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Infectious Disease is one of the few genuine adventures left in the world.
 —HANS ZINSSER (1878–1940)

Of the numerous biological agents that could be used as 
a biological weapon, anthrax is particularly suitable 
because it can cause widespread illness and death and 

eventually cripple a city or region (1, 2). The Centers for Disease 
Control and Prevention (CDC) has classified Bacillus anthracis 
as a category A organism. Organisms in this category are easily 
disseminated and/or transmitted from person to person, result-
ing in high mortality rates. However, Bacillus anthracis, which 
can be transmitted easily with the proper technical know-how, 
does not result in person-to-person transmission. Mortality rates 
in patients with inhalational anthrax are high despite appropri-
ate antibiotic treatment. The Biological Weapons and Toxins 
Convention of 1972 prohibited offensive bioweapons research 
and development and was signed by most countries. However, 
the former Soviet Union (FSU) and Iraq, both signatories of 
the convention, have subsequently acknowledged offensive 
bioweapons research and production. Considering the events 
that followed the World Trade Center attacks on September 11, 
2001, it seems opportune to review the disease of anthrax and its 
causative organism, B. anthracis. 

This article in the series of papers addressing biowarfare and 
bioterrorism is based on an extensive literature review, which 
included the Consensus Statements of the Working Group on 
Civilian Biodefense regarding anthrax (3). This consensus paper 
served as the basis of the final risk assessment in 1999 and as ma-
terial for the re-evaluation of the current threat. The final draft 
published in May 1999 provided a good basis for the development 
of strategies to counteract the potential threats posed by the use 
of anthrax as a bioweapon and was helpful in the response to 
the attacks in 2001. However, because the threat of anthrax as 

a weapon of bioterrorism continues to exist, these conclusions 
and recommendations need to be regularly reassessed as new 
information becomes available. The medical community should 
continue its education and preparedness efforts to ensue a calm 
and reasoned response to those threats.

THE HISTORY OF ANTHRAX AND THE CURRENT THREAT
For centuries, anthrax has caused disease in animals and, al-

though uncommonly, in humans throughout the world. Human 
anthrax in its various forms (inhalational, cutaneous, and gas-
trointestinal) is historically a disease of those with close contact 
with animals or animal products contaminated with B. anthracis 
spores. The disease is very well described in texts of antiquity, and 
it has been suggested that the famous Plague of Athens (430–427 
BC) was an epidemic of inhalational anthrax (4). In fact, the term 
anthrax is derived from the Greek word anthracites, meaning coal-
like, referring to the typical black eschar seen in the cutaneous 
form of the disease.

Another excellent ancient description is that of the murrain 
of Noricum (the ancient Roman name for the Danube River delta 
and the eastern Alps) by the Roman poet Virgil (5). Virgil (70–19 
BC), most renowned for his Aeneid, also wrote four Georgics, di-
dactic verse works on agriculture. The third Georgic is devoted to 
animal husbandry and contains a section on veterinary medicine. 
It details an epizootic that occurred in the Roman district of Nori-
cum. The disease affected sheep, cattle, and horses, as well as dogs 
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Anthrax, a potentially fatal infection, is a virulent and highly contagious 
disease. It is caused by a gram-positive, toxigenic, spore-forming bacillus: 
Bacillus anthracis. For centuries, anthrax has caused disease in animals and, 
although uncommonly, in humans throughout the world. Descriptions of 
this naturally occurring disease begin in antiquity. Anthrax is primarily 
a disease of herbivores, which are infected by ingestion of spores from 
the soil. With the advent of modern microbiology, Pasteur developed the 
first successful anthrax vaccine in 1881. The incidence of the disease has 
continually decreased since the late 19th century, and animal vaccina-
tion programs drastically reduced the animal mortality from the disease. 

However, anthrax spores continue to be documented in soil samples from 
throughout the world. Research on anthrax as a biological weapon be-
gan more than 80 years ago, and today at least 17 nations are believed 
to have offensive biological weapons programs that include anthrax. 
Recent events in the USA have shown how society is affected by both 
hoax and real threats of anthrax bioweapons. This fourth article in the 
series on weapons of biowarfare/bioterrorism summarizes the historical 
background of anthrax as well as clinical and laboratory information 
useful for bioterrorism preparedness.
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and other domestic and wild animals. The symptoms of anthrax 
are described in great detail, and although the narrative contains 
some errors and traces of poetic license, it includes much factual 
material, showing that Virgil indeed understood the hardiness 
of the infectious source, as well as the potential for transmission 
among animals and humans. 

Anthrax continued to affect livestock and humans through-
out the Middle Ages. During the 18th century, anthrax epidemics 
destroyed approximately half the sheep population in Europe (6). 
In Victorian England the disease became known as “woolsorters’ 
disease” because it was frequently observed among mill workers 
exposed to animal fibers contaminated with B. anthracis spores. 
However, the name is somewhat a misnomer: the infection was 
more often a result of contact with goat hair or alpaca than 
with wool and sheep (7). Other names for the disease included 
“ragpickers’ disease,” charbon, milzbrand, black bain, “tanners’ 
disease,” and Siberian (splenic) fever. 

In the 19th century, anthrax was a major point of interest 
in developing biomedical research. In 1850, Pierre Rayer and 
Casimir-Joseph Davaine discovered small filiform bodies “about 
twice the length of a blood corpuscle” in the circulation of sheep 
with anthrax (8). Initially, this discovery was not given any sig-
nificance, as the filiform bodies were regarded as disease products. 
However, Davaine subsequently suggested that the corpuscles 
described were organisms causing the disease. 

In the 1870s, anthrax was extensively studied by several re-
searchers in Europe, including Robert Koch in Berlin and Louis 
Pasteur in Paris (Figure 1). In 1876, Koch, using suspended drop 
culture techniques, was able to trace the complete life cycle of 
the anthrax bacillus for the first time in history. He found that the 
bacillus formed spores that could remain viable for long periods 
even in unfavorable environmental conditions (8). Furthermore, 
he postulated that the anthrax bacillus could be transmitted from 
one host to another, and in 1877 he grew the organism in vitro 
and induced the disease in healthy animals by inoculating them 
with material from these bacterial cultures. Anthrax served as the 
prototype for Koch’s famous postulates regarding the transmission 
of infectious diseases. 

However, at the same time, Louis Pasteur felt that Koch’s 
work was inconclusive and announced his goal to provide his own 
incontrovertible demonstration of infectious disease transmission. 
As one can imagine, this incited a long and acrimonious dispute 
between the two men. In May 1881, Louis Pasteur inoculated 
25 cattle with his anthrax vaccine at a farm in Pouilly-le-Fort, a 
small village outside of Paris (8, 9). This first vaccine contained 
live attenuated organisms. Subsequently, Pasteur inoculated the 
vaccinated animals as well as other cattle with a virulent strain 
of B. anthracis. All the vaccinated animals survived; however, the 
others died. To Pasteur, it was this experiment and not the work 
of Robert Koch that had proven the germ theory of disease. 

From our perspective, it may seem insignificant whose work 
finally provided the proof for the germ theory of disease. Together, 
the work of both Koch and Pasteur, who were highly regarded 
medical authorities, led to a broad acceptance of their theories and 
opened possibilities for further work in medical microbiology. 

In the early 1900s, human cases of anthrax continued to oc-
cur occasionally, and human cases of inhalational anthrax were 
reported in the USA among workers in the textile and tanning 

industries that processed goat hair, goat skin, and wool (7, 10, 
11). With improvements in industrial hygiene practices and re-
strictions on imported animal products, the number of cases fell 
dramatically in the latter parts of the 20th century. However, 
death rates remained high (>85%) when inhalational anthrax 
occurred. Among animal-processing workers and farmers, the 
decrease of anthrax was postulated to be due to vaccination of 
both animals and humans, together with improvements in ani-
mal husbandry and processing of animal products (9, 12). In the 
1950s, a human anthrax vaccine was developed by the US Army 
Chemical Corps. After nearly 20 years of use, it was replaced by a 
new, improved, and licensed vaccine in 1970 (13). In 1997, the 
US armed forces mandated vaccination for all active and reserve 
troops. However, this resulted in some well-publicized refusals by 
military personnel to be vaccinated based on concerns about the 
vaccine’s safety (13, 14).

Although naturally occurring human anthrax has significantly 
decreased over the past century, it remains fairly common world-
wide, particularly in Asia and Africa, with an annual occurrence 
of 20,000 to 100,000 cases recorded during the first half of the 
20th century. In addition, it remains common among herbivores 
worldwide, and large epidemics of animal anthrax are reported 
on occasion in Africa, Asia, and South America. During a large 
outbreak in Iran in 1945, 1 million sheep died (15). 

In humans, cutaneous anthrax is now the most common form 
of anthrax worldwide, with an estimated 2000 cases reported an-
nually (16). In the USA, 224 cases of cutaneous anthrax were 
reported between 1945 and 1994 (17). The largest reported epi-
demic occurred in Zimbabwe between 1979 and 1985, when more 
than 10,000 human cases of anthrax were reported, nearly all of 
them cutaneous. Gastrointestinal anthrax is a rather rare form 
of the disease in humans, with only a few cases being reported 
worldwide (16, 18, 19). However, outbreaks have been reported 
on occasion in Africa and Asia (20–23). Typically, gastrointes-
tinal anthrax follows the consumption of insufficiently cooked 
contaminated meat. In 1982, 24 cases of oropharyngeal anthrax 
were reported from a rural area in northern Thailand, where the 
outbreak followed consumption of contaminated buffalo meat 
(20). In 1987, 14 cases of gastrointestinal and oropharyngeal an-
thrax were reported from northern Thailand (22). As mentioned 

Figure 1. (a) Robert Koch and (b) Louis Pasteur. Courtesy of the Images from the 
History of Medicine database of the National Library of Medicine. 
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before, the incidence of inhalational anthrax rapidly declined in 
the second half of the 20th century. 

In 1980, Philip Brachman of the CDC published a review of 
inhalational anthrax (7). Only 18 cases were reported in the USA 
between 1900 and 1978, with the majority of those cases occur-
ring in special risk groups, including goat hair mill or goatskin 
workers and wool and tannery workers. Two of these cases were 
laboratory-related accidents, and 16 cases were fatal (7). Brach-
man concluded with what was the common understanding in 
the western medical community: inhalational anthrax was “now 
primarily of historical interest.” This opinion was not to be borne 
out by subsequent events.

The conception of Koch’s postulates and the development of 
modern microbiology during the 19th century made the produc-
tion of stocks of specific pathogens possible, and several countries 
worked to develop these agents for biological warfare purposes 
(1). Substantial evidence suggests the existence of ambitious 
biological warfare programs in Germany, England, and France 
during World War I. These programs allegedly involved covert 
operations featuring agents such as B. anthracis (anthrax) and 
Pseudomonas pseudomallei (glanders) (1, 24, 25). 

During World War II, some of the aforementioned countries, 
as well as other countries like Russia and Japan, began biological 
warfare research programs. Various allegations and countercharges 
clouded the events during and after World War II. Japan con-
ducted biological weapons research in occupied Manchuria from 
approximately 1932 until the end of World War II (1). Again, B. 
anthracis was among the organisms most extensively researched 
and used. Although the German biowarfare program during 
World War II was small compared with that of other nations, 
medical researchers infected prisoners with disease-producing 
organisms like Rickettsia prowazeki, hepatitis A virus, and ma-
laria (2, 26). Despite these efforts, which clearly lagged behind 
those of other countries, a German offensive biological weapons 
program never fully materialized. 

On the other hand, German officials accused the Allies of us-
ing biological weapons. Some of these allegations were believable, 
since the British were experimenting with at least one organism 
of biological warfare: B. anthracis. Dr. Paul Fildes headed the 
British effort at Porton Down in the 1940s. By November 1940 
he had determined that the most effective way to use a biological 
warfare agent would be to disseminate an aerosol of particles that 
could be retained in the lungs. It appeared that the most suitable 
device for dissemination was a bursting ammunition filled with 
a liquid suspension of bacteria, so that effective concentrations 
of bacteria would be inhaled by everyone in the target area (27, 
28). The British biological warfare program concentrated on 
B. anthracis, and bomb experiments of weaponized spores of B. 
anthracis were conducted on Gruinard Island near the northwest 
coast of Scotland (29). The so-called N bomb contained 106 
special bomblets filled with anthrax spores. These experiments led 
to heavy contamination of the island with persistence of viable 
spores. Events toward the end of World War II overtook plans 
to put these efforts into operation. In 1986, Gruinard Island was 
finally decontaminated using formaldehyde and seawater, but it 
remains restricted from public access.

Anthrax would be unlikely to cause severe disruption to mili-
tary operations, although residual contamination of the ground 

would occur (19). This has been shown by the experiments on 
Gruinard Island. Therefore, anthrax is more of a danger to the ci-
vilian population. In 1970, a World Health Organization (WHO) 
expert committee estimated that an aircraft release of 50 kg of 
anthrax over an urban, developed population of 5 million would 
result in 250,000 casualties, of whom 95,000 would be expected 
to die without treatment and an additional 125,000 would be 
severely incapacitated (30). The strain on medical resources 
in such a scenario would be tremendous, ultimately leading to 
hospital bed requirements for 13,000 people, antibiotics for 60 
days for 125,000 people, and the disposal of 95,000 dead. This 
would almost certainly result in a rapid and total breakdown in 
medical resources and civilian infrastructures. Newer assessments, 
including those made by the US Congress Office of Technology 
Assessment in 1993, confirmed the original WHO data (31). The 
CDC developed an economic model suggesting a cost of $26.2 
billion per 100,000 persons exposed in a bioweapons attack with 
anthrax (32). 

Prior to the bioterrorism-related occurrence of inhalational 
anthrax in the USA in 2001, only one case had been reported in 
the country in the 20th century (33). In addition, the only large-
scale outbreak of (inhalational) anthrax during the 20th century 
occurred in the FSU. On April 2, 1979, an epidemic of anthrax 
occurred among the citizens of Sverdlovsk (now Ekaterinburg), a 
city of 1.2 million people, 1400 km east of Moscow. The epidemic 
occurred among those who lived and worked within a narrow 
downwind zone of a Soviet military microbiology facility known 
as Compound 19. In addition, a large number of livestock died of 
anthrax in the same area, out to a distance of 50 km (1, 34). 

The first reports of the outbreak emerged in October 1979 
by way of a Russian-language newspaper in Frankfurt, West 
Germany, that was close to the Soviet émigré community. It ran 
a brief report about a major germ accident in Russia leading to 
deaths estimated in the thousands (35). At the same time, early 
European and US intelligence suspected that this facility con-
ducted biological warfare research and attributed the epidemic 
to an accidental release of anthrax spores. Later, in early Febru-
ary 1980, the widely distributed German newspaper Bild Zeitung 
carried a story about an accident in a Soviet military settlement 
in Sverdlovsk in which an anthrax cloud had resulted (36). Af-
terwards, other major western newspapers and magazines began 
to take an interest in the anthrax outbreak in Sverdlovsk. In an 
initial 1980 publication, Soviet officials attributed the disease 
outbreak in Sverdlovsk to cutaneous and gastrointestinal anthrax 
caused by the consumption of contaminated meat. Later that year 
several articles occurred in Soviet medical, veterinary, and legal 
journals reporting an anthrax outbreak among livestock. 

Little further information was published until 1986, when 
Matthew Meselson (Department of Molecular and Cellular Biol-
ogy, Harvard University, Cambridge, MA) renewed previously 
unsuccessful requests to Soviet officials to bring independent 
scientists to Sverdlovsk to investigate the incident (1, 36). His 
request finally resulted in the invitation to come to Moscow to 
discuss the incident with four Soviet physicians who had gone 
to Sverdlovsk to deal with the outbreak. They concluded that 
further investigation of the epidemiologic and patho-anatomical 
data was needed. In 1988, two of these Soviet physicians accepted 
an invitation to come to the USA for further discussions of the 
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incident with government and private specialists. The Soviet 
Union maintained that the anthrax outbreak was caused by con-
sumption of contaminated meat that was purchased on the black 
market, and according to the account of these two Soviet sci-
entists, contaminated animals and meat from an epizootic south 
of the city caused 96 cases of human anthrax. Of these cases, 79 
were said to be gastrointestinal and 17 cutaneous, with 64 deaths 
among the first group and none among the latter (36). 

After the collapse of the Soviet Union, Boris Yeltsin, then 
the president of Russia, directed his counselor for ecology and 
health to determine the origin of the epidemic in Sverdlovsk. In 
1994, Meselson and his team returned to Russia to aid in these 
investigations (1, 36). They reviewed the studies of pathologists 
at a local hospital in Sverdlovsk. One of the lead authors, Dr. 
Faina Abramova, made available her private records from a series 
of 42 autopsies, representing the majority of the fatalities from 
the outbreak (37). Demographic, ecologic, and atmospheric 
data were also reviewed. The conclusion was that the pattern 
of these 42 cases of fatal anthrax bacteremia and toxemia was 
typical of inhalational anthrax as seen in experimentally infected 
nonhuman primates. In summary, the narrow zone of human and 
animal anthrax cases extending downwind from Compound 19 
indicated that the outbreak resulted from an aerosol that origi-
nated there (36, 37). At the time of these investigations, several 
high-ranking officials in the FSU military and Biopreparat had 
defected to western countries. In his detailed account of the FSU 
bioweapons program, Ken Alibek (former chief deputy director of 
Biopreparat) described in detail the anthrax outbreak in Sverd-
lovsk, thus confirming the other investigations by US scientists 
and physicians (38). 

After the Sverdlovsk incident, the FSU continued the an-
thrax research at a remote military facility in Stepnogorsk in 
Kazakhstan (1, 38, 39). As a result of this intensified research on 
anthrax, a new and more virulent strain of anthrax was produced 
in both powdered and liquid form. This strain was resistant to 
many commonly used antibiotics such as penicillin and strep-
tomycin (38). It is clear from these revelations that the FSU 
demonstrated the ability to wage biological warfare on a scale 
matched by no other nation in history. After the final collapse 
of the FSU and the reorganization of its provinces and states, few 
of the installations of Biopreparat were subject to international 
disarmament procedures. The fate of some of the research and 
know-how remains unknown. 

Before October 2001, the last case of inhalational anthrax 
in the USA occurred in 1976 (33). The identification of inhala-
tional anthrax in a journalist in Florida on October 4, 2001, was 
the first confirmed case associated with the intentional release of 
the organism (40–42). The following 10 cases of cutaneous and 
inhalational anthrax were seen in postal workers who had handled 
contaminated mail. An additional case of cutaneous anthrax was 
reported in March 2002, in a laboratory worker processing B. 
anthracis samples for the CDC investigation of the above cases (9, 
10). A thorough analysis of these cases suggested a domestic form 
of bioterrorism using the Ames strain of B. anthracis. The analysis 
of the cases also provided a better understanding of the pathogen-
esis and variable clinical presentation of inhalational anthrax. In 
contrast to previous studies indicating a death rate of >90%, the 
cases in 2001 suggested that survival can be markedly improved 

by early diagnosis, improved intensive care, and combination an-
timicrobial therapy (10). However, further studies will be needed 
to better define the antimicrobial regimens and to explore the 
role of adjunctive treatment modalities, such as immunoglobulin, 
antitoxin, corticosteroids, and other toxin inhibitors.

MICROBIOLOGY
The Bacillus genus has 70 species, including B. cereus, B. 

subtilis, B. anthracis, and B. thuringiensis. Some species have been 
lost to other genera by proposals for new Bacillus species. Members 
of the B. cereus group—B. anthracis, B. cereus, and B. thuringi-
ensis—are really pathovars of a single species (43). However, it 
is convenient to classify B. anthracis within the B. cereus group, 
which then comprises B. cereus, B. anthracis, B. thuringiensis, and 
B. mycoides by phenotype (44). 

B. anthracis is a large, aerobic, gram-positive, spore-forming, 
nonmotile bacillus (Figure 2). The nonflagellated vegetative bacil-
lus is 1–1.5 by 3–10 µm in size and is the only obligate pathogen 
within the genus (43, 45). In infected blood or tissues, the bacilli 
are frequently present in short chains, surrounded by the poly-
peptide capsule, which can be visualized under the microscope 
if stained with polychrome methylene blue (McFadyean stain; 
Figure 3) or highlighted with India ink. However, in stained 
smears from anthrax colonies grown on plates, no capsule is 
identified unless the medium contains 0.7% bicarbonate or 5% 
serum and the plates are incubated in a 5% to 10% carbon dioxide 
atmosphere (46). 

Figure 2. Gram stain of Bacillus anthracis: (a) from culture; (b) from infected tissue. 
Courtesy of CDC/Public Health Image Library.
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It is impossible to discriminate between species of the B. 
cereus group by 16S rRNA sequencing, although B. anthracis 
can be distinguished by multiple-locus variable-number tandem 
repeat analysis and amplified fragment-length polymorphism (47, 
48). B. anthracis is one of the most molecularly monomorphic 
bacteria known. However, based on variable numbers of tandem 
repeats in the region of the VrrA gene, all known B. anthracis 
strains can be separated into five categories for geographical 
identification (49). 

Unlike other members of the B. cereus group, B. anthracis 
is nonmotile and nonhemolytic on sheep blood agar. It grows 
readily on a variety of laboratory media at 37°C, forming typical 
white-gray colonies with an oval, slightly granular appearance. 
The colonies of B. anthracis are about 2 mm in diameter and 
somewhat smaller when compared with those of other species in 
the B. cereus group (Figure 4). It is generally easy to distinguish 
the virulent B. anthracis from members of the B. cereus group by 
colony morphology, susceptibility to the diagnostic gamma phage 
(Figure 5), and the ability to produce the characteristic capsule 
as visualized by the McFadyean stain.

Bacilli will form spores when local nutrients in the environ-
ment are exhausted or when anthrax-infected body fluids are ex-
posed to ambient air (47). However, under favorable conditions, 
anthrax spores germinate and rapidly multiply into vegetative 
anthrax bacilli. Vegetative bacilli have poor survival outside of an 
animal or human host; colony counts decline rapidly to undetect-
able numbers within 24 hours after inoculation with water. This 
clearly contrasts with the environmentally hardy properties of the 
B. anthracis spore, which can survive for decades (3, 43, 50).

PATHOGENESIS
Recently, the genome of B. anthracis (Ames strain) was ana-

lyzed, and to date the pXO1 and pXO2 plasmids responsible for 
the anthrax toxins have been sequenced (51, 52). These plasmids 
have also been identified in other non–B. cereus Bacillus species 
and can be transferred among these species of Bacillus (personal 
communication, researchers at the Center for Biological Defense 
College of Public Health at the University of South Florida). 
The major virulence factors and their role in the pathogenesis of 

anthrax will briefly be discussed, since current and future research 
for development of new treatment options and vaccines will focus 
on these virulence factors. 

Full virulence of the bacilli requires the presence of both an 
antiphagocytic capsule and three plasmid-encoded toxin com-
ponents. The capsule is composed of a high-molecular-weight 
polypeptide (poly-D-glutamic acid) and is encoded by the pXO2 
plasmid (51). This small plasmid (95.3 kilobase pairs) encodes 
the three genes capB, capC, and capA. The capsule inhibits 
host phagocytosis of the vegetative form of B. anthracis (47). 
Plasmid pXO1 encodes for three toxins: it is 184.5 kilobase pairs 
in size and comprises the 83-kd lethal factor, the 89-kd edema 
factor (calmodulin-dependent adenylate cyclase), and the 85-
kd protective antigen (52–54). These proteins are individually 
nontoxic; however, they act in binary combinations and produce 
two distinct toxic responses in the host organism: edema and 
cell death (55). Assembly of the toxic complexes begins when 
the protective antigen binds to a receptor on the host cells. The 
membrane-bound protective antigen is then cleaved by a mem-
ber of the furin class proteases and in part endocytosed. This 

Figure 3. McFadyean capsule stain of Bacillus anthracis, grown at 35ºC in defibri-
nated horse blood. Courtesy of CDC/Larry Stauffer/Public Health Image Library.

Figure 4. Colonies of Bacillus anthracis on sheep blood agar plate. Courtesy of 
CDC/Public Health Image Library. 

Figure 5. Gamma phage lysis of Bacillus anthracis on sheep blood agar. Courtesy 
of CDC/Larry Stauffer/Public Health Image Library.
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process also facilitates the entry of the edema factor and lethal 
factor into the host cell. The endocytosed part of the protective 
antigen combines with the lethal factor to form the lethal toxin 
(56). The edema factor inhibits phagocytosis by neutrophils and 
the oxidative process. The lethal toxin (lethal factor combined 
with protective antigen) is cytolytic for macrophages and causes 
the release of tumor necrosis factor and interleukin-1. Both tu-
mor necrosis factor and interleukin-1 in turn cause damage to 
endothelial cells. 

Infection with anthrax occurs after introduction of spores 
through a break in the skin (cutaneous anthrax) or entry through 
the mucosa (gastrointestinal anthrax). After spores are ingested 
by macrophages at the port of entry, germination of the vegetative 
form occurs and the bacilli rapidly multiply. Rapid extracellular 
multiplication is accompanied by the production of the lethal 
toxin and edema factor. In inhalational anthrax, spores (1–2 µm 
in diameter) are inhaled and deposited in the alveolar spaces. 
From there, they are transported to local lymphatics and the 
mediastinal lymph nodes, where they germinate and cause hemor-
rhagic lymphadenitis. Vegetative bacilli then further spread via 
the bloodstream and lymphatics, causing septicemia. The large 
amounts of toxin produced by the bacilli, together with the host 
response (release of tumor necrosis factor and interleukin-1) are 
responsible for the rapid decline and the overt symptoms of the 
host organism. If untreated, patients die within a few days. Indeed, 
the Sverdlovsk accident in 1979 has shown that disease and death 
occur within 6 weeks of the accidental release of anthrax spores. 
Studies in rhesus monkeys, which serve as a good model for the 
study of inhalational anthrax, have shown that germination can 
occur up to 60 days after exposure and that infected animals die 
within a week of full symptomatic disease (57). These observa-
tions are the basis for recommending antibiotic prophylaxis for 
60 days in response to inhalation exposure.

CLINICAL MANIFESTATIONS AND PATHOLOGIC CHARACTERISTICS 
OF ANTHRAX

In humans, the most common form of anthrax is cutaneous 
disease, accounting for 90% or more of all cases worldwide. Areas 
of exposed skin, such as arms, hands, face, and neck, are more 

frequently affected. No available data suggest a prolonged latency 
period for the development of cutaneous anthrax after exposure. 
In fact, in Sverdlovsk, cases of cutaneous anthrax occurred only 
as late as 12 days after the incident (36). The literature reports 
incubation periods as short as 12 hours and as long as 19 days 
(58). After germination of spores in skin and soft tissues, toxin 
production results in local edema, and a ring of vesicles devel-
ops. These symptoms occur in most cases over 24 hours. Edema 
and vesicle formation are followed by ulceration of the central 
papule, which then dries to form the classic black eschar (Figure 
6). The eschar dries, loosens, and falls off during the following 
1 to 2 weeks, often resulting in complete healing with minimal 
or no scar formation. Cutaneous lesions often heal irrespective 
of treatment (59). If the disease becomes systemic, lymphangitis 
and painful lymphadenopathy usually occur as first symptoms. 
In untreated cutaneous anthrax, about 20% of patients develop 
septicemia and die. However, with the use of appropriate antibi-
otics, the mortality rate is <1% (60).

Gastrointestinal anthrax follows the deposition and subse-
quent germination of spores in the upper or lower gastrointestinal 
tract. Commonly, the disease is associated with the consumption 
of undercooked meat from animals contaminated with anthrax. 
The oropharyngeal form of the disease is characterized by oral or 
pharyngeal ulcers, regional lymphadenopathy, edema, and sepsis 
(20, 22). In the abdominal form of the disease, ulcers and eschars 
usually form in the wall of the terminal ileum; however, cecum, 
colon, stomach, and duodenum can also be involved. Present-
ing symptoms include nausea, vomiting, anorexia, and fever. As 
the disease progresses, severe abdominal pain, hematemesis, and 

Figure 6. The eschar of cutaneous anthrax. Courtesy of CDC/Public Health Image 
Library.

Figure 7. A posteroanterior chest radiograph taken shortly after onset of inhala-
tional anthrax in a 46-year-old man who contracted the disease from working in 
a goat hair processing mill. The radiograph reveals bilateral pulmonary effusion 
and a widened mediastinum, which are hallmarks of the disease process. Courtesy 
of CDC/Arthur E. Kaye/Public Health Image Library.
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bloody diarrhea occur, followed by septicemia and death (47). 
These symptoms result from severe and widespread necrosis of the 
initial eschar, together with marked edema of the intestines and 
mesentery. Lymphadenopathy is also prominent. If the diagnosis 
can be established at an early stage, patients can be treated and 
cured. However, with the rather nonspecific initial symptoms of 
gastrointestinal anthrax, early diagnosis is difficult, ultimately 
resulting in a high mortality rate for this form of the disease.

Inhalational anthrax is classically described as a two-stage 
illness. It begins insidiously with flulike symptoms: mild fever, 
fatigue, malaise, and a nonproductive cough. These symptoms 
(prodromal phase) begin approximately 2 to 5 days after the ini-
tial exposure and last for about 48 hours. The prodromal phase 
then ends suddenly with the development of a rather acute illness 
characterized by severe and acute dyspnea, stridor, fever, and 
cyanosis. At this stage, massive lymphadenopathy and expansion 
of the mediastinum are noted. A chest radiograph taken during 
this stage most often shows the widened mediastinum consistent 
with lymphadenopathy (Figure 7) (61). On clinical examination, 
the findings include fever, tachypnea, cyanosis, tachycardia, moist 
rales, and evidence of pleural effusion. Without treatment, the 
illness progresses rapidly: terminally, the pulse becomes extremely 
rapid and faint, and dyspnea and cyanosis worsen. Extreme disori-

entation is quickly followed by coma and death (62, 63). Up to 
50% of patients with inhalational anthrax develop hemorrhagic 
meningitis with concomitant meningismus, delirium, and obtun-
dation. However, anthrax meningitis can occur as an end-stage 
process in any of the three forms of the disease. The clinical signs 
together with the appearance of blood in cerebrospinal fluid are 
usually followed by loss of consciousness and death (47). The 
prognosis for patients with inhalational anthrax and anthrax 
meningitis is extremely poor.

The hallmarks of anthrax are hemorrhage and edema. In cu-
taneous cases of anthrax, these findings are limited to the tissue 
immediately adjacent to the site of inoculation. Except for the 
site of initial entry and the mediastinal edema in patients with 
inhalational anthrax, the nature and distribution of lesions as-
sociated with septicemic spread of anthrax are virtually identical 
regardless of the route of infection (36, 37). The severe localized 
reaction is caused by the toxins produced by bacilli at the site of 
introduction. As they proliferate, the bacteria tend to colonize 
the lungs and gastrointestinal tract rapidly. Often, preexisting 
lesions from other causes are colonized. Examples are parasitic 
nodules, neoplasms, or foci of chronic active inflammation. The 
local lesion of anthrax then resembles an abscess, and the or-
ganisms are disseminated via the bloodstream. Overwhelming 
septicemia with involvement of spleen, brain, liver, and virtu-
ally any other organ will occur within a few hours to days (37). 
The hemorrhagic meningitis is striking and is often referred to 
as the “cardinal’s cap” (Figure 8) (37). When tissue from patients 
with disseminated anthrax is evaluated, light microscopy finds 
hemorrhage, edema, necrosis, fibrin deposition, and a variable 
degree of inflammatory cell infiltrate, predominantly consisting 
of neutrophils (Figure 9). Splenic lesions show fibrinopurulent 
necrosis and depletion of white pulp. The hemorrhagic meningitis 
is characterized by hemorrhage, fibrinopurulent inflammation, 
and a myriad of bacilli in and around blood vessels (37). Necro-
tizing vasculitis and disseminated intravascular coagulation may 
also occur. Touch preparations from tissue and blood smears also 
demonstrate a myriad of typically “box car”–shaped, encapsulated 
gram-positive bacilli. 

Until recently, the mortality rate for inhalational anthrax was 
estimated to be >95%. Most of these cases were occupationally 
acquired and had occurred before critical care units were in use 

Figure 8. Hemorrhagic meningitis due to inhalational anthrax. (a) Gross pathology 
of a formalin-fixed and cut brain. Courtesy of CDC/Public Health Image Library. (b) 
Photomicrograph of meninges, ×125. Courtesy of CDC/Dr. LaForce/Public Health 
Image Library.

a

b

Figure 9. Histopathologic study of mediastinal lymph node in fatal human anthrax. 
Courtesy of CDC/Dr. Marshall Fox/Public Health Image Library.
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and in some cases before effective antibiotics were developed 
(7). At Sverdlovsk, of the reported 79 people who contracted 
inhalational anthrax, 68 died. However, the reliability of these 
data and diagnoses remains somewhat questionable (36). It was 
reported that patients who were diagnosed 30 or more days after 
the accidental release of the organism had a higher survival rate 
than those with an earlier diagnosis or onset of disease. Antibi-
otics, antianthrax globulin, and vaccines were used to treat the 
residents in the area of Sverdlovsk. However, detailed data from 
these procedures, hospital records, and data on patients who had 
received such interventions are not available (36). In many of 
the fatal cases, reports indicate that the interval between onset 
of symptoms and death averaged 3 days. 

On the contrary, of the 11 known cases to date in the USA, 
six of the patients survived, providing a mortality rate of 45%. 
This lower figure may reflect the success of rapid diagnosis and 
appropriate and immediate antibiotic treatment, together with 
full intensive care support. 

TREATMENT AND PROPHYLAXIS
Penicillin has long been considered the drug of choice for the 

treatment of (cutaneous) anthrax, and only rarely has penicillin 
resistance been found in naturally occurring B. anthracis strains. 
In vitro testing shows B. anthracis to be susceptible to penicil-
lins, fluoroquinolones, tetracycline, chloramphenicol, aminogly-
cosides, macrolides, imipenem, rifampicin, and vancomycin. The 
organism is usually resistant to cephalosporins, trimethoprim, and 
sulfonamides (47). 

The initial recommendations for the treatment of (inhala-
tional) anthrax in the setting of a bioterrorist attack were made 
based on a limited number of studies in experimental animals and 
the experience from the Sverdlovsk incident (3). These recom-
mendations take into account the understanding of antibiotic 
resistance patterns and the possible requirement for treatment 
of large numbers of casualties. Given the rapid development and 
often fatal course of inhalational anthrax, early antibiotic admin-
istration is essential. Furthermore, the experience from the 10 
most recent cases of inhalational anthrax in the USA reaffirmed 

the correctness of this approach. Because the Ames strain causing 
these recent infections has shown the presence of constitutive 
and inducible β-lactamase, the treatment of systemic anthrax 
with penicillin or amoxicillin alone is no longer recommended. 
For mild cases of cutaneous anthrax, the use of ciprofloxacin (500 
mg twice daily), doxycycline (100 mg twice daily), or amoxicillin 
(500 mg 3 times daily) is recommended (3). Recommendations 
were made for contained and mass casualty settings with differ-
ences in the mode of administration of these antibiotics. 

In experimental animals, the use of antibiotics prevented the 
development of an adequate immune response (57). Data from 
these studies suggest that even when appropriate antibiotics are 
used, a substantial risk for disease recurrence exists for at least 60 
days. It has been postulated that germination of dormant spores 
may occur as late as 60 days after infection. The Working Group 
on Civilian Biodefense therefore recommended that antibiotic 
treatment should last at least 60 days (3) (Table 1). In cases of 
naturally occurring (cutaneous) anthrax, in contrast, treatment 
is given for 7 to 10 days. Guidelines for postexposure prophylaxis 
remain the topic of controversy and are not yet fully developed. 
Such prophylaxis is currently not recommended for asymptomatic 
people, unless public health or police authorities consider the ex-
posure substantial and a significant risk for development of disease 
symptoms exists (3, 47). Again, a 60-day period is recommended 
for prophylaxis based on the possibility of delayed germination 
of inhaled anthrax spores (Table 2).

Naturally, vaccination seems the most effective form of mass 
protection. Pasteur produced the first anthrax animal vaccine in 
1881; however, human vaccines did not emerge until the middle 
of the 20th century (47). The principal antigen responsible for 
induction of immunity is the protective antigen (16, 19). The 
US anthrax vaccine for animals, an inactivated cell-free product 
(Sterne 34F2), has proved to be extremely safe and effective. A 
vaccine for use in humans was licensed in 1970 by the Food and 
Drug Administration. This vaccine was based on cultures in a 
synthetic medium, which was initially termed “528 medium.” 
Modifications were made, and the US vaccine used today is an 
alhydrogel-absorbed, cell-free culture filtrate of the anthrax strain 

Table 1. Treatment protocol for inhalational anthrax associated with bioterrorist events*

Category Initial therapy (intravenous) Follow-up therapy/duration

Adults (including  pregnant women†
and immunocompromised)

Ciprofloxacin 400 mg BID
or doxycycline 100 mg BID
and one or two additional antimicrobials

Switch to oral therapy when clinically appropriate: 
Ciprofloxacin 500 mg BID
or doxycycline 100 mg BID
Continue for 60 days (intravenous and oral combined)

Children (including
immunocompromised)

Ciprofloxacin 10–15 mg/kg BID‡
or doxycycline:

>8 y and >45 kg: 100 mg BID 
>8 y and ≤45 kg: 2.2 mg/kg BID
≤8 y: 2.2 mg/kg BID

and one or two additional antimicrobials

Switch to oral therapy when clinically appropriate:
Ciprofloxacin 10–15 mg/kg BID‡
or doxycycline: 

>8 y and >45 kg: 100 mg BID
>8 y and ≤45 kg: 2.2 mg/kg BID
≤8 y: 2.2 mg/kg BID

Continue for 60 days (intravenous and oral combined)

*Source: MMWR 2001;50:909–919 (reference 41 ). Patient information sheets available at http://www.bt.cdc.gov.
†High death rate from infection outweighs risk of antimicrobials.
‡Ciprofloxacin not to exceed 1 g daily in children.
BID indicates twice a day.
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V770-NPI-R (an avirulent, nonencapsulated, nonproteolytic 
variation of a 1951 bovine isolate from Florida). It was initially 
licensed in 1972 for administration to people in at-risk occupa-
tions. The vaccine is given in a 6-dose series over 18 months 
and has recently been mandated for all US military active- and 
reserve-duty personnel (64). Despite some minor side effects, no 
serious adverse events were reported from the military use of the 
vaccine (3). In addition, a study in monkeys inoculated with the 
vaccine showed the vaccine to be completely protective against 
an aerosol challenge of anthrax spores at 8 and 38 weeks and 
88% protective at 100 weeks (65). The FSU and China vaccinate 
humans with live spores, either by scarification or subcutaneous 
injection (65). The FSU also uses a strain (ST-1) that is analogous 
to the US animal vaccine (Sterne 34F2). The use of live attenu-
ated vaccines in the West is considered unsuitable for humans. 

Considerable effort has been made in recent years to develop 
newer and safer anthrax vaccines that would meet current licens-
ing criteria and offer improved efficacy (65, 66). Most of the 
current research focuses on subunit vaccines that contain whole-
length recombinant protective antigen as the active ingredient. 
Ideally, such new vaccines would be given orally or intranasally 
and would protect after a single dose.

SUMMARY
Despite its horrifying potential as a biological weapon, an-

thrax has been a regularly occurring natural disease worldwide. In 
the early days of microbiology, some 125 years ago, anthrax was 
important as a disease devastating to domestic animals and the 
farming economy. The problem was identified and appropriate 
countermeasures were taken, including the development and use 
of vaccines. Research and development of anthrax as a biologi-
cal weapon during the first half of the 20th century focused on 
easy dissemination of the bioweapon and the development of 
multidrug-resistant strains. Over time it became clear that an-
thrax would be unlikely to severely disrupt military operations. 
However, residual contamination of the ground would occur, and 
anthrax would pose a great danger to the civilian population. The 
analysis provided by the WHO in 1970 provided a grim outlook 
on the estimated casualties should dried anthrax be released in 
aerosolized form on large cities (1). 

With the experience in Sverdlovsk and the discovery of bio-
weapons research in numerous countries (e.g., FSU and Iraq), it 

became clear that despite internation-
al disarmament agreements, the threat 
of biological warfare agents continues 
to exist. Most experts agree that the 
ability to manufacture and use a lethal 
anthrax aerosol is beyond the capacity 
of individuals or groups without access 
to advanced biotechnology laborato-
ries. However, after the attacks on the 
World Trade Center on September 11, 
2001, and the subsequent 10 cases of 
inhalational anthrax, concerns have 
been raised that these attacks are the 
beginning, rather than the end, of 
terrorism. 

Despite improvements in treat-
ment, anthrax remains a deadly infection. Primary prevention 
rests on creating a strong global norm that rejects development 
of such weapons. Secondary prevention implies early detection 
and prompt treatment of disease. Unfortunately, the tools of 
primary and secondary prevention are imperfect. As interna-
tional political efforts are made to assist nations that have been 
targets of biological weapons, the medical and law enforcement 
communities must be prepared to face the sequelae should the 
unthinkable happen.
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