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Anthrax 1s a zoonotic disease, primarily of ruminants, that is caused by
Bacillus anthracis. The three most common forms of anthrax are cutaneous.
inhalational. and gastrointestinal. In the 1870s, Robert Koch cultured B anthracis
and first established the microbial origin of an infectious disease. In 1881, Pasteur
and Greenfield independently attenuated B anthracis and developed successful
vaccines for livestock [1]. In the late 1800s and early 1900s. rag pickers in
Germany and wool sorters in England developed cutancous and inhalational
anthrax [2].

Because of livestock immunization programs, natural anthrax is not a major
public health problem in the United States, although it is in other parts of the
world. Natural cases principally are associated with unusual agricultural. indus-
trial, or laboratory exposure.

Agricultural cases occur primarily in Asia and Africa. Industrial cases
occurred primarily in Europe and North America. In the United States, most
human cases initially were reported in industrialized northeast states. The location
of human cases shifted as the textile industry moved to other parts of the country.

An unusual epidemic occurred in Sverdlovsk. Russia, in 1979, After the
accidental release of spores into the atmosphere from a military microbiology
facility, at least 77 human cases of inhalational anthrax occurred. leading (o at least
66 deaths [3.4]. Irag’s 1995 admission to the United Nations that it produced
weapons containing anthrax spores confirmed the potential use of B anthracis as a
biologic weapon [5]. The United States and the United Kingdom had sizable and
advanced biologic-weapons programs until the 1970s.

Growing recognition of the threat of’ B anthracis as a biological weapon led the
US Department of Defense to begin anthrax vaccinations for selected members of
the Armed Forces in March 1998, The intentional use of anthrax spores as a
weapon i fall 2001 along the US eastern scaboard substantially altered public
perceptions of anthrax. In late September 2001, a Florida man developed a fatal
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case of inhalational anthrax, the first US case since 1976 [6]. He was the first of
five deaths among 11 confirmed inhalational cases and seven confirmed and four
suspected cutancous cases of anthrax. Exposure to contaminated mail was the
confirmed or apparent source of infection 1n all patients [7].

Background

Clinical description

Anthrax occurs in three primary forms: cutancous, inhalational, and gastro-
intestinal [8.9]. Secondary meningitis can occur with all three forms. In the United
States, about 95% of reported cases have been cutaneous, and 5% have been
inhalational. No confirmed case of gastrointestinal anthrax has been identified in
the United States.

The incubation period for cutancous anthrax ranges from | to 7 days [8.9].
Cutaneous anthrax first is noted as a small. pruritic papule. During the following
several days, the papule develops into a vesicle that is | to 3 cm in diameter and may
become hemorrhagic. Systemic symptoms include mild malaise and low-grade
fever, with regional lymphangitis and lymphadenopathy. From 5 to 7 days after
manifestation, the vesicle ruptures, revealing a straight-edged, depressed crater that
develops a typical black eschar. After 2 to 3 weeks, the eschar falls oft, usually
without leaving a scar. Mortality in untreated cutaneous cases is about 20%, but less
than 1% with antibiotic therapy. The cause of death in cutaneous anthrax is the
eventual dissemination of the bacillus in the absence of treatment.

With inhalational anthrax. nonspecific symptoms develop 1 to 5 days afler
inhaling an infectious dose of B anthracis organisms [8,9]. These symptoms
include malaise, fatigue, myalgia, slight temperature elevation, and minimal
nonproductive cough. Within 2 to 4 days, a slight improvement may occur. Then,
severe respiratory distress, including dyspnea, cyanosis, and profuse diaphoresis,
develops suddenly. Widening of the mediastinum on chest radiograph and pleural
effusions are common. Shock may develop, with death usually following within
24 hours. Death probably is caused by lymphatic or vascular obstruction in the
mediastinum with pulmonary hemorrhage and edema. Inhalational anthrax 1s
almost always fatal 1f left untreated.

Among the inhalational cases treated in 2001, none initially had a normal chest
radiograph [10]. Six of the 11 (55%) patients survived with aggressive clinical
support and multiple antibiotic therapy [10,11]. All four individuals who initially
exhibited fulminant signs of illness with severe respiratory distress or hypotension
or meningitis died, despite receiving antibiotics active against B anthracis,

Gastrointestinal anthrax symptoms develop 2 to 5 days after ingesting
contaminated meat [8,9]. The initial symptoms of disease include nausea,
vomiting, anorexia, and fever. Physical examination reveals an elevated tempera-
ture, pulse, and respiratory rate. Sepsis with toxemia, shock, and death may
develop. Gastrointestinal cases have an untreated mortality rate of 25% to 75%.
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Bacteriology

B anthracis 1s a large, Gram-positive, spore-forming, nonmotile bacillus. It
readily grows acrobically on sheep blood agar and without hemolysis. In high
concentrations of carbon dioxide, the organisms form antiphagocytic capsules. In
tissue, the bacteria are encapsulated, appearing singly or in chains of two or three
bacilli. Anthrax bacteria are identified by the production of toxin antigen, lysis by
a specific gamma bacteriophage, presence of capsule and cell-wall polysaccha-
ride (recognized by fluorescent antibody), and virulence for mice and guinea
pigs. Polymerase chain reaction (PCR) tests for toxin and capsule genes are also
confirmatory. Based on genetic analyses of multiple isolates. B anthracis 1s one
of the most monomorphic, homogeneous bacterial species [12.13].

Anthrax spores resist environmental extremes, surviving for decades in certain
so1l conditions. Studies have shown that viable spores can persist for weeks to
months within the lungs ot Rhesus monkeys after inhalation, at which time they
were still capable of germinating and causing fatal infection [14—17].

Pathogenesis

For anthrax, the known virulence determinants that are important in patho-
genesis are the bacterial capsule and two protein exotoxins. Bail demonstrated
that organisms that lost the ability to produce capsule were avirulent [18]. In the
1930s, Sterne and colleagues, showed that such nonencapsulated strains could
induce immunity to anthrax [19], showing that a capsule is not necessary to elicit
protective immunity,

Genes encoding the anthrax capsule are carried on an extrachromosomal
96-kilobase (kb) plasmid (pX02) [20,21]. Anthrax strains without the capsule
plasmid do not produce a capsule and are attenuated [22]. The capsule makes the
organism resistant to phagocytosis and may prevent lysis by cationic proteins in
serum [23]. Although the capsule is necessary for virulence, it is not an effective
Immunogen in most experimental animals.

Smith and Keppie established the role for toxins in anthrax pathogenesis by
demonstrating that sterile plasma from experimentally infected guinea pigs was
lethal when injected into other animals [24]. B anthracis has been described as a

binding domain to attach to target-cell receptors and an active domain for
biochemical activity. The toxins share the same binding protein, called protective
antigen (PA). PA, combined with a second protein called lethal factor (LF).
constitutes the anthrax lethal toxin, so-named because it is lethal when injected
into experimental animals [26,27]. PA combined with a third protein, edema factor
(EF), constitutes the edema toxin, which causes edema in experimental animals.
The edema toxin causes massive edema, especially inhalational anthrax. Each of
the three proteins alone lacks biologic activity.

The crystalline structures of PA, LF, and EF are known [28—30]. The current
model suggests that PA first binds to an anthrax toxin receptor [31]. PA is cleaved
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by a cell-surface protease, releasing a 20-kd amino-terminal fragment. The cell-
bound, 63-kd, carboxy-terminal fragment heptamerizes and creates a second
binding domain to which LF or EF binds. The complex enters the cell through
endocytosis and exerts its toxic effect within the cytosol.

The genes for the toxin proteins are carried on a second 182-kb plasmid (pXO01)
[32]. The pathogenic role of these toxins was shown by the attenuation of strains
that are devoid of the plasmmd coding for the toxin genes but still are encapsulated
[22.32]. Deleting the PA gene alone eliminates the organism’s virulence [33],
establishing the pivotal role of PA in toxin activity and virulence.

Infection begins when spores are introduced through the skin or mucosa. A
spore germinates into the vegetative bacillus, producing the antiphagocytic
capsule. The edema and lethal toxins produced by the organism degrade
leukocyte function and contribute to tissue necrosis, edema, and relative lack
of leukocytes. If not contained, the bacilli spread to the draining regional lymph
node, leading to further toxin production and induction of hemorrhagic, edema-
tous, and necrotic lymphadenitis. From lymph nodes, the bacteria multiply and
enter the bloodstream to produce a systemic infection.

In inhalational anthrax, spores are ingested by alveolar macrophages and are
transported to trachcobronchial and mediastinal lymph nodes. where they germi-
nate [34]. The bacilli spread through the blood. causing septicemia. Late in disease
development, toxin is present at high concentrations in the blood [35]. The role of
lethal toxin in producing death remains obscure, but may mvolve uncontrolled
release of cytokines and other possible mediators from macrophages. Death results
from respiratory failure with overwhelming bacteremia, which often 1s associated
with meningitis and subarachnoid hemorrhage.

Diagnosis

A diagnosis of cutaneous anthrax should be considered after a painless, pruritic
papule appears, develops into a vesicle, and reveals a black eschar. The diagnosis
should be confirmed by Gram’s stain or culture of vesicular fluid. Previous
antibiotic treatment quickly renders the infected site as having negative culture
results. A biopsy specimen that is taken at the lesion edge and examined using
Gram’s stain, immunohistology, and PCR tests may be useful afier beginning
antibiotic therapy [8.9].

The diagnosis of inhalational anthrax 1s ditficult, except in cases with a his-
tory of exposure to an acrosol with B anthracis. In 1ts early stage, the symptoms
of inhalational anthrax are nonspecific. Once the acute stage develops, a widened
mediastinum can be seen on a chest radiograph, often with pleural effusions, and
suggests the diagnosis. In untreated cases, cultures of blood and pleural effusions
readily establish the diagnosis. In cases previously treated with antibiotics, PCR
tests of blood and pleural fluid and immunohistochemical examination of pleural
fluid or transbronchial biopsy specimens may help [10,11,36]. Because primary
pneumonia is not a usual feature, sputum examinations do not aid diagnosis. In
the radiographic differential diagnosis, histoplasmosis, sarcoidosis, tuberculosis,



S0, Grabensiein 7 Immunol Allerey Clin N Am 23 (2003) 713-730 717

and lymphoma should be considered. CT of the chest may help detect
mediastinal hemorrhagic lymphadenopathy and edema, peribronchial thickening,
and pleural effusions.

Grastrointestinal anthrax 1s difficult to diagnose because of its rarity and
similarity to other, more common severe gastrointestinal discases [8,9]. An epi-
demiologic history of ingesting contaminated meat suggests the diagnosis. Micro-
biologic cultures do not help confirm the diagnosis, unless bacteremia is present.

Treatment and prevention with antibiotics

Mild cases of cutaneous anthrax effectively may be treated orally with a
penicillin, a tetracycline, or another antibiotic, until specific antimicrobial resist-
ance 1s known, If spreading infection or prominent systemic symptoms are present,
high-dose parenteral therapy should be considered (as in inhalational anthrax),
until a clinical response develops. Effective therapy reduces edema and systemic
symptoms but does not change the evolution of the skin lesion itself.

Treating inhalational or gastrointestinal anthrax requires high-dos¢ intravenous
therapy with two or more antibiotics, including a fluoroquinolone or doxycycline
[7.10,11.17,37-40]. Limited animal data suggest that adding an aminoglycoside to
penicillin treatment may provide additional benefit. Regimens should be altered
based on susceptibility testing and clinical status. Successful treatment of 6 of the
I'T inhalational cases in 2001 suggests that rapid treatment and modern supportive
care can lower mortality expectations to those of other causes of sepsis.

Prophylactic treatment to prevent anthrax after exposure to an infectious spore
aerosol involves the use of oral antibiotics for at least 30 to 60 days. depending on
individual circumstances (eg, extent of exposure, vaccination status) [40—-43]. The
Food and Drug Administration affirmed evidence for the safety and efficacy of
ciprofloxacin, doxycycline, and penicillin G procaine for this indication [39]:
amoxicillin 1s recommended for children and pregnant or lactating women,
depending on microbial sensitivity [11,37.38,40.,44]. Pre- or postexposure vacci-
nation may enable shorter courses of antibiotics [40.41.45]. Postexposure vacci-
nation alone is not expected to be protective [17].

Epidemiology

Several theories address the ecology of soil infected with B anthracis. Accord-
ing to one theory, B anthracis spores persist in soil for many years under certain
conditions [46]. Survival 1s favored in soil that is rich in nitrogen and organic
material and has adequate calcium, a pH greater than 6.0, and an ambient
temperature greater than 15.5°C. It remains unclear whether cycles of germination
occur within the soil or whether amphfication within mammals maintains the
spores in the soil between animal outbreaks.





