of 1972, at least 17 countries are
currently believed to have offensive biological weapons
programs.3,4

The Centers for Disease Control and Prevention (CDC)
have ranked biological warfare agents into three classes,
based upon their potential for impact on public health. 5

The Class A agents have the most severe potential, and
include Bacillus anthracis (anthrax), Yersinia pestis
(plague), Francisella tularensis(tularemia), Clostridium
botulinum (botulism), Variola major (smallpox), and
filoviruses and arenaviruses (viral hemorrhagic fevers,
VHF).  They are easily disseminated or transmitted,
have a high mortality, and a great potential for social
disruption.  They also may require stockpiles of 
antidotes or antibiotics, and isolation of victims.
Category B agents are moderately easy to disseminate,
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Abstract

We now live with the constant possibility of worldwi de
terrorism with biological, chemical, and radiological
agents.  Many of these agents present with, or have as
a major symptom or sign of, typical dermatological
findings.  As physicians and other health care
providers, we have a special responsibility to recognize
these symptoms and signs so that we can provide sta-
bilization and treatment to these patients.  We also 
are in a unique position to recognize the patterns of ill-
ness that suggest terrorist attacks, and to notify the
appropriate public health, safety, and law enforcement
agencies.  This paper will discuss the dermatological
presentations of anthrax, plague, botulism, yellow rain,
smallpox, tularemia, the viral hemorrhagic fevers, vesi-
cants, riot control agents, and radiological weapons.

Introduction

In the first part of the 21 st century, Americans have
been forced to live with the real possibility that terror-
ists can and probably will, at some place and time,
deliver biological, chemical, and radiological agents
directly to their doorsteps.  In the event of an attack
involving these weapons, it is likely that victims will
seek care in local emergency departments and physi-
ciansÕ offices.  Because the majority of the etiologic
agents elicit dermatological manifestations,1 it is essen-
tial that physicians and other health care providers pre-
pare themselves to recognize the dermal features of the
most likely weapons of terror and mass destruction.

This article will review the dermal manifestations of
the biological, chemical, and radiological agents that
are currently believed to pose a high risk to national
security.  These agents include anthrax, plague,
tularemia, trichothecene mycotoxins (Òyellow rain,Ó
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ing to distinguish this disease from brown recluse
spider bites, and ulceroglandular tularemia. It is
the coal-black color of the lesion that confers the
name anthrax, (Greek anthracis = coal black).  A
case of cutaneous anthrax is shown in Figure 1.

The differential diagnosis of cutaneous anthrax
includes: antiphospholipid antibody syndrome ulcers,
aspergillosis and mucormycosis, brown recluse spider
bite, coumadin and heparin necrosis, cutaneous leish-
maniasis, ecthyma and ecthyma gangrenosum, facti-
tious ulcer, Orf/milkerÕs nodule, plague, rickettsialpox,
scrub typhus, and tick typhus, and tularemia (Table 2).9

Diagnosis of cutaneous anthrax is by ELISA and
immunohistochemical (IHC) testing, serologic or skin
testing, or gram stain of blood or blood cultures.  Of
these, the IHC is most sensitive.7,9 Because the skin
lesion is sterilized within 48 hours of antibiotic therapy,
early biopsy is imperative.  Antibiotic treatment is with
ciprofloxacin or doxycycline, either intravenous or oral,

and cause moderate morbidity and mortality. This cat-
egory includes Q fever, brucellosis, viral encephalitis,
staphylococcal enterotoxin, food and waterborne
pathogens, and ricin.  Category C agents include
emerging pathogens that have the potential to be engi-
neered to be easy to produce and disseminate.  Such
agents are Nipah and Hantavirus, tickborne hemor-
rhagic fever, multidrug-resistant TB, and yellow fever.

A summary of the CDC classification of terror agents is
shown in Table 1.  

Anthrax
The importance of recognizing the dermatological
manifestations of bioterrorism agents was underscored
by the terrorist attacks of 2001.  Of the 22 anthrax
infections identified in the United States, 11 were cuta-
neous.5,6 Bacilus anthracis is a gram-positive bacillus
whose spore form exists in soil, is ubiquitous, and usu-
ally infects animals.  Human cases are rare and, prior
to the terror attacks of 2001, were reported at a rate of
approximately one per year.6-9

In almost all cases of endemic anthrax, the cutaneous
lesions present 1-12 days after spore inoculation of skin
abrasions from infected animal fluids or hides, Òwool-
sorterÕs disease, ragpickerÕs disease.Ó1,2,6,9 A small, non-
tender, pruritic macule or papule
progresses over 1-2 days into a
vesicle.  This then ruptures, leav-
ing a necrotic ulcer surrounded
by significant edema.  This
edema, which can be massive, is
known as Òmalignant edema,Ó is
most pronounced on the face,
and may be accompanied by ery-
thema and by satellite vesicles.
Patients may then display fever,
malaise, and regional 
lymphadenopathy.  The brown-
black crust at the center of the
primary lesion is painless, help-
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Category A:
Anthrax
Botulism
Plague
Smallpox
Tularemia
Viral Hemorrhagic

Fevers

Category B:
Q Fever
Brucellosis
Viral encephalitides
Staphylococcal

enterotoxin B
Food/Waterborne

Ricin
Category C:
Nipah virus
Hantavirus
Tickborne

hemorrhagic fever
Yellow fever
Multidrug-resistant TB

Table 1: Classes of Biological Warfare Agents

Table 2: Differential Diagnosis of Cutaneous Anthrax

Figure 1: Anthrax of left orbit, showing 
significant edema. Source: CDCP

Differential Dx of Ulceroglandular
Syndromes:
Anthrax
Cat-Scratch Disease 
Chancroid 
Herpes Simplex 
Leishmaniasis
Lymphogranuloma Venereum
Melioidosis
Nocardiosis 
Plague
Sporotrichosis
Streptococcal/Staphylococcal adenitis
Tuberculosis
Tularemia

Differential Dx of Ulcer and Eschar:  
Anthrax
Antiphospholipid Antibody syndrome Ulcers 
Aspergillosis and Mucormycosis
Brown Recluse Spider Bite
Coumadin and heparin necrosis
Cutaneous Leishmaniasis 
Ecthyma and Ecthyma Gangrenosum
Factitious Ulcer
Orf/MilkerÕs Nodule
Plague
Rickettsial diseases
Tularemia
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for 60 to100 days.5-7 Untreated cutaneous anthrax has
a mortality of 10-20%, and results from septicemia,
renal failure, and shock.3,6,9 Steroids have been recom-
mended as adjunctive therapy for severe edema.

Plague
The etiologic agent of plague, Yersinia pestis, is a gram
negative, non-motile, non-spore forming rod that has
been responsible for approximately 200 million deaths
throughout recorded history.1,3-7 There were 3,000
deaths from plague worldwide in 1994, and of 10
cases reported in the U.S. in 1993, nine recovered with
antibiotic therapy. 11 This agent usually causes diseases
in rodents, but fleas that feed upon rodents may then
spread the infection to humans.  Transmission of the
bacteria via macrophages to regional lymph nodes,
especially in the groin, leads to tender, erythematous,
lymphadenopathy, also known as bubonic plague
(Greek boubon = groin).2,3 Secondary infection may
then occur in the lungs, (pneumonic plague), blood-
stream, (ÒsepticemicÓ plague), spleen, liver, and brain,
and other tissues.

The lesion from the original flea bite is identified in
only 10% of cases.  In 2.5% of cases there may be sep-
ticemia without lymphadenopathy.7,8,10,11 Diagnosis is
by stains and cultures of blood, bubo aspirates, spu-
tum, cerebrospinal fluid, and skin scrapings.  The
characteristic gram stain appearance of plague is a
bipolar-staining, Òsafety-pinÓ shaped organism.
Immunoassays are also available.

Clinically, in addition to buboes, terminal plague may
manifest as livid cyanosis and ecchymosis, petecchiae,
purpurae, and acral necrosis.  The term ÒBlack DeathÓ
given to plague in medieval times probably refers to
these skin discolorations.10 Bubonic plague is pictured
in Figure 2.

Treatment of plague is primarily supportive, and the
available vaccine is effective only for bubonic plague.
Prophylaxis is with tetracycline, trimethoprim-sul-
famethoxizole, or doxycycline.  In established disease
antibiotics must be started within 24 hours of symp-
tom onset to have an impact on survival. These consist
of streptomycin for patients over one year of age, gen-
tamicin, and chloramphenicol.  The differential diag-
nosis of plague includes tularemia, cat-scratch fever,
and staphylococcal or streptococcal lymphadenitis.

Tularemia
Francisella tularensisis the gram-negative, non-motile,
cocco-bacilus that is responsible for tularemia, a
plague-like illness in rodents and humans.7,8 Deer flies,

mosquitoes, ticks and, to a lesser extent, rodent and
lagomorph carcasses are the vectors for this disease. In
its natural state, tularemia is primarily a disease in ani-
mals, (Òrabbit fever, deer fly feverÓ).  When humans are
bitten by infected insects or ticks, or when they handle
the fluids of infected animals, the bacteria may spread
to the regional lymph nodes and reticuloendothelial
system, leading to bacteremia and secondary spread to
the lungs and other organs.2,3,7,8,11

The U.S. and Russia are known to have made weapons
containing tularemia.3,11

The cutaneous, (and most common), type of tularemia
is the ulceroglandular disease.  It is contracted by inges-
tion or absorption of the pathogen through minor sk in
lesions and arthropod bites.  After a two- to ten- day
incubation, there is sudden onset of a flu-like syndrome
with fever, chills, headache, myalgias, arthralgias, and
rigors.  An erythematous, indurated, punched-out, non
healing ulcer forms at the inoculation site, and it may
persist for 1-3 weeks.11 Such ulceration is shown in
Figure 3. Regional suppurative lymphadenopathy leads
to spontaneous drainage.  Less common cutaneous
manifestations of tularemia include: a nonspecific mor-
biliform skin eruption, erythema nososum, erythema

Figure 2: Plague. Axillary bubo. Source: CDCP

Figure 3: Tularemia. Thumb with skin ulcer.  Source: CDCP
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multiforme, and lesions of disseminated intravascular
coagulation (DIC).

The differential diagnosis of ulceroglandular tularemia
includes sporotrichosis, mononucleosis, lymphogranu-
loma venereum, plague, Pasturella infections,
catscratch disease, and lymphangitis.11 Diagnosis can
be made retrospectively by serology, and the organism
is difficult to culture, and dangerous to laboratory per-
sonnel.2,7

Treatment is with 10 days of streptomycin, gentamicin,
tetracycline, chloramphenicol, or fluoroquinolones.
Prophylaxis with tetracycline or doxycycline is effec-
tive.  Untreated, the mortality for all types of tu laremia
is 8%, with a 1-3% mortality rate for treated 
disease.1,7,8,10-13

Trichothecene Mycotoxins
The trichothecene mycotoxin (ÒYellow rain,Ó T-2) is
the only biologic toxin causing cutaneous disease.1,7,14

This cass of toxin is composed of a group of about 40
fungal toxins produced by Fusarium and other com-
mon fungi.1,14 T-2 is believed to have been responsible
for over 100,000 deaths in Russia in the 1940Õs from
contaminated grain.  In Cleveland, Ohio, this toxin
may have been responsible for up to 5% of sudden
infant deaths from 1993 to 1995.  In these cases, the
fungus was isolated from soggy wall materials in the
homes of the victims.1-3,11,13-15 In weaponized form, this
toxin is believed to have been responsible for over
10,000 deaths in Southeast Asia and Afghanistan,
described as a sticky yellow liquid that fell like rain,
(Òyellow rainÓ).1-3, 8,11,14,15

Clinical findings include skin
vesication, erythema, edema,
and necrosis.  Symptoms can
include burning, tingling,
itching, and pain.  On a
weight basis the T-2 toxin has
400 times the skin injuring
potency of mustard.  There is
no specific therapy for T-2
toxin exposure, although
steroids have been recom-
mended to treat edema and
secondary skin injuries.
Eighty to ninety percent of
toxin can be removed with
soap and water.  The eyes
should be irrigated, and the
skin may be treated with

calamine lotion. There has been speculation that micro-
somal enzyme induction might speed clearance of the
toxin. There is no satisfactory field test for mycotoxin.
Vesicles due to T-2 toxin are shown in Figure 4.

Smallpox
The last case of smallpox in the United States was in
1949.11 The last naturally-occurring case of smallpox
worldwide was recorded in Somalia in 1977, at which
time the World Health Organization declared the dis-
ease eradicated.1,2,8,11 The causative agent of smallpox,
the Variola virus, is an Orthopox virus which causes
both a major and minor form of the disease. The
United States and the Soviet Union were known to have
had repositories of this agent as a biological weapon,

Figure 4: Vesicles due to tricothecene 
mycotoxin, T2. Source: CDCP

Variola Varicella
History:

Incubation: 7-17 d 14-21 d
Severity : Severe, toxic. Mild, nontoxic.
Prodrome: 2-4 d, ill.
Exposure Hx: minimal/none, not ill. Usually has

May not have

Examination:
Lesions : Hard, discrete Superficial, surrounding 

erythema
Distribution: Face, trunk Face, extremities 
Progression; Rapid devÕpt., similar growth Slow devÕpt. dissimilar growth
Palms/soles? Involved Not involved
Scab formation: 10-14 d p rash 14-28 d p rash
Scab separation <14 d p rash 4-7 d p rash

Table 3. Features distinguishing Smallpox (Variola) from Cickenpox (Varicella)
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and there is
concern that
c l a n d e s t i n e
stockpiles may
be available to
bio-terrorists. 1-

5,7,8

Smallpox usual-
ly spreads by
i n h a l a t i o n ,
a l t h o u g h
dissemination
by contact with
infected bed-
ding and cloth-
ing has been
documented.12,13

Clinically, after
a 12-14 day
incubation peri-

od, there is a three-day prodromal illness consisting of
fever, headache, backache, and vomiting. Delirium is
sometimes seen.  Two to three days after the onset of
fever, a generalized centrifugal rash begins on the
mouth and tongue, followed by face, hands and fore-
arms, and then it spreads to the legs and trunk.  There
is a progression from papules to vesicles and pustules,
with umbilication, and crusting over a 14-day period.
Lesions are more abundant on the face and extremities,

and the crusts detach in
about three weeks.

The differential diagnosis
of smallpox includes:
varicella (Chickenpox),
herpes zoster (Shingles),
molluscum contagiosum,
erythema multiforme,
and Coxsackie virus.  In
smallpox, all lesions on a
particular body area
develop synchronously,
while chickenpox lesions
develop in crops that are
dysynchronous.  The
rash of chickenpox is
denser over the trunk,
and lesions are almost
never found on the palms
or soles.1,3,5,7,8,11,13,14 The
clinical findings distin-

guishing smallpox from chickenpox are summarized in
Table 3, and the distribution of the rashes is shown in
Figure 5.  A child with smallpox is pictured in Figure 6,
showing all vesicles in the same stage of development.

Prior vaccination may alter the presentation, course,
and mortality of smallpox.  Variola major, (Òordina ryÓ
smallpox), has a mortality of 20-40% in unvaccinated
individuals, but in only 3% of vaccinated patients.
Variola minor, (ÒalastrimÓ), is a mild illness with small
cutaneous lesions, minimal systemic illness, and a mor-
tality of less than 5%.2,7,8,14 A related illness is Monkey
pox, which resembles smallpox in most ways but is dis-
tinguished by cervical and inguinal adenopathy.13

Unlike smallpox however, monkey pox has a nonhu-
man reservoir, an arboreal squirrel.

Diagnosis of smallpox is primarily clinical, though
definitive diagnosis of smallpox can be made by
demonstration of  the virus by electron microscopy of a
vesicular fluid sample.  Tissue culture and genetic typ-
ing are also used for diagnosis, and the light microscopy
finding is aggregates of variola viruses, known as
Guarnieri bodies.3

Smallpox is highly contagious, with 30% of exposed
individuals subsequently becoming ill.  All contacts 
are quarantined for at least 17 days, and patients are
contagious until all lesions have healed over.

Treatment of smallpox is primarily supportive.  Post-
exposure prohylaxis in immunocompetent patients con-
sists of giving the live vaccine (vaccinia) up to one week
post exposure, and to give both the vaccine and vac-
cinia immune globulin (VIG) to immunocompromised
patients, (i.e., those with pregnancy, eczema, unhealed
burns, psoriasis, exfoliative skin diseases).  Although
there is no consensus about treatment for severely
immunocompromised patients, (i.e. HIV, transplant
recipient, chemotherapy), giving VIG alone might be
appropriate.

Botulism
Although botulism is not an agent that causes 
cutaneous manifestations per se, it does have a typical
clinical presentation that can lead to the diagnosis.
Clostridium botulinum is a rod-shaped, spore-forming
bacterium commonly found in soil. The neurotoxin it
produces causes botulism and is the most potent toxin
known. Botulinum toxin is lethal in a dose of 1 ng/kg,
or 100,000 times more toxic than sarin.8 The toxin
types A, B, E, and F are responsible for causing 
botulism, and they do so by irreversibly inactivating
cholinergic neuromuscular synapses.  The only true
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Figure 5:  Smallpox vs. chickenpox: 
distribution of vesicles. 

Source: CDCP

Figure 6: Child with 
smallpox. Note that all
lesions are in the same 
stage of development. 

Source: CDCP
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m u c o c u t a n e o u s
symptoms of this
blockade are extreme
dryness of the mouth
and mucous
mebranes, possibly
with crusting.
Blurred vision and
diplopia, muscle
weakness, dysphagia,
and a descending
flaccid paralysis
occur, and these can
last for weeks to

months.  The incubation period is 1-5 days. The char-
acteristic paralysis of botulism begins with the bulbar
and extraoccular musclulature.  This pattern of onset is
in contrast to Guillain-Barre syndrome, whose paraly-
sis is usually ascending, (although the Miller Fischer
variant of that disease also manifests with descending
weakness).  Infant botulism is illustrated in Figure 7.
Differential diagnosis of botulism also includes stroke
and myasthenia gravis.  The diagnosis is clinical, and
few labs can do serum toxin assay for botulism.15

Mortality from botulism has fallen from about 50% t o
8% in the past 50 years.8 Death occurs primarily from
respiratory failure.

Isolation is not necessary for victims of botulism, as the
organism itself is not contagious.  There is no human-
human transmission, and decontamination of clothing
and skin is with soap and water.  The treatment for the
paralysis is ventilatory support, which may be required
for many weeks.  Botulinum antitoxin is equine-
derived, and is more effective if given early; it does 

not reverse paralysis that has already occurred.  Skin
testing for horse serum sensitivity is advised prior 
to treatment.7,8,14

Hemorrhagic fevers
The viral hemorrhagic fevers (VHF) are caused by a
group of lipid-enveloped viruses with single-stranded
RNA genomes.  These include Ebola, Lassa, Marburg ,
Junin (Argentine), Sabia (Brazilian), Machupo
(Bolivian), Rift Valley Fever, and Crimean-Congo
(CCHF). Hemorrhagic fever viruses are transmitted by
arthropod vectors or by contact with infected animals.
Person-to-person infection occurs after exposure to
contaminated bodily fluids, and theoretically any of
these VHF agents could be aerosolized for use in a
bioterror weapon.17-19

Incubation for the VHFÕs is 4 to 21 days and although
symptoms vary between viruses, all cause some degree
of fever, myalgia, malaise, petechiae, hemorrhage, and
in some cases, hypotension, shock and death.
Cutaneous manifestations include petechiae, purpura,
ecchymoses, flushing and edema.  Figure 8 shows the
ecchymoses of Crimean-Congo hemorrhagic fever.
Hemorrhages may be seen on mucosal surfaces and
conjunctivae.17 Neurologic, pulmonary, renal, and
hepatic failure are common, and mortality varies from
10-90%. The diagnosis of VHFÕs is primarily made
clinically, though viral isolation, serology, and
immunohistological identification are available at the
Centers for Disease Control and Prevention (CDCP).
Differential diagnosis includes infectious diseases
including malaria, typhoid fever, leptospirosis, rick-
ettsial infections, shigellosis, relapsing fever, fulminant
hepatitis, and meningococcemia.  Among the noninfec-
tious differential diagnoses of VHF are leukemia, sys-
temic lupus erythematosus, immune thrombocytopenic
purpura, thrombotic thrombocytopenic purpura, and
hemolytic uremic syndrome.18,19 Strict contact, respira-
tory, and bodily fluid isolation are required to co ntain
these viruses.  Unnecessary intravenous lines and pro-
cedures are to be avoided, both because of the risk to
the patient of hemorrhage, and to the health care
worker of accidental contamination. The treatment for
VHF is supportive, and includes fluids, and transfu-
sion, attention to fluid and electrolyte balance, and
treatment for shock, and multisystem failure.  Special
caution must be taken in these patients to avoid pul-
monary edema. Intravenous and oral ribavirin are
available through compassionate human use protocol,
and may be effective for Lassa, Rift Valley, Bolivian,
and Crimean-Congo fever.3,13 The four VHFÕs that have
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Figure 7:  Infant botulism.  Source: CDCP

Figure 8: Patient with Crimean-
Congo hemorrhagic fever. 

Source: CDCP
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a high risk of nosocomial spread and that should be
quarantined include: Lassa, CCHF, Ebola fever, and
Marburg. 13,17

Chemical Agents
The first recorded use of chemical warfare was in 428
B.C. in the Peloponnesian War.  In this event, the
Spartans burned sulfur-soaked wood at the base of the
walls of a city defended by the Athenians.20 The Greeks
are also believed to have used a mixture of burning sul-
fur, pitch, tow, and resins, in projectiles lobbed into
defending cities.  Mustard and chlorine gas were used
effectively in World War I and mustard was employed
by Italy against Ethiopia in 1935,15,16,20 and by Japan
against China between 1937 and 1944.  In 1967, there
were reports of the use of mustard gas by Egypt against
Yemen.  More recently Iraq is believed to have used
nerve agents against its own Kurdish population.15,20

Vesicants
Vesicants are chemicals that cause blistering, and
include arsenicals (eg, Lewisite), methyldichloroarsine,
phenyldichloroarsine, ethyldichloroarsine, mustard
agents and phosgene oxime.  Of these agents, mustard,
arsenicals, and phosgene will be described in some
detail.

Mustard is an oily liquid at room temperature, and
smells like garlic, onion, or mustard, (hence its name).
It is said to be persistent, meaning that the liquid
residue remains in place for prolonged periods and
adheres to skin and clothing.  The lethal dose is
approximately 100 mg/kg, or 1 to 1.5 teaspoons of liq-
uid over 25% body surface area.1,14,16,17 After absorp-
tion, mustard cyclizes in extracellular water.  The dam-
age from this cyclic compound is thought to result
from DNA alkylation and crosslinking in rapidly-
dividing cells. Cell death and inflammation follow,
manifested in the skin by blistering, or vesication.
Mustard is no longer an intact molecule after it reacts
with animal tissues, so blood, tissue, and blister fluid
do not contain mustard.  Hence, there is no person-to-
person transmission. Within 2-24 hours of exposure,
the skin becomes erythematous, itchy, and irritated,
after which vesicles form.  The Òstring of pearlsÓ
appearance of these vesicles refers to the distribution of
skin injury from mustard, and is pathognomonic of
this agent.1 Especially sensitive are the skin of the
external genitalia, perineum, neck, antecubital fossae,
and axillae. Mustard vapor can cause first- and second-
degree burns, while liquid mustard can cause third-
degree burns. The eyes are likely to be affected by

severe, early conjunctivitis though fortunately, perma-
nent eye injury from mustard exposure is rare.  Because
of the rapidity of action of mustard, decontaminati on
must occur within minutes of exposure in order to pre-
vent injury.

An alkylating agent, mustard is said to be Òradio-
mimetic;Ó it causes bone marrow suppression and
immunoincompetence, and thus the leading cause of
death from mustard exposure is from overwhelming
infection.  As a terror agent, its ability to incapacitate its
victims by blinding and burning them makes mustard
very effective psychologically as well as physically. The
differential diagnosis of mustard includes other vesi-
cants, and contact dermatitis agents like poison oak and
poison ivy.  In contrast to mustard, Lewisite and phos-
gene cause immediate, rather than delayed skin irrita-
tion. Diagnosis of vesicant exposure is clinical, as there
is no specific laboratory test available.  The alkylating
effect of mustard is reflected in a profound leukopenia.

Arsenicals affect the skin, eyes, and lungs in a manner
that is similar to mustardÕs effects.  Unlike mustard
however, arsenicals cause immediate pain and irritation
on contact.  This is followed by redness and vesicle for-
mation that starts at the center of the exposed area and
expands, lacking the Òstring of pearlsÓ appearance of
mustard. This appearance is well-demonstrated in
Figure 9. There is a form of shock that follows exposure
to arsenicals that results from a generalized capillary
leak, and which consists of hypoperfusion and hemo-
concentration.  This phenomenon is known as
ÒLewisite shock.Ó1,16,17

Scary Skin:  Cutaneous Manifestation of Biological, Chemical, and Radiological Terrorism

Figure 9: ÒString of pearlsÓ array of vesicles is 
pathognomonic of mustard. 
Source: CDCP
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Phosgene oxime (CX, dichloroform oxime) is not a
true vesicant because it does not blisters, but rather
causes urticaria, erythema and wheals, rather than
blisters.  This agent is better described as an Òurticari-
antÓ or Ònettle gas.Ó  It is believed that this agent may
have been used by Iraq against Iran.1,16,18,19

The clinical effects of phosgene oxime on the skin are
irritation and severe pain. These symptoms occur
immediately after exposure, which provides a diagnos-
tic clue to this agent. Skin blanching is surrounded by
erythema followed by intense itching, hives, and
urticaria.  An eschar typically forms over the following
seven days, and healing may require several months.
Decontamination must take place within minutes in
order to be effective, and the tissue damage may
extend beyond the skin to underlying muscle and fat.
There is no specific antidote to CX.1,15-17

Riot Control Agents
Riot control agents are compounds that temporarily
incapacitate their victims by irritating the skin, mouth,
lungs, nose and eyes.  These agents, also known com-
monly as Òtear gas,Ó include chloroacetophenone
(CN), chlorobenzylidenemalonitrile (CS), chloropicrin
(PS), bromobenzylcyanide (CA), and dibensoxazepine
(CR).  These are disseminated as a smoke, a powder,
or a liquid, and are skin, eye, and lung irritants.

Their effects on the skin include prickling and burning
within minutes of exposure, followed by erythema and
occasionally by vesication, which is more common
with CN that with CS. 1,22 Severe reactions can include
respiratory failure and death from bronchospasm and
hypoxemia. Blindness from cataract formation and
glaucoma have been reported.21-23 Prolonged exposure
may lead to asthma.

There is no known antidote to riot control agents, and
their effects are usually self-limited. The victim should
be removed from exposure, his or her clothing should
be removed and discarded, and soap and water should
be used to remove the residual agent from the skin sur-
face.  Ocular irrigation is recommended for eye irrita-
tion.  Topical steroids are indicated for dermatitis, and
topical antibiotics and moist dressings are used for
vesicles and other skin lesions.

Radiological Agents
Two types of radiological terrorism are the malicious
use of a radiological device, and attacks on nuclear
facilities.  Although to date there have been no actual
uses of radiation dispersal devices (RDDs, Òdirty
bombsÓ) by terrorists,24-26 it is understandable that the

possibility of such an attack provokes public fear and
anxiety. Among the best-known cases of alleged radio-
logical terrorism is that of Jose Padilla, a U.S. citizen
also known as Abdullah al-Mujahir. He is believed to
have ties to Al Qaeda, and is suspected of attempting to
build and detonate a dirty bomb inside the United
States. In Afghanistan, it is believed that terrorist
organizations have received radioactive sources used in
medical devices from the Taliban regime.  As recently as
December 2005, Russian authorities reported that had
they found documents in Chechnya on producing a
RDD. 25

Cutaneous radiation injury (CRI) is defined as injury to
the skin and underlying tissues from a large localized
external dose of radiation.24,26 This is in contrast to
acute radiation syndrome (ARS), which results from a
high dose of radiation delivered to a large portion of
the body.  In ARS, some skin damage is expected, but
the opposite is not true; CRI can occur without ARS.
ARS typically includes nausea, vomiting, and diarrhea
starting minutes to days after the exposure, and lasting
for minutes to several days. After a variable period of
apparent health, the patient develops loss of appetite,
fatigue, fever, nausea, vomiting, diarrhea, and possibly
even seizures and coma.25 This stage lasts from a few
hours up to several months.  In clinical practice, CRI
usually results from accidental contact with radiation
sources in x-ray equipment, food irradiators, and well
depth gauges.26 In a terrorism scenario, cutaneous
symptoms both of ARS and of CRI are possible.

There are six stages of CRI: prodromal, latent, manifest
illness, third wave of erythema, recovery, and late
effects. The prodromal stage occurs within hours of
exposure and lasts from one to two days, and is char-
acterized by erythema, burning, itching, and heat in the
exposed areas.  The latent stage occurs one to two days

Figure 10: Cutaneous radiation injury, 
10 days post exposure to irridiun-192. Source: CDCP



American Journal of Clinical Medicine

Volume 3, No. 3, Summer 2006
11

Scary Skin:  Cutaneous Manifestation of Biological, Chemical, and Radiological Terrorism

after exposure, and days to weeks. As the basal layer is
repopulated through proliferation,  no injury is ev i-
dent.  The manifest illness stage begins days to weeks
postexposure and it consists of erythema, (Òthe second
waveÓ), heat, edema, and increased pigmentation.
These are followed by desquamation, ulceration or
necrosis, depending on the severity of the CRI .  In
Figure 10, an ulcer caused by irridiun-192 (192 Ir), is
shown 10 weeks post exposure.  The third wave of ery-
thema (10-16 weeks postexposure), occurs most often
after beta radiatation injury.  In this stage there is pain,
bluish discoloration, and edema.  New ulcers, necrosis,
and atrophy of the skin occur in this stage.  The recov-
ery stage is from 3-6 months, and involves varying
degrees of healing of the skin injuries, depending upon
the initial radiation skin dose.  Late effects occur
months to years postexposure, and require a threshold
dose of approximately 10 Gy ( or 1000 rads).  Dermal
atrophy, ulcers,  necrosis, and deformity occur.  There
is a continued possibility in this stage of the develop-
ment of skin cancer.

Treatment of radiation exposure includes stabilization
of associated injuries, closure of wounds, coverage of
burns, and monitoring for bone marrow suppression.
A baseline CBC and differntial count at the time of
presentation and at 24 hours is performed. If lekopenia
is demonstrated, surgical interventions are delayed if
possible, until the bone marrow has recovered and
immune competence is restored.24-26

Summary

With the dawning of the new millennium has come a
heightened sense of our vulnerability to terrorist
attacks using biological, chemical, and radiological
weapons.  Many of these agents cause cutaneous symp-
toms and signs that will prompt patients to seek med-
ical care.  These symptoms and signs can give valuable
clues as to the responsible etiologic agents.  Among the
most likely of these agents are anthrax, plague,
tularemia, trichothecene mycotoxins, smallpox, botu-
lism, viral hemorrhagic fevers, vesicants and riot 
control agents, and radiological materials.  By famil-
iarizing ourselves with the cutaneous manifestations of
biological, chemical, and radiological terrorism, physi-
cians and other health care providers will be better 
prepared to recognize and treat these threats.

It is hoped that by staying vigilant for the patterns of
patient presentation for care after a terrorist attack,
and that by early notification of the appropriate gov-

ernmental and public health agencies, we will amelio-
rate the potential for suffering, panic and disruption
that such attacks are likely to incite.  In this way, health
care providers can strive to improve both the health
and well-being of the individual victims of terror
agents, and the overall stability and safety of our 
communities.

David M. Lemonick, MD, BCEM, is director of Emergenc y
Services at Highlands Hospital, in Connellsville, PA, near
Pittsburgh.  He serves on the Board of Certification in Emergency
Medicine, and leads its Oral Boards Committee. He can be
reached at lemonickd@comcast.net.
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