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A nthrax is a zoonotic illness recognized since antiquity. Today, human anthrax has been
all but eradicated from the industrialized world, with the vast majority of practition-
ers in the United States unlikely to have seen a case. Unfortunately, the disease re-
mains endemic in many areas of the world, and anthrax poses a threat as a mass casualty–

producing weapon if used in a biological warfare capacity. Arch Intern Med. 1998;158:429-434

Anthrax has been described for millennia,
beginning with the fifth Egyptian plague
(circa 1500 BC). Virgil recorded a lyrical de-
scription of anthrax in 25 BC, and the dis-
ease became known during the Middle Ages
as the “Black Bane.”1,2 In the 1870s, Rob-
ert Koch demonstrated for the first time the
bacterial origin of a specific disease, with
his studies on experimental anthrax, and
also discovered the spore stage that allows
persistence of the organism in the environ-
ment. Shortly afterward, John Bell recog-
nized Bacillus anthracis as the cause of wool-
sorter disease (inhalational anthrax), and
was instrumental in establishing wool dis-
infection procedures. The disinfection mea-
sures proved effective in reducing the in-
cidence of woolsorter disease, and they
became standard in the British woolen in-
dustry.3,4 William Greenfield’s successful
immunization of livestock against an-
thrax soon followed in 1880, although
Louis Pasteur’s 1881 trial of a heat-cured
anthrax vaccine in sheep is usually remem-
bered as the initial use of a live vaccine.5

EPIDEMIOLOGY

Livestock

Anthrax is a disease of herbivores, with
sheep, goats, cattle, and, to a lesser de-
gree, swine typically infected. Gastroin-
testinal anthrax with subsequent sys-

temic dissemination is acquired by
livestock after grazing on forage plants
contaminated by spores. Anthrax may
persist in the environment for many
years after contamination of a pasture.
Environmental persistence appears to be
related to a number of factors, including
high levels of soil nitrogen and organic
content, a pH level higher than 6.0, and
ambient temperature higher than 15°C.
Drought or heavy rains trigger spore ger-
mination and bacterial multiplication,
which also appear important in maintain-
ing the organism in potentially infectious
quantities.6 Blowflies and vultures have
been implicated in the persistence and
spread of anthrax in Africa.7

Onceprevalentinnearlyallareaswhere
livestock were raised, intensive animal vac-
cination programs have now restricted an-
thraxmainlytoAfricaandAsia.Sporadicout-
breaks still occur in many other countries
including the United States, where an “an-
thraxbelt”extendsacross theGreatPlains.8

Incidence of the disease has actually in-
creased in Africa in recent years, prompt-
ing the World Health Organization to seek
to improve surveillance and control ef-
forts. An effective live spore vaccine is mar-
keted by a South African firm for 10 cents
per dose (1994 cost), but vaccination in the
developing world remains spotty.9
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Human

Human cases of anthrax have tradi-
tionally fallen into 2 categories, ei-
ther agricultural or industrial. Ag-
ricultural cases consist of laborers in
direct contact with infected ani-
mals (herders, butchers, and slaugh-
terhouse workers), and industrial
cases involve individuals in con-
tact with infected animal products,
in particular workers in animal hair
processing mills and those han-
dling bonemeal. Not surprisingly,
cases in the developed world have
tended to be of the industrial vari-
ety. Glassman10 estimated that the
worldwide incidence of anthrax in
1958 was between 20 000 and
100 000 cases annually. The inci-
dence may be considerably lower to-
day; however, anthrax is not a re-
portable disease in more than half of
African nations,9 and the true fre-
quency of the disease is unknown.
In the United States, the total an-
nual incidence has fallen from an av-
erage of nearly 130 cases in the early
part of the 20th century to less than
1 case annually over the past 2 de-
cades. Of the 235 cases reported be-
tween 1955 and 1994, 224 were cu-
taneous and 11 inhalational, and 20
were fatal.8,11 Most of the US cases
in recent decades have resulted from
exposure to wool or animal hair.12

Human cases are invariably
zoonotic in origin, with no convinc-
ing data to suggest that human-to-
human transmission has ever taken
place. Primary disease takes 1 of 3
forms. Cutaneous, the most com-
mon, results from contact with an
infected animal or animal prod-
ucts. Inhalational is much less
common and a result of spore depo-
sition in the lungs, while gastroin-
testinal is due to ingestion of in-
fected meat. Most literature cites
cutaneous disease as constituting
95% of cases, with inhalational dis-
ease responsible for 5% and the gas-
trointestinal form for 0% to 5%;
however, the incidence of inhala-
tional anthrax in less industrial-
ized nations is probably lower. Gas-
trointestinal disease, which has never
been reported in the United States,
may be more common in the devel-
oping world.

Epidemics of human anthrax
have been reported, with the 2 most

completely described outbreaks from
Zimbabwe in 1978 through 1980,
and from Sverdlovsk, in the former
Soviet Union, in 1979.13-19 The Zim-
babwe epidemic followed on the
heels of a cattle outbreak that arose
after the breakdown of veterinary
care during the Rhodesian civil
war. Thousands of human cases
resulted, with 1 province alone re-
porting nearly 6500 infections (vir-
tually all cutaneous), with approxi-
mately 100 fatalities.15-17 The
Sverdlovsk (now Yekaterinburg) in-
cident occurred in April 1979 in an
industrial city of 1.2 million people
just east of the Ural Mountains.
Eventually, admissions were made
that deaths were due to inhala-
tional anthrax, the result of a mis-
hap at a military microbiology facil-
ity, and not to gastrointestinal
anthrax as was originally claimed.18,19

At least 66 deaths occurred in a 4-km
swath downwind from the incident,
and the details of autopsies per-
formed on 42 patients were eventu-
ally published by 2 of the patholo-
gists involved.14,18 Of interest, the
youngest patient known to have been
infected in the incident was 24 years
old, and a large series of inhala-
tional anthrax cases from southwest
Russia earlier this century was also
remarkable for a near-total absence
of children.13 Consequently, it has
been suggested that the inhalational
form of the disease may have a pre-
dilection for older patients, al-
though this remains unproven.

MICROBIOLOGY

Bacillus anthracis is a large (1-1.5
33-10 µm) gram-positive sporulat-
ing rod, with square or concave ends.
Growing readily on sheep blood
agar, B anthracis forms rough gray-
white colonies of 4 to 5 mm, with
characteristic comma-shaped or
“comet-tail” protrusions. Several
tests are helpful in differentiating B
anthracis from other Bacillus spe-
cies. Bacillus anthracis is character-
ized by an absence of the follow-
ing: hemolysis, motility, growth on
phenylethyl alcohol blood agar, gela-
tin hydrolysis, and salicin fermen-
tation. In the United States, Bacillus
isolates lacking these characteris-
tics and having morphological fea-
tures on Gram staining consistent

with B anthracis should be submit-
ted to the Centers for Disease Con-
trol and Prevention via the state labo-
ratory. Bacillus anthracis may also
be identified by the API-20E and
API-50CHB systems used in con-
junction with the previously men-
tioned biochemical tests.20,21 Defini-
tive identification is based on
immunological demonstration of the
production of protein toxin compo-
nents and the poly-D-glutamic acid
capsule, susceptibility to a specific
bacteriophage, and virulence for
mice and guinea pigs.

PATHOGENESIS

The virulence of B anthracis is de-
pendent on 2 toxins, lethal toxin and
edema toxin, as well as on the bac-
terial capsule. The importance of a
toxin in pathogenesis was demon-
strated in the early 1950s, when ster-
ile plasma from anthrax-infected
guinea pigs caused disease when in-
jected into other animals.22 Efforts
since have shown the anthrax tox-
ins to be composed of 3 entities,
which in concert lead to some of the
clinical effects of anthrax.23,24 The
first of these, protective antigen, is
an 83-kd protein so named because
it is the main protective constitu-
ent of anthrax vaccines.25 The pro-
tective antigen binds to target cell re-
ceptors and is then proteolytically
shorn of a 20-kd fragment. A sec-
ond binding domain is then ex-
posed, which combines with either
edema factor, an 89-kd protein, to
form edema toxin, or lethal factor,
a 90-kd protein, to form lethal
toxin.26 The respective toxins are
then transported across the cell
membrane, and the factors are re-
leased into the cytosol where they
exert their effects. Edema factor, a
calmodulin-dependent adenylate
cyclase, acts by converting adeno-
sine triphosphate to cyclic adeno-
sine monophosphate. Intracellular
cyclic adenosine monophosphate
levels are thereby increased, lead-
ing to the edema characteristic of the
disease.27 The action of lethal fac-
tor, believed to be a metalloprote-
ase, is less understood. Work in re-
cent years has shown edema toxin
to inhibit neutrophil phagocyto-
sis.28 Lethal toxin has been demon-
strated at high concentration to lyse
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macrophages, while inducing the
release of tumor necrosis factor
and interleukin 1 at lower concen-
trations.29,30

Hanna and colleagues29 re-
cently showed that a combination of
antibodies to interleukin 1 and tu-
mor necrosis factor was protective
against a lethal challenge of an-
thrax toxin in mice, as was the hu-
man interleukin 1 receptor antago-
nist. Macrophage-depleted mice
were shown to resist lethal toxin
challenge, but to succumb when
macrophages were reconstituted.
The importance of the poly-D-
glutamic acid bacterial capsule, the
other major virulence determinant,
was demonstrated in experiments
early in the 20th century in which
an unencapsulated strain resulted in
attenuation.31 Presumably, the cap-
sule enhances virulence by prevent-
ing phagocytosis, and perhaps by
preventing lysis of the organism by
cationic host proteins.32 The genes
for both the toxin and the capsule
are known to be encoded by plas-
mids, designated pXO133 and pXO2,
respectively.34,35

Disease occurs when spores en-
ter the body, germinate to the ba-
cillary form, and multiply. In cuta-
neous disease spores gain entry
through cuts, abrasions, or in some
cases through certain species of bit-
ing flies.2,15-17 Germination is thought
to take place in macrophages, and
toxin release results in edema and
tissue necrosis but little or no pu-
rulence, probably because of inhibi-
tory effects of the toxins on leuko-
cytes. Generally, cutaneous disease
remains localized, although if un-
treated it may become systemic in
5% to 20% of cases, with dissemi-
nation via the lymphatics.36 In the
gastrointestinal form, B anthracis is
ingested in spore-contaminated
meat, and may invade anywhere in
the gastrointestinal tract. Trans-
port to mesenteric or other regional
lymph nodes and replication occur,
resulting in dissemination, bacter-
emia, and a high mortality rate. Very
little pathologic correlation is avail-
able for this unusual form of the dis-
ease; however, autopsies from Rus-
sian cases earlier this century suggest
that the initial site of infection is most
commonly the terminal ileum or
cecum.13 As in other forms of

anthrax, involved nodes show an
impressivedegreeofhemorrhageand
necrosis.

The pathogenesis of inhala-
tional anthrax is better studied and
understood. Inhaled spores are in-
gested by pulmonary macrophages
and carried to hilar and mediasti-
nal lymph nodes, where they ger-
minate and multiply, elaborating
toxins and overwhelming the clear-
ance ability of the regional nodes.37,38

Bacteremia occurs, and death soon
follows. A significant inoculum of
spores is necessary for disease to de-
velop; one study in mill workers
found that unvaccinated subjects in-
haled between 140 and 690 an-
thrax spores of 5 µm or less (ie, po-
tentially pathogenic) per day without
apparent ill effects.39 Another study
of healthy workers in a goat hair pro-
cessing factory found that 14 of 101
subjects had B anthracis isolated
from either the nose or the phar-
ynx.40 The minimum infectious in-
haled dose for humans is un-
known, and in nonhuman primate
studies it has ranged from approxi-
mately 4000 to 80 000 spores.41

Fritz and colleagues38 in their
autopsy study of inhalational an-
thrax in rhesus monkeys found hem-
orrhagic, edematous lymph nodes
not only in the mediastinum, but
also in the mesenteric, axillary, and
inguinal chains, reinforcing the sys-
temic nature of inhalational dis-
ease. Some of the monkeys were also
found to have hemorrhagic changes
in the meninges, lung parenchyma,
gastrointestinal tract, pancreas, myo-
cardium, and kidneys. All mon-
keys tested had heavy loads of B an-
thracis in the blood at the time of
death. In an earlier study in rhesus
monkeys, intrathoracic nodes were
more frequently involved than other
lymph nodes.42 Similar findings were
reported in the Sverdlovsk autopsy
series.14 The latter study also shed
more light on the inhalational form
of the disease, and underscored the
systemic nature of the process. Sub-
jects of all 42 autopsies had severe
hemorrhagic mediastinitis and
lymphadenitis, with 11 showing fo-
cal hemorrhagic, necrotizing pneu-
monia at what was thought likely to
be the portal of entry. All but 3 of
the cases had evidence of submuco-
sal gastrointestinal tract involve-

ment consistent with hematog-
enous spread . Hemorrhag ic
lymphadenitis of the mesenteric
nodes was evidenced in 9 of 42 sub-
jects, and the well-recognized pro-
pensity of B anthracis to cross the
blood-brain barrier was empha-
sized, with fully half demonstrat-
ing a hemorrhagic meningitis. The
pathologists stressed the remark-
able degree of edema seen in their
cases, particularly in the leptomen-
ingeal and pulmonary areas, with
pleural effusions and a gelatinous
mediastinitis commonly found.14

CLINICAL MANIFESTATIONS

Cutaneous disease develops an av-
erage of 2 to 5 days after exposure
(range, 12 hours to 5 days in Gold’s
series of 117 cases),43 beginning as
a nondescript papule that during the
next 24 to 48 hours becomes vesicu-
lar, usually 1 to 2 cm in diameter.
A striking degree of edema sur-
rounding the lesion is typical, and
lesions on the head and neck have
a propensity for impressive pre-
sentations, on occasion leading to
airway compromise.44 Bacillus an-
thracis is easily isolated from the ve-
sicular fluid and visible on Gram
staining at this stage, although neu-
trophils are conspicuously absent.
The lesion, which is sometimes pru-
ritic but not painful, generally rup-
tures near the end of the first week,
leaving an ulcer that progresses to
the characteristic black eschar that
gave the disease its name (anthrax
is derived from the Greek word for
coal). The eschar generally sloughs
2 to 3 weeks after appearance. Many
patients exhibit fever, headache, mal-
aise, and regional lymphadenopa-
thy. Differential diagnosis includes
tularemia, plague, cutaneous diph-
theria, staphylococcal disease, rick-
ettsial infection, and orf, a viral dis-
ease of livestock. Recovery is the
rule, although a fatality rate of 5%
to 20% in untreated disease is fre-
quently cited, due to dissemination
of disease and resulting septicemia.
Mortality in treated patients is less
than 1% (1 of 117 patients in Gold’s
series).43 Although use of antibiot-
ics prevents dissemination, they do
not affect the natural history of the
lesion, which progresses through the
described sequence despite therapy.
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Gastrointestinal anthrax be-
gins 2 to 5 days after ingesting con-
taminated meat, and has been de-
scribed in 2 rare forms. One form
presents as severe abdominal pain,
hematemesis, melena and/or hema-
tochezia, ascites, and on occasion
profuse, watery diarrhea.8,44 Mortal-
ity is high, and the disease is diffi-
cult to diagnose antemortem ex-
cept in an epidemic setting. An
oropharyngeal variant has also been
described, with a 1982 outbreak in-
volving 24 patients in Thailand sec-
ondary to eating infected cattle and
water buffalo. All had marked neck
swelling, most had ulcerative le-
sions of the oropharynx, and 3 of the
24 died.45,46

Inhalational anthrax begins af-
ter a 1- to 6-day incubation period fol-
lowing exposure. A nonspecific syn-
drome consisting of low-grade fever,
nonproductive cough, myalgias, and
malaise is initially present, with tran-
sient improvement in some patients
after 2 to 4 days. Abrupt onset of res-
piratory distress ensues, with shock
and death typically following in less
than 24 hours. The initial phase is
essentially impossible to diagnose in
the absence of a known outbreak.
Advanced disease may be sus-
pected on the basis of the charac-
teristically widened mediastinum
and pleural effusions despite other-
wise normal chest x-ray findings.
Historically, inhalational anthrax
was considered uniformly fatal; how-
ever, this was based on case reports
prior to the advent of intensive care
unit treatment, and there were at
least 11 survivors in the Sverdlovsk
incident.18 As in the Sverdlovsk ex-
perience, systemic anthrax is com-
plicated by meningitis in up to 50%
of cases, is usually bloody, and is
sometimes associated with subarach-
noid hemorrhage.47

TREATMENT

Penicillin remains the drug of choice
for treatment of susceptible strains
of anthrax, with ciprofloxacin and
doxycycline suitable alternatives.
Some data in experimental models
of infection suggest that the addi-
tion of streptomycin to penicillin
may be helpful. Penicillin resis-
tance remains extremely rare in
naturally occurring strains48; how-

ever, the possibility of resistance
should be suspected in a biological
warfare attack. Cutaneous anthrax
may be treated orally, while gastro-
intestinal or inhalational disease
should receive high doses of intra-
venous antibiotics (penicillin G, 4
million units every 4 hours; cipro-
floxacin, 400 mg every 12 hours; or
doxycycline hyclate, 100 mg every
12 hours). The more severe forms
will require intensive supportive care
and have a high mortality rate de-
spite optimal therapy. The use of an-
tianthrax serum, while no longer
available for human use except in the
former Soviet Union, was thought to
be of some use in the preantibiotic
era, although no controlled studies
were performed.49 Antitoxin was re-
portedly used in the Sverdlovsk epi-
demic.18 Reconsideration of the use
of antitoxin in cases of systemic an-
thrax seems reasonable, along with
development of cytokine-modulat-
ing agents.29

VACCINES

Although anthrax vaccination dates
to the early studies of Greenfield and
Pasteur, the “modern” era of an-
thrax vaccine development began
with Sterne’s work with a toxin-
producing, unencapsulated (attenu-
ated) strain in the 1930s. Adminis-
tered to livestock as a single dose
with a yearly booster, the vaccine
was highly immunogenic and well
tolerated in most species, although
somewhat virulent in goats and lla-
mas. This preparation is essentially
the same as that administered to live-
stock around the world today.50 The
first human vaccine was developed
in 1943 at the Soviets’ Sanitary Tech-
nical Institute from nonencapsu-
lated strains. This live spore vac-
cine, similar to Sterne’s product, is
administered by scarification with a
yearly booster. Soviet studies show
a reduced risk of 5- to 15-fold in oc-
cupationally exposed workers.51

The British and US vaccines
were developed in the 1950s and
early 1960s, with the US product an
aluminum hydroxide–adsorbed cell-
free culture filtrate of an unencap-
sulated strain (V770-NP1-R), and
the British an alum-precipitated cell-
free filtrate of a Sterne strain cul-
ture. The US vaccine has been shown

to induce high levels of antibody
only to protective antigen, while the
British vaccine induces lower lev-
els of antibody to protective anti-
gen but measurable antibodies
against lethal factor and edema fac-
tor.52,53 Neither vaccine has been ex-
amined in a human clinical efficacy
trial, although a study using a vac-
cine similar to the current US prod-
uct was carried out in at-risk mill
workers in the northeastern United
States. The vaccine had an overall ef-
ficacy rate against cutaneous an-
thrax of 92.5%, although it should
be noted that the study was not suf-
ficiently statistically powered to as-
sess protection against inhalational
anthrax. Thirty-five percent of the
recipients reported some type of
reaction to vaccination. The prepon-
derance of these events were mi-
nor, with 0.7% of recipients report-
ing systemic and 2.4% experiencing
significant local effects with the first
dose, rising to 1.3% with systemic
and 2.7% with significant local ef-
fects with subsequent doses.54 Manu-
facturer labeling for the current
Michigan Department of Public
Health anthrax vaccine adsorbed
(AVA) product cites a 30% rate of
mild local reactions and a 4% rate of
moderate local reactions with a sec-
ond dose.55 The current complex
dosing schedule for the AVA vac-
cine, derived from the aforemen-
tioned trial in mill workers, con-
sists of 0.5 mL administered
subcutaneously at 0, 2, and 4 weeks,
and 6, 12, and 18 months, followed
by yearly boosters.

Animal studies examining the
efficacy of available anthrax vac-
cines against aerosolized exposure
have been performed. While some
guinea pig studies question vac-
cine efficacy,56,57 primate studies sup-
port its role. In recent work, rhesus
monkeys immunized with 2 doses
of the AVA vaccine were chal-
lenged with lethal doses of aerosol-
ized B anthracis spores. All mon-
keys in the control group died 3 to
5 days after exposure, while the vac-
cinated monkeys were protected up
to 2 years after immunization.58 An-
other trial used the AVA vaccine in
a 2-dose series with a slightly dif-
ferent dosing interval, and again
found it to be protective in all rhe-
sus monkeys exposed to lethal aero-
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sol challenge.59 Thus, available evi-
dence suggests that 2 doses of the
current AVA vaccine should be ef-
ficacious against an aerosol expo-
sure to anthrax spores. In addition,
a highly purified, minimally reacto-
genic, recombinant protective anti-
gen vaccine has been investigated,
using aluminum as well as other
adjuvants. Other approaches in-
clude cloning the protective anti-
gen gene into a variety of bacteria
and viruses, and the development
of mutant, avirulent strains of B an-
thracis.60-63

BIOLOGICAL WARFARE
ASPECTS

Recent incidents, such as the use of
sarin in the Tokyo subway system
and the bombing of the World Trade
Center in New York City and the
Oklahoma City Federal Building, as
well as concerns over the potential
use of biological and chemical weap-
ons during the Persian Gulf War, un-
derscore the threat of biological war-
fare either on the battlefield or by
terrorists. Anthrax has been the fo-
cus of much attention as a poten-
tial biological warfare agent for at
least 6 decades. Modeling studies
have shown the potential for use in
an offensive capacity. Dispersal ex-
periments with the simulant Bacil-
lus globigii in the New York sub-
way system in the 1960s suggested
that release of a similar amount of
B anthracis during rush hour would
result in 10 000 deaths.64 On a larger
scale, the World Health Organiza-
tion estimated that 50 kg of B an-
thracis released upwind of a popu-
lation center of 500 000 would result
in up to 95 000 fatalities, with an ad-
ditional 125 000 persons incapaci-
tated.65 Both on the battlefield and
in a terrorist strike, B anthracis has
the attribute of being potentially un-
detectable until large numbers of se-
riously ill individuals present with
characteristic signs and symptoms of
inhalational anthrax.

Given these findings, efforts to
prevent disease are of obvious im-
portance. The US military’s current
M17 and M40 gas masks provide ex-
cellent protection against the 1- to
5-µm particulates needed for a suc-
cessful aerosol attack. Assuming a
correct fit, these masks would be

highly effective if in use at the time
of exposure. Some protection might
also be afforded by various forms of
shelter. The preexposure use of the
current AVA anthrax vaccine, which
is approved by the US Food and
Drug Administration, appears to be
an important adjunct. Results of pri-
mate studies also support the con-
cept of postexposure antibiotic pro-
phylaxis. Work by Friedlander et al66

showed that 7 of 10 monkeys given
penicillin, 8 of 9 given ciprofloxa-
cin, 9 of 10 treated with doxycy-
cline, and all 9 receiving doxycy-
cline plus postexposure vaccination
survived a lethal aerosol challenge,
with all animals receiving antibiot-
ics for 30 days following exposure.
Earlier research suggested that short
courses of prophylactic antibiotics
delayed but did not prevent clini-
cal disease.67 Accordingly, in the
event of documented exposure, pro-
longed prophylactic antibiotic use,
as well as vaccination, would be
mandatory. In the biological war-
fare setting, the differential diagno-
sis of inhalational anthrax would
include plague and tularemia. Fluo-
roquinolones also have activity
against these diseases, supporting the
use of ciprofloxacin and perhaps
other drugs of this class as either a
preexposure or postexposure mea-
sure.

CONCLUSION

The inhalational form of anthrax re-
mains a legitimate and perhaps
growing military and terrorist threat
in the current world situation.
Knowledge of inhalational anthrax
is necessary for public health offi-
cials, as well as the health care pro-
viders who would be called on to
care for casualties. Important meth-
ods of prevention include properly
fitting protective masks capable of
filtering 1- to 5-µm particles, the use
of preexposure and postexposure an-
tibiotics, and the use of preexpo-
sure and postexposure vaccina-
tion. All these measures would be
expected to provide a substantial de-
gree of protection against aerosol-
ized B anthracis; not all, however, are
easily applicable to a civilian set-
ting. Consequently, the morbidity
and mortality of an attack might still
be high.
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