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The events of 11 September 2001 and the subsequent
anthrax outbreaks have shown that the West needs to
be prepared for an increasing number of terrorist
attacks, which may include the use of biological
warfare. Bacillus anthracis has long been considered a
potential biological warfare agent, and this review will
discuss the history of its use as such. It will also cover
the biology of this organism and the clinical features of
the three disease forms that it can produce: cutaneous,
gastrointestinal, and inhalation anthrax. In addition,
treatment and vaccination strategies will be reviewed.
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n 11 September 2001, American Airlines,
Flight 11 hit the North Tower of New
York’s World Trade Center, at 08.48 Eastern Standard Time, followed by United Flight 175
at 09.18 hitting the South Tower. The South Tower
collapsed, followed by the North Tower at 10.28.
In 100 minutes the world had changed for ever.
Simultaneously, American Airlines Flight 77 hit
the West Wing of the Pentagon Building in Washington DC. The United States of America, the
most powerful country on Earth, had succumbed
to the ultimate asymmetric threat. In times past,
military leaders from Alexander the Great to Field
Marshall Montgomery had fought battles in
terms of symmetric warfare: the enemy was
known and could be identified, goals were clearly
stated, weaponry was understood, and rules of
engagement agreed. Asymmetric warfare is exactly the reverse: unknown, invisible, often with
undefinable aims, mainly through attacks on
civilian targets and with a complete disregard for
collateral damage, including the perpetrators’
lives. There is no pattern, balance, consistency, or
coherence associated with this type of warfare.
The response will not just be military but also
political, diplomatic, psychological, and financial
and must be sustained. Because of this multiagency involvement in formulating an effective
response, progress will undoubtedly be difficult.
Subsequent to this outrage, on 5 October 2001 a
63 year old white man in Florida died of
inhalation anthrax, the first person to develop
this disease in the USA for 25 years.1 Bioterrorism, in the form of letters containing the Ames
strain of Bacillus anthracis spores, had also arrived.
After the sending of probably six such letters, as
of 26 January 2002, a total of 11 cases of inhalation anthrax (five of these patients died) and 11
(seven confirmed and four suspected) cases of
cutaneous anthrax have been identified. Long
considered a potential biological warfare agent,2–4
Bacillus anthracis had been investigated and weaponised for potential use against animals in World

War I (Germany)5 6 and both animals and man in
World War II.
“Bioterrorism, in the form of letters
containing the Ames strain of Bacillus
anthracis spores, had also arrived”
Dr Paul Fildes headed the British effort at Porton Down in the 1940s and by November 1940
had determined that the most effective way to use
a biological warfare agent would be to disseminate an aerosol of lung retention size particles
from a liquid suspension of bacteria in a bursting
munition, such as a bomb, so that effective
concentrations would be inhaled by anyone in the
target area.7 8
The British biological warfare offensive effort
concentrated on anthrax and between 1942 and
1943 anthrax bombs were tested on the island of
Gruinard, off the North West coast of Scotland.
The so called N bomb contained 106 special
bomblets charged with anthrax spores. Another
effort was the production of over 5 million
anthrax infected cattle cakes, which would have
been dropped over Germany in an attempt to
decrease meat stocks by some 30%. Events
overtook plans to put these into operation.
In 1979, a sudden outbreak of pulmonary
anthrax occurred in Sverdlovsk (former Soviet
Union), downwind of a military complex, compound 19, because of the failure to activate air filters. Between 66 and 105 people died.9
In a military operation it is anticipated that
anthrax would be unlikely to cause severe disruptions to operations, although residual contamination of the ground would occur, as shown by the
Gruinard experience. Anthrax is more of a danger
to the civilian population of a city. Based on
scientific calculations, the World Health
Organisation10 gave an estimate of possible
casualties following the release of 50 kg of dried
anthrax powder by aerosolisation for two hours
on a city of 500 000 inhabitants. It was calculated
that 95 000 deaths would occur, with 125 000
individuals being incapacitated. The strain on
medical resources would be tremendous, leading
to bed requirements for 12 500 individuals (10%
of those incapacitated), antibiotics for 60 days for
125 000 people, and the disposal of 95 000 dead.
This would almost certainly lead to a rapid total
breakdown in medical resources and civilian
infrastructures.
In view of these recent events,11 12 it is
opportune to review the disease of anthrax and its
causative agent B anthracis. The reader is encouraged to read other similar texts.13–15

BACTERIOLOGY
Bacillus anthracis, the organism that causes anthrax, derives its name from the Greek word for
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PATHOGENESIS
The major virulence factors of B anthracis are encoded on two
virulence plasmids pXO1 and pXO2.24 25 The tri-toxin bearing
plasmid pXO1 is 184.5 kilobase pairs (kbp) in size and codes
for three toxins, which cause haemorrhage, oedema, and
necrosis.26 They comprise the 83 kDa lethal factor, 89 kDa
oedema factor (calmodulin dependent adenylate cyclase), and
the 85 kDa protective antigen, which contains the 20 kDa host
cell receptor component.27–29 The exotoxins are binary, with the
protective antigen acting as the binding domain that allows
entry of the toxin into the host cell. The smaller capsule bearing plasmid pXO2 is 95.3 kbp in size and encodes three genes
(cap B, cap C, and cap A) involved in the synthesis of the polyglutamyl capsule that inhibits host phagocytosis of the
vegetative form of B anthracis.30 Both plasmids are necessary
for full virulence; loss of either results in an attenuated strain.
Sterne, such as attenuated strain, carries pXO1 and therefore
can synthesise exotoxin, but does not have a capsule.24 Infection occurs after introduction of the spore through a break in
the skin (cutaneous anthrax) or entry through mucosa
(gastrointestinal anthrax). After ingestion by macrophages at
the site of entry, germination of the vegetative form then
occurs, followed by extracellular multiplication, together with
the production of capsule and toxins. In inhalation anthrax,
spores of 1–2 µm in diameter are inhaled and deposited in the
alveolar spaces from where they are transported by the
lymphatics to the mediastinal lymph nodes, where they cause
regional haemorrhagic lymphadenitis. Vegetative bacteria
then spreads through blood and lymph where, if unchecked,
they cause severe septicaemia. In turn, large amounts of the

exotoxins are produced, which are responsible for the overt
symptoms and death. In a rhesus monkey inhalation anthrax
model, germination can occur up to 60 days after exposure.31
Such observations are the basis for recommending antibiotic
prophylaxis for 60 days in response to inhalation exposure.
Indeed, in the 1979 Sverdlovsk outbreak, all known cases of
inhalation anthrax, following accidental discharge of anthrax
spores from a military production facility, occurred within six
weeks of the release.9

EPIDEMIOLOGY
Anthrax is a worldwide zoonosis to which most animals, especially grazing herbivores, are susceptible. In natural conditions, human infections (predominantly cutaneous) usually
result from contact with infected animals or contaminated
animal products, such as hides or wool. Cases of inhalation
anthrax (woolsorters’ disease) have occurred in enclosed factory spaces where large scale processing of hides and wool
took place. The ability of the anthrax spore to produce disease
by the respiratory route is not high.32 Inhaled spores of > 5 µm
pose no threat because they are cleared from the lung by the
mucociliary escalator system. Lincoln and colleagues quote a
spore load figure for sheep, generally regarded as very susceptible to anthrax, of 200 000.32 Humans are generally regarded
as being moderately resistant to anthrax. Using air sampling
techniques, Dahlgren and co-workers33 estimated that in one
woollen mill, workers were inhaling between 600 and 1300
spores during an eight hour shift with no ill effects.
“Anthrax is a worldwide zoonosis to which most
animals,
especially
grazing
herbivores,
are
susceptible”
Zimbabwe saw the largest human epidemic to date, where
more than 10 000 human cases, nearly all of them cutaneous,
were reported between 1979 and 1985.34 Three main lessons
were learnt from this outbreak, namely: (1) the importance of
vaccinating livestock on a regular basis in areas of endemicity;
(2) direct contact with infected livestock has a major role in
human acquisition; and (3) there seems to be little risk of
cross infection from infected patients to health care workers or
other patients.

CLINICAL FEATURES
Anthrax takes one of three forms.14 15 By far the most common
is cutaneous anthrax, which accounts for over 90% of all
human cases and is acquired through a lesion on the skin. The
other two forms are gastrointestinal anthrax and pulmonary,
or inhalation, anthrax.
Cutaneous anthrax
After infection via an abrasion, cut, or possible insect bite, a
small pimple or papule will develop within two to three days,
although there are reports of incubation periods as short as 12
hours or as long as 19 days.35 Over the next 24 hours a ring of
vesicles develops, followed by ulceration of the central papule,
which dries to form the classic black eschar, which in turn
enlarges to cover the drying vesicle. Pus will only be present if
the lesion becomes secondarily infected with pyogenic bacteria, such as Staphylococcus aureus. The lesion, which is always
painless, may be small or large and is always surrounded by
oedema. Usually, by the fifth or sixth day a thick black eschar,
firmly adherent to the underlying tissue, has developed. The
bacilli remain localised to the lesion in uncomplicated cutaneous anthrax, although adenitis of the regional lymph nodes is
not uncommon. Fever is rarely present. Ten days after the
appearance of the original lesion the eschar begins to resolve
slowly, over two to six weeks, irrespective of treatment,36 and
resolution is usually completed with minimal scarring. In
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coal, B anthrakis, because of its ability to cause black, coal-like
cutaneous eschars. Bacillus anthracis, a large Gram positive,
aerobic, spore bearing bacillus, 1–1.5 × 3–10 µm in size, is the
only obligate pathogen within the genus bacillus.16 It is
convenient to class B anthracis within the B cereus group, which
comprises B cereus, B anthracis, B thuringiensis, and B mycoides
by phenotype.17 Although it is not possible to discriminate
between species by 16S rRNA sequencing, multiple locus variable number tandem repeat analysis and amplified fragment
length polymorphism provide clear evidence that B anthracis
can be reliably distinguished from others of the B cereus
groups.18 19 In addition, although B anthracis is one of the most
molecular monomorphic bacteria known, all known strains
have been separated into five categories (allowing for
geographical identification) on the basis of variable numbers
of tandem repeats in the variable region of the VrrA gene.20
Unlike the other members of the B cereus group, B anthracis is
non-motile and non-haemolytic on horse (or sheep’s) blood
agar, grows at 37°C, and forms typical white colonies with
bee’s eye appearance (that is, oval, slightly granular but not
dry, about 2 mm in diameter), which are characteristically
tacky on teasing with a loop. Spores do not form in host tissues
unless the infected body fluids are exposed to air. When nutrients are exhausted, resistant spores form that can survive in
soil for decades.21 These spores then germinate when exposed
to a nutrient rich environment, such as the tissues or blood of
an animal or human host. In infected blood or tissues, the
bacilli are frequently present in short chains, surrounded by
the polypeptide capsule, which can be visualised under the
microscope if stained with polychrome methylene blue
(McFadyean stain) or highlighted with Indian ink. In stained
smears from colonies cultivated on plates there is no capsule
unless the medium contains 0.7% biocarbonate or 5% serum
and the plates are incubated in 5–10% carbon dioxide.22
Provided no antibiotics have been prescribed, there is usually
no difficulty in isolating B anthracis from clinical specimens.
However in environmental sampling because of the presence
of other Bacillus spp, a selective medium is recommended, such
as polymixin lysozyme EDTA thallus acetate agar.23
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Gastrointestinal anthrax
This form of disease results from the ingestion of undercooked
meat from animals with B anthracis. The incubation period is
two to five days. Few, if any, countries outside Africa and Asia
have recorded cases of this form of anthrax. The characteristic
eschar occurs most often on the wall of the terminal ileum or
caecum,37 38 although the oropharynx, stomach, duodenum,
and upper ileum can be affected.39 40 It has two clinical forms:
abdominal and oro-oesophageal anthrax. In abdominal
anthrax initial symptoms are nausea, vomiting and anorexia,
and fever. As the disease progresses, severe abdominal pain
resembling an acute abdomen, haematemesis, and bloody
diarrhoea occur, followed by septicaemia and death.41 The
symptoms result from severe and widespread necrosis of the
initial eschar, together with extreme oedema of intestines and
mesentary, and enlargement of local mesenteric lymph nodes.
In oro-oesophageal anthrax, the clinical manifestations
include sore throat, dysphagia, fever, cervical lymphadenopathy, and oedema. If an early diagnosis is made then patients
can be cured, but because of the non-specific presentation
diagnosis is difficult, resulting in a high mortality rate.
Inhalation anthrax
Until the recent events of 11 cases of inhalation anthrax
following deliberate contamination of US mail,42 inhalation
anthrax had always been associated with industrial exposure
to spores in textile or tanning industries. With improved
industrial hygiene practice and immunisation the numbers of
cases have fallen dramatically.43 44 In 1979, after an apparent
accidental release of anthrax spores from a military facility in
Sverdlovsk of the former Soviet Union, the largest outbreak of
inhalation anthrax in the 20th century occurred.9 45 The illness
begins insidiously with “flu-like” symptoms of mild fever,
fatigue, malaise, myalgia, and non-productive cough, usually
two to five days after the initial exposure. This mild initial
prodromal phase, which usually lasts about 48 hours,
suddenly ends with the development of an acute illness characterised by acute dyspnoea, stridor, fever, and cyanosis. On
examination at this time, the findings include fever, tachypnoea, cyanosis, tachycardia, moist rales, and evidence of pleural effusion. Terminally, the pulse becomes extremely rapid
and faint, dyspnoea and cyanosis worsen, the patient becomes
extremely disorientated, and this is quickly followed by coma
and death.46–48 Meningitis occurs in approximately 50% of
patients. Until recently, the mortality rate was estimated to be
> 95%; however, of the 11 known cases to date in the USA, six
of the patients survived, providing a death rate of 45%. This
lower figure may reflect the success of appropriate antibiotic
treatment, together with full intensive care support, including
draining of the pleural effusions. Jernigan et al have reported
on the first 10 US cases of inhalation anthrax associated with
the recent bioterrorism event.42 Epidemiological investigation
indicated that the outbreak from 4 October to 2 November
2001 in the District of Columbia, Florida, New Jersey and New
York resulted from the intentional delivery of B anthracis
spores through mailed letters or packages. The median age of
the patients was 56 years (range, 43–73), seven were men, and
except for one, all were known or believed to have processed,
handled, or received letters containing B anthracis spores. The
median incubation period from the time of exposure to onset
of symptoms, when known (n = 6), was four days (range, four
to six). Symptoms at initial presentation included fever or
chills (n = 10), sweats (n = 7), fatigue or malaise (n = 10),
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minimal or non-productive cough (n = 9), dyspnoea (n = 8),
and nausea (n = 9). The median white blood cell count was
9.8 × 103/mm3 (range, 7.5–13.3), often with increased neutrophils and band forms. Nine patients had raised serum
transaminase concentrations, and six were hypoxic. All 10
patients had abnormal chest x rays; abnormalities included
infiltrates (n = 7), pleural effusion (n = 8), and mediastinal
widening (n = 7). Computed tomography of the chest was
performed on eight patients, and mediastinal lymphadenopathy was present in seven. With multidrug antibiotic regimens
and supportive care, the survival of patients (60%) was much
higher than previously reported.
Meningitis
Anthrax meningitis can occur as an end stage process of any
of the forms of anthrax. The clinical signs of meningitis,
together with the appearance of blood in cerebrospinal fluid,
are usually followed by loss of consciousness and death.49–51
The prognosis of this form of anthrax is extremely poor.

LABORATORY INVESTIGATIONS
Presumptive diagnosis in a hospital microbiology laboratory is
based on direct Gram’s stained smear of the skin lesion (vesicle or eschar), blood, or cerebrospinal fluid, demonstrating
encapsulated, large Gram positive bacilli (box car shaped) in
short chains. After incubation for 18–24 hours, growth occurs
on blood agar and shows the characteristic morphology of
grey/white, flat colonies, 2–5 mm in diameter, with irregular
edges. Blood cultures are usually positive within six to 24
hours. A buffy coat Gram stain of blood is often positive in
advanced disease. Any presumptive colonies of B anthracis
must be referred to the appropriate reference laboratory for
confirmation. Nasal swab cultures may be used for epidemiological purposes, but have no role in accurately predicting the
risk of subsequent clinical disease. Serological testing is only
of use retrospectively and requires acute and convalescent sera
for comparison. In cases of cutaneous anthrax, antibodies to
protective antigen or to the capsule develop in 68–92% of
patients.51 In one study of 12 patients with confirmed cutaneous anthrax, 11 had a positive titre (> 1/128) to protective
antigen by electrophoretic immunotransblotting and 11 were
positive (cut off point, 1/32) for anticapsule antibodies as
measured by enzyme linked immunosorbent assay.52 Samples
were taken six weeks after development of the disease.

ANTIBIOTIC TREATMENT
Penicillin has long been considered the drug of choice and
only rarely has penicillin resistance been found in naturally
occurring strains. In vitro B anthracis is susceptible to penicillins, fluoroquinolones, tetracycline, chloramphenicol,
aminoglycosides, macrolides, imipenem/meropenem, rifampicin, and vancomycin. The organism is resistant to
cephalosporins, trimethoprim, and sulfomanides.
Table 1 shows the current guidelines for the recommended
treatment of inhalation anthrax, as issued by the Center for
Disease Control.53 Because the Ames strain causing the recent
infections in the USA has shown the presence of constitutive
and inducible β lactamases, the treatment of systemic anthrax
with penicillin or amoxicillin alone is not now
recommended.53 For mild cases of cutaneous anthrax,
treatment with ciprofloxacillin (500 mg twice daily), doxycycline (100 mg twice daily), or amoxicillin (500 mg three times
daily) is recommended.3 In the context of a bioterrorist attack,
treatment should continue for 60 days as opposed to seven to
10 days for naturally acquired disease.
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untreated anthrax, about 20% of patients may develop
septicaemia and die, but with the use of appropriate antibiotics the mortality rate is < 1%. Cutaneous anthrax should
always be considered when patients who have had contact
with animals or animal products present with painless ulcers
associated with vesicles and oedema.
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Patient category

Intravenous (IV) treatment

Long term treatment‡

Adult*

Ciprofloxacin 400 mg IV bd or doxycycline 100 mg IV bd
plus 1 or 2 other antibiotics†
Ciprofloxacin 10–15 mg IV bd. Doxycycline >8 years >45
kg: 100 mg IV bd 8 years <45 kg or <8 years: 2.2 mg/kg
bd +1 or 2 other antibiotics†

Switch to oral treatment when clinically appropriate. Ciprofloxacin 500
mg bd or doxycycline 100 mg bd to complete 60 days
Switch to oral antibiotic when clinically appropriate. Ciprofloxacin
10–15 mg/kg bd or doxycycline (same dose regimen) to complete 60
days

Children

Once patients have stabilised clinically, the IV treatment may be switched to oral and monotherapy may be used to complete the 60 day course. Other
antibiotics that are active in vitro against the current strain are: ampicillin, penicillin, clindamycin, clarithromycin, imipenem/meropenem, vancomycin,
rifampicin, and chloramphenicol.
*Pregnant women and immunocompromised patients should receive the same treatment; †consider steroids with severe oedema or meningitis; ‡one drug
may be used when the patient has stabilised.
bd, twice daily.

“Because the Ames strain causing the recent infections
in the USA has shown the presence of constitutive and
inducible β lactamases, the treatment of systemic
anthrax with penicillin or amoxicillin alone is not now
recommended”
Postexposure prophylaxis is not recommended for asymptomatic people, unless public health or police authorities deem
they have been exposed to a credible threat of anthrax spores.
A long period (60 days) of prophylaxis is recommended
because of the prolonged latency period that can elapse before
germination of the inhaled spores occurs.31 Ciprofloxacin is
currently considered prophylaxis of choice and table 2 shows
the existing recommendations.

VACCINATION
Vaccination is the most cost effective form of mass protection.
Although the first anthrax animal vaccine was developed by
Pasteur in 1881, human vaccines did not emerge until the
middle of the 20th century. Although the current vaccines
available provide effective protection, they do suffer from several problems, namely: lack of standardisation, the relatively
high expense of production, the requirement for repeated
dosing, and the associated transient side effects.54
Animal vaccines
Pasteur demonstrated protection against anthrax by immunisation in 1881 using a heat attenuated strain. However, problems with declining potency and variations in virulence led to
the search for a more effective and stable vaccine. A Sterne
attenuated spore vaccine, based on an avirulent nonencapsulated 34F2 strain, derived from a subculture from a case
of bovine anthrax, was developed. This has proved to be

Table 2

extremely safe and effective, requiring little modification.
Although extremely effective, repeated vaccinations are
required for longterm protection because a single dose will
only provide immunity for about a year.55 56
Human vaccines
The former USSR57 and China58 use vaccination in humans
with live spores, either by scarification of subcutaneous injection. The Russians are known to use a strain STI-1, analogous
in its derivation to the Sterne 34F2 strain. Although analagous
in many ways, current UK and US vaccines did develop along
slightly different routes. The current UK vaccine (licence
numbers 1511/0037 and 1511/0058) consists of an alum
precipitated, cell free filtrate of an aerobic supernatant from
the non-capsulated Sterne strain of B anthracis.59 In the
production of the UK vaccine, a protein hydrolysate was preferred to synthetic 528 medium as used in US vaccine
production.60 Downstream processing consists of a filtration
step to remove bacterial cells, along with oedema factor and
lethal factor. Sterile material, now largely composed of protective antigen, the essential protection immunogen, is alum precipitated at pH 6.0.3
The UK vaccine was introduced for workers in at risk occupations in 1965,61 and licensed for human use in 1979 after
biological agents first fell under the European Directive
75/319/EEC. At present, on empirical grounds, boosters are
administered to vaccinees six months after the initial series of
three doses (zero, three, and six weeks), and annually thereafter.
The US vaccine, from the start, was based on cultures in
synthetic medium, which initially was “528 medium”.60 After
subsequent modifications, including modifications of 528 to
599 and then to 1095, the US vaccine used today (product
licence number 99) is an alhydrogel absorbed, cell free culture

Recommended prophylaxis after exposure to Bacillus anthracis

Antimicrobial agent

Adults

Children

Oral fluoroquinolones
Ciprofloxacin

500 mg bd

20–30 mg/kg of body mass daily, divided into doses—as a
guide
10 kg: 125 mg bd
20 kg: 250 mg bd
30 kg: 375 mg bd
40 kg: as for adult

If fluoroquinolones are not available or are contraindicated
Doxycycline

100 mg bd

5 mg/kg body mass/day divided into two doses

Ciprofloxacin is not licensed for use in children or pregnant women. There have been no formal studies of the use of ciprofloxacin during pregnancy, but it
is unlikely to be associated with a high risk of abnormalities of fetal development. There is some evidence that the use of fluoroquinolones in children
(including use by breast feeding mothers) may be associated with tendinopathy and arthropathy. If B anthracis exposure is confirmed, the organism must
be tested for penicillin susceptibility. If susceptible, exposed persons may be treated with oral amoxicillin as an alternative to ciprofloxacin or doxycycline
(40 mg/kg of body mass/day in divided doses 8 hourly; not to exceeed 500 mg, three times daily). Pharmacokinetic studies have shown that
ciprofloxacin achieves far higher concentrations in lung macrophages than penicillin, and is therefore a more effective prophylactic antibiotic. The risk of
adverse effects must be weighed against the risk of developing a serious disease. Ciprofloxacin has the added advantage that it is also an effective
prophylactic treatment for other potential agents that may be used in deliberate release scenarios, such as plague and tularaemia.
bd, twice daily.
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• Bacillus anthracis has long been considered a potential
biological warefare agent and the events following
September 11 give cause for concern to the West
• It has been calculated that the release of 50 kg of dried
anthrax powder by aerosolisation for two hours on a city of
500 000 inhabitants would almost certainly lead to a rapid
total breakdown in medical resources and civilian
infrastructures
• Anthrax can take three different disease forms: cutaneous,
gastointestinal, and inhalation anthrax, with cutaneous
anthrax being the most common, but inhalation anthrax
probably being the most likely form in the context of a bioterrorist attack
• Anthrax is susceptible to antibiotics, including penicillin and
amoxicillin, but vaccination would be the most efficient and
cost effective form of mass protection, although all vaccines
to date suffer from several problems
• Improved vaccines and treatment modalities need to be
developed to combat this ever increasing threat

filtrate of strain V77O-NPI-R (non-encapsulated, nonproteolytic variation of a 1951 bovine isolate from Florida)
grown anaerobically in a fermenter.
It was licensed in 1972 for administration to those in at risk
occupations, is not licensed for use in children or pregnant
women, and at present is not available for civilian use. The
vaccine is licensed to be given in a six dose series over an 18
month period. In a study, using a monkey model, inoculation
with this vaccine at zero and two weeks was completely
protective against an aerosol challenge at eight and 38 weeks
and 88% effective at 100 weeks.62
Future vaccines
Considerable effort has been expended into developing next
generation vaccines that would meet current licensing
criteria, in addition to having improved performance
characteristics.54–56 The favourites are subunit vaccines whose
active ingredient is whole length (83 000 kDa) recombinant
protective antigen. Host organisms so far proposed have
included a modified Sterne strain,63 strain ANR of
B anthracis,64 Bacillus subtilis,65 and Escherichia coli.66 Ideally, such
new vaccines would be given orally or intranasally and be protective after a single dose. Only time will tell.

THE FUTURE
In the early days of microbiology, some 125 years ago, anthrax
was important as a damaging disease of domesticated animals
and the farming economy. This problem was realised and
effective countermeasures with vaccines deployed. Once again
it is necessary to re-focus on anthrax, but this time as a
bioterrorist agent. However, analysis of the whole genome set
of B anthracis (Ames strain) is now under way and to date the
plasmids pXO1 and pXO2 have been sequenced.67 68 Updates
on the chromosomal sequence can be accessed at TIGR (the
Institute for Genomic Research) website (www.tigr.org). With
such information as a starting point I have no doubt that
researchers will once again rise to the occasion and be able to
identify new targets for vaccine and treatment modalities. This
has already started to occur with the recent reports concerning identification of the cellular receptor for anthrax toxin69
and the crystal structure of the anthrax lethal factor.70

CONCLUSIONS
It is hard to find a precedent for such success by an “outlaw”
group against any country in recent times. It is equally hard to
find such success against a major Western power since the
early colonial period, and such new strategic vulnerability
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remains to be fully assessed. In the USA and Western democracies there is a concern that the attacks of 11 September 2001
and the subsequent anthrax attacks are the beginning, rather
than end, of terrorist attacks.
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