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Development of these guidelines

this fourth edition of the anthrax guidelines encompasses a systematic review of the extensive new scientific 
literature and relevant publications up to end 2007, as well as the conclusions of an expert meeting1 held in 
nice, France, in 2003. draft versions of this new edition have undergone two rounds of a rigorous peer-review 
process. For many sections of the document, contributions from scientists with specific areas of expertise were 
actively sought and the draft versions were sent to these contributors for their corrections and approval. 

Who is planning to develop a training package to support Member States in applying this guidance. Although 
new scientific information on anthrax is expected to continue to become available, this document should 
remain a relevant source of information for the management of anthrax in humans and animals for at least the 
next five years. Who therefore plans to review these guidelines within the next five to seven years.

despite a process of wide consultation and extensive peer review, it is recognized that there is always room 
for improvement when developing guidance of this nature. Feedback from users in the form of comments 
on the scientific contents, usefulness and accessibility, and suggestions for improvements, are especially  
welcome.

1 Improving public health preparedness for and response to the threat of epidemics: anthrax network. report of a Who meeting, nice, France, 
29–30 March 2003. Geneva, World heath organization, 2003 (document Who/CdS/CSr/GAr/2003.9; http://www.who.int/csr/
resources/publications/surveillance/Who_CdS_CSr_GAr_2003_9/en/).
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Preface

Anthrax essentially ceased to be regarded as a disease of major health or economic importance after the 
enormous successes of Max Sterne’s veterinary vaccine developed in the 1930s, and subsequent analogs in the 
former Soviet union, in dramatically reducing the incidence of the disease in livestock throughout the world in 
the ensuing two decades. the 1980s saw a resurgence of interest in the disease, partly stimulated by a renewed 
focus on Bacillus anthracis, the agent of anthrax, as a potential agent for a biological weapon, after the largest 
reported outbreak of human inhalational anthrax that took place in 1979 in the city then called Sverdlovsk 
(now ekaterinburg) in the former Soviet union, and partly because of increasing recognition that anthrax had 
by no means “gone away” as a naturally occurring disease in animals and humans in many countries. 

the production of the first edition of what has now become familiarly referred to as the “Who anthrax 
guidelines” was written by howard Whitford in 1987,1 reflecting the new interest in anthrax in the 1980s. it 
was not formally published but was a highly regarded and timely reference document. the same new focus 
on anthrax in the 1980s led to the formation of a Who working group on anthrax,2 and the second edition of 
the “Who anthrax guidelines” in 19933 was the direct result of a resolution by the working group to update 
dr Whitford’s edition. the second edition again was not formally published and, with no decline in the global 
interest in anthrax, it was again updated and on this occasion formally published in 1998 as the third edition.4 
By this time, the World Wide Web was well established, and the third edition has been accessible electroni-
cally5 as well as in printed form. 

the present fourth edition was commissioned in April 2001, initially as a simple update and expansion of 
the highly popular third edition. it was well on its way to completion when the notorious “anthrax letter events” 
took place in the uSA in September to december that same year. the result of these events was a massive surge 
in critical analyses of detection, diagnostic, epidemiological, decontamination, treatment and prophylaxis pro-
cedures for anthrax, accompanied by a rapid and equally massive rise in the number of associated research 
activities receiving unprecedented levels of funding. the fourth edition was consequently put on hold until the 
results of these new analyses and research activities had become available. 

thus the fourth edition is now being issued seven years after it was commissioned, but it is certainly greatly 
improved as a result of the new information that emerged in the 3–4 years after the anthrax letter events. 
Formally dedicated to Max Sterne, whose remarkable work in the 1930s made naturally occurring anthrax a 
controllable disease, it is also dedicated to the 22 persons who contracted anthrax as a result of the anthrax 
letter events, and particularly to the memory of the five who regrettably died from their infections, as well as 
to the unknown number of people that become sick and die of the naturally occurring disease, mainly among 
the poor in developing countries. 

Peter Turnbull
executive editor

1 A guide to the diagnosis, treatment, and prevention of anthrax, 1987 (Who/Zoon./87.163).
2 Report of a WHO consultation on anthrax control and research, 1991 (Who/CdS/VPh/91.98).
3 Guidelines for the surveillance and control of anthrax in humans and animals, 1993 (Who/Zoon./93.170).
4 Guidelines for the surveillance and control of anthrax in humans and animals, 1998 (Who/eMC/Zdi./98.6).
5 http://www.who.int/csr/resources/publications/anthrax/Who_eMC_Zdi_98_6/en/.
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This work is dedicated to the memory of Max Sterne (1905–1997).  
He knew much of what we subsequently discovered and his wisdom is still  
a guiding light for those addressing the issues and problems of anthrax.
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Summary

1. The disease and its importance
The natural disease

Anthrax is primarily a disease of herbivores. 
humans almost invariably contract the natural dis-
ease directly or indirectly from animals or animal 
products.

Deliberate release

Bacillus anthracis has always been high on the list of 
potential agents with respect to biological warfare 
and bioterrorism. it has been used in that context on 
at least two occasions, prepared for use on several 
other occasions and been the named agent in many 
threats and hoaxes.

2. Etiology and ecology 
Etiology

Anthrax is caused by the bacterium Bacillus anthracis. 

Cycle of infection

the infected host sheds the vegetative bacilli onto 
the ground and these sporulate on exposure to the 
air. the spores, which can persist in soil for decades, 
wait to be taken up by another host, when germi-
nation and multiplication can again take place upon 
infection. Flies appear to play an important role in 
large outbreaks in endemic areas.

humans acquire anthrax from handling car-
casses, hides, bones, etc. from animals that died of 
the disease.

Influencing factors

the cycle of infection is influenced by (i) factors that 
affect sporulation and germination, such as ph, 
temperature, water activity and cation levels; and 
(ii) factors related to the season, such as available 
grazing, the health of the host, insect populations 
and human activities.

3. Anthrax in animals
Infectious dose in animals

Ld50s range from < 10 spores in susceptible herbi-
vores to > 107 spores in more resistant species when 
administered parenterally. however, B. anthracis is not 
an invasive organism and by inhalational or inges-
tion routes, Ld50s are in the order of tens of thou-
sands, even in species regarded as susceptible. the 
relationship between experimentally determined 
Ld50s and doses encountered by animals acquiring 
the disease naturally is poorly defined.

Global incidence in animals

national programmes have resulted in a global 
reduction of anthrax, although this is counteracted 
by the failure of more recent generations of veteri-
narians, farmers, etc., through lack of experience, 
to recognize and report the disease, and the aban-
donment of vaccination. the disease is still common 
in some Mediterranean countries, in small pockets 
in Canada and the uSA, certain countries of cen-
tral and South America and central Asia, several 
sub-Saharan African countries and western China. 
Sporadic cases and outbreaks continue to occur else-
where.

Transmission in animals

• it is a long-held belief that animals generally 
acquire anthrax by ingestion of spores while graz-
ing or browsing. however, anomalies in the epizo-
otiology of the disease often arise that are hard to 
explain in terms of simple ingestion of spores.

• Flies appear to play an important role in explosive 
outbreaks.

• inhalation within dust may be important on occa-
sion.

• direct animal-to-animal transmission is believed 
to occur to an insignificant extent, excluding car-
nivores feeding on other victims of the disease.

• human activities in the form of trade have long 
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been responsible for the spread of the disease  
globally.

• the age, sex and condition of animals may all 
influence the incidence of the disease at any one 
site.

• Carriage or latent infection are unproven states 
but have not been disproved either.

• Many anomalies and unknowns remain in our 
understanding of how animals acquire anthrax 
and how it is transmitted.

Deliberate release

examples exist where alleged or suspected delib-
erate infection of animals with anthrax has been 
carried out for bioaggressive purposes. there is one 
instance on record of accidental release of anthrax 
spores from a microbiology laboratory resulting in 
deaths in livestock downwind.

Clinical manifestations

these vary somewhat from species to species, pre-
sumably reflecting differences in susceptibility. First 
signs in the more susceptible livestock species are 
one or two sudden deaths within the herd or flock 
with retrospective recall of preceding mild illness. 
in more resistant species, local signs such as swell-
ings of the oral and pharyngeal region are seen. in 
wildlife, sudden death is the invariable sign, often 
(but not always) with bloody discharges from natu-
ral orifices, bloating, incomplete rigor mortis and the 
absence of clotting of the blood.

Diagnosis

For most circumstances the simplest, quickest and 
best on-site diagnostic method is the one estab-
lished in the early 1900s – examination of a poly-
chrome methylene blue-stained blood smear for the 
capsulated bacilli supported, where possible, with 
culture back-up. Modern on-site anthrax-specific 
antigen tests have been devised but remain to be 
developed commercially. Genetically-based confir-
mation by the polymerase chain reaction (PCr) is 
becoming increasingly accepted on a stand-alone 
basis for many types of specimen and is increas-
ingly available worldwide through commercial kits. 
retrospective diagnosis by enzyme-linked immuno-
sorbent assay (eLiSA) in animals that have survived 
infection is possible, but specific antigen for this is 
expensive and the test is more a research tool than 
of practical day-to-day value in the field.

4. Anthrax in humans
Human incidence

naturally acquired human anthrax infection gener-
ally results from contact with infected animals, or 
occupational exposure to infected or contaminated 
animal products. the incidence of the natural dis-
ease depends on the level of exposure to affected 
animals. 

reported animal:human case ratios in a country 
or region reflect the economic conditions, quality of 
surveillance, social traditions, dietary behaviour, 
etc. in that country or region.

in contrast to animals, age- or sex-related bias 
is generally not apparent in humans, though males 
generally have higher occupational risk rates in 
many countries.

Infectious dose in humans

the evidence is that humans are moderately resist-
ant to anthrax but that outbreaks occur.

infectious doses are difficult to assess but in indi-
viduals in good health and in the absence of lesions 
through which the organism can gain ready access, 
id50s are generally in the thousands or tens of thou-
sands and anthrax is not considered a contagious 
disease. 

Epidemiology and transmission 

Anthrax in humans is traditionally classified in two 
ways: (i) based on how the occupation of the indi-
vidual led to exposure differentiates between non-
industrial anthrax, occurring in farmers, butchers, 
knackers/renderers, veterinarians, etc., and industrial 
anthrax, occurring in those employed in the process-
ing of bones, hides, wool and other animal prod-
ucts; (ii) reflecting the route by which the disease 
was acquired. this distinguishes between cutane-
ous anthrax, acquired through a skin lesion, ingestion 
(oral route) anthrax, contracted following ingestion of 
contaminated food, primarily meat from an animal 
that died of the disease, and inhalational anthrax, from 
breathing in airborne anthrax spores. 

non-industrial anthrax, resulting from handling 
infected carcasses, usually manifests itself as the 
cutaneous form; it tends to be seasonal and parallels 
the seasonal incidence in the animals from which 
it is contracted. Cutaneous anthrax transmitted by 
insect bites and anthrax of the alimentary canal 
from eating infected meat are also non-industrial 
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forms of the disease. industrial anthrax also usually 
takes the cutaneous form but has a far higher prob-
ability than non–industrial anthrax of taking the 
inhalational form as a result of exposure to spore-
laden dust. 

Deliberate release

B. anthracis has always been high on the list of poten-
tial agents with respect to biological warfare and 
bioterrorism. this reflects the ability of humans to 
generate massive exposures that vastly exceed the 
maximum exposure that can occur naturally. this 
means that there is no conflict between, on the one 
hand, the statements that humans are moderately 
resistant to anthrax infection and, on the other 
hand, the choice of anthrax spores by an aggres-
sor. important lessons have been learnt from the 
anthrax letter events in the uSA in 2001.

Clinical manifestations

Cutaneous anthrax accounts for > 95% of human 
cases worldwide. the lesions (eschars) are generally 
found on exposed regions of the body almost invari-
ably accompanied by marked oedema extending 
some distance from the lesion. the incubation period 
ranges from a few hours to 3 weeks, most often 2 to 
6 days. Although antibiotic treatment will rapidly 
kill the infecting bacteria, the characteristic lesion 
will take several days to evolve and possibly weeks 
to fully resolve, presumably reflecting toxin-induced 
damage and repair. Clinicians need to be aware of 
the delay in resolution and not prolong treatment 
unnecessarily or resort prematurely to surgery. 

ingestion or oral route anthrax takes two forms 
– oropharyngeal, in which the lesion is localized in 
the buccal cavity or on the tongue, tonsils or poste-
rior pharyngeal wall, and gastrointestinal, where the 
lesion may occur anywhere within the gastrointesti-
nal tract, but mostly in the ileum and caecum. Sore 
throat, dysphagia and regional lymphadenopathy are 
the early clinical features associated with oropha-
ryngeal anthrax, with development of extensive 
oedematous swelling of the neck and anterior chest 
wall. tracheotomy may be necessary. Symptoms of 
gastrointestinal anthrax are initially nonspecific and 
include nausea, vomiting, anorexia, mild diarrhoea 
and fever. these may be mild but are occasionally 
severe, progressing to haematemesis, bloody diar-
rhoea and massive ascites. the incubation period is 
commonly 3–7 days.

in inhalational (pulmonary) anthrax, symptoms 
prior to the onset of the final hyperacute phase are 
also nonspecific, and suspicion of anthrax depends 
on knowledge of the patient’s history. Symptoms 
include fever or chills, sweats, fatigue or malaise, 
non-productive cough, dyspnoea, changes in men-
tal state including confusion, and nausea or vomit-
ing. Chest X-rays reveal infiltrates, pleural effusion 
and mediastinal widening. Mediastinal lymphad-
enopathy is likely. the median incubation period is 
4 days (range 4–6 days) but may be up to 10 or 11 
days. reflux of spores into the alimentary tract with 
development of lesions there may affect the time of 
onset of symptoms.

Meningitis (haemorrhagic leptomeningitis) is a 
serious clinical development which may follow any 
of the other three forms of anthrax. the clinical 
signs are neck pain with or without flexion, head-
ache, changes in mental state, vomiting and high-
grade fever. there is an intense inflammation of the 
meninges with accompanying oedema resulting in a 
markedly elevated cerebrospinal fluid (CSF) pressure 
and the appearance of blood in the CSF.

in any of the forms sepsis may develop after the 
lymphohaematogenous spread of B. anthracis from a 
primary lesion. the mild initial phase of nonspecific 
symptoms is followed by the sudden development of 
toxaemia and shock with dyspnoea, cyanosis, disori-
entation with coma and death, all occurring within 
a period of hours.

Differential diagnosis

the differential diagnosis of the anthrax eschar of 
cutaneous anthrax includes a wide range of infec-
tious and non-infectious conditions: boil (early 
lesion), arachnid bites, ulcer (especially tropical); 
erysipelas, glanders, plague, syphilitic chancre, 
ulcero  glandular tularaemia; clostridial infection; 
rickett sial diseases; orf, vaccinia and cowpox, rat 
bite fever, leishmaniasis, ecthyma gangrenosum or 
herpes. Generally these other diseases and condi-
tions lack the characteristic oedema of anthrax. the 
absence of pus, the lack of pain and the patient’s 
occupation may provide further diagnostic clues.

in the differential diagnosis of oropharyngeal 
anthrax, diphtheria and complicated tonsillitis, 
strepto coccal pharyngitis, Vincent angina, Ludwig 
angina, parapharyngeal abscess and deep tissue 
infection of the neck should be considered.

the differential diagnosis in gastrointestinal 
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anthrax includes food poisoning (in the early stages 
of intestinal anthrax), acute abdomen due to other 
reasons, and haemorrhagic gastroenteritis due to 
other microorganisms, particularly necrotizing 
enteritis due to Clostridium perfringens and dysentery 
(amoebic or bacterial).

inhalational anthrax may be confused with myco-
plasmal pneumonia, legionnaires’ disease, psitta cosis, 
tularaemia, Q fever, viral pneumonia, histoplasmosis, 
coccidiomycosis, or malignancy.

Confirmation of diagnosis

With early cutaneous anthrax lesions, vesicular fluid 
in the untreated patient will yield B. anthracis on 
culture and reveal capsulated bacilli in appropri-
ately stained smears. in older lesions, detection in 
smears or by culture requires lifting the edge of the 
eschar with tweezers and obtaining fluid from 
underneath. the fluid will probably be sterile if the 
patient has been treated with an antibiotic. 

in the case of pulmonary or gastrointestinal 
forms, where the history has not led to suspicion of 
anthrax, confirmatory diagnosis will usually take 
place after the patient has died or, if correct treat-
ment is initiated early enough, after recovery. Blood 
culture is useful and culture from sputum in sus-
pected inhalational anthrax or from vomitus, faeces 
and ascites in suspected intestinal anthrax should be 
attempted. Also where appropriate, culture should 
be attempted from pulmonary effusions, CSF or 
other body fluids or tissues. Culture may not always 
be successful, but would be definitive when posi-
tive. in patients who have received prior antibiotic 
therapy, culture is likely to be unsuccessful and con-
firmation of diagnosis will be difficult without the 
tests only available in specialized laboratories. the 
conclusion from analyses of the october–november 
2001 anthrax letter events in the uSA was that nasal 
swabs were not useful as clinical samples.

techniques available in specialized laborato-
ries for retrospective confirmation of diagnosis are 
serology, immunohistochemistry, tests for anthrax-
specific protective antigen and PCr. in the russian 
Federation, Anthraxint is widely used for retrospec-
tive diagnosis. 

Prognosis

essentially any of the forms of anthrax is treatable 
if the diagnosis is made early enough and with the 
appropriate supportive therapy. in the non-cutane-

ous forms, the problem of making the correct early 
diagnosis is particularly difficult, so these are asso-
ciated with particularly high mortality. Following 
recovery, resolution of small- to medium-size cuta-
neous lesions is generally complete with minimal 
scarring. With larger lesions, or lesions on mobile 
areas (e.g. eyelid), scarring and contractures may 
require surgical correction to return normal func-
tioning and large cutaneous defects may require 
skin grafting. Some patients recovering from the 
2001 anthrax letter events in the uSA complained 
of long-term fatigue and problems with short-term 
memory. no organic basis for these complaints has 
been identified but they indicate that convalescence 
may require weeks to months depending on the 
severity of illness and patient-related factors.

5. Pathogenesis and pathology
Pathogenesis

Much of our understanding about the pathogenesis 
of anthrax dates from excellent pathological stud-
ies in the 1940s to 1960s. the histopathological and 
bacteriological events following uptake of spores 
percutaneously or by inhalation or following inges-
tion, and the differences apparent when relatively 
susceptible and relatively resistant host species are 
compared, were well described.

the focus of attention during the 1980s was 
largely on how the three toxin components, the 
Protective Antigen (PA), the Lethal Factor (LF) and 
the oedema Factor (eF) interact with each other 
and with host cells, and the effects of these inter-
actions. the relationship between these effects and 
death from anthrax has been the target of interest 
in the 1990s and to the present day, with the latest 
opinion being that death results from the toxin act-
ing through a non-inflammatory mechanism that 
results in hypoxia. Much remains to be learnt about 
the details of how the toxin so acts, and also about 
how it produces the non-lethal manifestations of 
anthrax, such as the cutaneous lesion. the role of 
inflammatory cells in the disease process remains 
to be clarified.

Virulence factors

the two principal virulence factors of B. anthracis are 
the toxin complex and the polypeptide capsule. the 
function of the capsule in the pathogenesis of the 
disease is a relatively neglected area and most of the 
information available on it also dates to pre-1970. 
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in general terms, its role has long been viewed as 
protecting the bacterium from phagocytosis, but 
the details of how this occurs and how it influences 
the pathogenesis of the disease have not been elu-
cidated. however, new focus is beginning to turn to 
this again now. 

there is reason to believe that other less promi-
nent virulence factors exist, and these are also 
receiving some attention, albeit usually motivated 
by a search for vaccine antigen candidates. 

6. Bacteriology
the causative agent of anthrax is Bacillus anthracis, 
belonging to the genus Bacillus, the Gram-positive, 
aerobic, endosporeforming rods. in vivo, or under 
the right in vitro culture conditions of bicarbonate 
and/or serum and carbon dioxide atmosphere, it 
produces its polypeptide capsule, which is a reliable 
diagnostic feature. Capsulated bacilli, often square-
ended (“box-car”) in appearance and in chains of 
two to a few, in smears of blood or tissue fluids are 
diagnostic. in old or decomposed animal specimens, 
or processed products from animals that have died 
of anthrax, or in environmental samples, detection 
requires selective isolation techniques.

Confirmation of identity

Confirmation of identity and differentiation from 
near relatives is generally easy with both traditional 
and molecular techniques. PCr depends on the 
unique specificity of the toxin and capsule and their 
genes. 

Molecular basis

homologues of genes of phenotypic characters 
are shared with near relatives but many are not 
expressed by B. anthracis due to truncation of the plcR 
regulatory gene.

Spores and rapid detection 

As assessed by heat resistance, sporulation of veg-
etative forms shed by the dying animal becomes 
detectable at about 8–10 hours but may not be com-
plete until 48 hours, depending on environmental 
conditions. Following exposure to a germinant, ger-
mination of spores commences rapidly, one report 
stating that > 99% completion is achieved within 
10 minutes at 30 °C. Another study showed 22 °C 
to be the optimum temperature for germination of 
B.  anthracis spores, with 61% to 63% of spores germi-

nating in 90 minutes, and the same study found no 
correlation between germination rate and the innate 
resistance of an animal to anthrax.

numerous attempts were made in the 1960s, 
1970s and 1980s to develop antigen-based rapid, spe-
cies-specific spore detection systems, but invariably 
cross-reactivity with other common environmen-
tal Bacillus species proved insurmountable. Claims 
now exist that anthrax spore-specific epitopes are 
present on at least an immunodominant exospo-
rium protein.

7. Treatment and prophylaxis
Choices of antibiotics (humans)

Anthrax is responsive to antibiotic therapy provided 
this is administered early in the course of the infec-
tion. 

Penicillin has long been the antibiotic of choice 
but, where this is contraindicated, a wide range of 
alternative choices exist from among the broad-
spectrum antibiotics. Ciprofloxacin and doxycycline 
have received high profiles as primary treatment 
alternatives in recent years. doxycycline has the 
disadvantage of penetrating poorly to the central 
nervous system (CnS). 

Concerns about penicillin resistance are probably 
overstated in recent literature. reports of case-treat-
ment failures due to penicillin resistance number 
two or three in all of history. however, since it has 
been demonstrated that penicillin resistance can be 
induced in at least some strains, the fundamental 
principle is that adequate doses should be adminis-
tered when penicillin is being used for treatment.

in severe life-threatening cases, intravenous 
penicillin or another chosen primary antibiotic – 
for example, ciprofloxacin – may be combined with 
another antibiotic, preferably one which also has 
good penetration into the CnS. Clarithromycin, clin-
damycin, vancomycin or rifampicin are suggested as 
supplementary antibiotics for inhalational anthrax 
and streptomycin, or other aminoglycosides, for gas-
trointestinal anthrax; vancomycin or rifampicin are 
suggested for anthrax meningitis.

Ciprofloxacin and doxycycline are generally not 
considered suitable for children (< 8 to 10 years of 
age) and should only be used in this age group in 
emergency situations. Penicillin (in combination 
with rifampicin or vancomycin in life-threatening 
infections) is suitable for pregnant women and nurs-
ing mothers; as with children, ciprofloxacin or doxy-
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cycline (again in combination with rifampicin or 
vancomycin) may be considered in emergency situa-
tions, possibly switching to amoxicillin when sensi-
tivity tests indicate that this is appropriate. 

Generally, immunocompromised persons can be 
given the same treatment as immunocompetent 
persons, but special consideration may be needed 
for patients with renal or hepatic insufficiency.

Duration of treatment in naturally  
occurring anthrax

the infecting B. anthracis is generally killed very rap-
idly by antibiotic therapy but the clinical effects of 
the toxin may continue for some time afterwards. 
the clinician should be aware of this in deciding the 
duration of treatment. Suggested durations are 3–7 
days for uncomplicated cutaneous anthrax and, in 
the absence of clinical experience with short-course 
antibiotic therapy in systemic anthrax, 10–14 days in 
cases of systemic anthrax. (See also Exposure during 
deliberate release below.) 

Supportive treatment and care

in severe systemic infection, symptomatic treat-
ment in an intensive treatment unit in addition to 
antibiotic therapy may be life-saving. 

opinions differ on the value of corticosteroids.

Immunotherapy

treatment of anthrax with hyperimmune serum, 
developed in various animal species, predates anti-
biotics by several decades. it was considered effec-
tive and is still an available treatment in China and 
the russian Federation. hyperimmune globulin 
from human vaccinees and monoclonal antibody-
based approaches to passive protection are now 
being revisited. novel concepts under consideration 
for late-stage therapy include, for example, human-
ized monoclonals targeting toxin component inter-
actions.

Exposure during deliberate release

Where known or suspected inhalation of substantial 
numbers of anthrax spores has occurred, if a non-
live vaccine is available, simultaneous administra-
tion of vaccine and antibiotics may be considered, 
with the antibiotic prophylaxis continued for about 
8 weeks to allow for development of adequate vac-
cine-induced immunity. (this would not be applica-

ble in the case of the live human vaccines in China 
and the russian Federation.)

Treatment in animals

Penicillin, together with streptomycin if thought 
advisable, is the treatment of choice for animals 
showing clinical illness thought to be due to anthrax. 
A few countries, however, do not permit antibiotic 
treatment of livestock for anthrax, requiring slaugh-
ter with appropriate disposal instead.

Prophylaxis (vaccines)

Control of anthrax begins with control of the dis-
ease in livestock, and vaccination of livestock has 
long been the hub of control programmes. Livestock 
anthrax vaccines are available in most countries, 
particularly those that experience outbreaks or spo-
radic cases on an annual basis. 

Vaccines for administration to humans are only 
produced in four countries and are nominally for use 
only in persons in at-risk occupations within their 
borders. their availability is, consequently, very 
restricted at present.

Prophylaxis (antibiotic)

Prolonged antibiotic prophylaxis is only recom-
mended for persons known to have been, or strongly 
suspected of having been, exposed to very sub-
stantial doses of aerosolized spores in a deliberate 
release scenario. Antibiotics generally should not be 
administered prophylactically for other situations 
and should only be used for treatment, not prophy-
laxis, unless there is a real danger of a very substan-
tial exposure having taken place. this is unlikely to 
be the case in most natural exposure scenarios (as 
opposed to a human-made situation). Where suffi-
cient fear of a substantial exposure in a natural situ-
ation exists (e.g. consumption of meat from a poorly 
cooked anthrax carcass), antibiotic prophylaxis may 
be considered but should only be of ± 10-day dura-
tion. in other suspected natural exposure situations, 
the relevant medical personnel should be notified 
and the individual(s) concerned should report to 
them immediately for treatment should a spot/pim-
ple/boil-like lesion develop, especially on exposed 
areas, or flulike symptoms appear. 

Where possible exposure is anticipated, but has 
not yet happened (e.g. preparing to dispose of car-
casses in an outbreak), use of proper personal protec-
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tion methods is the correct approach, not antibiotic 
prophylaxis. 

8. Control

the basis of control and, in the case of livestock, 
eradication of anthrax is breaking the cycle of infec-
tion. if a potential infectious source is known to exist, 
this should be eliminated without delay. recalling 
that natural anthrax is primarily a disease of her-
bivorous mammals, control largely centres around 
control in livestock.

in the event of a case or outbreak occurring in 
livestock, control measures consist of correct dis-
posal of the carcass(es), decontamination of the 
site(s) and of items used to test and dispose of the 
carcass(es), and initiation of treatment and/or vac-
cination of other animals as appropriate.

the best disposal method is incineration.
Livestock vaccines are available in most coun-

tries. Vaccines for humans, in contrast, are not 
widely available.

enzootic wildlife areas with hands-off manage-
ment policies only exert anthrax control measures 
in emergency situations, or when endangered spe-
cies are threatened. this has to be viewed slightly 
differently in the case of smaller or commercial 
game management areas. intersectoral cooperation 
is important in areas where such wildlife areas abut 
with livestock areas, or where wildlife and livestock 
intermingle.

9. Anthrax surveillance

effective surveillance is essential to prevention and 
control programmes for anthrax and encompasses 
mechanisms for disease detection, confirmation of 
diagnosis, reporting, collation of data and feedback 
of the data to the source. 

Reporting requires mechanisms for easy commu-
nication of cases and also some incentives for report-
ing or disincentives for not reporting. 

Control of anthrax among humans depends on the 
integration of veterinary and human health surveil-
lance and control programmes. routine cross-noti-
fication between the veterinary and human health 
surveillance systems should be part of any zoonotic 
disease prevention and control programme, and 
close collaboration between the two health sectors 
is particularly important during epidemiological 
and outbreak investigations.

the primary objectives of any anthrax surveil-
lance system are to prevent or reduce livestock 
losses and to prevent human disease. the cardinal 
actions to achieve this are:

• education of both those who will be involved in 
the surveillance and all who own or handle live-
stock, meat, hides and other animal products;

• correct diagnosis;
• implementation of control measures;
• reporting.

these need to be supported by well-formulated case 
definitions (animal and human) and appropriate lab-
oratory back-up.
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1. The disease and its importance

1.1 The natural disease 

Anthrax is primarily a disease of herbivores 
although few, if any, warm-blooded species are 
entirely immune to it. According to Sterne (1959), 
amphibians and reptiles are naturally resistant but 
warming of cold-blooded animals allows them to 
be experimentally infected. From the earliest his-
torical records until the development of an effec-
tive veterinary vaccine midway through the present 
century (Sterne, 1937b; Sterne et al., 1939), and the 
subsequent advent of antibiotics, the disease was 
one of the main causes of uncontrolled mortality 
in cattle, sheep, goats, horses and pigs worldwide. 
reports of the World organisation for Animal health 
(oie)1 show that the disease is still enzootic in most 
countries of Africa and Asia, a number of european 
countries and countries/areas of north and South 
America; it still occurs sporadically in many other 
countries. 

1.2 Deliberate release – bioaggression

Bacillus anthracis has always been high on the list of 
potential agents with respect to biological warfare 
and bioterrorism (Klietmann & ruoff, 2001; see also 
section 3.3.10) and as is well known, it has now been 
used in that context in the anthrax letter events in 
2001 in the uSA with severe consequences (Jernigan 
et al., 2001; inglesby et al., 2002).2 this, unfortunately, 
has attached an unjustified doomsday image to the 
naturally-occurring disease. it is important however 
to clearly distinguish the natural and deliberate 
release situations: the massive exposures that can 
be created in man-made deliberate release scenarios 
cannot be remotely emulated by nature. the natural 
disease is readily controllable in contrast to the bio-
warfare/bioterrorist act (see also section 4.2.3).

1 oie World Animal health information database (WAhid) 
interface: http://www.oie.int/wahid-prod/public.php?page= 
home.

2 Please refer also to Emerging Infectious Diseases, 8(10), 2002.
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2. Etiology and ecology 

2.1 Spores and vegetative forms

Anthrax is a bacterial disease caused by the spore–
forming Bacillus anthracis, a Gram-positive, rod-
shaped bacterium (see chapter 6), the only obligate 
pathogen in the large genus Bacillus.

2.1.1 Cycle of infection

When conditions are not conducive to growth and 
multiplication of the vegetative forms of B. anthracis, 
they start to form spores. Sporulation requires the 
presence of free oxygen. in the natural situation, 
this means the vegetative cycles occur within the 
low oxygen environment of the infected host and, 
within the host, the organism is exclusively in the 
vegetative form. once outside the host, sporulation 
commences upon exposure to the air and the spore 
forms are essentially the exclusive phase in the 
environment. 

it is very largely through the uptake of spores 
from the environment that anthrax is contracted. 
the cycle of infection is illustrated in Fig. 1. Within 
the infected host the spores germinate to produce 
the vegetative forms which multiply, eventually 
killing the host (see chapter 5). A proportion of the 
bacilli released by the dying or dead animal into the 
environment (usually soil under the carcass) sporu-
late, ready to be taken up by another animal. this 
uptake by the next host may happen at any time, 
from less than one hour to many decades later.

2.1.2 Sporulation and germination in  
the environment

(See also section 6.5.)

2.1.2.1 Nature of the spore

the bacterial spore is a resting form of the organism. 
the essential parts of the vegetative cell (the vegeta-
tive cell genome precursors in a dehydrated state, 
small acid-soluble proteins (SASPs) that bind to and 
protect the dnA as well as acting as amino acid 

sources during germination, and specific organic 
acids which act as energy sources for germination) 
lie in a “core” surrounded by a thick protective cor-
tex, spore coats and a proteinaceous exosporium. 
the inner layer of the cortex is the precursor of the 
vegetative cell wall and the receptor for germinants 
lies in the interface between the cortex and spore 
coats. the proenzyme of a germination-specific cor-
tex-lytic enzyme (GSLe) is activated when the germi-
nant attaches to the receptor. the active GSLe allows 
uptake of water by the cortex for initiation of germi-
nation. the cortex also plays a role in the resistance 
of the spore to heat. the spore coats, which repre-
sent approximately 50% of the volume of the spore, 
supply the first line of resistance to chemicals and 
physical disruption. the function of the loose-fitting 
exosporium is not known but may have a role in 
adhesion to surfaces.

Spores are markedly resistant to biological 
extremes of heat, cold, ph, desiccation, chemicals 
(and thus to disinfection), irradiation and other such 
adverse conditions. the organism can persist in the 
spore state for long periods of time awaiting the 
moment when conditions favour germination and 
multiplication. the ability of anthrax spores to per-
sist in the soil and other environments for decades 
is legendary (titball et al., 1991; Quinn & turnbull, 
1998; de Vos & turnbull 2004; section 2.1.2.6).

2.1.2.2 Sporulation and survival 

the rate and extent of sporulation by vegetative cells 
shed from infected animals is affected in a complex 
manner by the environmental conditions into which 
they fall. temperature, humidity, water activity (aw, 
available water within the microenvironment), ph, 
oxygen availability, sunlight and the presence of cer-
tain cations, particularly Mn++, are all influencing 
factors. Maintenance of the organism in the spore 
state and thus its persistence in the environment is 
also influenced by water activity, temperature, ph 
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and the presence of nutrients and germinants (see 
section 2.1.2.4).

Although, in the laboratory, the vegetative forms 
of B. anthracis grow and multiply readily on or in 
normal laboratory nutrient agars or broths, the 
evidence is that, in natural circumstances, they 
are more “fragile” than the vegetative forms of 
other Bacillus species, dying more spontaneously in  
simple environments such as water or even milk, 
and being more dependent on sporulation for species 
survival (turnbull et al., 1991; Bowen & turnbull, 
1992; Lindeque & turnbull, 1994). See also sections 
2.1.2.3, 2.1.2.4, and Annex 6. 

2.1.2.3 Subsidiary cycles (“Sporulate or die”)

Spores will germinate outside an animal if conditions 
permit. For bacterial spores in general, these condi-
tions include temperatures between about 8 °C and 

45 °C, ph between 5 and 9, a relative humidity greater 
than 96% and the presence of adequate nutrients 
(Sussman & halvorson, 1966). the extent to which 
they may then germinate, multiply as vegetative 
bacilli and resporulate, setting up subsidiary cycles in 
the environment, remains a topic of debate (titball et 
al., 1991). While it has been shown that environmen-
tal cycling can be induced experimentally (Minett & 
dhanda, 1941; titball et al., 1991; Anon., 2004; see also 
section 2.1.2.4), the level of nutrient required for this 
to become possible is probably not reached very fre-
quently under natural conditions. if the spores germi-
nate, the emergent vegetative cells might generally be 
expected to die spontaneously (section 2.1.2.2) or as 
a result of competition from soil microflora (Sterne, 
1959), or both. then, unless further cases occur, B. 
anthracis is eliminated within a period of years (Sterne, 
1959; section 2.1.2.4).

Fig. 1 Cycle of infection in anthrax. the spore is central to the cycle, although vegetative forms may also play a role in establishing 
infection when, for example, humans or carnivores eat meat from an animal that died of anthrax or when biting flies transmit the 
disease. the infectivity of vegetative forms is difficult to establish since it is close to impossible to prepare truly spore-free vegetative 
cell suspensions in the laboratory.
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the conserved nature of B. anthracis as a species 
(see section 2.3) also belies the concept of frequent 
environmental cycling. overall, it seems that the 
fragile vegetative forms shed by the dead animal 
die rapidly in most environmental conditions and 
depend (i) on sporulation in a proportion of their 
population for their survival, and (ii) on their next 
animal host for multiplication. this can be described 
as “sporulate or die”. For this reason, for all practical 
purposes, B. anthracis can be regarded as an obligate 
pathogen. 

the rarity of environmental cycling is not univer-
sally accepted and Kaufmann (1990) believed that 
certain features of naturally-occurring anthrax are 
better explained by a pattern of B. anthracis multi-
plication in soil than by mere persistence of spores. 
he considered that the frequent association of out-
breaks with rain ending a period of drought – “the 
onset of a distinct rainy season when animals dis-
perse to graze the newly emergent vegetation” – is 
best explained by a concomitant burst of growth of 
B. anthracis in the soil. the conclusions of a recent 
study (Saile & Koehler, 2005) were that B. anthracis 
spores could germinate and establish populations of 
vegetative cells in the rhizosphere of grass plants, 
even supporting horizontal gene transfer. Certainly 
the fact that contamination levels at a carcass site 
can sometimes remain apparently undiminished for 
years after the death of the animal despite exposure 
of the site to wind, rain and sunlight (turnbull et al., 
1998) is difficult to explain in terms other than that 
localized multiplication has occurred. de Vos (1990) 
and dragon et al. (1996) believed that the ecoepi-
demiological patterns of anthrax in, respectively, 
the Kruger national Park, South Africa, and bison 
in northern Canada were in line with the “incuba-
tor area” hypothesis of Van ness (1971). (See section 
2.1.2.4.)

2.1.2.4 Temperature, aw, pH and calcium 

there is a surprising shortage of reliable data on ger-
mination, multiplication and sporulation of B. anthra-
cis under different conditions of temperature, water 
activity and ph. howie (1949) noted that a nutrient 
broth culture of B. anthracis formed spores within 6 
hours at 37 °C as assessed by heat resistance and 
that, in an ice-chest (0–4 °C) bacilli did not spore 
but died in 6 days. in a recent study (reyes, turnbull 
& LeBron, unpublished data, 2006), vegetative cell 
preparations of five B. anthracis and two B. cereus 

strains were transferred to sporulation agar slants 
that were held at selected temperatures in refriger-
ated water baths. the critical temperature for three 
of the B. anthracis and the two B. cereus strains was 
found to lie between 9 °C and 12 °C. At 12 °C they 
grew and sporulated (as determined by heat resist-
ance), albeit requiring up to 2 weeks before spores 
were detectable, while at 9 °C, none grew or sporu-
lated and numbers declined to unrecoverable. the 
other two B. anthracis strains declined and failed to 
sporulate at 12 °C.

According to the experience of turnbull (personal 
communication, 2002), spores, again as identified by 
heat resistance, appear in 37 °C blood agar plate cul-
tures within 6–8 hours.

the laboratory study of davies (1960) demon-
strates the dramatic extent to which temperature 
and relative humidity affect sporulation and how 
temperature affects germination. Basically, as 
assessed from stained smears:

• at 37 °C and 100% rh, sporulation was first appar-
ent at 6 hours and was complete by 12 hours; 

• at 37 °C and 90% rh, spores were first seen at 12 
hours and sporulation was complete at 16 hours; 

• at 37 °C and 80% rh, these time points were 
delayed to 16 and 24 hours;

• at 37 °C and rh below 50%, variable sporulation 
was seen at 34 hours;

• at 26 °C with rh 100% and 90%, sporulation was 
first seen at 24 hours and was complete at 28 hours; 
the corresponding time points were delayed with 
decreasing rh but at all rh values down to 20%, 
sporulation was complete by 60 hours.

in laboratory terms, germination is a much faster 
process than sporulation and, as assessed by loss 
of heat resistance, is apparently complete 2–10 min-
utes after exposure of the spores to germinants, 
such as alanine, tyrosine or adenosine (Sussman 
& halvorson, 1966). in davies’s study (1960) of the 
influence of temperature (as judged by visualization 
of 10% vegetative forms):

• no germination occurred at 46 °C and 18 °C; while 
at 

• 44 °C, germination was first seen at 12 hours and 
was fully present by 16 hours;

• 42 °C, germination was first seen at 3 hours and 
was fully present by 6 hours; 

• 39 °C, germination was first seen at 2 hours and 
was fully present by 3 hours; 

2. etIology And ecology 
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• 37 °C, germination was first seen at 2 hours and 
was fully present by 6 hours;

• 30 °C, germination was first seen at 4 hours and 
was fully present by 8 hours; 

• 25 °C, germination was first seen at 10 hours and 
was fully present by 12 hours; 

• 20 °C, early germination was not seen but was 
fully present at 16 hours.

Lindeque & turnbull (1994) inoculated blood taken 
from wild animals just after death from anthrax 
into soil and water. in sandy soils, ph 7.5 to 8.2, 
sporulation (as detected by surviving 62.5 °C for 15 
minutes) was first apparent at about 10 hours and 
was complete by 24 hours; in chalky karstveld soils 
(ph 7.9–8.1), sporulation only occurred reluctantly 
(total counts fell extensively and spore counts only 
equalled total counts at 96 hours) but was first 
seen at about 4–5 hours. the specific ambient tem-
peratures are not given but appear to have ranged 
between about 20 °C and 30 °C over the course of 
24 hours. in waterhole water similarly inoculated in 
the laboratory with blood collected just after death 
and held at 27–29.5 °C, sporulation had commenced 
by 15 to 24 hours; spores accounted for 100% of the 
total count at 68 hours. Although the ph of the water 
before addition of the blood was > 9, after addition of 
the blood it was effectively neutral.

Further comments are made in section 2.2.3 on 
the importance of temperature and relative humid-
ity for the ecology of anthrax in relation to climate.

the belief of an association of high soil ph with 
“favourable sites” for anthrax persistence dates 
back to at least the statement of higgins (1916) that 
“a suitable soil must be slightly alkaline”. Minett & 
dhanda (1941) found that multiplication in sterilized 
soil of natural ph 6.69 was enhanced by the addition 
of slaked lime (CaCo3 9.45%, Cao 68.32%). A water 
content of ≥ 10% (optimum 25%) of dry soil and a 
temperature ≥ 17 °C (optimal 30 °C) were necessary 
for growth to occur (see section 2.1.2.3 for discussion 
on multiplication in soil under natural conditions). 
Analogy with information on B. cereus (Sussman & 
halvorson, 1966) suggests that the rate and yield of 
germination may be influenced by temperature in a 
manner that varies with ph and that spores will not 
germinate at a ph of < 5, a temperature of < 8 °C and 
relative humidity of < 96%. titball & Manchee (1987) 
showed that germination of Vollum strain spores 
was minimal at 9 °C and that the optimum germi-

nation temperature in the presence of germinant 
L-alanine was 22 °C.

Van ness & Stein (1956) and Van ness (1971) cite 
the results of Minett & danda and those from a the-
sis by Whitworth (1924) as well as their own analy-
sis of outbreaks in relation to ph in support of their 
hypothesis that “anthrax occurs in livestock that 
live upon a soil with a ph higher than 6.0, and in an 
ambient temperature above 15.5 °C”. on the basis of 
this, they mapped “the distribution of soils consid-
ered capable of supporting anthrax” in the uSA (Van 
ness & Stein, 1956). the “incubator area” hypoth-
eses of Van ness (Van ness, 1971) have been cited 
frequently in the literature since the publication of 
his paper (it is sometimes forgotten that these were 
theories and were not demonstrated scientifically). 
these hypothesized “incubator areas” are depres-
sions in calcareous or alkaline locations, collecting 
water and dead vegetation which, in turn, provide a 
medium suitable for germination and multiplication 
of anthrax spores.

the association of calcium and anthrax “favour-
able sites” seems to have been recognized in the 
russian Federation over a century ago within the 
“chernozem concept”, the process of soil calcifica-
tion from an underlying calciferous parent mate-
rial, studied by dokuchaev as early as the late 19th 
century (Smith, personal communication, 2003). in 
a retrospective analysis of anthrax in the uSA over 
the 100-year period 1900–2000 (Smith, personal 
communication, 2003) found that the occurrence of 
the disease in livestock at the county level is firmly 
linked to chernozem soils (defined as a calcium 
rich, neutral-to-alkaline soil suitable for prairies, 
grasslands and cereal grain cultivation). Livestock 
anthrax mortality rates in areas with such soils, 
analysed for the period 1945–1955, were > 21-fold 
greater than other areas (Smith et al., 2000). Smith 
(personal communication, 2003), in the first quan-
titative study on the possible link between soil cal-
cium and ph, and anthrax ecology carried out in the 
Kruger national Park, South Africa, also noted that 
areas where soil calcium was greater than 150 mil-
liequivalents per gram and ph was greater than 7.0 
had a greater than 7 times higher anthrax death rate 
than areas lacking these parameters. Furthermore 
Smith et al. (2000) demonstrated that different 
genetic types of B. anthracis may be “restricted” in 
their geographical ranges by an adaptation (or lack 
of it) to differing ranges of soil calcium and ph.
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Calcium is integral to the dehydration of vegeta-
tive cell genome precursors necessary for effective 
long-term storage in the spore, and dragon & rennie 
(1995) proposed that exogenous calcium in calcium-
rich soils may act as a buffer to leaching of calcium 
from the spore core, thereby enhancing preservation 
of the spore.

it may be that there is a variable ability to survive 
within a population of spores in the environment, 
but that a moist alkaline (ph 9) and calcium-rich 
environment will favour spore survival for long peri-
ods. this seems to be supported by evidence from 
observations in wildlife parks and reserves. it is pos-
sible that shorter-term survival in agricultural envi-
ronments – as evidenced by the general experience 
over decades that eradication of the disease from 
an affected area can be achieved with a vaccination 
programme of about three years’ duration – may 
be at least partially explained in terms of germina-
tion and failure to survive and resporulate at the 
lower ph of most agricultural soils. (See also section 
2.1.2.6.)

2.1.2.5 Physical movement of spores

Some differences of opinion are apparent in the lit-
erature as to the mobility of anthrax spores in the 
environment. Contaminated carcass sites in the gen-
erally dry, dusty soils of the etosha national Park, 
namibia, are noteworthy both for how discrete they 
remain and for how high levels of contamination can 
persist there for years despite seasonal winds (bac-
teriologically proven to move some of the spores) 
and rain, sometimes severe in nature (Lindeque & 
turnbull, 1994; turnbull et al., 1998b). it was pro-
posed that strong attachment of spores to soil might 
be responsible for this, at least in part. Similarly, in 
the almost 40 years between the trials on Gruinard 
island and predecontamination sampling, there had 
been negligible, if any, spread of contamination from 
the original detonation and testing sites (Manchee et 
al., 1990) although the highest levels of spores were 
recorded below the soil surface (Manchee et al., 1983). 
on the other hand, de Vos (1990) believed that epi-
demics of anthrax in the Kruger national Park arose 
from the concentration of spores in depressions as a 
result of run-off into the depressions following rain, 
reflecting the “incubator area” theory of Van ness. 
the incubator and concentrator hypotheses have 
also been considered in relation to the persisting 
anthrax in the Great Slave Lake region of Canada 

(see section 2.2.5). As noted in section 2.1.2.4, how-
ever, the concentration/incubator theories have not 
been confirmed bacteriologically. 

historically, in the netherlands and the united 
Kingdom (at least), the main enzootic livestock 
areas traditionally lay “downstream” from tanner-
ies and the implication has been that watercourses 
have carried contaminated tannery effluent, depos-
iting them in ditches and streams a few kilometres 
away. the occasional incidents or outbreaks that 
still occur in these areas are frequently associated 
with recent site disturbance (dredging or digging). 
Similarly, the large Australian outbreak in 1997 
was believed to have been initiated by the move-
ment of earth and the disturbance of old anthrax 
graves associated with the levelling of irrigation 
land on the index property. in support of the belief 
that this was an explosive point-source outbreak 
was the finding that all the isolates collected across 
the outbreak area were the same strain (Keim et al., 
2000). Anthrax had not been recorded previously 
in the outbreak area since record-keeping began in 
1914 (Seddon, 1953). one example was the outbreak 
in Washoe county, nevada, in August 2000, one of 
the “persistent pockets” of anthrax in the uSA, 
which followed ditch-clearing work (hugh-Jones, 
2000). Another good example is given in the report 
of turnbull et al. (1996): two ponies died after graz-
ing in a field which had been scarified and re-seeded 
and in which a bullock that had died of anthrax had 
been buried 50 years before. the first pony was not 
examined for cause of death but the second was con-
firmed as an anthrax case. Bacteriological mapping 
of the field pinpointed the burial site (the ponies had 
died in their stable). Although the circumstantial 
evidence for an association between soil disturbance 
and outbreaks is strong however, it is almost invari-
ably anecdotal and unsupported by bacteriological 
evidence. the corollary is that farming operations 
frequently involve soil disturbance and that anthrax 
infection does not result.

the relevance of the infectious dose to the impor-
tance of physical movement of B. anthracis in trans-
mitting the disease is addressed in chapter 3.

2.1.2.6 Persistence of anthrax spores

the ability of anthrax spores to remain viable for 
very long periods has become almost legendary but 
there is little well-documented information on this. 
Jacotot & Virat (1954) found anthrax spores prepared 

2. etIology And ecology 



AntHRAX In HUmAns And AnImAls

14

by Pasteur in 1888 to still be viable 68 years later, and 
Wilson & russell (1964) reported that anthrax spores 
had survived in dry soil for 60 years. in 1992 Bowen 
& turnbull (turnbull, personal communication, 
2002) found B. anthracis in samples of the plaster and 
lagging of London’s King’s Cross railway station roof 
space and dated this to infected horse hair used to 
bind the plaster when the building was constructed 
a century before (only in 1908 was the horse hair Act 
passed in the united Kingdom, requiring the sterili-
zation of horse hair used in buildings). the longest 
survival claim is probably that of de Vos (1990) who 
recovered anthrax spores from bones retrieved dur-
ing archaeological excavations at a site in the Kruger 
national Park, South Africa, that were estimated by 
carbon-dating to be 200 ± 50 years old. the condi-
tion that appears most to favour long survival is 
dryness. however, other conditions that discourage 
spores from germinating may also play a role in per-
sistence. Manchee et al. (1990) noted that data from 
annual sampling between 1946 and 1969 of the con-
taminated site on Gruinard island (where an esti-
mated 4 x 1014 spores were dispersed by explosive 
means in 1942 and 1943 during the Second World 
War) predicted a decay to undetectable by 2050. the 
island, off the west coast of Scotland, has a wet cool 
climate and a highly organic soil with ph of 4.2–4.7; 
the low ph is probably the main factor inhibiting 
germination (titball et al., 1991). Where germination 
occurs, the temperature may not permit growth and 
resporulation and the emergent vegetative forms 
probably die. 

in contrast, turnbull (personal communication, 
2002) reports not infrequently finding that B. anthra-
cis and other Bacillus species stored on agar slopes 
had died, particularly when the lids of the bottles 
containing the slopes had become loose, allowing 
the agar to dry out. 

turnbull et al. (1992b) observed that environmen-
tal isolates of B. anthracis from sites with a history 
of anthrax spore contamination in the distant past 
quite frequently lacked pXo2 and, less frequently, 
both pXo1 and pXo2. they hypothesized that, under 
stressful environmental conditions such as within 
sewage or in the harsh semidesert circumstances 
of the etosha national Park in namibia, B. anthracis 
could spontaneously lose one or both virulence plas-
mids. When first cultured, the Kings Cross isolates 
were a mixture of capsulating and non-capsulating 
cells, possibly representing a population in the tran-

sition stage. however, the precise causes and events 
responsible for the loss of one or other of the plas-
mids and the time or times during the germina-
tion, outgrowth, multiplication and resporulation at 
which these events occur is not known.

2.2 Seasonality
2.2.1  Seasonality and incidence

Anthrax is a seasonal disease. typically, an outbreak 
in an enzootic area follows a prolonged hot dry 
spell, which in turn was preceded by heavy rains 
or flooding, or with rain ending a period of drought. 
however, because conditions and circumstances that 
predispose to outbreaks vary from location to loca-
tion, seasonality shows corresponding divergences 
from this pattern in different locations (Quinn & 
turnbull, 1998). the patterns in Australia from 1914 
to 1951 are described by Seddon (1953).

Much has been written and hypothesized about 
the effects of season, rainfall, temperature, soil, 
vegetation, host condition and population density 
on the epidemiology of anthrax, but little agreement 
exists on the roles played by these factors in the 
incidence of the disease, and this is a topic in need 
of further research. nevertheless, the primary con-
ditions affecting the seasonality of anthrax in any 
one place would appear to be temperature and rains 
(or drought) and the associated humidity. the paper 
of Minett (1952) is especially worth studying in any 
review of the relationship between climate and inci-
dence of anthrax. 

2.2.2 How climate acts

Climate probably acts by:

• affecting the animal either: (i) directly, by influ-
encing the way in which it makes contact with 
the spores through, for example, grazing closer to 
the soil in dry periods when the grass is sparse, 
or enforced grazing at restricted sites when water 
becomes scarce; or (ii) indirectly through its effect 
on the general health of the animal and its level 
of resistance to infection; and/or

• affecting the ability of B. anthracis to germinate 
and/or sporulate.

Kaufmann and colleagues (Kaufmann, personal 
communication, 2004) attempted to verify the close-
grazing concept in several outbreaks in southern 
uSA and were unable to find a difference between 
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affected and control pastures in terms of density of 
animals per hectare, or of grass length, but it was 
acknowledged that the situation might be different 
in more arid climates.

the large outbreak in Australia in 1997 occurred 
when there was abundant irrigated pasture. 

2.2.3 Climate and sporulation

Anthrax enzootic areas are generally found in 
warmer climates. however, there are a number of 
well-known areas where the disease occurs or has 
occurred near or above the Arctic Circle, e.g. in wood 
bison in the Wood Buffalo national Park, Alberta, 
and the MacKenzie Bison Sanctuary, northwest 
territories, Canada, and in caribou in the taymyr 
Peninsula, northern Siberia. in summer, these areas 
approach 24-hour daylight and warm seasonal tem-
peratures are adequate for sporulation.

the general association with warmer climates is 
probably attributable to the relationship between 
temperature and water activity, and rates of sporu-
lation of bacilli shed from victims of the disease. the 
vegetative form appears to survive poorly outside the 
animal host, and the outcome of the race to sporu-
late or die is temperature-dependent (section 2.1.2.3). 
Sporulation may be incomplete, or not achieved at 
all below certain temperatures, and in temperate or 
cool climates, the disease can be expected to disap-
pear with time (section 2.2.5) unless reintroduced 
through importation.

the importance for the ecology of anthrax of 
the effect of temperature and relative humidity on 
the rate of sporulation was noted by Minett (1950). 
Studying thin layers of anthrax blood under different 
atmospheric conditions, he concluded that humidity 
of < 60% inhibited sporulation, while above that level 
the speed of sporulation was temperature-depend-
ent. he went on to use this to predict which regions 
of india had a relatively high risk of anthrax preva-
lence (Minett, 1951). Lindeque & turnbull (1994) 
noted that in the etosha national Park in namibia the 
overall peak anthrax activity is in the rainy season, 
in contrast to most other enzootic localities, where it 
is in the dry season. this might be related to the fact 
that the relative humidity in the very dry semidesert 
etosha is generally below 60%–70% during the dry 
months. the water activity (aw) of the soil is likely to 
be as important as the atmospheric humidity and, 
although the two are related, the relationship varies 
from time point to time point.

2.2.4 Climate and germination of spores

the relationship between temperature and water 
activity and germination probably also influences 
the ecoepidemiology of anthrax, although this will 
be to a lesser extent than with sporulation (see sec-
tion 2.1.2.3). Within the temperature, ph and relative 
humidity limits specified in section 2.1.2.4, germina-
tion may be induced but, if adequate nutrient is not 
present or other undefined conditions are not opti-
mal, the emerging vegetative cells will die out. 

2.2.5 Seasonality and stress

Some modification of the theory put forward in sec-
tion 2.2.3 on the expectation that the disease will 
disappear in temperate or cool climates may be 
needed to explain the persisting anthrax in the bison 
community of the Great Slave Lake region of north-
ern Canada. the hypothesis currently put forward 
by Canadian researchers is that persisting anthrax 
in this environment is attributable to either or both 
spore concentration through the action of rainwater 
in wallows visited by bulls every year and/or subclin-
ical infection through chronic exposure. outbreaks 
occur when the animals become immunocompro-
mised from the stress that results when meteoro-
logical conditions lead to diminished food and water 
sources. they crowd around the remaining sources, 
with heat, high concentrations of insects and hormo-
nal changes heralding the onset of the rutting sea-
son (dragon et al., 1999; see also section 3.3.7). the 
invariable occurrence of natural outbreaks in hot 
dry weather, as opposed to feed-related winter out-
breaks, supports the hypothesis that innate immu-
nity is depressed under such climatic stress, thereby 
reducing the necessary minimal infective dose suf-
ficient for some exposed grazing animals to become 
infected and diseased. Stress-inducing factors of 
these types are, in fact, thought to be important in 
the seasonality of anthrax in any anthrax-enzootic 
environment worldwide.

the stress theory is not entirely new. hutyra et 
al. (1946) cited a study by opperman showing that 
the oral infectious dose for sheep was reduced from 
200 000 to 51 000 spores if the sheep were starved for 
a few days. they also noted that anthrax sometimes 
developed after journeys of 4–5 days in road or rail 
trucks, especially in cattle in summer, the animals 
presumably being infected prior to the start of the 
journey. 

2. etIology And ecology 
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2.2.6 Seasonality and insects

Where insects may play a significant role in anthrax 
transmission, their own seasonal incidence would 
be expected to be reflected in the seasonality of 
anthrax. davies (1983) noted that the peak incidence 
of anthrax cases in the large anthrax epidemic in 
Zimbabwe in 1978–1979 coincided with the peak 
period for tabanid flies, in contrast with Stomoxys 
species, which were equally prevalent through-
out the year. Furthermore, the importance of flies 
in anthrax transmission can be expected to vary 
greatly in different regions and countries of the 
world, generally being of greater importance in hot-
ter climates than in cooler ones. the role of flies in 
the transmission of anthrax is covered in detail in 
section 3.3.5.

2.2.7 Seasonality and human activities

in nonenzootic areas of the world, seasonal occur-
rence may reflect human activities rather than the 
direct effect of the local climate on the disease. this 
was especially apparent in europe in the early part 
of the 20th century, when the dependence in winter 
on feed supplements imported from enzootic coun-
tries led to a relatively high incidence of anthrax in 
winter months (Minett, 1952).

2.3 Strains and ecoepidemiology

B. anthracis appears to be one of the most monomor-
phic species known, i.e. isolates from whatever type 
of source or geographical location are almost identi-
cal phenotypically and genotypically. Phenotypically, 
strain differences are only apparent in nonquantifia-
ble or semiquantifiable characteristics, such as colo-
nial morphology, flocculation in broth culture, cell 
size, multiplication rate, sporulation efficiency, Ld50 
in animal tests, etc. the genetic basis for these dif-
ferences has not been established and at the molec-
ular level genomic differences long proved difficult 
to detect. the biochemical, serological or phage-
typing methods available in the case of other patho-
gens have proved of no value for identifying different 
strains of B. anthracis. 

in the past five years important progress has been 
achieved in determining phylogenetic relationships 
among isolates worldwide, through multilocus vari-
able number tandem repeat (Vntr) analysis (MLVA) 
(Keim et al., 2000; Keim & Smith, 2002). MLVA exam-
ines a number of dnA segments within the chromo-

some and plasmids of B. anthracis for the presence 
of strain-dependent patterns of repeated specific 
nucleotide sequences, and has enabled a broad 
separation of isolates into two major clonal groups, 
A and B, with four or more minor clusters in the A 
branch and two minor clusters in the B branch. the 
A branch is the most common worldwide, with the 
B1 branch found only in southern Africa and B2 scat-
tered worldwide outside Africa (Keim & Smith, 2002). 
Why the A strains have a wide and common global 
distribution and the B strains are so restricted in 
numbers and distribution is unknown. hugh-Jones 
(personal communication, 2003) suggests that this 
might be attributable to a hypothetical ability by A, 
but not B, strains to establish latent infection (see 
section 3.3.8).

evidence for differences in growth and sporulation 
characteristics in different genotypes was found by 
Smith & hugh-Jones (Keim & Smith, 2002), who have 
suggested that such differences represent adapta-
tion to different environmental conditions. they 
illustrate this concept with two genotypes respon-
sible for anthrax at different latitudes in Alberta, 
Canada. the more northerly strain was found to 
have higher (in vitro) growth and sporulation rates. 
Smith & hugh-Jones suggest that this represents an 
adaptation for the colder climate, where carcasses 
cool faster and time after death for maximal growth 
and sporulation is limited. 

Vntr analysis is a specialist technique currently 
restricted to a few laboratories with the necessary 
capabilities.1 MLVA has played a major role in crimi-
nal investigations into the source of the anthrax let-
ter events in the uSA in the last quarter of 2001.

it seems reasonable to attribute the exceptional 
degree of species monomorphism to the fact that B. 
anthracis encounters opportunities to multiply less 
often than most other bacterial and pathogenic spe-
cies. Given the truth of the statements in sections 
2.1 and 2.2 that opportunities to multiply in the 
environment are rare, multiplication cycles depend 
almost exclusively on infections in animal hosts – 
and these, in turn, may only occur following con-
siderable time intervals between sequential hosts. 
Furthermore, since multiplication occurs almost 
exclusively in the animal host, the vegetative form 

1 enquiries about strain-typing may be addressed to dr Paul 
Keim, department of Biological Sciences, northern Arizona 
university, P.o. Box 5640, Flagstaff, AZ 86011, uSA.
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of the organism is rarely exposed to the mutagens, 
phages or other environmental factors responsible 
for strain variation in most bacterial species. 

With the B. anthracis genome sequence now 
revealed (ivanova et al., 2003; read et al., 2003), 
improved understanding may be expected in the 
foreseeable future of the relationship between strain 
and what are described above as nonquantifiable or 
semiquantifiable phenotypic characteristics. 

2.4 Anomalies of history

the periodicity of anthrax over the centuries is a 
phenomenon receiving little attention in the litera-
ture. At the time of Pasteur’s interest in anthrax, 
the incidence of the disease had surged to the point 
where some contemporary observers felt animal hus-
bandry was doomed in France. the question arising 
is why was anthrax a greater problem in 19th cen-
tury France than in the previous century, and could 
this be attributed to the global cooling that marked 

the 18th century, or was it a direct outcome of the 
industrial revolution with its increased trade in and 
processing of contaminated animal materials?

it is also difficult to attribute the decline of the 
disease in the uSA from the 19th century to the 
present day to control programmes which, at best, 
were confined to ad hoc actions at the time of an 
epizootic. once again the question arises, could glo-
bal warming have played a role in the decline of the 
disease in the uSA?

For a specific country such as Australia, the 
industrial revolution and development of agricul-
tural practices were probably the major factors in 
introducing anthrax. in Australia, it is believed that 
the outbreaks occurred not from direct feeding of 
bone flour to livestock but as a result of cattle and 
sheep grazing land that had been treated with bone 
flour for horticultural purposes. Anthrax has not 
been recorded among the native fauna of Australia.

2. etIology And ecology 



3. Anthrax in animals 

3.1 Host range, susceptibility and 
infectious dose

Anthrax is primarily a disease of herbivores (chapter 
1). however, reports of its occurrence in a wide range 
of omnivores, carnivores and other vertebrates are 
not entirely uncommon, although outbreaks affect-
ing large numbers of carnivorous animals are very 
rare (see section 3.4.7). 

it is the common perception that B. anthracis is not 
an invasive organism. this is reflected in the gener-
ally much higher experimental Ld50s by inhalational 
or oral routes as compared with parenteral challenges 
in susceptible laboratory species, such as the guinea-
pig, mouse or rabbit (druett et al., 1953; Watson & 
Keir, 1994). in fact, this had been recognized and 
studied in the early 1900s. eurich & hewlett (1930) 
cite and discuss seven publications between 1921 and 
1928 reporting that animals were much more read-
ily infected percutaneously than by other routes. the 
following quote from eurich & hewlett (1930) illus-
trates the knowledge of the time:

“Sanarelli (1925) found that large numbers of anthrax 
bacilli or of spores may be given by mouth to labora-
tory animals without infecting, and that the blood 
of an infected animal may be injected per anum 
without harm. Virulent anthrax spores enclosed in 
small gelatin capsules may be swallowed by mice 
and guinea-pigs without harm, though virulent 
spores can be recovered from the faeces for a week 
(holman, 1922).”

Aitoff (1922, also cited by eurich & hewlett, 1930) 
demonstrated that anthrax bacilli would not infect 
via the conjunctiva, even through conjunctival 
ulcers. Similarly in livestock, Sterne (1966) noted 
that “cattle, which are notoriously difficult to kill by 
parenteral injection, can regularly be killed by dos-
ing with virulent spores made up in pellets of food. 
Whether the infection is by the buccal or pharyngeal 
route during rumination, or whether invasion occurs 
from the stomach, is not known”. experimental sup-
port for this is given by Schlingman et al. (1956). 

According to Lincoln et al. (1967), each animal 
species has a characteristic pattern in the develop-
ment of septicaemia, with death occurring when 
circulating bacilli reach a characteristic concentra-
tion which, in turn, is directly correlated to the toxin 
level in blood. An inverse relationship was noted 
between resistance to infection and susceptibility 
to the anthrax toxin complex. rats, highly resistant 
to infection (parenteral Ld50 =106 spores), had termi-
nal bacteraemia in the range of 104 to 105.9 bacilli/
ml of blood. in contrast mice, very susceptible to 
infection (parenteral Ld50 = 5 spores) had terminal 
bacteraemia in the range of 107 bacilli/ml of blood. in 
challenge with toxin, rats died within 2–20 hours of 
injection with 15–280 units of toxin/kg, whereas the 
lethal dose for a mouse was 1000 units of toxin/kg. 
two decades later, when purified toxin components 
had become available, ezzell et al.(1984) confirmed 
this earlier observation in Fisher rats, which suc-
cumbed to 40 μg PA combined with 8 μg LF, mice to 
12.5 μg PA with 2.5 μg LF, and guinea-pigs to 250 μg 
PA with 50 μg LF. this translates approximately to 
the μg/kg body weight values given in Table 1.
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tAble 1

Susceptibility of laboratory-animal species to 
lethal toxin (PA in combination with LF)a  

specIes weIgHt  µg/kg 

 (AdUlt, AppRoX.) body weIgHt

  PA LF

mouse 55 g 225 45
guinea-pig 325 g 250 50
Rat (Fisher) 1000 g 120 25

a see section 5.5.3.
source: ezzell et al., 1984.

ranges of published Ld50s for anthrax by the 
parenteral route (Schlingman et al., 1956; Watson & 
Keir, 1994) are:
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• < 10–50 for guinea-pigs
• < 10–151 for mice 
• 100 for sheep
• 3000 for rhesus monkeys 
• 5000 for rabbits
• 106 for rats
• 109 for pigs
• 5 x 1010 for dogs. 

there was 100% mortality in nine species of wild 
utah rodents injected intracutaneously with 80–100 
spores of B. anthracis strain M 36, but in two species of 
kangaroo rats, doses of 20 000 or 40 000 spores killed 
fewer than half of the animals tested (Marchette et 
al., 1957).

ranges of published Ld50s by the inhalational 
routes (Watson & Keir, 1994; Zaucha et al., 1998) are:

• 16 650–40 000 in guinea-pigs
• 14 500 in mice
• 4000–750 000 in monkeys
• 1.8 x 107 in dogs
• 2.7 x 107 in pigs 
• 105 in rabbits. 

ingestion Ld50s in guinea-pigs and rabbits exceeded 
108 spores (druett et al., 1953).

Minimum infectious dose (Mid) estimates are 
only rarely available, but: 

• British biological warfare work in the early 1940s 
established that the aerosol Mid for sheep was 
35 000 spores (Fildes, 1943) and that the dose 
needed to ensure lethal infection by the oral route 
in sheep, horses and cattle was 5 x 108 spores 
(Carter & Pearson, 1999).

• the respiratory Mid estimate of 35 000 spores for 
sheep is consistent with the respiratory Ld50 of 
200 000 cited by Lincoln et al. (1967).

• Schlingman et al. (1956) found that oral adminis-
tration of 150 million spores proved fatal to most 
cattle.

• de Vos (1990) and de Vos & Scheepers (1996) 
recorded that 100–250 spores of a strain isolated 

from a kudu in the Kruger national Park con-
sistently resulted in death from anthrax when 
administered parenterally in impala while the 
oral Ld50 with the same strain in these animals 
was approximately 15 million spores.

• in a study on 50 pigs given doses of 107–1010 spores 
in feed containing grit (redmond et al., 1997), the 
majority showed clinical illness with recovery, and 
just two died with confirmed anthrax 6 and 8 days 
respectively after ingestion of the spores; these 
were estimated to have received 1.6 x 107 and 7.8 x 
107 spores respectively.

• in a letter dated 14 August 1971 from Keppie to 
Sterne, Keppie concludes: “the [parenteral] sheep 
Ld100 dose appears to be approximately 75–225 
spores”. data from the letter appear in Table 2. 

the importance of knowing the Mid by various 
exposure routes is apparent when attempting to 
reconstruct the epidemiology of certain outbreaks. 
however, the optimal method of computing an 
Mid from experimental exposure data is subject to 
debate (haas, 2002). Since it is thought that, in the 
natural situation, animals generally acquire anthrax 
by ingestion of spores, and that some sort of lesion 
is necessary for the establishment of infection (see 
section 3.3.1), Ld50s or Mids, particularly parenter-
ally determined, only provide a rudimentary guide 
to likely infection in the field. extrapolating experi-
mental findings to the natural situation should also 
be done cautiously, taking into consideration the 
many factors influencing infectivity, such as the 
strain of B. anthracis, the route of infection, the spe-
cies, breed or strain and state of health of the animal 
concerned, the times and sites at which tests are 
done, etc. it is difficult to relate the very large oral 
doses that are apparently needed experimentally to 
infect species generally regarded as susceptible to 
anthrax to the levels of environmental contamina-
tion that these animals are likely to encounter natu-
rally and that result in infection and outbreaks in 
the field. one possible explanation for, or contribu-

tAble 2

Lethal doses of the Vollum strain in sheep 

spores/sheepa 55 000 5500 750 550 225 75 55 
dead at (hours) 36  48 60 60 60 60/108 lived

a the specified dose was administered to two sheep subcutaneously (bleb under the skin). 
source: keppie, personal communication, 1971.
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tion to, the seasonality of anthrax (see section 2.2.5) 
may be that, for reasons of reduced innate immu-
nity, the Mid for at least one or two individuals in 
the community drops sufficiently in the high season 
for them to contract infection and then become foci 
of infection for others.

innate or natural resistance is covered further in 
chapter 5.

3.1.1 Mixed infections
it was an early observation (eurich & hewlett, 1930, 
cite four publications between 1889 and 1927) that 
simultaneous injection of other organisms, such as 
staphylococci, B. coli, B. typhosus and cowpox vaccine, 
delayed or prevented death from anthrax in guinea-
pigs, mice or rabbits. Fuerst apparently suggested 
that the mutual antagonism of anthrax bacilli and 
cowpox vaccine might be used to prevent losses in 
cattle incurred with the anthrax vaccine (then the 
Pasteur vaccine, which eurich & hewlett record as 
having mortality rates of 0.1% in cattle, 0.19% in 
horses and 0.62% in sheep).

3.2 Incidence of anthrax in animals1

thanks to successful national programmes, there 
has been a progressive global reduction in livestock 
anthrax cases over the past three decades. this 
has had many beneficial aspects but has also cre-
ated some problems. the latter follow from lack of 
experience of the disease on the part of younger vet-
erinarians, who may fail to recognize or are slow to 
diagnose cases. the result of this is that single cases 
become multiple, sometimes with human exposure, 
whereas previously it would have been limited to 
the initial deaths. the other problem is public igno-
rance of the disease, with the consequent sale and 
slaughter of affected livestock. this is a particular 
problem with sheep, where help is requested only 
when several to many are dead. Because of the 
resulting environmental contamination, this turns 
a trivial problem into one that will have long-lasting 
repercussions. there is also the perennial problem 
of owners failing to vaccinate livestock in the years 
immediately following an outbreak while the envi-
ronmental risk is still present. in europe as in parts 

of north America, truly sporadic outbreaks follow 
from soil disturbance – ditch-clearing, laying water 
lines, bulldozing roads – where there was an unreal-
ized risk from forgotten cattle graves of past cases 
(see sections 2.1.2.5, 3.3.2, 8.3.3).

As a result of successful prevention, the disease 
is absent or only sporadic in the middle and higher 
latitudes of europe and the russian Federation. 
But it is still common in some countries border-
ing the Mediterranean (Albania, Greece, southern 
italy, Spain and turkey). in Canada, apart from its 
continued incidence in and around the Wood Bison 
national Park in northern Alberta, it is sporadic in 
southern Alberta and Saskatchewan. recent events 
have demonstrated that it has been a long-lasting 
problem in southern Manitoba because of the cost of 
vaccination. A change in the provincial law whereby 
ranchers can now buy vaccine on prescription has 
resulted in vaccination being affordable and thus 
routine and successful. in the uSA, the disease is con-
fined to a few persistent pockets in north and South 
dakota, Minnesota, nebraska, nevada and texas. 
elsewhere erratic singular cases have occurred. in 
western texas, however, a hyperenzootic situation 
has arisen in an area of white-tailed deer ranching 
(see section 3.4.7).

the true situation in Latin America is uncertain 
and awaits proper definition, largely because the 
disease is frequently ignored, especially in small 
ruminants, and underreported. there is a lack of 
diagnostic facilities. it is enzootic in el Salvador, 
Guatemala and Mexico, with decreasing incidence 
as one moves further south. it is absent in Belize and 
in all of the Caribbean, except haiti. the situation in 
Colombia is obscured by civil unrest. the disease is 
well reported in Chile, but with excess human cases 
indicating control defects. it is enzootic in Argentina, 
Bolivia and Peru, and sporadic in western uruguay 
and in parts of Brazil.

in South Africa it continues at a low sporadic 
incidence probably as a result of control being now 
largely dependent on the livestock owners. outbreaks 
occur in wildlife of the Kruger national Park, as in the 
national parks in Botswana, namibia, uganda and 
the united republic of tanzania. the efficient control 
programmes of the past in Zambia and Zimbabwe are 
a matter of memory and the disease is now hyper-
endemic, with significant human losses each year. 
epidemics occur in Chad and ethiopia. the endemic 
situation in West Africa is made worse by civil wars.

1 this section summarizes information from different sources. 
Past and updated official information on disease occur-
rence is available through the oie World Animal health 
information database (WAhid) interface: http://www.oie.
int/wahid-prod/public.php?page=home.
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in the Middle east, israel and the West Bank 
and Gaza Strip are possibly free. elsewhere the dis-
ease is sporadic, and the islamic republic of iran is 
attempting eradication. Various levels of endemicity 
occur in nearby Georgia, Kazakhstan, Kyrgyzstan, 
tajikistan, turkmenistan, uzbekistan and northern 
Afghanistan and Pakistan. 

Anthrax is a severe problem in southern and 
eastern india, with a significant human incidence 
because the disease is poorly controlled. outbreaks 
in wildlife also occur. it is absent however from the 
western state because of the low soil ph.

the disease is a continuing problem in west-
ern China, but sporadic in the eastern provinces. 
thailand, although essentially free, is afflicted by 
infected animals imported from Myanmar, some 
of which have reached Bangkok. the disease is 
enzootic in Cambodia, Viet nam and a number of 
indonesian islands. Malaysia is free. Sporadic out-
breaks have occurred in China, Province of taiwan, 
Japan, Philippines, and the republic of Korea; the sit-
uation in the democratic People’s republic of Korea 
is unknown. the disease occurs sporadically in lim-
ited areas of Australia, although large outbreaks 
have occurred at about 30-year intervals over the 
past 60 years; the disease there is associated with 
grazing animals. Anthrax has not been recorded in 
new Zealand for more than 60 years.

unfortunately, the mere absence of reported 
outbreaks is no proof of absence of the disease. 
insufficient examination of unexpected livestock 
deaths and reporting deficiencies are worldwide 
surveillance defects. the restrictions on the use of 
meat and bonemeals in ruminant feed as a result of 
bovine spongiform encephalopathy (BSe) cases in 
europe has played a significant role in stopping the 
recycling of the pathogen. 

3.3 Transmission, exacerbating factors 
and epidemiology in animals

3.3.1 Acquisition of the disease 

Although anthrax has been recognized for centu-
ries, little is known about the disease, and among 
the most basic questions frequently asked, but not 
yet answered, is how precisely do grazing and brows-
ing animals acquire it? the epidemiology of anthrax 
centres around the dose necessary for infection to 
occur, and this section needs to be read in conjunc-
tion with section 3.1.

the sporulated forms shed by an animal dying or 

dead from anthrax generally provide the source of 
infection of other animals (Fig. 2). As noted in section 
3.1, it has long been the traditionally held belief that 
ingestion of the spores while grazing is a frequent 
mode of uptake. Since B. anthracis is apparently nonin-
vasive, it is believed that a lesion is necessary for the 
initiation of infection. in view of associations between 
higher incidence and dry hot conditions, theories 
have arisen that at such times the animal is forced to 
graze dry spiky grass close to the soil. the spiky grass 
and grit produce the orogastrointestinal lesions and, 
if the soil is contaminated with anthrax spores, these 
may enable infection to occur. the concept that spiky 
grass and grit produce lesions is, however, not totally 
consistent with some epidemiological observations 
that neither length of grass on pasture nor density of 
cattle grazing affected pastures correlated with the 
risk of infection (Fox et al., 1973, 1977). 

ingestion of soil may not be necessary for initiation 
of infection in grazing animals. in one early study of 
plants grown on contaminated soil, contamination 
was alleged to be readily demonstrable on a range 
of farm crops (Williams, 1932). For example, 92% of 
corn plants were reported to be culture-positive for 
B. anthracis from the stems to the tips of the leaves. it 
is possible to be sceptical about this report, and one 
would want the identities of the isolates to be recon-
firmed but, if this pattern does occur on pasture, 
close grazing would not be essential for infection.

“Barn anthrax” was an earlier term for animal 
infections acquired from fodder. An incident at a 
Pennsylvania dairy farm during 1971 is illustrative 
of such an outbreak (Kaufmann, personal commu-
nication, 2004). Five dairy animals, three cows and 
two heifers, died over a 10-day period in August. the 
heifers were kept in a barn with a concrete floor, 
about a kilometre from the barn where the dairy 
cows were housed. the heifers were never allowed 
on pasture and subsisted solely on hay; the primary 
feed source of the cows was hay, although they did 
some grazing. Both hay and soil from the farm were 
culture-positive for B. anthracis.

it is difficult to believe that an animal grazing 
over dry dusty contaminated soil is not also inhaling 
spores, and inhalation may well be a mode of infec-
tion also. Pulmonary anthrax has been reported 
in cows (McCulloch, 1961; Bell & Laing, 1977). 
Acquisition of anthrax through fly-bites probably 
occurs also. the roles of aerosols and flies are dis-
cussed further in sections 3.3.4 and 3.3.5.

3. AntHRAX In AnImAls
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reflecting the generally high infectious dose and 
noninvasive character of B. anthracis in the natural 
disease (section 3.1), direct animal-to-animal trans-
mission is understood to occur to an insignificant 
extent, except in the case of carnivores feeding on 
other victims of the disease.

3.3.2 Transmission as a result of trade in 
animal products

in economic and public health terms, the impor-
tance of the disease lies in its ability to affect large 
numbers of livestock at one time and to be spread 
from these to others great distances away. Anthrax 
carcasses pose a hazard to humans and other ani-
mals both in the vicinity and at a distance through 
their meat, hides, hair, wool or bones. hides, hair, 
wool and bones may be transported long distances 
for use in industries, feedstuffs or handicrafts. 
Livestock may acquire the disease continents away 
from the original infection source through contami-
nated feedstuffs, or from spores that have reached 
fields in industrial effluent.

in countries with advanced agriculture, feedstuffs 
with contaminated ingredients are traditionally the 
primary source of infection, especially for dairy cows. 
these ingredients can either be improperly-treated 
locally-produced meat and bonemeals salvaged from 
moribund stock or, more likely today, infected bones 
or contaminated meat and bonemeal imported from 
enzootic regions. hugh-Jones & hussaini (1975) noted 
an association between the incidence of anthrax in 
england and Wales from 1938 to 1972 with changes 
in patterns of importation of meat and bones, or of 
treatment of these. A decline in incidence in the 
period 1938–1946 was associated with cessation of 
imports of bones and meat meals during the Second 
World War. An increase of importation of these 
again in 1946–1957 was accompanied by an increase 
in anthrax, but towards the end of that period, some 
of the large feed compounders replaced untreated 
bonemeal with steamed bone flour, and there 
was a concurrent drop in the incidence of the dis-
ease. Finally reintroduction of meat and bonemeal 
between 1962 and 1964 was again associated with 
an increase of anthrax in cattle.

it was recognized as long ago as 1911 (Stockman, 
1911) that crops such as oats and soya beans, which 
normally would not be expected to contain B. anthracis 
spores, could become cross–contaminated by bagging 
in sacks made of infective materials, such as shoddy 

wool or horsehair, or during shipping together with dry 
hides. Stockman wrote: “there are outbreaks in which 
the circumstantial evidence indicates that infection 
has been introduced with turnips which have been 
grown on land manured with crushed bones”. Jackson 
(1930) stated that instances of cross-contamination 
of feedstuffs of plant origin had occurred as a result 
of the hulls of cargo ships and other containers not 
being cleaned out after transporting infective materi-
als, or following the reuse of sacks previously used for 
movement of contaminated materials of animal ori-
gin. Such occurrences are unlikely today due to the 
BSe restrictions on the feeding of rendered meat and 
bonemeal to ruminants. 

tanneries have long been associated with trans-
mission of anthrax. Stockman (1911) wrote: “it has 
been found that the disease is exceptionally preva-
lent on certain sewage farms which are known to 
receive tannery or knackery drainage”. in 1916, 
higgins similarly recorded: “one of the most com-
monly reported sources of infection is that through 
water and other wastes coming from tanneries”. the 
anecdotal association of outbreaks of anthrax in 
livestock and disturbance of soil and tannery waste-
water was referred to in section 2.1.2.5, and also fea-
tures in Fig. 3. on occasion, an incident or outbreak 
can be related directly to disturbance of an anthrax 
carcass burial site (turnbull et al., 1996), while at 
other times it takes the less focused form of distur-
bance of the environment downstream from the site 
of an industrial process involving animal products, 
such as a tannery.

3.3.3 Hay, grain, etc.

Williams (1932) recounts the problems encountered 
in controlling anthrax in texas in the early 20th 
century, citing a study at the Louisiana experiment 
Station demonstrating the potential for anthrax 
transmission by crops grown on contaminated soil 
(see also section 3.3.1). in the past, the former Soviet 
union has insisted that hay shipped there from the 
united States be certified as “free of contamination”, 
presumably reflecting some previous experience of 
cross-infection. it is unlikely, however, that hay or 
grain or other crops are significant contributors to 
the transmission of anthrax today.

3.3.4 Aerosols and wind

it seems reasonable to assume that spores are 
inhaled by animals grazing over the dry dusty site 
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where another animal died of anthrax at some point 
in the past (section 3.3.1). on the basis of the experi-
mental findings (see section 5.2) that inhaled spores 
may remain in ungerminated form in the lungs for 
months after uptake, it is conceivable that a form 
of chronic carriage with onset of disease some time 
after uptake may result (see also section 3.3.8).

As far as long-distance transmission is concerned, 
basically, anywhere dust can travel, so can anthrax 
spores. however, the importance of this to trans-
mission of the disease is debatable. turnbull et al. 
(1998b) sampled air 6–18 m downwind of old anthrax 
sites with contamination levels of 2 x 104 to 1.6 x 106 
cfu/gram in the semidesert etosha national Park, 
namibia. Sampling was carried out before and after 
disturbance to simulate animals moving across the 
site. the highest aerosol concentration found was 
approximately 2 spores per 100 litres of air. From 
published respiratory rates, this amounted to a time 
needed to inhale one spore of 5–7 minutes in sheep 
and goats, 0.3–0.7 minutes in large animals, and 2.5 
minutes in a human. From this, it would seem that 
the dilution effect of wind spread is too great for 
wind to contribute greatly to the transmission of the 
natural disease. 

in the event, albeit probably rare, that a case does 
occur as a result of spores moved by wind, it estab-
lishes a potential new focus of infection for other 
animals. this may have been the case in an instance 
recorded in Australia many years ago where a storm 
passing sequentially across an anthrax endemic 
area and then a clean area was followed by cases of 
the disease in seven herds in the “clean” area a few 
weeks later (henry, 1936).

in contrast to the natural disease, the potential 
for aerosol spread in a deliberate release event was 
demonstrated in the accidental release at Sverdlovsk 
in the former Soviet union in 1979 (Meselson et al., 
1994). Sheep reportedly died of anthrax in a vil-
lage approximately 60 km distant from the point of 
release at the research institute, with an estimated 
2% death loss overall on affected premises (see also 
section 4.2.2.3).

3.3.5 Insects

insects have been incriminated in the transmission 
of anthrax since at least the 19th century (Budd, 1863; 
henning, 1893) and, at the turn of the 20th century, 
biting flies, particularly Hippobosca and Tabanus spe-
cies, were considered important as transmitters of 
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Fig. 3 Importation from endemic countries to other countries, and cycles within the importing countrya

a X indicates the predominant route to animal infection.
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the disease (Morris, 1918, 1919, 1920; Sen & Minett, 
1944; Sterne, 1959). davies (1983) believed that  
tabanids (horseflies) were responsible for the expan-
sion of the huge epidemic in Zimbabwe in 1978–1979 
by “hops” from community to community. At the time 
there were heavy rains which would have encour-
aged large hatches of tabanids. rao & Mohiyudeen 
(1958) also explained the spread of anthrax in india 
in terms of biting flies. Pangonia spp., biting flies that 
target hippos, may have played an important role in 
periodic outbreaks in hippos (Bengis, personal com-
munication, 2005). non-biting blowflies (Chrysoma 
albiceps and C. marginalis) have been incriminated 
as the principal vector of anthrax in browsing wild 
herbivores in the Kruger national Park, South Africa 
(Braack & de Vos, 1990; de Vos, 1990; de Vos & Bryden, 
1996). Blowflies feed on the body fluids of anthrax 
carcasses and then deposit highly contaminated 
faeces or vomit on the leaves of trees and bushes in 
the vicinity. Browsing herbivores may then contract 
anthrax when eating the contaminated leaves.

the ability of the biting stable flies (Stomoxys calci-
trans) and non-biting houseflies (Musca domestica) or 
Calliphoridae (bluebottles, blowflies, etc.) to transmit 
anthrax was demonstrated experimentally by sev-
eral workers in the early 1900s (reviewed by Sen & 
Minett, 1944). transmission by Tabanus rubidus was 
readily effected in horses and carabao (Kraneveld 
& djaenoedin, 1940) and when M. domestica and 
Calliphora erythrocephala that had fed on incisions in 
the flanks of goats that had died of anthrax were 
brought into contact with the cauterized skin of 
healthy goats (Sen & Minett, 1944). however, the dis-
ease was not induced by bringing infected M. domes-
tica into contact with the eyes of healthy goats. 
Anthrax was also transmitted between infected and 
healthy guinea-pigs by S. calcitrans and by mosquito 
species Aedes aegypti and A. taeniorhynchus (turell & 
Knudson, 1987). Schuberg & Boing (1913) are cited 
without reference by McKendrick (1980) as also hav-
ing demonstrated the ability of mosquitoes to trans-
mit anthrax. 

ticks collected from terminally ill animals have 
been found to carry B. anthracis (Stiles, 1944; Buriro, 
1980; Akhmerov et al., 1982) but they probably do 
not play a significant role in the transmission of the 
disease as interhost transfer of adult ticks is rare.

dose is again pertinent. Small insects may pick up 
too few B. anthracis from a sick or dead animal to def-
initely induce infection in another host (Greenberg, 

1971, 1973), although this may be countered by the 
cumulative effect of several or numerous bites. 
during “epidemics”, such as in texas or Canada, 
affected stock have been noted to be “black” with 
biting flies. however, it is necessary to bear in mind 
the finding by Schlingman et al. (1956) that lethal 
infection could not be induced in cattle by parenter-
ally administered doses of up to 6 x 108 spores of the 
Vollum strain. the Vollum strain is regarded as less 
virulent than many other strains but, if this is taken 
as the minimum lethal parenteral dose for cattle, 
and terminal blood counts in anthrax victims at 
death are in the order of 108 cfu/ml (see section 3.1), it 
would imply that 1–2 ml (cumulative) of blood needs 
to be injected by tabanid mouthparts. in the experi-
mental studies reviewed and carried out by Sen & 
Minett, the transmission success rate was generally 
quite low. it can be seen, however, that this mode of 
transmission could be expected to select out more 
virulent strains requiring lower volumes of injected 
blood (hugh-Jones, personal communication, 2003).

the time between the exposure of the insect vec-
tor and the exposure of the second host to that insect 
was of consequence. the transmission rates in turell 
& Knudson’s study were 17% for stable flies and 12% 
for mosquitoes, and all transmissions occurred in 
guinea-pigs exposed ≤ 4 hours after uptake of blood 
by the insect from the bacteraemic animal.

According to Kraneveld & Mansjoer (1939) the 
bacilli did not multiply in the gut of tabanids; 
some were excreted in vegetative state, some died 
and some were able to sporulate. de Vos (de Vos & 
turnbull, 2004) states that blowflies may be lifelong 
carriers, although vegetative B. anthracis disappear 
from their digestive tracts within two weeks of feed-
ing on a carcass.

the possible association between flies and the 
seasonality of anthrax is discussed in section 2.2.6.

3.3.6 Other modes of mechanical 
transmission

Cattle drives in the 19th and early 20th centuries 
have long been regarded as a major means of the 
early spread of anthrax in Canada and the uSA. A 
comparison of the distribution of affected counties 
in the first half of the 20th century (hugh-Jones, 
unpublished data) shows that, for the period up to 
1932, there was a 1:3.99 chance of a county having 
livestock anthrax if it was within 10 km of a south-
to-north cattle trail (p < 0.0003); for trails going east 
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to west (essentially all these were immigrant trails, 
such as the oregon and California trails), the chance 
was 1:0.60 (p < 0.4175). 

Livestock began arriving in large numbers in 
what became the anthrax-endemic regions of north-
ern Canada as early as 1880 from herds in the north-
western American states and southern Alberta, and 
may have been the source of the disease (dragon et 
al., 1999). Alternatively, it has been hypothesized 
that anthrax in northern Canada originated from 
Wainwright in southern Alberta, along with brucel-
losis and tuberculosis, when excess plains bison that 
had been in contact with local cattle were moved to 
the north in the mid-1920s. the reflux of B. anthracis 
bison strain Gt5 down into central Alberta probably 
came from contact between southern cattle grazing 
in the north at Fort Vermilion during the summer 
and wandering bison bands out of the Wood Bison 
national Park (hugh-Jones, personal communica-
tion, 2004). 

Livestock movements along the Silk road prob-
ably took anthrax eastwards into western China.

the spread of anthrax by carrion eaters was dis-
cussed by Kraneveld & Mansjoer (1941) and vultures 
and other scavengers have long been suspected of 
transmitting the disease various distances in south-
ern Africa (Pienaar, 1967; de Vos, 1990; Lindeque & 
turnbull, 1994; Lindeque et al., 1996a). Similarly 
gulls, ravens and possibly black bears were con-
sidered as possible vectors in the bison outbreaks 
in northern Canada (dragon et al., 1996). Certainly 
anthrax spores have been found on/in the feathers, 
faeces or digestive tracts of these animals (Lindeque 
& turnbull, 1994; dragon et al., 1996; Lindeque et al., 
1996a), but the numbers are generally low and below 
what is generally regarded as the “normal” infec-
tious doses of other animals. however, as with aero-
sols and other modes of mechanical transmission, 
if and when an occasional case does occur, it may 
set up a new focus of infection for other susceptible 
animals in the vicinity.

3.3.7 Age and sex

in general, although reliable evidence is difficult to 
come by, the incidence of anthrax in wild animals 
seems to be slightly biased towards adulthood and 
males (Pienaar, 1961; Moynihan, 1963; Brunsdon, 
1968; ebedes, 1976; de Vos, 1990; Lindeque & turnbull, 
1994; de Vos & Bryden, 1998). however, this may be 
apparent rather than real, reflecting factors other 

than resistance to infection, such as differences in 
behaviour or feeding habits or, in the case of age, 
the relative ease with which carcasses of adults that 
have died of anthrax may be detected as compared 
with those of the young animal. Physiological fac-
tors may be involved also. Weinstein (1938) showed 
that administration of thyroxine, testosterone and 
pituitary, thymus and pineal gland extracts to mice 
increased their resistance to anthrax infection while 
insulin, oestrin, progesterone and adrenal cortex 
extract did not. 

of particular interest are the bison in an anthrax-
enzootic area in northern Canada where the major-
ity of carcasses found are sexually mature bulls. 
Special surveillance techniques during the 1993 
outbreak established that bull-bias in mortality was 
real and not due to calf carcasses being more difficult 
to spot (Gates et al., 1995). except for one outbreak 
in the summer of 2001, where an equal number of 
bull and dam carcasses were found, a bull-bias of 
> 80% has been observed in all known anthrax out-
breaks in the Canadian bison herds (dragon & elkin, 
2001). explanations for this range from the rutting 
behaviour of the bulls causing exposure to spore-
laden dust, to chronic infection becoming acute 
from stress-related factors during the rutting sea-
son. Bulls use the wallows for dominance displays 
against each other and generally die within 100 
metres of their individual wallows. Bulls generally 
graze closer to the ground than cows and calves. the 
next bull adopting the wallow of one that has died 
and grazing around it becomes relatively exposed 
to the deposited spores (hugh-Jones, personal com-
munication, 2004). Also, females rarely wallow and 
calves, being suckled, do not graze much; they may 
also have maternal antibody.

information found on age- and gender-related 
incidence in livestock is limited. Significantly dispa-
rate attack rates were noted between bulls, cows and 
calves in Louisiana and texas during outbreaks in 
the 1970s, with males having the highest attack rates 
and the incidence in calves being nil (Fox et al., 1973, 
1977). in Louisiana, the attack rates in steers and 
cows were similar, suggesting that a factor unique to 
intact males resulted in their increased susceptibil-
ity to infection. the explanation offered for the age-
specific differential attack rate has been that calves, 
as they are suckling, would ingest less forage than 
adults on the same pasture (Fox et al., 1973).

no calves were infected in the outbreak in 
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Victoria, Australia, in 1997. this could have been due 
to movement of the weaned dairy calves to a raising 
shed away from the herd.

3.3.8 Prolonged incubation, carrier state, 
chronic and latent infections

A differentiation must be made between prolonged 
incubation, carrier state, and chronic and latent 
infection. the lengthy period between exposure and 
onset of clinical illness that was observed in experi-
mental monkeys exposed to spore aerosols (see sec-
tion 5.2) and in humans exposed in the Sverdlovsk 
accidental release incident (Meselson et al., 1994) are 
examples of prolonged incubation. Another exam-
ple is the vaccine trial of Lindley (1955) described 
in the next paragraph. A carrier state, in the sense 
of animals harbouring the specific organisms of a 
disease without overt symptoms and being capable 
of transmitting the infection, has not been demon-
strated in anthrax. A chronic infection results in 
antibody production and deterioration in health of 
the infected individual. Latent infection implies that 
spores are lodged in one or more lymph glands or 
other sites, successfully germinating and initiating 
infection when the innate immunity is depressed. 
however, in some of the instances cited below it is 
difficult to make the distinction between prolonged 
incubation, carriage, and chronic and latent infec-
tion, and the terminology of the original reports has 
been retained in the following paragraphs. 

As an example of prolonged incubation, Lindley 
(1955) observed anthrax deaths in two goats, 47 days 
and 51 days post-challenge with the virulent Gwandu 
strain of B. anthracis administered as a spore suspen-
sion in 50% glycerin. Both animals had been housed 
in an indoor stable, and no infections occurred in 
unchallenged animals at the facility. the one that 
died 51 days post-challenge had been vaccinated. 
the unvaccinated animal, in particular, illustrates a 
potential long incubation period.

Chronic anthrax infections have been reported 
in swine (hutyra et al., 1946). only a few decades 
ago, meat inspectors in slaughterhouses periodi-
cally observed discrete anthrax lesions in the lymph 
nodes of the mesentery, pharynx or submandibu-
lar region of swine. the lymph nodes were gener-
ally enlarged, and the cut surface was brick red or 
studded with small greyish-yellow necrotic foci, 
sometimes diffusely necrotic and containing dry 
caseous material. Lymph nodes of this description 

were found nine months after the 1952 three-state 
epidemic in pig herds in ohio, indiana and illinois 
affecting 490 herds and attributed to contaminated 
pig feed (hugh-Jones, personal communication, 
2004). Presumably, other resistant scavenger species 
such as dogs can also develop chronic lesions. 

Among susceptible species, Weidlich (1934) 
reported the case of a cow producing apparently 
normal milk containing anthrax bacilli for some 
months. Provost & trouette (1957) isolated B. anthra-
cis from the abdominal lymph nodes of apparently 
healthy cattle in an endemic area of Chad. Culture 
collection strain ASC 65 was from the milk of one 
of four chronically infected cows in Brazil. the bac-
terium was isolated from these cows (apparently 
healthy at the time, although two unvaccinated 
animals subsequently died) during routine mastitis 
screening tests on milk samples in 19831 (see also 
Annex 6, section 3).

evidence of carriage in susceptible herbivores has 
been reported. de Moulin & Soemanegara (1937) 
noted that spores administered subcutaneously in 
highly immunized animals were still present at the 
site of inoculation ≥ 7 weeks later in cattle, ≥ 2 months 
in horses, buffalo and sheep and ≥ 6 weeks in chick-
ens. dormant spores were found to still be circulat-
ing in the blood of black rats at 30 days by Walker et 
al. (1967). Ferguson (1981) reported a carrier state in 
pigs that had recovered from the disease. 

A serological survey in the enzootic etosha 
national Park, namibia, showed that Park herbivores 
rarely have natural anti-anthrax antibodies, while 
most of the Park carnivores have them (turnbull et 
al., 1992a). this was interpreted as indicating that 
infection in herbivores usually leads to death. in 
contrast, however, it was found that 87% of bison 
bulls in the Canadian Mackenzie Bison Sanctuary 
had specific anti-anthrax antibodies when tested 
eight months after an outbreak in 1993 (turnbull et 
al., 2001b). the implication in this instance is that a 
significant proportion of the bison survived B. anthra-
cis infection or were chronically infected. Passively 
transferred or partial immunity can delay onset of 
overt disease by many days, which again represents 
a form of latent infection (turnbull, 1990b).

Latent infections may conceivably be the occa-
sional explanation for the long-distance spread of 

1 information from dr P. Baptista, department of Agriculture, 
South rio Grande State, Brazil.
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anthrax. however, the success of the application of 
the oie 20-day incubation period for anthrax control 
in livestock over the past 50 years is testimony to the 
rarity of this, if it occurs at all.

Much has been made in recent years (in relation to 
formulating post-exposure prophylaxis in humans) 
of the finding that inhaled spores may lie dormant in 
the lungs of monkeys for weeks before being cleared 
by alveolar macrophages, showing no evidence of 
germination until within the macrophages (Barnes, 
1947a; henderson et al., 1956; Widdicombe et al., 
1956; ross, 1957; Friedlander et al., 1993; see section 
5.2). the relevance to the natural disease and its 
spread in animals is uncertain.

3.3.9 Anomalies and unknowns of anthrax 
epidemiology

despite anthrax being a disease that has been so well 
known for so long, many seemingly simple epide-
miological questions remain unanswered. A variety 
of explanations have been developed on the factors 
that lead to outbreaks of anthrax. the explanations 
remain just speculation and vary with respect to 
different environments, different continents and 
whether domestic or wild animals are involved. 

examples of continuing unknowns follow. 

3.3.9.1 How does an animal acquire anthrax?

how an animal contracts the disease remains in the 
realm of theory (see section 3.3.1).

3.3.9.2 Not always point-source?

outbreaks of anthrax are generally considered to be 
of the point-source type; direct herbivore-to-herbiv-
ore transmission is thought not to occur (with the 
exception of transmission as a result of osteophagia) 
and certainly does not occur under laboratory con-
ditions (i.e. in animal cages in research studies). 
however, it is difficult to explain periodic explo-
sive epizootics, or unexpected spread to areas that 
were previously unaffected, in terms of point-source 
infection. 

the history of outbreaks in Australia is that out-
breaks start as a point-source death with 2, 3 or 4 
further cases occurring in 5–7 days, and 7–8 deaths 
in a further 5–7 days. this pattern of spread has 
been attributed to the social cohort of dead animals 
licking and sniffing around the carcass, and this was 
the theory accepted in the large 1997 outbreak in 
Victoria State.

Fly-borne spread (section 3.3.5) is strongly sus-
pected of being the means of spread in such events.

3.3.9.3 Why do outbreaks predominantly affect 
one species?

Large explosive outbreaks usually affect only one 
species in the affected area while the incidence in 
other, equally susceptible species in the vicinity 
remains sporadic. this has been known for a long 
time. higgins (1916) wrote: “in certain outbreaks a 
single species of animal may show a more marked 
susceptibility than others which are apparently sim-
ilarly exposed”. the phenomenon may be explained 
in terms of the different ecological niches of the 
various species and that they are, in fact, not at 
equiprobable risk within the same setting. A simple 
example might be that if biting flies are responsible 
for the outbreak, they bite the primary species pref-
erably or exclusively. 

Susceptibility data based on experimental results 
do not correlate well with the occurrence of deaths 
under natural circumstances (Sterne, 1959). Cattle 
are quite resistant to experimental infection but 
are very prone to infection in nature. in contrast, 
sheep are quite susceptible to experimental infec-
tion but may not be so readily infected in nature, 
even on premises where affected cattle are grazing. 
Consistent with Sterne’s observation, a large out-
break in California in 1968 resulted in 176 animal 
deaths (169 cattle, 4 mules and 3 horses), yet sheep 
in close proximity were not affected (Kaufmann, 
personal communication, 2004). Sterne also pointed 
out that goats, despite being even more susceptible 
than sheep to experimental infection, accounted for 
even fewer cases than sheep (see below). 

Wise & Kennedy (1980) noted that new South 
Wales, Australia, could be divided into a northern 
zone in which bovine and ovine anthrax occurred 
with equal frequency, and a southern zone where 
bovine anthrax was about four times as common 
as ovine, with death rates in cattle 13 times greater 
than in sheep. in the 1997 outbreak in Victoria, some 
202 cattle and 4 sheep died. the reasons for such 
area variations in the two species are unknown, par-
ticularly as they are interspersed, often on the same 
property, across all these areas. Although cattle and 
sheep do exhibit different grazing behaviours, it is 
hard to define the reason why one species is favoured 
over the other for infection in one area or property.

in the wild, anthrax does not affect all herbivo-

3. AntHRAX In AnImAls



AntHRAX In HUmAns And AnImAls

28

rous species equally, and there is an apparent pref-
erence by the disease for particular species in any 
one region. Zebras, for example, are the most com-
monly affected in the etosha national Park in north-
ern namibia, with kudu only occasionally affected. 
Assessments of all recorded anthrax deaths (uncor-
rected for total populations) are in the order of 45% 
for zebra versus 0.8% for kudu (Lindeque & turnbull, 
1994). in the Kruger national Park, South Africa, the 
kudu is the principal host, accounting for > 50% of 
all recorded anthrax cases with zebra falling into 
a relatively small group of “other affected species” 
(de Vos, 1990). the ecological and behavioural fac-
tors responsible for these differences tend to depend 
on circumstantial evidence, but appear to revolve 
around blowflies in the Kruger national Park which, 
after feeding on anthrax carcasses, fly to nearby 
shrubbery and deposit infected blood on the leaves, 
which then become the source of infection for the 
browsing kudus. the analagous situation with goats 
and sheep is referred to above; goats are allegedly 
infected less often than sheep under equiprobable 
risk situations, despite being more susceptible to 
experimental inoculation. Goats, like kudus, are 
browsers; sheep, like zebras, are grazers. 

Few disagree that grazing, browsing and flies are 
the main variables in the differing equations; flies 
are the vectors of spores from dead carcasses to 
foliage in the vicinity. other aspects relating to the 
manner in which plants are eaten are also likely to 
affect acquisition of anthrax. Bovines pull plants out 
of the ground when grazing, thereby ingesting a lot 
of soil. in contrast, sheep and horses bite plants off 
at ground level, taking in very little soil (hugh-Jones, 
personal communication, 2004). 

Strain differences come to mind as an obvious 
explanation in relation to these anomalies. in texas, 
goats and white-tailed deer frequent the same areas 
but, if horseflies are transmitters of the disease, they 
fail to infect the goats (hugh-Jones, personal com-
munication, 2004). is this strain-related? this has 
yet to be proven (see section 2.3). 

3.3.10 Transmission resulting from deliberate 
release – bioaggression

the realities of transmission of anthrax as a result 
of deliberate release were made very clear by the 
anthrax letter events in the uSA between September 
and december 2001, although those were targeted 
at humans rather than animals. the potential dam-

age that could be inflicted from targeting livestock 
has, however, been recognized for at least a century. 
the 1899 hague Convention, adopting the unratified 
Brussels declaration of 1874, prohibited “the spread-
ing … of diseases on enemy territory”. Although the 
illegality of biological warfare was spelt out in the 
1902 German General Staff handbook on land war, 
Germany ran an anti-animal sabotage programme 
from 1915 to 1918 largely targeted at neutral coun-
tries (Argentina, norway, romania, Spain and the 
united States) to disrupt their shipments, primarily 
of horses destined for military use, to the enemy bel-
ligerents. Glanders and anthrax, the agents involved, 
were delivered by crude inoculation with a needle 
dipped into the cultures. no data exist on the level 
of damage inflicted by this programme, although 
it was considered a “success” by the German army 
(Wheelis, 1999). 

it seems that after the First World War, thinking 
about biological warfare (BW) became focused on 
antihuman agents, and veterinary sabotage was no 
longer considered relevant in the German programme 
(Wheelis, 1999; Geissler, 1999). Possibly owing to a 
misunderstanding in intelligence coding, perception 
that Germany had an antilivestock biological war-
fare programme led to a British development and 
production capability retaliation-in-kind programme 
(Carter & Pearson, 1999). Between September 1942 
and April 1943, 5 million cattle-cakes were prepared 
and stockpiled ready for targeting Germany’s war-
time agriculture section. encapsulated within the 
centre of each cake were 5 x 108 anthrax spores 
(established Mid for cattle – see section 3.1) of the 
Vollum strain. the cakes were never used and were 
destroyed shortly after the war.

the possibility that the epidemic of anthrax in 
Zimbabwe (then Southern rhodesia) in 1979–1980 
was the result of deliberate release has been raised. 
epidemiological details of a large proportion of the 
> 10 000 human cases were published (davies, 1982, 
1983) and “Contact with a dead bovine carcass is 
always given as the manner in which anthrax is 
acquired. … Confirmation of anthrax as the cause 
of cattle deaths is available from all areas in which 
(human) anthrax is thought to have occurred” 
(davies 1982); “two thirds of the country has been 
affected by bovine anthrax in a very short time” 
(turner, 1980). Although further data on the livestock 
cases were not published, it was believed that taba-
nids (horseflies) spread the disease among animals 
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(davies, 1983; see section 3.3.5), and the breakdown 
in veterinary services resulting from the insurgency 
situation occurring at the time prevented the set-
ting up of vaccination campaigns (davies, 1982) and 
of education programmes aimed at stopping peo-
ple from butchering the carcasses. however, some 
years later, accusations arose in the public press 
and minor publications that this had been a “delib-
erate use of anthrax as an agent of BW, directed at 
African-owned cattle“ (nass, 1992) and that “the use 
of anthrax spoor to kill off cattle of tribesmen assist-
ing the guerillas … was carried out” (Martin, 1993). 
in defence of the official stance that this was a nat-
ural outbreak resulting from the breakdown of the 
veterinary services (commercial farms, where vac-
cination was still possible, remained virtually free of 
infection – davies, 1983), it was pointed out by gov-
ernment officials that other diseases, such as rabies 
and tick-borne infections, escalated several 100-fold 
at the same time. 

the accidental release of anthrax at Sverdlovsk in 
the former Soviet union in 1979 (see also sections 
3.3.4, 4.2.1.1, 4.2.1.3, 4.2.2.3) originated from a micro-
biology laboratory and caused the death of a signifi-
cant number of livestock up to approximately 60 km 
from the point of release (Meselson et al., 1994).

3.4 Clinical manifestations;  
incubation periods

the incubation period in susceptible laboratory ani-
mals ranges from about 36 to 72 hours. in suscepti-
ble livestock, it may be a little longer. Schlingman 
et al. (1956) found an incubation period of 3–7 days 
following oral challenge. the normal incubation 
period in naturally-infected cattle is stated to be 
1–14 days or more (Kaufmann, personal communi-
cation, 2004). For trade purposes, the oie incubation 
period for anthrax is 20 days (Annex 4). the require-
ment that animals for export will not have been in 
contact with an infected animal or premises in the 
previous 20 days appears to have been effective in 
controlling the spread of anthrax through interna-
tional trade and also seems to work in controlling 
dissemination of infection through domestic trade 
(turner, personal communication, 2004). 

in an experimental study on pigs, the majority 
of 45 pigs challenged orally with high doses of the 
Ames strain of B. anthracis showed nonspecific clini-
cal signs of illness (fever, anorexia, lethargy, dull-
ness, shivering, constipation, loose faeces, blood in 

the faeces and ataxia) between 1 and 8 days after 
challenge; rectal temperatures increased at 24 
hours, peaking at 48 hours and returning to normal 
by 7 days. two of the animals died suddenly on days 
6 and 8 (redmond et al., 1997).

A dose-response curve in rhesus monkeys chal-
lenged with 105 to 5 x 1010 spores showed that death 
occurred in progressively shorter times from 50 to 
20 hours (Klein et al., 1962). 

the first signs of an anthrax outbreak are one or 
more sudden deaths in affected livestock, although 
farmers may reflect retrospectively that the animals 
had shown signs such as having been off their food 
or having produced less milk than usual. during 
the systemic phase, the animals become distressed, 
appear to have difficulty breathing and cease eating 
and drinking. Swellings in the submandibular fossa 
may be apparent; temperatures may remain normal 
for most of the period or may rise. the animal can 
remain responsive to treatment well into this period, 
but if treatment fails it lapses into coma followed 
by death from shock. in highly susceptible species, 
the period between onset of visible symptoms and 
death may be just a few hours; the course of these 
events is more protracted in more resistant species 
or in immunized animals when the protective effect 
of the vaccine is wearing off. in studies on immu-
nized laboratory animals, this has been shown to be 
associated with reduced terminal bacteraemia and 
reduced circulating toxin (turnbull, 1990b).

the history is of major importance to immediate 
suspicion of anthrax. in particular, if deaths occur 
unexpectedly in areas known in the past to have 
experienced anthrax, whether recently or not, then 
the diagnosis of anthrax should be regarded as a 
possibility. this is even more the case if the deaths 
follow recent disturbance of the land such as dig-
ging, ploughing, dredging of watercourses and so on 
(see sections 2.1.2.5, 3.3.2). Anthrax should always 
be considered in the event of sudden deaths in zoos 
or other captive facilities where meat from knacker-
ies or the equivalent are regularly fed to animals. 

Cutaneous lesions, analogous to the eschars of 
human cutaneous anthrax (section 4.4), are rarely 
reported in animals. Maculopapular swellings 
with vesicle formation and oedema were reported 
in intracutaneous infections in wild utah rodents 
(Marchette et al., 1957) and carbuncular lesions are 
referred to in sections 3.4.1, 3.4.5 and 3.4.6.
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3.4.1 Bovines 

in the bovine, anthrax often occurs as an acute febrile 
disease without obvious localization, although suba-
cute disease with throat swellings may be encoun-
tered in tropical countries, possibly through buccal 
lesions from chewing infected bones (Sterne, 1959). 
A steep rise in temperature is a typical sign, and irri-
tability may be followed by dullness. if no treatment 
is given, death usually occurs in 2–3 days with the 
animal showing cramplike symptoms and shiver-
ing. the urine may be blood-stained and blood may 
exude from the rectum and other natural openings. 
often advanced signs are minimal, and the appar-
ently healthy animal may fall in an apoplectic sei-
zure and die within a few minutes to a few hours. 
earlier clinical opinions that recovery is not an 
infrequent event (Sterne, 1959, 1966) are supported 
by more recent serological evidence (turnbull et al., 
1992a). According to Sterne (1959), oedematous or 
carbuncular lesions are associated with immunized 
animals when their resistance is waning.

oedematous swellings along the neck, flanks or 
lumbar region have been described in cattle with 
experimental anthrax infections (Jackson et al., 
1957). 

the situation regarding milk is discussed in Annex 
6, section 3. A single report of B. anthracis-associated 
bovine abortion was seen (Gibbons & hussaini, 
1974).

3.4.2 Sheep and goats

Anthrax usually takes the form of a peracute apo-
plectic infection. this may be modified in animals 
that have been immunized. 

3.4.3 Horses

horses may show acute symptoms and die in 2–3 
days. intestinal lesions may result in colic and diar-
rhoea. Sterne (1959) associated large oedemas on 
the breast, abdomen, neck and shoulders with cases 
transmitted by biting flies. it is to be assumed he 
observed this in southern Africa. recovery some-
times occurs.

3.4.4 Pigs

Pigs are regarded as more resistant to anthrax than 
cattle, sheep, goats and horses, but herd outbreaks 
with significant mortality can occur. their greater 
resistance is reflected in the greater evidence of local 

signs, such as swellings of the throat and pharyngeal 
and cervical lymph glands. As reviewed by redmond 
et al. (1997), outbreaks in pigs were recorded with 
particular frequency in the 1950s and may have 
reflected postwar husbandry practices of feeding 
food waste which inadvertently included meat and 
bones from anthrax carcasses. At that time also, it 
was accepted that there were two principal mani-
festations of porcine anthrax: the pharyngeal and 
intestinal forms. 

the pharyngeal form, not frequently reported 
now, was related to scavenging or purposeful feed-
ing of carcasses to swine and characterized by an 
ulcerative stomatitis, laryngitis, and markedly oede-
matous swelling of the throat that could interfere 
mechanically with respiration, feeding and drink-
ing. there is reference in nieberle & Cohrs (1967) to 
demonstration of invasion via the epithelium over-
lying the tonsils. one theory is that it was associ-
ated with lesions from bone chips in food waste, but 
Kaufmann (personal communication, 2004) recalls 
that major outbreaks in the united States in the early 
1950s were due to contaminated bonemeal which 
was finely ground and did not contain jagged chips. 

the intestinal form, thought to be associated with 
contaminated mineral supplements, is less obvious 
than the pharyngeal form, lacking the obvious swell-
ings and associated effects. Because the animals fre-
quently recover, its occurrence may often have gone 
undiagnosed. Anorexia, vomiting, diarrhoea (some-
times bloody) or constipation have been reported. in 
an experimental study on 50 pigs (redmond et al., 
1997), anorexia, lethargy, dullness, shivering, consti-
pation or loose faeces, blood in the faeces and ataxia 
were the symptoms variously noted in 33 animals 
showing symptoms. in 45 of the animals, rectal tem-
peratures indicating pyrexia rose in 24–48 hours 
after ingestion of anthrax spores, decreasing to a 
minimum at about 8 days. Marked seroconversion 
occurred in all but 4 of the animals, indicating that 
infection with recovery was the common outcome 
(only 2 pigs died). the induced infection took exclu-
sively the intestinal form.

it is possible that the two manifestations of the 
disease in pigs relates to whether vegetative cells 
are being consumed in addition to spores. infection 
resulting from consumption of meat and bones from 
infected carcasses, which would contain both veg-
etative cells and spores, may be associated with the 
pharyngeal form of gastrointestinal anthrax. the 



31

intestinal form is associated with consumption of 
spore-contaminated mineral supplements which 
would lack the vegetative forms (see also section 
4.2.2.4).

the number of circulating B. anthracis in the blood 
of pigs at death is very low compared with most 
other species. this has practical consequences for 
diagnosis (see section 3.5.1). 

3.4.5 Dogs and cats

dogs are considered very resistant to anthrax, but 
reports in dogs that have scavenged anthrax car-
casses are not exceptionally rare. in the united 
Kingdom, within living memory, retired foxhounds 
scavenging when dead cows were collected from the 
hunt area acquired the disease (hugh-Jones, per-
sonal communication, 2004). Villagers in endemic 
countries of at least sub-Saharan Africa recognize 
anthrax in their cattle and, although they will eat 
meat from the carcass (sections 4.1 and 9.7), they 
will not eat the enlarged spleen; instead, they will 
frequently feed these to dogs and cats. Several dogs 
and cats were reported to have died of presumed 
anthrax during an epidemic involving some 500 
cattle and 50 humans in the Zambezi plains area 
of Western Province, Zambia, in 1990–1991. Sera 
from 3 of 3 dogs that had eaten meat from suspected 
livestock anthrax victims had measurable antibody 
titres (Muyoyeta, Bbalo & turnbull, unpublished 
data, 1994).

Severe inflammation and oedematous swelling of 
the throat, stomach, intestine and of the lips, jowls, 
tongue and gums may be seen. Carbuncular lesions of 
the jowls occur. infection may generally not be lethal. 
A few reports of anthrax in domestic cats allegedly 
exist also (eurich & hewlett, 1930; Whitford, 1979). 

3.4.6 Birds

Sterne (1959) referred to “epizootics amongst birds”, 
but without reference or details. references found 
to cases of anthrax in avian species are largely con-
fined to birds in captivity or domesticated state. 
While there is some logic to reports of the disease 
in eagles in captivity following inadvertent feeding 
with an anthrax carcass (Keymer, 1972; turnbull, 
1990), more surprising are the citations found to the 
disease in not overtly carnivorous birds including 
ducks, a hen, geese, artificially-infected poultry and 
pigeons, and even a crested crane. Again without 
reference or detail, Sterne (1959) stated that domes-

tic ostriches readily contract anthrax. A recent case 
(June 2005) in an ostrich in the etosha national 
Park, namibia (Lindeque, Versfeld & turnbull, per-
sonal communication, 2005) reflects the report of 
cases in 5 wild ostriches in the 1970s in the Park by 
ebedes (1976). other early references exist of the dis-
ease in ostriches (Viljoen et al., 1928; ebedes, 1976; 
hugh-Jones & de Vos, 2002). Pasteur (cited by Klemm 
& Klemm, 1959) attributed resistance to anthrax 
in birds to their body temperature being higher 
than that of a mammal, and higgins (1916) stated 
that anthrax may be contracted by birds “provid-
ing … their normal body temperature is lowered”.  
Pasteur’s experiments with hens, attributing resist-
ance against anthrax in birds to their high body tem-
perature, are described in detail by Vallery-radot 
(1923). 

According to Sterne (1959), the apoplectic type of 
death is usual, although less acute infection, with 
carbuncular lesions on the comb or extremities, also 
occurs. As reviewed by Snoeyenbos (1965), the lesions 
of anthrax in the ostrich, duck and eagle are similar, 
with haemorrhagic enteritis and oedematous swell-
ings, particularly in the neck. haemorrhages may be 
present on the surface of many organs, such as the 
heart. excessive fluid is commonly present in the 
thoracic and abdominal cavities. the spleen, liver 
and kidneys are swollen and congested. 

reference to a vulture belonging to a travelling 
menagerie that became very sick during an out-
break of anthrax affecting many of the animals is 
made in section 3.4.7. de Vos (personal communica-
tion, 2006) recalls confirming death from anthrax in 
one vulture by blood smear and subsequent culture 
from the blood. it was, however, the only bird found 
dead out of a very large number feeding on carcasses 
during a large outbreak of the disease in the Kruger 
Park, South Africa.

3.4.7 Other animals

Anthrax is well known as a disease of wild mam-
mals. the largest number of reports comes from 
national parks in southern and central Africa, where 
a wide variety of species are affected. it has also 
been reported for many years in white-tailed deer 
in the southern uSA (Marburger & thomas, 1965; Yu 
et al., 2002) and has been observed to be enzootic in 
free-ranging bison in northern Canada for over four 
decades (Gainer & Saunders, 1989; Gates et al., 1995; 
dragon & elkin, 2001). in these areas, occasional sec-
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ondary cases occur in other species (including car-
nivores) making contact with the primary species. 
Although the disease is enzootic in other parts of the 
world, there seems to be very little information on 
its occurrence in wildlife in these parts, presumably 
as a result of lack of resources to investigate causes 
of death in the wild. 

Carnivores are, in general, significantly more 
resistant than herbivores (section 3.1) but can die 
from infection. in enzootic areas, resistance in wild 
carnivores is enhanced by the humoral immunity 
acquired naturally as a result of frequent exposure 
to scavenging carcasses of anthrax victims (turnbull 
et al., 1992a). the antibody titres in the carnivores 
reflect (i) the level of anthrax activity in an area, and 
(ii) the habits of those carnivores. it seems likely that 
the carnivores depend on the antibodies to protect 
them from lethal infection. the increasing incidence 
of canine distemper in lions in African parks may 
be behind increased numbers of observed cases of 
anthrax in lions in recent years; a side-effect of the 
distemper is to damage the immune system. 

Cheetah appear to represent an unusual group 
among carnivores in relation to anthrax. it has 
recently been observed in namibia that cheetah suf-
fer a high mortality from anthrax (Lindeque et al., 
1998). Cheetah do not normally scavenge and may 
not, therefore, get the same chance as other carni-
vores to build up acquired immunity. their unique 
genetic constitution may also play a role in suscepti-
bility to infection through its effect on their immune 
system. 

Among other animals, anthrax has been recorded 
in camels (eurich & hewlett 1930; Punskii & Zheglova, 
1958; Musa et al., 1993), carabao (Steele, 1954), mink 
(Greener, 1947; Sterne, 1959; hugh-Jones & husseini, 
1975), badgers, ferrets and racoons (Somers, 1911; 
Greener, 1947) and foxes (eurich & hewlett, 1930; 
Greener, 1947). A 1945 handbook (Anon., 1945) states: 
“in the domestic animals, sheep (excepting Algerian 
sheep which are immune), cattle, camels and horses 
are susceptible in the order named”. Whitford (1979) 
tells us that Gayot (1952) showed that, in fact, Algerian 
sheep were as susceptible as other sheep. Cases of the 
disease in moose have been seen in both Canada and 
the uSA (dragon & elkin, 2001; Kaufmann, personal 
communication, 2004). 

the list of species that have experienced anthrax 
in captivity (zoos, capture and release facilities, wild-
life orphanages, etc.) is wide-ranging (hugh-Jones & 

de Vos, 2002). Mostly these have been carnivores 
fed on abattoir or knackery offal or, inadvertently, 
on portions of carcasses from animals that died of 
anthrax (Lyon, 1973; hugh-Jones & husseini, 1975; 
orr et al., 1978; turnbull, 1990b; tubbesing, 1997; 
hugh-Jones & de Vos, 2002). A particularly interest-
ing very early report (Somers, 1911) describes an 
outbreak occurring in Bolton in the united Kingdom 
in a travelling menagerie that resulted in the deaths 
of two racoons, a coypu, an english badger, two 
pumas, a leopard, an ant-eater, two polar bears and 
a lioness. two lions and a vulture became very sick 
but recovered. the animals had been fed raw meat 
from several sources and the particular source was 
not traced. A very recent report is that of Grigoryan 
(2002) in which a silver puma, a serval and a black 
lynx died of anthrax in an Armenian zoo after being 
fed contaminated meat purchased at a local market. 
reference was made in section 3.1 to susceptibility 
tests carried out on 12 species of wild utah rodents 
injected intracutaneously with spores of B. anthracis 
strain M 36 (Marchette et al., 1957).

Sudden death in apparently healthy animals with 
a very short period of disorientation before falling is 
the normal clinical picture up to death. death may 
be accompanied by bloody discharges from natural 
orifices (Fig. 2) but it is not a constant. rapid bloat-
ing of the carcass, incomplete rigor mortis and the 
absence of clotting of the blood are other common 
characteristics. the bloody discharges were not seen 
in texas deer dying in various epidemics and only 
rarely in Canadian bison dying of anthrax (Gates et 
al., 1995; dragon & elkin, 2001). 

Clinical information for carnivores is supplied by 
Lyon (1973) and tubbesing (1997). Anorexia, leth-
argy, dyspnoea, serous nasal discharge, unilateral 
facial and/or submaxillary swelling with convul-
sions and death are variously noted by Lyon in the 
13 carnivorous animals with anthrax in the Chester 
Zoo, united Kingdom, in 1971. tubbesing records the 
death from anthrax of a leopard showing no clinical 
signs prior to death, a second leopard which became 
lethargic and anorexic, a caracal noted to be listless, 
anorexic and having signs of facial oedema, a lion 
showing signs of lethargy and partial anorexia and 
a lioness with lethargy, anorexia and facial swell-
ing. All the animals that developed clinical signs 
died within 24 hours of the onset of symptoms and 
all were found at death to have facial oedema, most 
pronounced in the submandibular area.
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the recent report (Leendertz et al., 2004) of an out-
break of anthrax in chimpanzees in the taï national 
Park, Côte d’ivoire, is apparently the first record of 
naturally acquired anthrax in non-human primates. 
in experimentally induced inhalational anthrax in 
rhesus monkeys, irritability, weakness and anorexia 
1–4 days before death were observed, the animals 
dying 3–8 days after exposure to the infecting spores 
(Friedlander et al., 1993).

it seems uncertain whether cold-blooded animals 
can contract anthrax. Greenfield (1880) stated that 
“frogs have been found capable of infection with 
the anthrax poison”. Snails, especially Arion fus-
cus, were claimed to be carriers by Karlinski (cited 
by hutyra et al., 1946). this may represent passive 
carriage resulting from environmental contamina-
tion rather than true infection. As noted in section 
1.1, Sterne (1959) stated that amphibians and rep-
tiles are naturally resistant but warming of cold-
blooded animals allows them to be experimentally 
infected; unfortunately he did not cite the relevant 
publication(s).

the large epizootic of anthrax in hippopotami 
in Zambia in 1988–1989 (turnbull et al., 1991) was 
accompanied by a higher-than-usual mortality in 
crocodiles. however, these were not examined bacte-
riologically and the excess deaths were attributed by 
crocodile experts to gout from overeating (turnbull, 
personal discussions, 1989). in the Chester Zoo out-
break in the united Kingdom (Lyon, 1973) affecting 13 
carnivorous mammals, a western diamond-backed 
rattlesnake also died, but again was not examined to 
establish whether anthrax was the cause of death.

it is worth noting that in a number of endemic 
areas, such as in western texas, various susceptible 
exotic species are now raised in semidomesticated 
environments for hunting. For example, in 2001 a 
large enzootic of anthrax occurred among domesti-
cated white-tailed deer and exotic ungulate species 
in central texas. Presumably further examples exist 
in Africa and probably other regions of the world 
where anthrax is endemic. these animals cannot 
be mass-vaccinated, and thus represent susceptible 
populations and foci of persisting disease in these 
regions (Yu et al., 2002).

3.5 Diagnosis
3.5.1 Blood smear rationale

in most species, at death from anthrax (the pig being 
a notable exception) the blood is usually teeming 

with the capsulated anthrax bacilli, provided the 
animal has not been treated. numbers may also be 
lower in immunized animals that succumb to the 
disease (turnbull, 1990b). Published figures for ter-
minal B. anthracis blood counts are (approximate cfu/
ml) mice 107, guinea-pigs 108–109, rats 104–107, sheep 
and goats 108, rhesus monkeys 104–109, chimpanzees 
109, zebras 106–108, elephants 106–108, springbok 108, 
blue wildebeest 108, cheetah 108 (Lincoln et al., 1967; 
turnbull, 1990b; Friedlander et al., 1993; Lindeque 
& turnbull, 1994; Fritz et al., 1995; Lindeque et al., 
1996a). in the occasional case, however, the terminal 
bacteraemia is unexpectedly low (Friedlander et al., 
1993; Lindeque & turnbull, 1994); this was actually 
recognized almost a century ago (Stockman, 1911).

numbers of B. anthracis in the blood at death in 
pigs are invariably very low. this was recognized 
from very early on in the history of bacteriology 
(Stockman, 1911) and has been stated or confirmed 
frequently (hudson, 1953; Sterne, 1959; Shaw et al., 
1963; edginton, 1990; redmond et al., 1996a, 1997). 

Apart from the cheetah (section 3.4.7), little rel-
evant information relating to carnivores was found. 
tubbesing (1997) was unable to visualize the capsu-
lated bacilli in any of the blood smears from the two 
leopards or the two lions dead from anthrax on his 
farm (see section 3.4.7).

these figures are relevant to understanding the 
value of the blood smear for diagnosis. Lincoln et al. 
(1967) found that it became very difficult to observe 
B. anthracis in blood when numbers were below about 
5 x 104 per ml. 

3.5.2 Smear and culture

the blood characteristically clots poorly or not at all 
upon death from anthrax and is dark (sometimes 
described as “tarry”) and partially haemolysed. in a 
carcass that remains intact and unscavenged, it is 
usually easy to obtain the necessary drops of blood 
for smear and/or culture by means of a syringe from 
an appropriately accessible vein for about 24 hours 
after death. Alternatively, a dry swab inserted into 
a small incision in a region well supplied with blood 
vessels (the ear is traditionally recommended) can 
be used to make a smear and for culture (Annex 1, 
section 7.5). After fixing and staining as described 
in Annex 1, section.9.3, the capsulated bacilli may 
be looked for in the smears under a microscope. the 
haemorrhagic oronasal or anal exudate will also 
yield B. anthracis on culture, but selective isolation 
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from other environmental contaminating bacteria 
may be necessary.

B. anthracis does not compete well with putrefac-
tive bacteria and, with increasing age of the carcass, 
the capsulated bacilli become more difficult to vis-
ualize. Smears, as a diagnostic procedure, become 
unreliable about 24 hours after death, although 
capsular material may still be observed some time 
after the bacilli themselves can no longer be seen. 
Blood in transit at ambient temperatures for over 72 
hours may not reveal organisms on examination or 
culture.

Where blood from a fresh carcass fails to reveal 
the presence of B. anthracis, but anthrax is still a pos-
sible or likely diagnosis, the capsulated bacilli will 
probably be visible in other body-fluid smears made 
from fine needle aspirates of affected areas, such 
as submandibular swellings, regional lymph nodes, 
mesenteric fluid, etc., or cultured from such speci-
mens. this would be appropriate in pigs, for exam-
ple, in which terminal bacteraemia is invariably 
low compared with most other species (see section 
3.4.4). 

Milk is not generally regarded as being useful for 
diagnostic purposes. there appear to be very few 
reports of isolation of B. anthracis from the milk of 
affected animals. rare exceptions are instanced in 
Annex 6, section 3.

regulations in most countries prohibit the 
opening and postmortem examination of animals 
where anthrax is the suspected cause of death. 
Contamination of the environment by spilled body 
fluids with subsequent spore formation is thereby 
avoided. in suspect cases, if negative results are 
obtained with the procedures described above, 
deeper examination of the cause of death may be 
necessary, “paying due regard to the possibility of 
anthrax existing and taking all reasonable precau-
tions against infective material being disseminated” 
(Stockman, 1911). this could start with scalpel inci-
sion to obtain a smear or culture from a lymph node 
near the surface, progressing to more internal organs 
such as mesenteric lymph nodes or spleen.

if anthrax was not suspected and the carcass 
has been opened inadvertently, the dark unclot-
ted blood and markedly enlarged haemorrhagic 
spleen will probably be immediately apparent. the 
mesentery may be thickened and oedematous and 
peritoneal fluid may be excessive. Petechial haemor-
rhages may be visible on many of the organs and the 

intestinal mucosa may be dark red and oedematous 
with areas of necrosis. the subcutaneous and intra-
muscular tissues may be oedematous. As indicated 
above, smears and cultures should be made from the 
mesenteric fluid and lymph nodes. Where anthrax 
has been diagnosed after a carcass has been opened, 
special attention should be paid to decontamination 
of the site at which the postmortem examination 
was carried out and of the tools and materials that 
were used (see Annex 3, sections 6 & 7).

When a carcass is old or putrefied, B. anthracis 
can often be cultured from residual skin or blood-
stained material for some days after death, but this 
becomes progressively less easy the longer the time 
between death and examination. if the carcass has 
been opened and residual lymph node or spleen sam-
ples are available, these should be taken for culture. 
diagnosis becomes increasingly dependent with 
time on isolation of spores from surface swabs of 
the remaining skeleton, particularly in the nostrils 
and eye sockets, or from soil or other environmental 
samples around or under the carcass that had been 
contaminated by the oronasal or anal exudates or 
spillages of body fluids. 

3.5.3 Diagnosis in animals that have been 
treated before death

it may not be possible to find the bacilli in smears or 
to isolate B. anthracis from animals that were treated 
before death (see Annex 1, section 8.2); treatment 
can sterilize the blood and tissues but, if sufficient 
toxin has been formed, the animal may still die. 
tests based on antigens, if available, may be the only 
practical approach (section 3.5.4). if it is sufficiently 
important to confirm the cause of death as anthrax, 
injection of spleen or lymph node extracts into mice 
or guinea-pigs may result in infection of the test ani-
mals by any residual viable B. anthracis (see Annex 
1, section 12). otherwise diagnosis may have to be 
made on the basis of the history and associated cir-
cumstances and findings (such as a positive feed 
sample that had been fed to the animal that died).

immunohistochemical studies of fixed tissue or 
smears of aspirates have been shown to be a sen-
sitive and specific method of diagnosis (Fritz et al., 
1995; Guarner et al., 2003).

3.5.4 Diagnosis based on tests for antigens

the thermostable antigen precipitin test devised by 
Ascoli (1911) (see Annex 1, section 11.1) is still used 
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in several countries of europe and the Far east for 
detecting residual antigens in tissue in which it is 
no longer possible to demonstrate B. anthracis micro-
scopically or by culture. however, it should be borne 
in mind that it is not a highly specific test; the anti-
gens being detected are shared by other Bacillus 
species. the test relies on the fact that, if Bacillus 
antigens are present in the tissues, this probably 
represents B. anthracis infection since infections 
with other Bacillus species are rare. Care has to be 
taken if the tissue being examined has been grossly 
contaminated with environmental materials (soil, 
sand, etc.) which frequently harbour large numbers 
of other Bacillus species.

A simple, rapid and highly sensitive and specific 
chromatographic device, a more reliable and more 
sensitive alternative to the Ascoli test and utiliz-
ing a monoclonal capture antibody detecting the 
anthrax–specific protective antigen, has now been 
designed and shown to be useful for rapid on-site 
diagnosis in the field (Burans et al., 1996; tubbesing, 
1997; Muller et al., 2004) and not to give false reac-
tions in recently vaccinated animals (Muller et al., 
2004). unfortunately, this has not become commer-
cially available. these types of device are covered in 
section 6.2.

3.5.5 Molecular diagnosis

Genetically-based confirmation by PCr is becom-
ing increasingly accepted on a stand-alone basis for 
many types of specimen and is increasingly avail-
able worldwide through commercial kits. it is still 
advisable to attempt to confirm bacteriologically (i) 
a positive to avoid the chance of a false positive, and 
(ii) a negative in case the PCr test was insufficiently 
sensitive.

3. AntHRAX In AnImAls

3.5.6 Retrospective diagnosis 
(seroconversion)

historically, there has been little need for serologi-
cal support for the diagnosis of anthrax in animals. 
either the animal had anthrax, recognized from the 
recent history of the herd or site, and was treated 
accordingly, or it died. Most of the interest in devel-
oping serological testing has been for research on 
humoral responses in humans, and – to a lesser 
extent – animals, to vaccines and for epidemiologi-
cal studies involving naturally acquired seroconver-
sion in humans, livestock and wild mammals.

Currently accepted as the best serological proce-
dure is the eLiSA in microtitre plates coated with the 
Protective Antigen (PA) and Lethal Factor (LF) com-
ponents of the anthrax toxin. the toxin antigens 
appear to be truly specific for B. anthracis. PA and 
LF are available commercially1 but are costly. this 
tends to mean that anthrax serology is currently 
confined to a few specialist laboratories. examples 
of the successful field application of anthrax serol-
ogy in animals are given elsewhere (turnbull et al., 
1992a; redmond et al., 1996a; 1997; turnbull et al., 
2001b, 2004b). 

3.5.7 Differential diagnosis

For differential diagnosis, other causes of sudden 
death should be considered. Among these are African 
horse sickness, botulism, blackleg (Clostridium chau-
voei), peracute babesiosis, chemical poisoning (heavy 
metals, other poisons), ingestion of toxic plants, 
snake bite, lightning strike or metabolic disorders 
such as lactic acidosis, magnesium deficiency, bloat. 
An outbreak of rift Valley Fever in Kenya in 1997 
was initially thought to be anthrax (Who, 1997a). 
the differential diagnosis list will inevitably vary by 
species and geographical area, and the above list is 
not exhaustive.

1  From www.listlabs.com.



4. Anthrax in humans

4.1 Human incidence 

the major sources of naturally acquired human 
anthrax infection are direct or indirect contact 
with infected animals, or occupational exposure to 
infected or contaminated animal products. the inci-
dence of the natural disease in humans is depend-
ent on the level of exposure to affected animals 
and, for any one country, national incidence data for 
non-industrial cases reflect the national livestock 
situation. historical analysis of epidemiological data 
globally reveals the following approximate ratios: 
in northern europe and countries with similar epi-
demiological situations there has been one human 
cutaneous case per 10 livestock carcasses butchered;  
in Africa, india, and the southern russian Federation, 
there can be some 10 human cutaneous and enteric 
cases per single carcass owing to rural malnutrition 
in the former and poor veterinary supervision in the 
latter (see section 3.2). this has produced significant 
numbers of human cases each year in Chad, ethiopia, 
india, Zambia and Zimbabwe. While enteric anthrax 
is frequently lethal, subclinical cases, which provide 
subsequent immunity, are believed to occur with 
some frequency also (see section 4.4.1). these would 
contribute indirectly to persistence of the disease by 
engendering the concept among indigenous popula-
tions that the risk of contracting lethal disease from 
consuming meat from animals having succumbed 
to sudden death is not very high.

Some caution should be exercised in making pro-
jections of potential human cases based on fixed 
human:animal ratios. economic conditions, surveil-
lance data quality and dietary habits are examples 
of variables that may dramatically alter the situation 
from area to area. For example in the united States 
and north-western europe, cutaneous anthrax asso-
ciated with animal anthrax has been rare since the 
first half of the 20th century, with most cutaneous 
cases being associated with processing of imported 
goat hair, hides and other animal products. despite 

the rarity of the human disease since then, many 
thousands of animal cases have occurred. Similarly, 
in haiti human cutaneous anthrax is quite common, 
but reports of animal anthrax are essentially non-
existent despite a well-documented problem with 
B. anthracis-contaminated goatskin products. the 
value of hides and cultural demands for caretak-
ers in at least some regions of Africa to preserve as 
much as possible from dead animals to present later 
to the owner exacerbate the problem of persisting 
contaminated animal parts.

unlike cutaneous anthrax, ingestion anthrax is 
notably rare in haiti, presumably because of the local 
practice of cooking all meat well before consump-
tion. in other countries such as thailand, ingestion 
anthrax is associated with consumption of under-
cooked meats and in sub-Saharan Africa, the value 
of the meat from an animal that has died unexpect-
edly outweighs the perceived risks of illness that 
might result from eating it (section 9.7). evidently 
intestinal anthrax was quite a common disease on 
the Korean peninsula prior to about 1940 and was 
still seen in the 1990s (oh et al., 1996).

industrial anthrax incidence data can be inferred 
from the volume and weight of potentially affected 
materials handled or imported, taking into account 
the quality of prevention, such as vaccination of 
personnel and forced ventilation of the workplace. 
these relationships are essentially all that can be 
used for many countries where human anthrax is 
infrequently, erratically or incompletely reported. in 
addition, certain countries suppress anthrax report-
ing at the local or national levels.

human case rates for anthrax are highest in 
Africa and central and southern Asia. Where the 
disease is infrequent or rare in livestock, it is rarely 
seen in humans. however with low sporadic inci-
dence comes forgetfulness of the risk and, when a 
case in livestock does occur, it may result in a surge 
in the number of cases and people exposed.
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in contrast to reports of anthrax in animals 
(see section 3.3.7), age- or sex-related bias is gener-
ally not apparent in human anthrax (heyworth et 
al., 1975; Martin, 1975; davies, 1985; Kobuch et al., 
1990; Kaufmann & dannenberg, 2002) and differ-
ences in incidence have been readily explained in 
terms of likely exposure of the different groups to 
the organism (davies, 1985; Kobuch et al., 1990). the 
lack of obvious age- or sex-related differences was 
also noted in the records of 112 anthrax cases occur-
ring in 7 villages bordering the tarangire national 
Park in the united republic of tanzania between 
1986 and 1999 (turnbull, personal communication, 
2002). there is, however, a bias towards higher occu-
pational risk of exposure to anthrax in men in many 
countries.

4.2 Susceptibility: data for  
risk assessments

4.2.1 Evidence that humans are  
moderately resistant 

4.2.1.1 Circumstantial and historical evidence 

Circumstantial evidence indicates that humans 
are moderately resistant to anthrax. historical 
human:animal case ratios in handlers of anthrax 
carcasses suggest a relative resistance on the part 
of humans. Before vaccines and antibiotics became 
available, and at a time when understanding of 
industrial hygiene was relatively basic, workers in at–
risk industrial occupations processing animal prod-
ucts were exposed to significant numbers of anthrax 
spores on a daily basis. in the united Kingdom, 
although case rates in terms of total numbers with 
apparently equal exposure are not known, it seems 
likely that the average of 40 cases of industrial 
anthrax a year during the 50-year period 1900–1949 
(1979 cases total) (Anon., 1959) represents a very low 
infection:exposure ratio. in four mills in the uSA, in 
which unvaccinated workforces, varying in size from 
148 to 655, were “chronically exposed to anthrax”, 
annual case rates were only 0.6% to 1.4% (Brachman 
et al., 1962). in one mill, workers were found to be 
inhaling 600–1300 anthrax spores over an 8-hour 
shift without ill-effect (dahlgren, 1960), and in two 
goat-hair mills, B. anthracis was recovered from the 
nose and pharynx of 14 of 101 healthy workers. it 
needs to be remembered that the vast majority of 
the cases that did occur in these at-risk occupations 
were cutaneous infections (section 4.4.1).

More recently, the analysis by Meselson et al. (1994) 

of the accidental release of anthrax spores from a 
microbiology facility in the former Soviet union (the 
Sverdlovsk incident in 1979) showed that the large 
majority of human cases were mapped within a nar-
row zone approximately 4 km long downwind from 
the source, while cases in cattle and sheep occurred 
in a zone up to 50 km in the same downwind direc-
tion. in this event, the value of exposure:infection 
ratio estimates as an indicator of relative resistance 
to infection is limited by the fact that the effective-
ness of the public health measures in preventing 
development of human cases is not known. While 
tabulated clinical cases numbered 77, some 59 000 
persons were considered eligible by the public health 
authorities for “prophylactic immunization against 
anthrax”. the attack rate, in actual fact, may have 
been higher than 77 (Gumbel, 1991) (see also section 
4.2.2.3). 

4.2.1.2 Wildlife workers

despite extensive exposure to anthrax carcasses, 
cases among workers in wildlife reserves are 
exceedingly rare (Quinn & turnbull, 1998; de Vos 
and turnbull, 2004). in three decades of specimen 
collection from hundreds of anthrax carcasses by 
unvaccinated researchers, rangers and wardens 
with minimal other personal protective equipment 
in the etosha national Park, namibia, there have 
been just two anecdotal, unconfirmed cases of cuta-
neous anthrax. Serology failed to detect evidence of 
past infection in seven rangers/researchers deemed 
to have had a high potential exposure to anthrax 
(turnbull et al., 1992a). in the recent outbreak in the 
Malilangwe trust, Zimbabwe (Clegg et al., 2006), two 
individuals dealing with carcass disposal developed 
cutaneous lesions on their hands. one did not seek 
treatment but recovered without complications and 
developed measurable antibodies; the other was 
given antibiotic treatment and did not measurably 
seroconvert (turnbull, Clegg & Wenham, unpub-
lished data).

Anthrax was first confirmed in northern Canada 
in 1952 when two employees of Wood Buffalo 
national Park were treated for the cutaneous form 
of the disease after handling a dead bison (Gates et 
al., 1995). in 1962, during the first recorded large-
scale epizootic in bison, the biologist who discovered 
the first carcasses developed cutaneous anthrax 
after performing several postmortem examinations 
without any protective gear (Pyper & Willoughby, 
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1964). Later during the same outbreak, a backhoe 
operator helping to bury carcasses developed inha-
lation anthrax. he had repeatedly crawled under his 
machine to clean the blades of contaminated soil, 
hair and offal. the individual was a heavy smoker, 
which may have contributed to the development of 
disease. Prompt medical treatment resulted in his 
survival. 

in the Kruger national Park, South Africa, “during 
three major epidemics in wildlife, many necropsies 
were performed, and large teams of workmen were 
used to track down, sometimes cut up and burn 
anthrax carcasses, but none contracted the disease” 
(de Vos & turnbull, 2004). other wildlife parks in cen-
tral and southern Africa similarly report a negligible 
incidence in wildlife workers, despite the fact that 
levels of personal care probably drop somewhat dur-
ing animal epidemics, which result in large numbers 
of carcasses and associated stress from pressure of 
work. Serological evidence of infection was detected 
in 12 of 24 persons in a village on the Luangwa river 
in Zambia who were believed to have eaten meat 
from hippos that had died of anthrax during the epi-
zootics of 1987 and 1988, but there were no records 
of clinical cases (turnbull et al., 1991).

4.2.1.3 Outbreaks in humans

Although the evidence indicates that humans are 
relatively resistant to anthrax, outbreaks and epi-
demics do occur in humans; sometimes these are 
sizeable. Among the most notable was the epidemic 
in Zimbabwe which began in 1979 and was still 
smouldering in 1984–1985. More than 10 000 persons 
were affected, albeit with a low (1%–2%) case-fatality 
rate (turner, 1980; davies, 1982; Kobuch et al., 1990; 
Pugh & davies, 1990). in the epidemic in the Gambia 
reported by heyworth et al. (1975), 448 cases of 
human cutaneous anthrax were diagnosed with just 
12 known deaths. in 2000, apparently “hundreds” 
were affected in the Afar region of ethiopia, many 
with oral and gastroenteric infections. Consistent 
among these cases was the skinning and butchering 
of sick and dead animals, handling contaminated 
meat and eating raw or inadequately cooked meat.

Mortality rates will have been reduced in these 
outbreaks by the availability of penicillin but occa-
sionally case-fatality rates are substantial, such 
as in the Sverdlovsk incident in the former Soviet 
union, with 66 known deaths in 1979 (Abramova 
et al., 1993; Meselson et al., 1994), and possibly 

many more (Gumbel, 1991). in the 2001 bioterror-
ist anthrax letter events in the uSA, exposure rates 
are not known but it seems likely that the 22 clinical 
cases (11 inhalational [5 deaths] and 11 cutaneous) 
represented a small proportion of the numbers of 
persons exposed. the widespread prophylactic use 
of antibiotics is likely to have played a significant 
role in the final case rate also (Jernigan et al., 2001; 
inglesby et al., 2002).

4.2.2 Infectious dose
4.2.2.1 General

in general terms, human infectious doses have not 
been established. Clearly data were generated from 
human experimentation in units 731 and ei 1644 in 
Japan during the Second World War, but the pub-
lished subcutaneous and oral Mid50 doses of 10 and 
50 mg (harris, 1999), respectively, are hard to inter-
pret without further information. on the basis that 1 
mg dry weight of spores contains a little over 109 cfu, 
the subcutaneous dose at least is so much higher 
than what would be expected from the historical and 
epidemiological evidence that only a small number 
of spores are needed to initiate cutaneous anthrax 
when infecting through a breach in the skin. 

the issue of inhaled dose, greatly highlighted by 
the anthrax letter events in the uSA, remains unre-
solved. haas (2002) compares the curves developed 
by druett et al. (1953) and Glassman (1966). druett 
et al.’s data suggest an rid2 of approximately 2300 
spores in contrast to 9 spores on the probit slope 
published by Glassman. (rid2 is the dose at which 
2% of the population exposed to that dose via the 
respiratory route would develop a clinical infection, 
but not necessarily die.) 

As a generalization, the severity of the resulting 
infection undoubtedly depends on several factors 
such as route of infection, nutritional and other 
states of health on the part of the infected person, 
and possibly also on the relative virulence of the 
infecting strain. For the purpose of risk assessment, 
dependency on information from animal tests is 
unavoidable. Some of the published data on infec-
tious and lethal doses in animals are given in sec-
tion 3.1.

the issue of the human Mid for anthrax by vari-
ous routes of exposure is an important consideration 
in remediation of contaminated sites, i.e. how safe 
are sites in which it may be impossible or unfeasible 
to eliminate low levels of contamination? Cutaneous 
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and inhalational exposure are of primary concern, 
but gastrointestinal exposure may also be of con-
cern, depending on the circumstances. risk assess-
ments following the 2001 anthrax letter events in the 
uSA resulted in the conclusion that there is no safe 
level of contamination. it has long been anecdotal 
wisdom that it only requires a single spore reaching 
the correct site to initiate anthrax infection and, as 
noted in section 4.2.2.2, much depends on the prob-
ability of that spore reaching that site. Certainly the 
probability may be dependent in part (i.e. the chance 
of infection for a particular dose may be dependent 
in part) on the individual’s underlying disease(s) and 
immune status.

4.2.2.2 Cutaneous infections 

A century’s experience of the natural disease in 
humans suggests that it probably does not take 
many spores to initiate a cutaneous infection once 
the necessary access to subepidermal tissues is 
achieved, despite the implication otherwise in the 
experimental data from Japanese unit 731 (section 
4.2.2.1). it is generally accepted that B. anthracis is 
non-invasive and that the spores must gain access 
to subepidermal tissue through a cut or abrasion 
before infection can occur, although this has been 
challenged: in a series of laboratory-acquired cuta-
neous anthrax cases, preceding trauma at the site 
of the lesion was noted by only 5 of the 25 patients 
(ellingson, 1946).

the risk of infection reflects the chance of the 
spores gaining access and, in general, this is a low-
probability event. this risk is greatly reduced in at–
risk occupations by appropriate clothing and gloves, 
dressing of wounds, and other hygienic practices.

4.2.2.3 Inhalational infections 

Based on two large studies in monkeys, the esti-
mated human Ld2 ranges from 9 to 2300 inhaled 
spores, depending on whether exponential dose-
response or a log-probit regression analysis is used 
(druett et al., 1953; Glassman, 1966; haas, 2002) 
(Ld2 is the dose at which 2% of the target population 
receiving that dose by the specified route would die). 
in the Sverdlovsk accidental release incident, sheep 
reportedly died of anthrax in a village 54 km distant 
from the point of release at the research institute 
(Meselson et al., 1994). if the respiratory Mid for 
sheep is 35 000 spores (see section 3.1) and the minute 
respiratory volume for sheep is 8 litres, a cloud pass-

ing the affected premises would have contained 
more than 2187 spores/litre of air, assuming that the 
cloud originated as a single puff and transited the 
premises in 2 minutes. the concentration could have 
been lower with a more prolonged release but, either 
way, this suggests that the inhaled dose for humans 
near the research institute may have been greater 
than Meselson et al.’s originally proposed 9 spores. 
As already covered in section 4.2.1.1, the account of 
Gumbel (1991) suggests that there may have been a 
higher death rate than that reported by Meselson et 
al. (1994). Many of those who succumbed had predis-
posing respiratory illness. 

recorded inhalation Ld50s in non-human pri-
mates range from 2500 to 760 000 spores (Meselson 
et al., 1994; Watson & Keir, 1994). the united States 
department of defense based its strategies on an 
estimate that the Ld50 for humans is 8000 to 10 000 
spores (Meselson et al., 1994). this may date from 
work during the Second World War, or shortly there-
after, when it was seen that “something in excess 
of 10 000 inhaled spores were needed to kill most 
species” (Carter & Balmer, 1999). however the only 
direct, but semiquantitative, data on inhalation 
infectious doses in humans come from the stud-
ies in goat-hair processing mills referred to in sec-
tion 4.2.1.1. it is well established that, at sizes above 
5 μm, particles face increasing difficulty in reach-
ing the alveoli of the lungs (druett et al., 1953). the 
likelihood of inhaled spores penetrating far enough 
to induce inhalation anthrax therefore depends 
greatly on the size of the particles to which they are 
attached. 

the overall conclusion from the available evi-
dence is that, deliberate release scenarios apart, the 
risk of pulmonary anthrax outside industrial situa-
tions is very low. For example, addressing concerns 
over hazards in the vicinity of anthrax carcass sites, 
turnbull et al. (1998b) analysed air samples 3–9 m 
downwind from disturbed dry dusty anthrax-car-
cass sites with soil contamination levels of 104–106 
anthrax spores per gram in namibia, and found 
that, even at the highest concentrations found in the 
air, it would require about 2.5 minutes for an average 
human undergoing moderate activity to inhale 1 cfu 
of spores. Clearly the dilution factor rapidly reduces 
the risk of infection.

in the anthrax letter events in the uSA in late 2001, 
in which 11 persons contracted inhalational anthrax 
(Jernigan et al., 2001; Anon., 2002a), the exposure 
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doses were not determined. it is possible, although 
unproven, that exposures were < 10 000 spores but 
that these individuals represented only a small pro-
portion of persons actually exposed reflecting, again, 
the “low probability event” nature of anthrax infec-
tion and the historically low infection rate:exposure 
ratio discussed in sections 4.1, 4.2.2.1 and 4.2.2.2. in 
this case, however, evidence of subclinical infection, 
such as might be anticipated in at least a proportion 
of a large number of persons exposed to sublethal 
doses, surprisingly was not found by serological sur-
veys (Quinn et al., 2002).

these events also underscored the problem of 
overdependence on experimental animal Ld50 data 
in risk assessments for human exposures to “weap-
onized” preparations of B. anthracis. Bioaggression 
centres around how many casualties can be inflicted 
on the opposing force, which requires focusing on 
Ld50 estimates. in contrast, the focus in public health, 
which emphasizes the prevention of any avoidable 
illness, is the Mid by alternative routes of expo-
sure. Age, underlying disease status, immunological 
deficiencies, etc. all need to be taken into account. 
Sizeable doses may be necessary to deliver the nec-
essary number of respiratory Ld50s

1 to young healthy 
soldiers in an act of aggression, but the minimum 
respiratory infectious dose might be considerably 
less for the elderly or immunocompromised, and 
those with a poor lung-clearance efficiency. those 
that died in the Sverdlovsk incident were mostly over 
45 years of age, smokers with emphysema or suffer-
ing from welder’s lung, also with emphysema – con-
ditions having a serious impact on lung-clearance 
capacity for inhaled particles (hugh-Jones, personal 
communication, 2003). 

4.2.2.4 Oral route infections 

the oral Mid50 dose determined from human exper-
imentation in units 731 and ei 1644 in Japan dur-
ing the Second World War is 50 mg, equivalent to 
approximately 1011 spores (section 4.2.2.1). no other 
information on infectious doses in humans by the 
oral route was found, but what is true for the skin is 
probably largely true for the oropharyngeal and gas-
trointestinal epithelium, namely that the chance of 
infection is likely to be enhanced by, if not depend-

ent on, the existence of a lesion in the epithelium 
through which spores can gain entry and establish 
an infection. uptake of bacilli and/or spores through 
the tonsillar epithelium and M cells overlying Peyer’s 
patches in the small intestine may be possible routes 
of entry also.

reports of oral Ld50s from tests in animals, even 
for species regarded as highly susceptible to infec-
tion, range from 106 to 108 cfu of spores with Mids 
of approximately 1.5 to 5 x 108 (see section 3.1). 
illness with recovery and seroconversion may occur 
with non-lethal doses in both humans and animals 
(see section 4.4.1). the extent to which the outcome 
reflects activities (colonization, germination, toxin 
production, etc.) within the gut, as opposed to the 
point at which very large numbers of spores simply 
overcome natural intestinal barriers, is unknown at 
present. 

Virtually nothing is known about the relative 
infectivity of vegetative cells as compared to spores 
and the possible importance of this to oral infec-
tious dose. (it is not always appreciated that it is 
almost impossible to prepare spore-free vegetative 
cell preparations with which to study the infectivity 
of vegetative cells experimentally.) in pigs, however, 
the pharyngeal form of ingestion anthrax generally 
results from consumption of meat and bones from 
infected carcasses, which would contain both veg-
etative cells and spores, while the intestinal form is 
associated with consumption of spore-contaminated 
mineral supplements (section 3.4.4). By analogy, in 
humans the oropharyngeal form has been reported 
in persons eating undercooked meat (presumably 
containing vegetative cells) from water buffalo 
(Sirisanthana et al., 1984). intestinal manifestations 
presumably result from the presence of spores which 
survive the gastric juices.

4.2.2.5 Treatability 

the fact that anthrax is readily treated if diagnosed 
at a sufficiently early stage of infection also needs 
to be taken into account when assessing risks. 
Awareness of the likelihood of exposure having taken 
place is clearly an important part of the equation. 
of the 11 patients diagnosed as having inhalational 
anthrax following the deliberate-release anthrax 
letter events of late 2001 in the uSA, 6 were success-
fully treated (Anon., 2002a) proving that even this 
most dangerous form of the disease is susceptible 
to timely intervention. Antibiotic combinations were 

1 55 000 spores appears to be the number currently quoted for 
healthy young adults (hugh-Jones, personal communication, 
2003).
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thought to provide a therapeutic advantage over sin-
gle antibiotics (see section 7.3.1.6).

in evaluating the prognosis, the pathogenic role of 
the anthrax toxin complex needs to be kept in mind 
(see section 5.5.3) in cutaneous anthrax, progressive 
evolution of the lesions continues for about 24 hours 
after bacteriological cure is achieved (ellingson et 
al., 1946); similar progression of disease is probable 
in the other clinical forms of the disease. As long ago 
as the 1950s (Keppie et al., 1955) it was noted that, 
in guinea-pigs, once bacteraemia had reached ± 3 x 
106 chains/ml (approximately 8 hours before death), 
termination of the bacteraemia and removal of the 
infection by streptomycin treatment delayed but did 
not prevent death. Similarly, in both monkeys and 
rats challenged with sterile anthrax toxin, antise-
rum is effective in preventing death if given early 
but not late in the post-challenge period (Lincoln et 
al., 1967).

4.2.3 Bioaggression versus natural disease

B. anthracis has always been high on the list of poten-
tial agents with respect to biological warfare and bio-
terrorism (section 1.1; Klietmann & ruoff, 2001), and 
unfortunately has now been used in that context in 
the 2001 anthrax letter events in the uSA with severe 
consequences (sections 4.2.1.3, 4.2.2.3). regrettably, 
this has attached an unjustified doomsday image 
to the naturally-occurring disease in regions of the 
world where it is no longer common and the name 
“anthrax” frequently engenders unnecessary fear, 
for example in relation to occasional cases in ani-
mals, or to contaminated burial or industrial (e.g. 
tannery) sites.

it is important to separate the two situations, i.e. 
the natural and the deliberately-induced disease. 
nature cannot remotely reproduce the overwhelm-
ingly massive exposures that can be created in 
human-made deliberate release scenarios. the natu-
ral disease is always readily controllable. the “worst 
case” natural contamination in the environment is 
found at the carcass sites of animals that have died 
of anthrax. Contamination levels at such sites rarely 
exceed 1 million anthrax spores per gram of soil, 
and mostly are less than 1000 per gram (Lindeque 
& turnbull, 1994; dragon et al., 2005). Levels in 
other types of inadvertently contaminated environ-
ments (soils at tannery sites, horsehair plaster, etc.) 
rarely exceed a few units or tens of spores per gram 
(turnbull, 1996). natural environmental exposure 

to infectious doses in the normal course of human 
endeavour is generally, therefore, an unlikely event 
(see section 4.2.1.2). this contrasts to scenarios with 
exposure to many millions of doses which can only 
be created artificially. 

the public health implications of deliberately-
induced anthrax outbreaks and their use as a bio-
logical weapon are largely beyond the scope of this 
publication; the reader is referred to Who (2004). 
(See also section 4.3.3.)

4.3 Epidemiology and transmission: 
the forms of anthrax

4.3.1 Naturally acquired anthrax

Anthrax in humans is classically divided in two 
ways. the first type of classification, which reflects 
how the occupation of the individual led to expo-
sure, differentiates between non-industrial anthrax, 
occurring in farmers, butchers, knackers/renderers, 
veterinarians and so on, and industrial anthrax, occur-
ring in those employed in the processing of bones, 
hides, wool and other animal products. the second 
type of classification, reflecting the route by which 
the disease was acquired, distinguishes between 
cutaneous anthrax, commonly held to require a prior 
skin lesion as a prerequisite for infection (section 
4.2.2.2), ingestion or oral route (enteric) anthrax con-
tracted following ingestion of contaminated food, 
primarily meat from an animal that died of the  
disease, or conceivably from ingestion of contami-
nated water (section 4.2.2.4) and inhalational (pulmo-
nary) anthrax from breathing in airborne anthrax 
spores (section 4.2.2.3). 

non-industrial anthrax, resulting from handling 
infected carcasses, usually manifests itself as the 
cutaneous form; it tends to be seasonal and parallels 
the seasonal incidence in the animals from which 
it is contracted. Cutaneous anthrax transmitted by 
insect bites, and anthrax of the alimentary canal 
from eating infected meat, are also non-industrial 
forms of the disease. industrial anthrax also usually 
takes the cutaneous form but has a far higher prob-
ability than non-industrial anthrax of taking the 
inhalational form as a result of exposure to spore-
laden dust. 

occasional cases of laboratory-acquired anthrax 
have occurred (Pike et al., 1965; Collins, 1988), but 
this was principally before appropriate laboratory-
containment procedures and facilities were put in 
place. 
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As with animals (section 3.3.5), mechanical 
transmission by biting insects is believed to be at 
least an occasional mechanism by which anthrax 
is contracted by humans in some countries (rao & 
Mohiyudeen, 1958; davies, 1983).

4.3.2 Chances of person-to-person 
transmission

humans almost invariably contract anthrax directly 
or indirectly from infected animals, and the epide-
miology of human incidents and outbreaks reflects 
that of the animals from which the humans con-
tract the disease. the disease is generally regarded 
as being non-contagious and, as with animals (sec-
tion 3.3.1), records of person-to-person transmission 
exist but such instances are very rare (Lalitha et al., 
1988; Quinn & turnbull, 1998).

Also rare are examples of humans acting as inter-
mediate fomites. eurich & hewlett (1930) record a 
schoolboy contracting anthrax after playing football 
with “factory hands still clothed in their overalls” 
and a woman who became infected through washing 
her husband’s overall (the precise occupations of the 
factory hands and husband are not specified). Punskii 
& Zheglova (1958) describe an outbreak of human 
anthrax in turkmenistan in 1956 that resulted in 37 
cutaneous cases. the source was meat from a camel 
that had died suddenly. in two children, who had 
no contact with the camel meat, the infection was 
regarded as having resulted from sleeping with their 
parents who had cutaneous lesions following expo-
sure to the raw meat. in the outbreak described by 
heyworth et al. (1975), the spread was effected by a 
shared toilet article. Pugh & davies (1990) recorded 
a case of anthrax in an untrained orderly who had 
handled the soiled dressing of a patient’s cutane-
ous lesion. the source of the infection in the case of 
infant cutaneous anthrax during the 2001 anthrax 
letter events was considered to have been the spore-
contaminated workplace of the infant’s mother. 

of the rare reports of person-to-person trans-
mission, all were cases of cutaneous anthrax. it 
has not been reported for inhalational or ingestion 
anthrax. however, it tends to be forgotten that the 
total all-time number of recorded cases of inhala-
tional anthrax in world history is probably less than 
a thousand. this compares with, probably, hundreds 
of thousands of cutaneous cases in the same time 
frame. Because inhalational anthrax is an occupa-
tional disease of a few specific at-risk occupations, 

it is likely that the number of recorded cases is very 
close to the number of actual cases. the number of 
all-time documented cases of ingestion anthrax is 
also probably less than a thousand, but because of 
the nature of the acquisition of ingestion anthrax, 
namely consumption of meat from infected animals 
in endemic areas, it is probable that the all-time 
number of actual cases greatly exceeds the number 
of recorded cases. however, it is still likely to lie only 
in the high thousands. 

Statistically, therefore, the chances of person-
to-person transmission occurring from the inhala-
tional or ingestion forms of anthrax are far less than 
the chances in the case of cutaneous anthrax (which 
is, itself, very low). Pathologically, before death of 
the infected person, the chance of another person 
being exposed to infective material from the first 
person is far greater in cutaneous anthrax than in 
the other forms because the cutaneous lesion is 
exposed, whereas the developing infection is con-
tained within the body in the other forms until the 
very terminal stages of illness. After the death of the 
infected person, the chances of infection by a second 
person handling the cadaver become equal which-
ever form of anthrax the first person developed.

4.3.3  Bioaggression: mass disruption

envisaged scenarios in planning for potential acts 
of bioaggression utilizing B. anthracis have invariably 
taken the form of attacks with aerosolized spores. 
Carus (2001), reviewing 269 traceable instances 
in the past century of allegations that terrorist, 
criminal or covert state operators used, acquired, 
threatened to use, or thought of using biological 
agents, found that, of 191 that could be substanti-
ated, over half were anthrax threats. the majority of 
these involved the implied use of aerosolized spores. 
updates of Carus’s figures by dolnik & Pate (2001) 
and turnbull & Abhayaratne (2002) show a huge 
surge in similar anthrax hoaxes in 2001 in associa-
tion with the anthrax letter events, and yet more in 
2002. it was always appreciated, however, that the 
release of large numbers of aerosolized spores would 
lead to cutaneous exposure, and probably ingestion 
of substantial numbers of spores as well as inhala-
tion. it is technically feasible to deliberately release 
enormous concentrations of spores (see section 
4.2.3); the potential for long-term environmental 
contamination with re-aerosolization of substantial 
amounts is a real possibility.
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the anthrax letter incident demonstrated that 
even a small number of casualties can cause a sig-
nificant anxiety level in a community. despite the 
implementation of on-site clinics for employees at 
contaminated facilities, one major Washington, d.C., 
emergency department had 801 patients presenting 
for evaluation of possible exposure to anthrax in 
just the first two weeks following initial newspa-
per accounts about the incident (Sporn et al., 2002). 
the media coverage of the incident blanketed the 
airways, raising general awareness of the problem 
and the powdered nature of the material. thousands 
of requests to examine powders from a myriad of 
sources overwhelmed the laboratory system. even 
innocuous situations, such as finding spilt sugar on 
tables, led to calls to emergency management agen-
cies. the reaction illustrates the fact that a terrorist 
does not have to kill large numbers of people to induce 
panic. in this regard, anthrax spores have been aptly 
referred to as “weapons of mass disruption”. the 
importance of effective risk communication cannot 
be overestimated in response to a terrorist incident. 
in addition to the immediate response requirements 
for treatment, postexposure prophylaxis, and envi-
ronmental risk assessment following the use of B. 
anthracis in a terrorist attack, there is a great demand 
from the public, resulting from the terror effect, for 
support and information. Clear, early and effective 
risk communication can assist in mediating this 
public concern and fear, thereby reducing the over-
load on the health and other emergency services. 

Although surface contamination may be limited 
at points remote from the primary release area of 
“weaponized” agent powder, in the vicinity of the 
release, particularly within buildings, the potential 
for re-aerosolization of the undispersed primary 
preparation presents a major health risk. Larger 
particles that settle out near the point of primary 
dispersal present a definite hazard. in the anthrax 
letter events, resuspension of anthrax spores follow-
ing the attacks of 2001 was shown in several settings 
(dull et al., 2002; Weis et al., 2002) and the secondary 
aerosolization by normal office activities was docu-
mented in one office that was contaminated when a 
letter containing powdered agent was opened (Weis 
et al., 2002).

4.4 Clinical disease in humans
4.4.1 Historical information

historically, cutaneous anthrax has always accounted 
for > 95% of human cases globally. All three forms 
(cutaneous, alimentary tract and inhalational) are 
potentially fatal if untreated, but the cutaneous form 
is more often self–limiting. data from pre–antibiotic 
and vaccine days indicate that 10%–40% of untreated 
cutaneous cases may be expected to result in death 
with some geographical and temporal variations. in 
German tannery workers during the period 1910–1921, 
the case-fatality rate was 15.8% (Smyth, 1924); data 
from British at-risk industries indicated that 10%–25 
% of untreated cases were expected to result in death 
(Anon., 1918, 1959); in the uSA from 1919 to 1924, 
the mortality was approximately 31% with yearly 
variance from 13% to 39% (Smyth et al., 1926). With 
treatment, < 1% are fatal. however, in the days when 
the disease was seen more commonly, cutaneous 
cases were occasionally so mild as “not to merit treat-
ment” (Gold, 1967). Certainly the clinical significance 
of cutaneous anthrax when untreated should not be 
downplayed, and any suspect case should be treated. 
in general, however, the rare fatalities seen today are 
caused by obstruction of the airways by the accom-
panying extensive oedema when the lesion is on the 
face or neck, and sequelae of secondary cellulitis or 
meningitis. 

overt inhalational and alimentary tract cases are 
more often fatal, largely because they go unrecog-
nized until it is too late for effective treatment. of 
75 notifications of inhalational anthrax in england 
and Wales during the period 1900–1959, 74 (98.7%) 
were fatal (Anon., 1959). Similarly in the uSA, of the 
18 recorded cases of naturally acquired inhalational 
anthrax in the 20th century, 16 (88.9%) were fatal 
(Brachman & Kaufmann, 1998). however, serologi-
cal and epidemiological evidence suggests that undi-
agnosed low-grade or subclinical versions of both 
these forms of the disease (and also the cutaneous 
form) with recovery can also occur, and may not be 
infrequent, among exposed groups (Brachman et 
al., 1960; norman et al., 1960; heyworth et al., 1975; 
Sirisanthana et al., 1988; turnbull et al., 1991, 1992a; 
de Lalla et al., 1992; oh et al., 1996; Van den Bosch, 
1996). eurich & hewlett (1930) state definitely that 
“instances of recovery from pulmonary anthrax 
have been recorded”. Latent infections are also dis-
cussed in section 3.3.8.
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development of meningitis is a dangerous possi-
bility in all three forms of anthrax.

4.4.2 Cutaneous anthrax

Anthrax eschars are generally seen on exposed 
unprotected regions of the body, mostly on the face, 
neck, hands and wrists. Generally cutaneous lesions 
are single, but sometimes two or more lesions are 
present. For example, with infection resulting from 
skinning an infected dead animal, multiple lesions 
may be seen on hands, wrists or arms.

the incubation period ranges from as little as 
9 hours to 3 weeks, mostly 2 to 6 or 7 days. in the 
october–november 2001 anthrax letter cases in the 
uSA, the mean/median incubation period for the 
11 cutaneous cases was 5–6 days, with a range of 
1–12 days (inglesby et al., 2002; Jernigan et al., 2002; 
Phillips et al., 2003). Shlyakhov (Anon., 1996) noted 
an average incubation period of 2–3 days, range 9 
hours to 10 days, in an analysis of 1215 cases of cuta-
neous anthrax in the former Soviet Socialist republic 
of Moldavia between 1946 and 1950. he cites a 1929 
publication by a russian author on 30 persons who 
developed cutaneous anthrax following vaccination 
against rabies with a syringe previously used for 
dispensing anthrax spores; the incubation periods 
were 1 day (1 patient), 3 days (2 patients), 4 days (2 
patients), 5 days (2 patients), 6 days (10 patients), 7 
days (5 patients), 9 days (1 patient) and 12 days (1 
patient). Salmon (who gave his name to Salmonella) 
also recorded a case in which an anthrax pustule 
developed within 12 hours of contact with a new 
horse brush (Salmon, 1896).

the general scenario is as follows:

Day 0 entry of the infecting B. anthracis (usually as 
spores) through a skin lesion (cut, abrasion, etc.) 
or (possibly as vegetative forms or vegetative 
forms and spores) by means of a fly-bite.

Days 2–3 A small pimple or papule appears (see Fig. 4).

Days 3–4 A ring of vesicles develops around the 
papule. Vesicular fluid may be exuded. unless the 
patient was treated, capsulated B. anthracis can be 
identified in appropriately stained smears of this 
fluid, and the bacterium can be isolated by cul-
ture (Annex 1, section 10). Marked oedema starts 
to develop. unless there is secondary infection, 
there is no pus and pathognomonically the lesion 
itself is not painful, although painful lymphad-

enitis may occur in the regional lymph nodes and 
a feeling of pressure may result from the oedema. 
the lesion is usually 1–3 cm in diameter and 
remains round and regular. occasionally a lesion 
may be larger and irregularly shaped (Fig. 5).

Days 5–7 the original papule ulcerates to form the 
characteristic eschar. topical swabs will not pick 
up B. anthracis. detection in smears or by culture 
requires lifting the edge of the eschar with tweez-
ers (this gives no pain unless there is secondary 
infection) and obtaining fluid from underneath. 
the fluid will probably be sterile if the patient has 
been treated with an antibiotic. oedema extends 
some distance from the lesion. Systemic symp-
toms are low-grade fever, malaise and headache. 
if the cutaneous reaction is more severe, espe-
cially if located on the face, neck or chest, clinical 
symptoms may be more severe with more exten-
sive oedema extending from the lesion, toxaemia, 
a change in mental status, high fever, hypoten-
sion, regional lymphadenomegaly and the patient 
unable to eat or drink. tracheotomy is a life-saving 
procedure in patients having a cutaneous lesion 
on the face or neck with an extensive oedema 
leading to compression on the trachea. this clini-
cal manifestation is very dangerous (doganay et 
al., 1987; doganay, 1990).

Day 10 (approx.) the eschar begins to resolve; reso-
lution takes several weeks and is not hastened 
by treatment. Clinicians unaware of this suffer 
from concern that the treatment has been inef-
fective (see section 7.3.1.5). A small proportion of 
untreated cases develop sepsis or meningitis with 
hyperacute symptoms. 

time to resolution will depend on the size, location 
and local severity of the lesion. the initial crust 
separates several weeks after onset, with subse-
quent healing by granulation. Sometimes the sep-
aration of the crust is delayed and the lesion may 
become secondarily infected. in this situation, the 
crust should be excised surgically. Lesions charac-
terized by “malignant oedema” (this is a historical 
misnomer resulting from the “cauliflower” appear-
ance of the lesion; there is, in fact, no malignant 
process involved) can be expected to take months to 
heal. Very large lesions may require skin grafts, and 
lesions in locations such as the eyelid may require 
surgical intervention due to scarring.
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4.4.2.1 Differential diagnosis 

A history of exposure to contaminated animal mate-
rials, occupational exposure and living in an endemic 
area is important when considering a diagnosis of 
anthrax. A painless, pruritic papule, surround-
ing vesicles and oedema, usually on an exposed 
part of the body, is suspicious. Clinical diagnosis is 
confirmed by the demonstration of Gram-positive 
encapsulated bacilli from the lesion and/or positive 
culture for B. anthracis from the lesion and/or posi-
tive specialist tests as described in section 4.4.2.2. 

the differential diagnosis of the anthrax eschar 
includes a wide range of infectious and non-infectious 
conditions: boil (early lesion), arachnid bites, ulcer 
(especially tropical); erysipelas, glanders, plague, 
syphilitic chancre, ulceroglandular tularaemia; 
clostridial infection; rickettsial diseases; Rhizomucor 
infections, orf, vaccinia and cowpox (Lewis-Jones et 
al., 1993), rat-bite fever, leishmaniasis, ecthyma gan-
grenosum or herpes. Generally these other diseases 
and conditions lack the characteristic oedema of 
anthrax. the absence of pus, the lack of pain, and the 
patient’s occupation may provide further diagnostic 
clues. the outbreak of rift Valley Fever, referred to 
in section 3.5.7 and initially thought to be anthrax in 
livestock, also affected numerous humans.

in differential diagnosis of the severe forms, 
orbital cellulitis, dacrocystitis and deep tissue infec-
tion of the neck should be considered in the case of 
severe anthrax lesions involving the face, neck and 
anterior chest wall. necrotizing soft tissue infec-
tions, particularly group A streptococcal infections 
and gas gangrene, and severe cellulitis due to staphy-
lococci, should also be considered in the differential 
diagnosis of severe forms of cutaneous anthrax. Gas 
and abscess formation are not observed in patients 
with cutaneous anthrax. Abcess formation is only 
seen when the lesion is infected with other bacteria 
such as streptococci or staphylococci.

4.4.2.2 Immunological and other tests

the rapid hand-held, on-site, immunochromato-
graphic detection and diagnostic devices that have 
been developed in recent years are discussed in sec-
tion 6.2.

in the case of retrospective diagnosis of anthrax, 
serology can be supportive (sections 3.5.6, 4.4.1). 
Purified protective antigen and lethal factor (see 
section 5.5.3) are available commercially from List 
Laboratories).1

turnbull et al. (1992a) detected seroconversion in 
17 of 38 (44.7%) patients with bacteriologically-con-
firmed cutaneous anthrax, and a further 5 patients 
in whom bacteriological confirmation was not suc-
cessful. the percentage of seroconverters (71%) was 
much higher in the 14 persons for whom paired sera 
were examined than in the remaining 24 persons 
(29%). Similarly, seroconversion was only found 
in 5 of 21 (24%) individuals from whom blood was 
obtained ≤ 7 days after the first appearance of lesions 
as compared with 15 (83%) of the 18 persons bled ≥ 8 
days after the appearance of lesions. the failure to 
seroconvert by the 21 individuals with bacteriologi-
cally confirmed anthrax and 19 other persons clini-
cally diagnosed as anthrax cases was interpreted 
as indicating that treatment early in the course of 
the infection prevented elaboration of sufficient 
antigen to induce a detectable antibody response. 
Studies in non-human primates showed that early 
antibiotic treatment after a known challenge with 
B. anthracis spores abrogated a detectable antibody 
response (Friedlander et al., 1993). negative results 
should therefore be interpreted with caution and in 
the light of the full patient history. 

Quinn et al. (2004) analysed sera from 16 indi-
viduals with confirmed or suspected cutaneous or 
inhalation anthrax resulting from the 2001 anthrax 
letter releases in the uSA, and one laboratory worker 
with laboratory-acquired cutaneous anthrax also 
associated with that event. in 6 patients surviving 
inhalation anthrax, anti-PA (anti-protective anti-
gen) igG was detected 11–22 days after the onset 
of symptoms (15–28 days after likely exposure). 
Anti-PA igG was also detectable in the serum from 
10 of the 11 patients with bioterrorism-associated 
cutaneous anthrax and the one patient with labo-
ratory-acquired infection. in these cutaneous cases 
anti-PA igG was detectable at 12 days after the onset 
of symptoms (24 days after estimated exposure). 
one cutaneous anthrax patient was seronegative at 
day 18 after the onset of symptoms but had detect-
able anti-PA igG at day 34. in one cutaneous anthrax 
patient, anti-PA igG was not detectable at 4, 5, 47 
and 253 days after the onset of symptoms. Anti-PA 
igG was detectable 8–16 months post-symptoms in 
all 6 survivors of inhalation anthrax and in 7 of 11 
persons suffering from the cutaneous form of the 
disease. there was a positive correlation between 
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serum toxin neutralizing activity and anti-PA igG 
levels.

immunohistochemistry, noted by Fritz et al. 
(1995) in experimental inhalation anthrax in rhesus 
monkeys to have diagnostic value, proved to be an 
invaluable aid to confirmation of diagnosis in the 
anthrax letter events in the uSA in 2001, with the 
particular advantage over other diagnostic tests of 
being able to detect anthrax-specific antigens in 
tissues regardless of treatment (Shieh et al., 2003). 
in one patient, definitive diagnosis retrospectively 
depended on this technique being applied to a skin 
biopsy taken as long as 9 days after treatment had 
begun. At present, however, the method is confined 
to specialist laboratories with access to appropriate 
specific antibodies.

in the russian Federation, a skin test utiliz-
ing Anthraxint,1 first licensed in the former Soviet 
union in 1962, has become widely used for retro-
spective diagnosis of human and animal anthrax 
and for vaccine evaluation (Shylakhov et al., 1997). 
this is a commercially produced heat–stable pro-
tein–polysaccharide–nucleic acid complex without 
capsular or toxigenic material, derived from oede-
matous fluid of animals injected with the vaccine 
Sti-1 or the Zenkowsky strains of B. anthracis. it is 
sterilized by autoclaving. the test, which is still used 
in the russian Federation (Cherkasskiy, personal 
communication, 2003), involves intradermal injec-
tion of 0.1 ml of Anthraxint. A positive test is defined 
as erythema of ≥ 8 mm with induration persisting 
for 48 hours (Shlyakhov et al., 1997). this delayed-
type hypersensitivity is seen as reflecting anthrax 
cell mediated immunity and was reportedly able to 
diagnose anthrax retrospectively some 31 years after 
primary infection in up to 72% of cases (Shlyakhov et 
al., 1997). it was used with success in a retrospective 
investigation of a series of cases occurring in a spin-
ning mill in Switzerland where synthetic fibres were 
combined with goat hair from Pakistan (Pfisterer, 
1990). the diagnostic reliability of Anthraxint, like 
Ascoli test antigen (Annex 1, section 11.1), depends 
on the nature of anthrax rather than on the specifi-
city of the antigens involved. 

With the same provisos as given in section 3.5.5, 
the PCr (section 6.3.2; Annex 1, section 10.7.4) has 

now become accepted as a sensitive method for 
detecting anthrax-specific dnA in clinical samples 
(ellerbrok et al., 2002; Shieh et al., 2003). 

4.4.2.3 Precautions 

Surgical tools should be sterilized without delay after 
use, and dressings should be incinerated (Annex 1, 
sections 7.8 & 7.9). the wearing of surgical gloves 
by medical staff and orderlies is recommended, but 
risks to these staff are not high. direct human–to–
human transmission is exceedingly rare (see section 
4.3.2); standard contact precautions for manage-
ment of patients are recommended with any form 
of anthrax (Ashford et al., 2000). For the most part, 
this involves wearing disposable gloves and gown or 
laboratory coat while taking specimens or dressing 
lesions, changing gloves after the relevant action 
and before touching anything else and properly dis-
posing of the gloves, thorough handwashing at the 
end of procedures, ensuring decontamination and 
disinfection of gown/laboratory coat, bedding and 
other items that may have become contaminated 
from the patient’s infected site and ensuring that 
other appropriate procedures for cleaning and disin-
fection are in place (Garner, 1997; see also Annex 1, 
sections 7.8 & 7.9). Vaccination of medical staff and 
orderlies is not necessary. 

4.4.3 Ingestion (oral route/enteric) anthrax 
4.4.3.1 Signs and symptoms

there are two clinical manifestations of anthrax 
that may result from ingestion of B. anthracis in con-
taminated food or drink – oropharyngeal anthrax 
and gastrointestinal anthrax. the oropharyngeal 
form is the less commonly seen. 

the suspicion of alimentary canal anthrax 
depends largely on awareness and alertness on the 
part of the physician as to the patient’s history and 
to the likelihood that he/she has consumed con-
taminated food or drink. response to treatment can 
be good (Van den Bosch, 1996) and there is evidence 
that mild undiagnosed cases with recovery occur 
(ndybahinduka et al., 1984; turnbull et al., 1992a; 
oh et al., 1996; Centers for disease Control and 
Prevention, 2000; see also sections 4.2.2.4 and 4.4.1).

the incubation period is commonly 3–7 days. 
the spectrum of disease ranges from asymptomatic 
to severe, terminating in sepsis, septic shock and 
death. in developing countries, mild cases with gas-
troenteritis attract little attention and the patients 

1 Antiplague research institute, Sovetskaya St., 13/15, 
Stavropol 355106, russian Federation; fax: +7 8652 260312).
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with severe infections, leading to death within 2–3 
days, may never reach a medical facility. in endemic 
areas, all physicians should be aware of gastrointes-
tinal anthrax. 

Oropharyngeal anthrax 
this appears to be a relatively infrequent mani-
festation in regions where ingestion anthrax is not 
uncommon (Sirisanthana & Brown, 2002). the lesion 
is generally localized in the oral cavity, especially 
on the buccal mucosa, tongue, tonsils or posterior 
pharynx wall. in some cases, lesions may be present 
at two or more sites along the gastrointestinal tract. 
the oral lesion is generally 2–3 cm in diameter and 
covered with a grey pseudomembrane surrounded 
by extensive oedema. When the lesion is localized on 
tonsils, the affected tonsil is also intensely oedema-
tous and covered with a grey or white pseudomem-
brane. tonsil lesions may be ulcerated. Pharyngeal 
culturing is important in the diagnosis. Microscopic 
examination of a Gram-stained smear from the 
lesion reveals polymorphonuclear leukocytes and 
Gram-positive bacilli, and the culture may be posi-
tive for B.anthracis (doganay et al., 1986; Sirisanthana 
et al., 1984; navacharoen et al., 1985; onerci & ergin, 
1993; Beatty et al., 2003). 

the main clinical features are sore throat, dys-
phagia and painful regional lymphadenopathy in the 
involved side of the neck. the illness may progress 
rapidly, and oedema around the lymph node may 
result in extensive swelling of the neck and anterior 
chest wall. Bacteraemia may develop and blood cul-
ture may be positive for B.anthracis. the overt infec-
tion leads to toxaemia, acute respiratory distress 
and alteration in mental state. the patient devel-
ops acute respiratory distress syndrome and may 
require respiratory support. this clinical picture is 
followed by shock, coma and death. the lesion and 
extensive oedema may lead to airway obstruction. 
in this situation, tracheotomy is frequently required 
(Sirisanthana et al., 1984, 1988; doganay et al., 1986; 
inglesby et al., 2002). even with treatment, mortality 
can be high (doganay et al., 1986).

Gastrointestinal anthrax
the gastrointestinal anthrax lesion may occur 
anywhere within the gastrointestinal tract – the 
oesophagus, stomach, duodenum, jejunum, termi-
nal ileum or caecum, but mostly in the ileum and 
caecum. the character of the lesion is generally 

ulcerative, usually multiple and superficial, sur-
rounded by oedema. these lesions may bleed, haem-
orrhage may be massive and fatal, in some cases 
with stomach infection. intestinal lesions may also 
lead to haemorrhage, obstruction, perforation or 
any combination of these. Some cases are compli-
cated with massive ascites and this leads to shock 
and death. Pathological examination of intestinal 
anthrax shows mucosal ulceration with oedema, 
and enlarged and haemorrhagic regional lymph 
nodes. necrosis is sometimes present. the infection 
may also be disseminated, and sepsis with pulmo-
nary or meningeal involvement may result.

the symptoms of gastrointestinal anthrax are 
initially nonspecific and include nausea, vomiting, 
anorexia, fainting spells, asthenia, mild diarrhoea 
and fever, and headache. in these instances, patients 
will probably not seek medical treatment and, if they 
do, intestinal anthrax may not be considered in dif-
ferential diagnosis. in some cases, approximately 24 
hours later the symptoms may become severe and 
include acute diarrhoea, nausea, vomiting, abdomi-
nal pain. With progression of the illness, abdomi-
nal pain, haematemesis, bloody diarrhoea, massive 
ascites and signs of suggestive acute abdomen (rapid 
increase in abdominal girth and paroxysms of 
abdominal pain) appear. Kanafani et al. (2003), 
reporting on > 100 cases over a 14-year period in 
Lebanon, record that laparotomy at this later stage 
revealed yellowish and thick ascetic fluid, hypertro-
phied mesenteric lymph nodes, mostly in the ileo-
caecal region, and substantial oedema involving one 
segment of the small bowel, caecum or ascending 
colon. toxaemia, sepsis and shock may develop, fol-
lowed by death. the time from onset of symptoms 
to death has most frequently varied from 2 to 5 days 
(dutz et al., 1970; nalin et al., 1977; Bhat et al., 1985; 
Sirisanthana & Brown, 2002; Kanafani et al., 2003). 
the incubation period is typically 1–6 days (Beatty 
et al., 2003), although it may be as long as 10 days 
(Kanafani et al., 2003).

there is evidence that not all untreated cases end 
in toxaemia, sepsis and death and that, after the ini-
tial symptoms, recovery occurs (see sections 4.4.1, 
4.4.3.1).

4.4.3.2 Confirmation of diagnosis

diagnosis of oropharyngeal anthrax is covered in 
section 4.4.3.1. For the gastrointestinal form, see 
section 4.4.4.2.
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4.4.3.3 Differential diagnosis

in the differential diagnosis of oropharyngeal anthrax, 
diphtheria and complicated tonsillitis, streptococcal 
pharyngitis, Vincent angina, Ludwig angina, para-
pharyngeal abscess, and deep-tissue infection of the 
neck should be considered.

the differential diagnosis in gastrointestinal 
anthrax includes food poisoning (in the early stages 
of intestinal anthrax), acute abdomen owing to other 
reasons, and haemorrhagic gastroenteritis caused 
by other microorganisms, particularly necrotizing 
enteritis caused by Clostridium perfringens and dysen-
tery (amoebic or bacterial).

4.4.4 Inhalational (pulmonary, mediastinal, 
respiratory) anthrax

4.4.4.1 Symptoms and course of the disease

the term “inhalational anthrax” has largely replaced 
the older names for this form of the disease, the 
most common of which was “pulmonary anthrax”, 
reflecting the fact that active infection occurs in the 
lymph nodes, rather than the lung itself, and that 
bronchopneumonia does not occur. the inhaled 
spores are carried by macrophages from the lungs, 
where there is no overt infection, to the lymphatic 
system where the infection progresses. Germination 
and initial multiplication begin within the macro-
phages while in transit to the lymph nodes (hanna 
& ireland, 1999). the vegetative cells kill the macro-
phages and are released into the bloodstream where 
they continue to multiply and lead to fatal septicae-
mia (see also section 5.2).

Symptoms prior to the onset of the final hypera-
cute phase are nonspecific, and suspicion of anthrax 
depends on the knowledge of the patient’s history. 
Analysis of 10 of the 11 inhalational cases associated 
with the anthrax letter events of 2001 in the uSA 
(Jernigan et al., 2001; inglesby et al., 2002) revealed a 
median incubation period of 4 days (range 4–6 days) 
and a variety of symptoms at initial presentation 
including fever or chills (n=10), sweats (n=7), fatigue 
or malaise (n=10), minimal or nonproductive cough 
(n=9), dyspnoea (n=8), changes in mental state 
including confusion (n=5) and nausea or vomiting 
(n=9). All patients had abnormal chest X-rays with 
infiltrates (n=7), pleural effusion (n=8) and medias-
tinal widening (n=7). Mediastinal lymphadenopathy 
was present in seven cases. in the previously best–
documented set of five case reports of inhalational 
anthrax, Plotkin et al. (1960) also recorded headache, 

muscle aches and development of a cough in four 
patients and mild pain in the chest in one. Jernigan 
et al. (2001) drew attention to profound sweating as a 
prominent feature in their patients not emphasized 
in previous reports. 

in contrast to the median incubation period of 4 
days found in the anthrax letter inhalation cases, 
Brookmeyer et al. (2001) estimated it to have been 
11 days in the Sverdlovsk outbreak. one considera-
tion that should be kept in mind is the possibility 
that reflux of spores from the respiratory tract into 
the alimentary tract may occur with the develop-
ment of lesions there, and that this may affect time 
of onset of symptoms. however, while high exposure 
may lead to swallowing as well as inhaling spores, it 
is the alternative view that enteric manifestations 
result from toxic action being carried to the gas-
trointestinal tract via the bloodstream rather than 
from concurrent ingestion anthrax. 

the mild initial phase of nonspecific symptoms 
is followed by the sudden development of dyspnoea, 
cyanosis, disorientation with coma, and death. in 
Plotkin et al.’s cases, treatment was unsuccessful in 
four of the patients, and death occurred within 24 
hours of onset of the hyperacute phase.

the typical clinical course of this form of the 
disease is consistent with the lesion development 
within the mediastinal lymph nodes before the 
development of bacteraemia. the assault on the lung 
appears to be two-pronged. in the initial phase, the 
blockade of the lymphatic vessels develops, in asso-
ciation with symptoms such as a sensation of tight-
ness of the chest. Lymphatic stasis is associated with 
oedema, which may be apparent above the thoracic 
inlet, and pleural effusion. histological sections of 
the lung may reveal bacilli within the lymphatic ves-
sels. in the acute phase, damage associated with sep-
ticaemia occurs. this is manifested morphologically 
by the changes described by dalldorf et al. (1971). 
occasional patients do not develop the mediastini-
tis which usually typifies this form of the disease. 
Mediastinal widening has been found to be a rela-
tively frequent manifestation of other diseases, lead-
ing to the recommendation for computerized axial 
tomography (CAt) scans to demonstrate lymph node 
involvement.

recent findings using computerized tomography 
(Ct) scans combined with autopsy observations have 
enhanced clinical interpretation of early inhalational 
anthrax evolution (Galvin et al., 2001). the earliest 
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detectable specific finding pointing to inhalational 
anthrax is mediastinal widening on posteroanterior 
(PA) chest X-rays. however, mediastinal widening 
is not a rare finding in a series of patients present-
ing at a hospital emergency department. imaging in 
inhalational anthrax patients using a non-contrast 
spiral Ct will reveal hyperdense lymph nodes in the 
mediastinum associated with oedema of mediastinal 
fat. the hyperdensity of the lymph nodes represents 
haemorrhage and necrosis, following spore germina-
tion and vegetative growth with exotoxin elaboration. 
Lymphatic stasis resulting from the damaged lymph 
nodes leads to dilatation of pulmonary lymphatics 
which originate in the pleura and drain towards the 
hilum, following interlobular septa in association with 
blood vessels. the stasis manifests as an early onset 
pleural effusion and peripheral infiltrates, represent-
ing thickened bronchovascular bundles, detectable 
on chest X-ray. these findings mark fully developed 
initial stage illness. ultimately, the bacteria escape 
from the damaged lymph nodes and invade the blood 
stream via the thoracic duct. once the bacteraemia 
and associated toxaemia reach a critical level, the 
severe symptoms characteristic of the acute phase 
illness are manifest. during the acute phase illness, 
damage of the lung tissue becomes apparent on 
X-ray. this damage results from the action of anthrax 
toxin on the endothelium of the lung’s capillary bed 
(dalldorf et al., 1971). Primary damage of the lung is 
not normally a feature of the initial phase illness and 
primary pulmonary infection is an uncommon pres-
entation (see also section 5.2). 

the X-ray picture of the lung appears to be a very 
sensitive diagnostic aid with multiple abnormali-
ties, including mediastinal widening, paratracheal 
fullness, pleural effusions, parenchymal infiltrates 
and mediastinal lymphadenopathy (Jernigan et al., 
2001). 

As stated in section 4.4.1, the number of recorded 
cases of inhalational anthrax in history is lower than 
might be perceived from the high profile given to 
this manifestation, and it has long been suspected, 
with some supportive evidence, that undiagnosed 
low-grade inhalational infections with recovery may 
occur in at-risk occupations.

4.4.4.2 Confirmation of diagnosis (inhalational and 
ingestion anthrax) 

Clinical diagnosis is dependent on a high index of 
suspicion resulting from knowledge of the patient’s 

history (see sections 4.4.3.1 and 4.4.4.1). early symp-
toms are nonspecific and flulike, with mild upper 
respiratory tract signs in inhalational anthrax 
or resembling mild food poisoning in intestinal 
anthrax. Where the history has not led to suspicion 
of anthrax, confirmatory diagnosis of pulmonary 
or gastrointestinal anthrax will usually take place 
after the patient has died or, if correct treatment is 
initiated early enough, after recovery. 

Albrink & Goodlow (1959) demonstrated in mon-
keys with inhalational anthrax that detectable 
bacteraemia occurred before the fulminant clinical 
phase set in. however, treatment resulted in nega-
tive cultures after just one or two doses of antibi-
otics. in the 2001 anthrax letter cases in the uSA, 
blood culture was positive in all patients who had 
not received prior antibiotic therapy (Jernigan et 
al., 2001). Sputum for staining and culture was not 
consistently collected; however, positive isolation 
from sputum would supply a definitive diagnosis. 
in general, visualization of the Gram-positive, cap-
sulating bacilli and verification by culture should be 
attempted with pulmonary effusions, CSF, or other 
body fluids or tissues of suspected anthrax cases. 
Similarly, isolation from vomitus, faeces and ascites 
in intestinal anthrax may not always be successful, 
especially if the patient has been given antibiotics, 
but would be definitive when positive. the conclu-
sion from analyses of the october-november 2001 
events in the uSA was that nasal swabs were not 
useful as clinical samples (inglesby et al., 2002). See 
also Annex 1. 

immunohistochemical staining of pulmonary effu-
sions or of bronchial biopsies (if available) proved val-
uable in the diagnosis of treated inhalational anthrax 
patients in the anthrax letter events in the uSA in 2001 
(Guarner et al., 2003; Shieh et al., 2003). As stated in 
relation to cutaneous anthrax, however, the method 
is currently confined to specialized laboratories with 
access to appropriate specific antibodies. Also as with 
cutaneous anthrax, direct PCr on clinical specimens 
from suspected inhalational anthrax cases is also 
now regarded as an acceptable diagnostic procedure 
(ellerbrok et al., 2002; Shieh et al., 2003). 

Specialized laboratories may be able to demon-
strate anthrax toxin in fluid specimens (serum or 
oedematous fluid), or show these to be positive by 
PCr. this would permit an earlier diagnosis than 
culture and should still be positive in advanced cases 
where treatment has rendered culture negative. in 
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the case of patients who survive, antitoxin antibodies 
may be demonstrable in convalescent sera (section 
4.4.2.2). the rather older Anthraxint hypersensitivity 
test referred to in section 4.4.2.2 may also be appli-
cable.

Belated treatment can sterilize the blood and tis-
sue fluids while still not preventing toxin-induced 
death (section 4.2.2.5). Among the 11 cases of inha-
lational anthrax resulting from biological terrorism 
in 2001, 4 (36%) died despite antibiotic therapy. Post 
mortem, if the sterilizing effect of treatment has not 
occurred, the capsulated B. anthracis will usually be 
visible in capsule-stained smears of these fluids, and 
should be easily isolated from them by bacteriologi-
cal culture. Again, tests for toxin or PCr on these 
fluids would still be positive when treatment has 
rendered them smear- or culture-negative.

Guidelines for confirmation of diagnosis of 
oropharyngeal anthrax are given in section 4.4.3.1. 
With regard to gastrointestinal infection, confir-
mation of diagnosis by culture may not be possible 
before death in the absence of a known prior event 
raising the suspicion of anthrax, at least in the index 
case(s). in those who survive, retrospective diagno-
sis by serology may be supportive. Where it is con-
sidered that anthrax is the cause of gastrointestinal 
symptoms, examination of ascetic fluid by smear, 
culture and/or toxin tests and/or PCr may again be 
used to confirm the diagnosis. Where anthrax has 
not been suspected prior to death and post mortem, 
characteristic signs of intestinal anthrax are dark 
haemolysed unclotting blood, enlarged haemor-
rhagic spleen, petechial haemorrhages throughout 
the organs, and a dark oedematous intestinal tract, 
ulcerated or with areas of necrosis. With inhalational 
anthrax, the haemolysed unclotting blood, enlarged 
haemorrhagic spleen and petechial haemorrhages 
throughout the other organs are again seen and the 
mediastinal lymph nodes are always affected with 
haemorrhagic necrotizing lymphadenitis. 

differentiation between inhalational and gas-
trointestinal anthrax at autopsy may be difficult, 
and the decision as to how the disease was con-
tracted may have to be based, at least in part, on the 
patient’s history. the problem arises when varying 
sized (petechial to ecchymotic) haemorrhages occur 
in the gastrointestinal tract wall secondary to gen-
eralized spread of the infection (septicaemia/bacter-
aemia). Such haemorrhages occur in a number of 
diseases secondary to septicaemia/bacteraemia 

and are not indicative of primary infection via the 
gastrointestinal tract, reflecting instead irregularly 
distributed damage to the vascular bed caused by 
microorganisms and/or their toxins circulating in 
the bloodstream. Staging the lesions found at vari-
ous locations within the body is an important means 
of determining the primary route of initial infection. 
the most advanced lesions will be located in the 
area of initial infection. For example, in gastrointes-
tinal anthrax, the presence of a thickened, oedema-
tous zone within the intestinal or stomach wall with 
an ulcerative lesion on the mucosal surface is typi-
cally present. the haemorrhages due to bacterae-
mia/septicaemia, in contrast, will not have marked 
thickening of the gut wall associated with them. 
Also, mesenteric adenopathy and ascites are usu-
ally present in gastrointestinal anthrax. Although, 
with gastrointestinal anthrax, the lungs may show 
damage similar to that found in patients dying of 
inhalational anthrax, the mediastinal lymph nodes, 
if affected at all, will have relatively less advanced 
pathological changes than those in the mesenteric 
lymph nodes. Microscopic study of the lesions by an 
experienced pathologist may be needed to deter-
mine their relative stage of progression.

4.4.4.3 Differential diagnosis (inhalational anthrax)

Alternative diagnoses to be considered are mycoplas-
mal pneumonia, legionnaires’ disease, psittacosis, 
tularaemia, Q fever, viral pneumonia, histoplasmo-
sis, coccidiomycosis, malignancy.

4.4.4.4 Retrospective diagnosis

Quinn et al. (2004) showed that seroconversion can 
be expected in persons who recover from inhala-
tional anthrax (see section 4.4.2.2).

4.4.5 Anthrax meningitis

Meningitis due to anthrax is a serious clinical devel-
opment which may follow any of the other three 
forms of anthrax. Anthrax meningitis is a haemor-
rhagic leptomeningitis with symptoms of neck pain 
with or without flexion, headache, changes in men-
tal state, vomiting and high-grade fever. there is an 
intense inflammation of the meninges with accom-
panying oedema (referred to in russian descriptions 
as “cardinal’s cap” – hugh-Jones, personal commu-
nication, 2004). A markedly elevated CSF pressure 
and the appearance of blood in the CSF are followed 
rapidly by disorientation, loss of consciousness and 
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death (Levy et al., 1981; Koshi et al., 1981; Lalitha et 
al., 1990, 1996; George et al., 1994; Kanungo et al., 
2002; Jernigan et al., 2001). neurological signs that 
have been noted include cranial nerve palsies, myo-
clonus, fasciculations, decerebrate posturing and 
papilloedema (Lanska, 2002; Sejvar et al., 2005). A 
striking characteristic of anthrax meningitis is its 
haemorrhagic component; few other central nerv-
ous system (CnS) infections are associated with 
this finding (Sejvar et al., 2005). the prognosis is 
extremely poor; only a very few instances of sur-
vival as a result of early recognition of the problem 
and prompt treatment are on record (Khanne et al., 
1989; Lalitha et al., 1996; see also section 7.3.1.9). Post 
mortem, evidence of meningeal involvement was 
noted in over half the individuals who died follow-
ing the 1979 Sverdlovsk accidental release incident 
(Abramova et al., 1993) and was observed in the one 
patient that had the appropriate postmortem evalu-
ation in the anthrax letter cases in the uSA (Jernigan 
et al., 2002). 

on occasion meningeal signs are the first mani-
festation of disease. this is apparently the result of 
early translocation of the spores to the meninges. 
Kaufmann (personal communication, 2004) recalls a 
patient who had florid haemorrhagic meningitis and 
trivial mediastinal involvement. his death stemmed 
from the meningitis. 

differential diagnosis should take into account 
acute meningitis of other bacterial etiologies and 
other cerebral afflictions, such as cerebral malaria 
or subarachnoid haemorrhage (Kanungo et al., 2002). 
the definitive diagnosis is obtained by visualization 
of the capsulated bacilli in the CSF and/or by culture.

4.4.6 Anthrax sepsis

Sepsis develops after the lymphohaematogenous 
spread of B. anthracis from a primary lesion (cuta-
neous, gastrointestinal or pulmonary). Clinical fea-
tures are high fever, toxaemia and shock, with death 
following in a short time. evidence confirming that 
there is no such thing as asymptomatic anthrax 
sepsis, or that there is only symptomatic sepsis in 
anthrax has not been found.

in the differential diagnosis, sepsis due to other 
bacteria should be considered. definitive diagno-
sis is made by the isolation of B. anthracis from the 
primary lesion and from blood cultures or by detec-
tion of the toxin or dnA (deoxyribonucleic acid) of B. 
anthracis in these specimens.

4.4.7 Long-term effects

Following the anthrax letter incidents of 2001, some 
of the patients complained of long-term problems 
such as undue fatigue upon minimal physical activ-
ity and problems with short-term memory. reissman 
et al. (2004) carried out an assessment of these long-
term effects in 15 patients approximately one year 
after infection. Many of the individuals continued 
to report fatigue and joint complaints, and cogni-
tive impairment and psychological distress. no 
organic basis for these complaints was found, and 
the authors noted that similar long-term medically 
unexplained health problems and poor life-adjust-
ment have been observed in persons surviving 
Lyme and legionnaires’ diseases, possibly represent-
ing post-traumatic stress disorder. Convalescence, 
therefore, may require weeks to months depending 
upon severity of illness and patient-related factors.

in recovery from cutaneous anthrax, resolu-
tion of small- to medium-size cutaneous lesions is 
generally complete with minimal scarring. With 
larger lesions, or lesions on mobile areas (e.g. eye-
lid), scarring and contractures may require surgical 
correction to return normal functioning and large 
cutaneous defects may require skin grafting. 

4.4.8 Second and subsequent attacks

records of individuals contracting anthrax a second 
time exist, but are rare. Brachman (1954) refers to 
reports of two cases of anthrax occurring in england 
in 1912 in patients who had had cutaneous anthrax 
previously, and two further cases in the uSA 
recorded in 1920. hodgson (1941) records the case 
of a veterinarian contracting cutaneous anthrax 
on three occasions and in another individual whose 
second infection occurred only six weeks after the 
first. heyworth et al. (1975) record the case of a girl 
treated for cutaneous anthrax in both 1971 and 1972. 
tsurkan et al. (1980) note a case in which an eschar 
was located on the back of the right hand initially 
and then, several weeks later, a second eschar on the 
lower third of the right leg. the course of the second-
ary infection was less severe. one united Kingdom 
report (Anon., 1982) lists an “M 50y slaughterman 
with malignant pustule on the hand after handling 
pigs, had cutaneous anthrax 25 years ago”. Shylakhov 
(1996) records observing 3 cases of second infection 
after 8, 15 and 20 years respectively, in three per-
sons. in one of them, the eschar was located at the 
same site on the arm as 15 years previously. Martin 
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(1975) states that “reinfection of the skin was seen 
not infrequently at rassa (ethiopia), and the second 
lesion was usually noted to be less severe than the 
initial one”. A physician in turkey reports seeing 
two cutaneous anthrax infections in an individual 
approximately one year apart (doganay, personal 
communication, 2004). 

it is unclear whether Christie (1969) saw second 
infections himself, but the impression is gained that 
he did from his statement: “these can occur although 
sometimes the lesion is very small and there are no 
vesicles, no eschar, and no oedema. Anthrax bacilli 
can be isolated from scrapings of the lesion, but 
unless anthrax is suspected, it is unlikely that such 

examination of a small pimple will be made, and the 
sore will probably heal undiagnosed”.

Christie implies, therefore, that second attacks 
may occur more frequently than realized, often 
going unrecognized.

Kaufmann (personal communication, 2005) notes 
that, at the time of the anthrax letter events in the 
uSA in 2001, some infectious disease experts con-
sidered that patients recovering from inhalational 
anthrax should be maintained on antimicrobial 
therapy for 60 days, or longer, to prevent reinfection 
from spores which remained lodged within their 
lungs (see also section 5.2).
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5. Pathogenesis and pathology

5.1 Events after entry through a lesion

the common perception is that B. anthracis is not 
invasive (section 3.1) and that, except when taken 
up by the pulmonary route, it needs a lesion through 
which to enter the body (section 3.3.1). As stated 
in section 4.2.2.2, this perception was queried by 
ellingson et al. (1946) (see also section 5.3).

our knowledge of the microscopic events follow-
ing entry into a lesion comes mainly from studies 
conducted some years ago in parenterally-infected 
laboratory animals, with a general picture of events 
from initial entry to death resulting from the accu-
mulated observations on a number of different  
species.

Cromartie et al. (1947a) and Bloom et al. (1947) 
observed that virulent spores injected into the skin 
of susceptible animals (mice, guinea-pigs or rab-
bits) germinated and gave rise in about 2–4 hours 
to a small oedematous area containing capsulated 
bacilli. the lesion increased in size and became 
defined by a zone of altered capillaries through dila-
tation, congestion and swelling of the endothelial 
cells and diapedesis of neutrophils. Macrophages 
and fibrin deposits appeared and the efferent lym-
phatics became dilated. With continued multiplica-
tion of the bacilli in the lesion came fragmentation 
of the connective tissue as the oedema spread 
extensively from the injection site. Some necrosis 
and haemorrhage occurred. the bacilli were vis-
ible in foci surrounded by large zones of oedema 
apparently free of the organism, and proliferation 
in the initial lesion continued to the point of death. 
Phagocytosis was apparently minimal. According to 
Sterne (1966), particularly if infection has been with 
a small number of spores, the primary lesion may 
be insignificant compared with that in the draining 
lymph node. the bacilli migrate from the primary 
lesion by means of the lymph vessels to the local 
lymph nodes where multiplication occurs, releasing 
a continuous stream of organisms into the efferent 

lymph vessels and thence to the spleen and other 
lymphoid tissues where multiplication continues 
(Widdicombe et al., 1956).

Some differences are apparent between species: 
in guinea-pigs, the terminal bacteraemia seems 
to be caused by actual multiplication in the blood 
during the last few hours of life, while in cattle, the 
blood may be free of organisms as late as 30 min-
utes before death with the same massive termi-
nal bacteraemia (Keppie et al., 1955; Sterne, 1959, 
1966). Published doubling times during the final 
10–14 hours of bacteraemia are approximately 45 
minutes in mice, 53 minutes in guinea-pigs, 95 min-
utes in sheep and 115 minutes in rats (Keppie et al., 
1955; trnka et al., 1958, cited by Lincoln et al., 1961; 
Lincoln et al., 1961). in rhesus monkeys, the mini-
mum observable level of about 5000 bacilli per ml of 
blood was observed by Klein et al. (1962) and Lincoln 
et al. (1964) 11.5 to 12 hours before death, with the 
septicaemia progressing to its terminal level (see 
section 3.5.1). the organisms were first detected a 
few hours earlier (17 hours before death) in lymph 
from the thoracic lymph duct (Klein et al., 1962).

in monkeys succumbing to infection following 
subcutaneous challenge, the local lymph nodes 
became haemorrhagic and oedematous with necro-
sis of lymphatic elements and of blood-vessel walls, 
and phagocytosis of the bacilli was apparent here. 
the spleen was depopulated of lymphoid elements 
and contained extensive necrotic cellular debris 
and masses of bacilli (Gleiser, 1967). in resistant 
animals (rats, dogs, pigs) studied by Bloom et al. 
(1947), B. anthracis germinated and proliferated as 
in the susceptible species for up to about 4 hours, 
after which they lost their capsules and proliferation 
ceased, with the bacterial cells dying, disintegrat-
ing and disappearing by about 70 hours. By 26 hours, 
the lesions had become infiltrated with neutrophils 
and macrophages, the zone becoming necrotic by 72 
hours. At 10 days, resolution commenced with the 
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subepithelial appearance of dense fibrous tissue and 
epithelial regeneration. Bloom et al. (1947) evidently 
believed that natural resistance was attributable to 
an anthracidal substance – a basic polypeptide con-
taining a large amount of lysine – produced by leu-
cocytes.

Splenic enlargement (the classic large soft spleen) 
is characteristic of septicaemia. the animal world is 
subdivided into those species with and those with-
out sinusoidal spleens. the extreme enlargement 
that occurs in cattle and sheep with septicaemic 
anthrax relates to their having a distensible sinu-
soidal spleen. Septicaemia in human (or non-human 
primate) anthrax results in a large soft spleen but 
not so markedly enlarged as in cattle. 

5.2 Events after entry by inhalation

Species differences were noted by Gleiser (1967) 
and Gleiser et al. (1968) in aerosol infection studies 
comparing pigs and dogs, as representative of more 
resistant hosts, with sheep and rhesus monkeys rep-
resenting more susceptible hosts. responses in the 
lungs to the presence of the spores were seen in the 
lungs of the pigs and dogs, but not in the sheep and 
monkeys. discrete, intensely haemorrhagic and cel-
lular lesions surrounded by dense masses of fibrin 
in the more resistant animals were interpreted as 
representing an ability to “wall off” the invading 
organisms into local foci of infection and were seen 
to explain the lack of systemic infection. in ear-
lier studies in rhesus monkeys (Young et al., 1946; 
henderson et al., 1956), it had been observed that 
the inhaled spores apparently did not germinate in 
the lungs but were ingested by motile macrophages 
which carried them through the undamaged epithe-
lium to the lymphatics (see also section 3.3.8).

Germination began on the way to or on arrival at 
the tracheobronchial lymph nodes, and the vegeta-
tive cells freed from the phagocytes then prolifer-
ated (ross, 1957). the infection spread through the 
efferent lymph duct into the bloodstream. Some of 
the bacteria reached the peribronchial lymph nodes 
within 15 minutes of inhaling the spores (Young et 
al., 1946). Clearance from the lung was apparently 
inefficient, however; henderson et al. (1956) found 
that, in rhesus monkeys exposed to aerosolized 
spores but protected from contracting anthrax 
by combined penicillin and vaccine prophylaxis, 
15%–20%, 2%, and 0.5%–1% of the spores remained 
in the lungs at 42, 50 and 75 days respectively 

after exposure, and even after 100 days trace lev-
els of spores were present. this was confirmed by 
Friedlander et al. (1993) in a similar study in which 
the last anthrax death occurred on day 58 in a group 
of rhesus monkeys exposed to aerosolized anthrax 
spores and maintained on doxycycline for 30 days 
after exposure. 

in the terminal stages in monkeys infected by the 
respiratory route, the intrathoracic lymph nodes and 
spleen showed changes similar to those seen in the 
local lymph nodes of animals infected subcutane-
ously (see section 5.1; Gleiser, 1967). 

5.3 Events after entry by ingestion

in cattle and sheep, the intestinal lesions are focal to 
diffuse haemorrhagic necrotic enteritis of the small 
intestine (nieberle & Cohrs, 1967). the tendency for 
localized lesions to develop in Peyer’s patches sug-
gests a possible role of the M cell in the uptake of the 
anthrax bacillus (hutyra et al., 1946; Jensen, 1974). 
in one study of experimental infection in cattle, 
the primary lesion in 18 of 19 steers was an oede-
matous and haemorrhagic area in the small intes-
tine, 4–6 inches (10–15 cm) long and located about 
16 feet (ca. 5 m)from the pylorus. haemorrhage and 
oedema clearly demarcated the lesion from contigu-
ous intestine (Jackson et al., 1957). in swine, pharyn-
geal anthrax results from penetration of the bacilli 
through the superficial epithelium overlying the 
tonsils or from the tonsilar fossae (nieberle & Cohrs, 
1967). records of anthrax pathology in domestic 
animals are notably devoid of lesion descriptions 
for pre-existent lesions in the pathogenesis of the 
disease, again raising the question of the invariable 
need for pre-existent lesions in the pathogenesis of 
the disease (see section 5.1).

5.4 The role of phagocytosis 
5.4.1 Macrophages

From the histopathological observations outlined in 
sections 5.1 to 5.3, it would appear that phagocyto-
sis plays a more important role in the dissemination 
of B. anthracis after entry into the body by aerosol, 
as compared with cutaneous (and, presumably, ali-
mentary tract) exposure. the possible involvement 
of macrophages in the uptake of B. anthracis in the 
intestine was alluded to in section 5.3.

it seems clear that spores lodged in the alveoli 
following inhalation are phagocytosed by, and ger-
minate within, alveolar macrophages as they move 
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to the lymph nodes (ross, 1957; Guidi-rontani et 
al., 1999; dixon et al., 2000). As reviewed by Guidi-
rontani & Mock (2002), phagocytosis is mediated 
by receptors for the Fc portion of igG. the ability of 
the emergent vegetative cells to multiply has been 
demonstrated in cultured macrophages (dixon et al., 
2000) but seemingly not all agree that germinated 
spores multiply within macrophages (Moayeri & 
Leppla, 2004). Guidi-rontani & Mock (2002) postulate 
that B. anthracis spores may possess a unique system 
for detecting specific germinants within the macro-
phage, although putative germinants remain to be 
identified. As reviewed by Moayeri & Leppla (2004), 
lethal and oedema toxins (section 5.5.3), expressed 
at the spore stage and by newly germinated spores, 
play an early role in survival of the germinated cell 
within the macrophage and apparently contribute to 
its death.

 in addition to the role of macrophages in facili-
tating spore germination and possibly outgrowth, 
various laboratories have documented a defensive 
role for macrophages in protecting the host from 
infection. Guidi-rontani et al. (2001) showed that, 
although spores could germinate in macrophages, 
growth of the germinated spore did not occur in 
their in vitro system. Welkos et al. (2002) and Cote 
et al. (2004) observed an apparent protective spo-
ricidal activity by macrophages in vitro and in vivo. 
Piris-Giminez et al. (2004) described the bacterial 
activity of a macrophage phospholipase against B. 
anthracis. the roles that spore dose, mode of infec-
tion and other factors play in the relative extent to 
which macrophages abet and facilitate the infection 
of the host versus protecting the host from infection 
require further study. the in vitro macrophage sys-
tems used to date are of necessity artificial; studies 
that track infection in real time in vivo are needed.

the involvement of phagocytosis in anthrax 
acquired through the epithelium is less clear at 
present. the role of the capsule of B. anthracis (see 
section 5.5.1) has long been regarded as being to pro-
tect the bacterium from phagocytosis (Sterne, 1959) 
and the observation of little evidence of phagocyto-
sis by Bloom et al. (1947) suggests that the vegetative 
cells themselves make their way to the lymph nodes 
via the lymphatics in these cases. researchers in the 
first half of the 20th century (reviewed by Sterne, 
1959) believed that the capsule inhibits phagocyto-
sis by neutralizing anthracidal substances present 
in normal serum and leucocytes. Whether or not the 

capsule is also essential to protecting the emerging 
cells when phagocytosed spores germinate within 
macrophages is discussed in section 5.5.1.

Complement C5-derived chemoattractants may 
be important in the recruitment of macrophages 
(Welkos et al., 1989).

Vegetative cells survive within the host as extra-
cellular bacilli avoiding phagocytosis by means of 
the protective capsule (see section 5.5.1).

that macrophages may have a central role in the 
lethality of anthrax was demonstrated in experi-
ments showing that laboratory mice were rendered 
insensitive to anthrax lethal toxin when their native 
macrophage population had been depleted by silica 
injection. the mice could be made sensitive again by 
injection of a toxin-sensitive macrophage cell line 
(hanna et al., 1993). in contrast, Cote et al. (2004) 
showed that depletion of macrophages by other 
means increased the susceptibility of mice to infec-
tion. Supplementing the macrophage population in 
mice by treating them with additional exogenous 
macrophages enhanced their resistance to infection 
(Cote et al., 2004, 2006). Animals harbouring lethal 
toxin-resistant macrophages are, however, also sus-
ceptible to the toxin (Leppla, personal communica-
tion, 2004). the point at which these toxin-related 
observations manifest themselves in the actual 
infection has yet to be elucidated (see also section 
5.5.3). 

the role of macrophages in the pathogenesis of 
anthrax is now the subject of sophisticated research 
(Chai et al., 2004; Bergman et al., 2005).

5.4.2 Neutrophils (polymorphonuclear 
leukocytes)

histopathology indicates that anthrax bacilli elicit 
a neutrophil response, and that both the lethal and 
oedema toxins enhance migration of neutrophils 
(Wade et al., 1985). Perversely, however, one role of 
the oedema toxin component of anthrax toxin (sec-
tion 5.5.3) is to prevent mobilization and activation 
of neutrophils and thereby to suppress their phago-
cytosis of the bacteria (Leppla et al., 1985; o’Brien 
et al., 1985; Leppla, 1991). A recent report (Zenewicz 
et al., 2005) states that neutrophils are essential 
for early control of vegetative bacterial growth, 
although others (Cote & Welkos, 2005) considered 
that they played a relatively minor role in the early 
host response to anthrax spores.
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5.5 Virulence factors
in the first half of the 20th century, it was held that 
death from anthrax was due to circulatory failure 
from capillary blockage, hypoxia and depletion 
of nutrients by the exceedingly large numbers of 
bacilli. this mechanism was suggested by the light-
microscopic appearance of dilated capillaries stuffed 
with bacilli. With the electron microscope, however, 
the bacilli were seen to be merely trapped within 
fibrin and leukocyte thrombi and subsequently it 
was demonstrated that death was attributable to 
a toxin (Smith & Keppie, 1954; Keppie et al., 1955; 
see section 7.1.1). opinion has now circled back to 
favouring hypoxia as the ultimate cause of death, 
albeit with toxin-induced vascular collapse leading 
to this (Moayeri et al., 2003; see also 5.5.3).

the toxin complex and the capsule are the two 
known virulence factors of B. anthracis. Both are plas-

mid-mediated. the genes for the toxin components 
and virulence gene regulator atxA are located on a 
large (182 kb) plasmid designated pXo1 and the genes 
for capsule synthesis and degradation and their reg-
ulators acpA and acpB are located on a smaller (95 kb) 
plasmid, pXo2 (Koehler, 2002; drysdale et al., 2004; 
Candela et al., 2005; Fig. 6A). the atxA gene, originally 
named for its control of the anthrax toxin genes, is 
also the master regulator of the capsule biosynthetic 
gene operon via a positive effect on transcription of 
acpA and acpB (drysdale et al., 2004). thus there is 
communication between the two plasmids and some 
interdependence between the two virulence factors. 
Both toxin and capsule expression are modulated 
by Co2 or bicarbonate ion and, in strains cured of 
pXo1, increasing the Co2 level will increase expres-
sion of acpA and acpB and thereby alleviate the need 
for atxA (Koehler, personal communication, 2004). 

Fig. 6 Plasmids and PCR for virulence factor genes of B. anthracis

A. diagrammatic representation of plasmids of B. anthracis and the results of their selective curing. top left: fully virulent cell produc-
ing both toxin complex and capsule. top right: curing of pXo2 results in the sterne-type vaccine strain. bottom left: curing of pXo1 
results in the pasteur-type vaccine strain. the bacterium can be cured of both plasmids (bottom right).

B. pcR is useful for confirming the virulence of an isolate by amplification of targeted virulence gene sequences such as the protective 
antigen gene (pagA) and one or more of the genes in capsule biosynthesis operon (capBCAD). lanes 2 and 6 show the presence of 
both capsule and toxin (pA component) genes, representing fully virulent B. anthracis. lane 3 shows the presence of a gene for one 
of the toxin components (pA) but no capsule gene; the strain would be similar to the sterne vaccine strain. lane 4 shows the presence 
of a capsule gene but no toxin gene; the strain would be similar to the pasteur vaccine strain. the dnA in lane 5 lacks both capsule 
and toxin genes. lane 7 is a water control. (lanes 1 and 8 are molecular weight markers.)

A B
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thus capsule production in pXo1-/2+ derivatives is 
better under 20% Co2 than under 5% Co2, for exam-
ple (Green et al., 1985).

Loss of either plasmid, pXo1 or pXo2, results in 
considerable reduction in (though not complete loss 
of) virulence, and this has been the basis of anthrax 
vaccines since the end of the 19th century (Fig. 6B), i.e. 
well before the molecular basis of B. anthracis virulence 
was understood (turnbull, 1991; see section 8.6.2). 
there has been one suggestion that virulence differ-
ences and loss of virulence with age or storage can be 
linked to plasmid copy number (Coker et al., 2003).

5.5.1 The polypeptide capsule

the role of the poly-γ-d-glutamic acid capsule has 
long been regarded as being to protect the bacterium 
from phagocytosis (see section 5.4.1; Sterne, 1959). 
early researchers believed that it inhibits phagocyto-
sis by neutralizing anthracidal substances in serum 
and leucocytes. ezzell & Abshire (1996) showed that 
the capsule appeared early during the process of 
germination of spores, which would suggest it has a 
protective role for emerging cells when phagocytosed 
spores germinate within macrophages. however 
Guidi-rontani et al. (2001), using fluorescence imag-
ing analysis to follow germination of B. anthracis 
spores and study survival of the germinated entities 
within primary mouse macrophages, concluded that 
the capsule played no role in this process. the obser-
vation of Meynell & Lawn (1965) was that, in vitro in 
the dividing vegetative cells, capsulation occurred 
at the end of exponential growth and that the cells 
divided equatorially with the capsules partitioned 
among the progeny.

elucidation of the chemical nature of the cap-
sule dates back to 1933 when tomcsik & Szongott 
obtained a nitrogenous, polysaccharide-free, cap-
sular material from B. anthracis. this was identified 
by ivanovics & Bruckner (1937a, 1937b) as poly-d-
glutamic acid, and how the glutamic acid residues 
were linked became the subject of a substantial 
number of studies (reviewed by Zwartouw & Smith, 
1956a, and Fouet & Mesnage, 2002), with the final 
conclusion by Zwartouw & Smith (1956a) that they 
were linked by their γ-carboxyl groups. they also 
established that the antiphagocytic activity of the 
capsule was due to the multivalent negative charge 
of the polyglutamate ion. 

the synthesis of the polypeptide through transam-
ination between α-ketoglutaric acid and L-aspartic 

acid was worked out by herbst (1944) and housewright 
& thorne (1950). the size of the polyglutamaic chains 
varies with the growth conditions, being 20–50 kda 
when produced in vitro but in the order of 215 kda in 
vivo (reviewed by Fouet & Mesnage, 2002). the bio-
chemical structure of the capsule formed by B. anthra-
cis is indentical to that formed by B. licheniformis with 
the same L-glutamic acid precursor (thorne, 1956; 
Leonard & housewright, 1963).

ivanovics (1939) injected isolated capsular mate-
rial intravenously into mice and rabbits and found 
that it was rapidly excreted by the kidneys without 
being broken down. he considered that this explained 
why the capsular material was harmless in itself 
and also why it was poorly antigenic. Weak immu-
nogenicity of the surrounding capsule presumably 
aids B. anthracis in evading host immune response 
to its presence; at the same time, the capsule pre-
vents antibodies to deeper surface antigens reach-
ing those antigens. tomcsik & ivanovics (1938) did, 
however, succeed in developing antibodies in rabbits 
and recorded that they resulted in “certain immu-
nity” in the rabbits and passively immunized mice. 
in more recent studies, opsonic igG antibodies to the 
poly-γ-d-glutamic acid conjugated to proteins have 
been produced, and the suggestion made that the 
conjugates might be contributory as vaccine addi-
tives (Schneerson et al., 2003; Wang et al., 2004). A 
more definitive claim that the capsule could induce 
protective antibodies has been made by Chabot et al. 
(2004, 2005). Wang & Lucas (2004) immunized vari-
ous strains of inbred mice and concluded that the 
antibody response patterns defined the capsule as a 
thymus-independent type 2 antigen.

the capsule does not form under normal aerobic 
culture and, in in vitro cultures, requires an atmos-
phere of elevated Co2 together with the presence in 
the medium of serum and/or bicarbonate, or both 
(sections 6.1, 6.3.1.6; Annex 1, section 3.7). Meynell & 
Meynell (1964) showed that sera from different spe-
cies had marked differences in capsule-promoting 
activity and that the contribution of the sera was 
not nutritional but rather that it absorbed a dialys-
able inhibitor of capsule production present in the 
medium. the inhibitor was thought to be a fatty acid 
interfering with the assimilation of Co2. it could also 
be absorbed by 0.2% (w/v) activated charcoal which 
was as efficient as serum in promoting capsulation. 
they showed that there was a relationship between 
ph and the threshold concentration of hCo3- at 
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which the capsule would be formed under any one 
atmospheric Co2 concentration. they also noted that 
glucose suppressed capsulation. Later (Meynell & 
Meynell, 1966), using mutants with different nutri-
tional requirements for capsulation, they concluded 
that, while hCo3- made capsular synthesis possible, 
it was not required for the formation of the capsule 
itself. they also concluded that the inhibitory fatty 
acid(s) act by interfering with uptake or utilization 
of hCo3-. Finally they showed that capsule forma-
tion was not inhibited by tetracycline and therefore 
was not synthesized like a protein. 

Most of the research of recent years on the patho-
genesis of anthrax has focused on the structure 
and function of the toxin, and the detailed role of 
the capsule is a topic still to be revisited properly 
with today’s molecular tools. Welkos (1991) showed 
that, in inbred strains of mice, cap+/tox- strains do 
possess a degree of virulence but, in the absence of 
toxin, the pathogenesis of these strains was unex-
plained. that there is strain variation in virulence 
indicates that there may be more to this than sim-
ple elaboration of the capsule, and the possibility 
that the phenomenon may be related to some other 
pXo2 gene(s), possibly together with chromosomal 
gene(s), has not been ruled out (Welkos, personal 
communication, 2004). 

5.5.2 Polysaccharide

As reviewed by Smith & Zwartouw (1956), the pro-
duction of polysaccharide material by B. anthracis was 
noted by several authors in the 1940s and 1950s. At 
least some of this was cell-wall associated. it precipi-
tated with antipneumococcus type XiV serum and 
was present in both virulent and avirulent strains, 
and completely inactive in tests for aggressive activ-
ity. the conclusion was that it plays no important 
role in the virulence of B. anthracis.

5.5.3 The anthrax toxin complex

the toxin complex, which consists of three syner-
gistically acting proteins, Protective Antigen (PA, 
83kda), Lethal Factor (LF, 90 kda) and oedema 
Factor (eF, 89 kda), is produced during the log phase 
of growth of B. anthracis. LF in combination with PA 
(lethal toxin) and eF in combination with PA (oedema 
toxin) are now regarded as responsible for the char-
acteristic signs and symptoms of anthrax. A consid-
erable amount is known now about all three toxin 
components; they have been sequenced and the 

crystal structures of all three have been worked out 
with the roles of the domains within each molecule 
broadly elucidated (Petosa et al., 1997; Pannifer et al., 
2001; drum et al., 2002; Lacy & Collier, 2002). 

According to the currently accepted model (Fig. 
7), PA binds to receptors on the host’s cells and is 
activated by a host-cell surface furin-like protease 
which cleaves off a 20 kda (PA20) piece leaving 
exposed an eF/LF receptor-binding site. this “acti-
vated” PA63 fragment combines with six other PA63 
fragments to form ring-shaped heptamers that bind 
eF and LF competitively and forms channels through 
which the complex is internalized by endocytosis 
(Lacy & Collier, 2002). Following acidification of the 
endosome, the LF and eF are released into the host-
cell cytosol. the protein tumour endothelial marker 
8 (teM8) and capillary morphogenesis protein 2 
(CMG2) have been shown to function as cellular 
receptors, although it is not clear which is relevant in 
vivo (Bradley et al., 2001; Scobie et al., 2003; Moayeri 
& Leppla, 2004). According to ezzell et al. (1992, 
2005), the cleavage of PA83 into PA63 and PA20 occurs 
in the blood through the action of a serum protease, 
and the binding of eF and LF occurs here rather than 
at the cell surface just prior to endocytosis.

the literature now generally treats the combina-
tions of PA with LF, and of PA with eF, as two sep-
arate toxins, referred to respectively as lethal and 
oedema toxins. they fall into the A-B class of toxins 
(binary toxins) with the enzymatically active “A” and 
binding “B” domains as discrete structures (Lacy & 
Collier, 2002).

eF is an adenylate cyclase which, by catalysing 
the abnormal production of cyclic-AMP (adenosine 
monophosphate) (cAMP), produces the altered water 
and ion movements that lead to the characteristic 
oedema of anthrax. high intracellular cAMP concen-
trations are cytostatic but not lethal to host cells. eF 
has been shown to impair neutrophil function and 
incapacitates phagocytes and cytokine pathways 
(reviewed by Moayeri & Leppla, 2004) and its role in 
anthrax infection may be to prevent activation of the 
inflammatory process. recent presentations (Firoved 
et al., 2005; Quesnel-hellmann et al., 2005) reported 
that oedema toxin (eF + PA) disrupted cytokine net-
works during infection, and that purified oedema 
toxin administered to BALB/cJ mice intravenously 
resulted in circulatory and cardiac dysfuntions, tis-
sue damage and focal haemorrhaging, accumulation 
of several cytokines in the sera and death.
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LF is a highly specific zinc-dependent protease 
that cleaves the amino termini of six mitogen-acti-
vated protein kinase kinases (MAPKK), and thereby 
disrupts pathways in eukaryotic cells concerned 
with regulating activity of molecules through phos-
phorylation cascades (duesbury et al., 1998; Vitale 
et al., 1998, 2000). the affected signalling pathways 
are involved in cell growth and maturation as well 
as cellular stress responses; the manner in which 
the disruption of these pathways leads to the known 
effects of lethal toxin has yet to be fully elucidated 
but may act by impairing the ability of endothelial 
cells to initiate an immune response by destabilizing 
cytokine iL-8 mrnA (Batty et al., 2005) or through 
other modes of inhibition of cytokine gene expres-
sion (tonello et al., 2005).

Advancing knowledge of the structure of the toxin 
components and the stages of interaction of these 
with the host cell, from binding of PA to internaliza-
tion and catalytic actions of eF and LF in the cytosol, 
are reviewed by Lacy & Collier (2002).

on the basis of mouse and tissue culture models, 
the primary cell type affected in anthrax pathogen-
esis has for some years been regarded as the mac-
rophage (Friedlander, 1986; hanna et al., 1993; see 
also section 5.4.1). Low levels of lethal toxin cleave 
MAPKK-3. high levels of lethal toxin lead to lysis of 
the macrophage by an as yet unknown mechanism 
(Pannifer et al., 2001). the relationship between 
macrophage cell death and death of the infected 
host is under investigation, although it seems clear 
that macrophage lysis is not required for lethal toxin 
lethality (Moayeri et al., 2003). it is emerging that the 
effect of lethal toxin on other cell types may also be 
integral to the pathogenesis of anthrax. For exam-
ple, lethal toxin impairs host B and t cell immune 
responses by its action on dendritic cells (Moayeri 
& Leppla, 2004). the action of lethal toxin is further 
discussed in section 5.5.4, and the current wisdom is 
that death is the result of the toxin acting through 
a non-inflammatory mechanism that involves 
hypoxic injury but not macrophage sensitivity to 
toxin (Moayeri et al., 2003).

the inverse relationship between susceptibility 
to infection and susceptibility to the toxin was dis-
cussed in section 3.1.

5.5.4 Toxin and terminal haemorrhage

the characteristic terminal haemorrhage to the 
exterior from the orifices of the animal at death – 

an essential part of the organism’s cycle of infection 
(Figs 1&2) – is caused by the action of the toxin on 
the endothelial cell-lining of the blood vessels, his-
tologically visible as necrosis, which results in their 
breakdown and bleeding. Anthrax toxin acts directly 
on the intact membranes of endothelial cells, mak-
ing them permeable to plasma and causing intravas-
cular thrombosis (Beall & dalldorf, 1966; dalldorf, 
1967; dalldorf et al., 1971). this is manifested in 
petechiae in the visceral organs and haemorrhages 
leading to bleeding from the orifices. Kirby (2004) 
found that lethal toxin (PA+LF), but not oedema 
toxin (PA+eF), induces apoptosis in cultured human 
endothelial cells. he hypothesized that lethal toxin 
action on endothelial cells, primarily through inhi-
bition of the extracellular signal-regulated kinase 
(erK) pathway, contributed to vascular pathology 
and haemorrhage during systemic anthrax. the 
disruption of key functions of the endothelium by 
lethal toxin has been studied further more recently 
(Warfel et al., 2005).

the degree of endothelial damage appears related 
to the number of bacilli. in early infection of the 
lymph nodes, only oedema is present. As the number 
of bacilli rises, concomitant toxaemia increases to a 
critical level, at which the toxin causes endothelial 
cell injury with resulting thrombosis and haemor-
rhage.

5.5.5 S-layer

in common with many, but not all, bacteria, B. 
anthracis forms the proteinaceous paracrystalline 
sheath over the peptidoglycan cell surface known 
as an S-layer. Very few bacteria share with B. anthra-
cis both an S-layer and a capsule (Fouet & Mesnage, 
2002) and this may be pertinent to the pathogenic-
ity of B. anthracis. S-layers have been shown in other 
bacterial species to be virulence factors, and this 
may be the case with B. anthracis (Fouet et al., 1996; 
Fouet & Mesnage, 2002). 

the S-layer of B. anthracis comprises two com-
ponents, a 94-kda protein termed Sap (surface 
array protein) and a 94-kda protein known as eA1 
(extractable antigen 1) (ezzell & Abshire, 1988; Fouet 
& Mesnage, 2002). Sap is cell-associated but also 
released into the surrounding medium in cell or 
culture suspensions; eA1 is cell-associated and only 
released if the cells are washed with sufficient vig-
our (Fouet & Mesnage, 2002; Williams & turnbough, 
2004). 
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the presence of an S-layer is not required for 
capsulation of B. anthracis bacilli, but the presence 
of all three is necessary for maximal resistance to 
complement pathway-mediated defences (Fouet & 
Mesnage, 2002). this may be related to protection 
of the emerging germinating cell which, at early 
stages, is not wholly surrounded by capsule (ezzell 
& Abshire, 1996).

5.5.6 Exosporium

in common with spores of all Bacillus species, the 
spores of B. anthracis comprise a core surrounded 
by peptidoglycan cortex, in turn surrounded by the 
multiple-layered proteinaceous spore coats. these 
apparently form the outermost layer for some Bacillus 
species but, in the case of the B. cereus group, there 
is an additional loose-fitting, two-layer exosporium 
comprising about 2% of the mass of the spore. the 
inner layer has a hexagonal crystal structure, while 
the outer layer consists of hairlike filaments – the 
so-called “hirsute nap”. About 50% of the exospo-
rium is protein; the precise number and identities of 
the component proteins are not yet known, although 
several have been described.

the function of the exosporium is not known, 
but it may be the basis of the hydrophobicity of 
spores and, thereby, play a role in adhesion both in 
the environment and in vivo. it is speculated that it 
is involved in the interaction between spores and 
uptake by, or germination within, macrophages, 
although it is also stated that spores devoid of the 
exosporium are as infectious as those that have it. 
(For relevant references, see Steichen et al., 2003; Liu 
et al., 2004; redmond et al., 2004). 

5.5.7 Other potential virulence factors

A number of general and specific observations sug-
gest that there is more to the virulence of B. anthracis 
than simply its ability to elaborate the toxin and the 
capsule. the following are examples of these:

• While the toxin and capsule components, the 
genes encoding these and the plasmids carrying 
these genes are seemingly identical in different B. 
anthracis strains, the strains themselves possess 
different Ld50s.

• Strains cured of one or other of the plasmids, and 
therefore able to produce toxin or capsule, but not 
both, retain a level of virulence (Welkos, 1991; see 
section 5.5.1).

• there is substantial evidence that some tox+/
cap+ strains can overwhelm immunity induced 
by toxin-based vaccines more readily than other 
strains.

• there is some evidence that B. anthracis can 
elaborate a thiol-activated cytolysin, anthro-
lysin o (Shannon et al., 2003; Mosser et al., 2005; 
thomason et al., 2005). Analogous cytolysins in 
other pathogens are established virulence fac-
tors.

• While B. subtilis spores injected into the footpad of 
a mouse are cleared rapidly, those of a B. anthra-
cis strain cured of both pXo1 and pXo2 persist, 
implying chromosomal involvement in the ability 
of B. anthracis to persist (Pezard et al., 1991).

• evidence exists of chromosomal loci with a role in 
the anthrax infectious process (Stepanov, Mikshis 
& Bolotnikova, 1996; Stepanov et al., 1996, 1999).

• the regulator atxA, known to be the anthrax toxin 
activator and responsible for up-regulation of the 
capsule genes, has been shown to be involved in 
the regulation of numerous other genes on pXo1, 
pXo2 and the chromosome. these genes may 
have direct or indirect roles in the pathogenesis 
of B. anthracis (Bourgogne et al., 2003).

• Strain comparisons of germination within mac-
rophage cultures suggested a requirement for 
multiple germinant receptor genes located on 
both the chromosome and pXo1 for host-specific 
germinants and initiation of the infectious cycle 
(hanna, 2001).

• Compared to B. subtilis, B. anthracis harbours a 
large number of genes predicted to be important 
for amino acid and peptide utilization, and which 
may provide an advantage during its life-cycle 
within an animal host. Moreover, several chro-
mosomally encoded proteins have been noted 
which may contribute to pathogenicity, includ-
ing haemolysins, phospholipases and iron uptake 
entities (read et al., 2003).

• Germination operon gerX is located on plasmid 
pXo1 and is unique in being the only germina-
tion operon known to be located on a virulence 
plasmid (Guidi-rontani & Mock, 2002). the gerX-
encoded proteins may be virulence factors, con-
tributing to the pathogenesis of B. anthracis.

• A recent claim has been made (heninger et al., 
2005) that overwhelming murine septicaemia can 
be induced independent of toxin function. 
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6. bActeRIology

6.1 Description

B. anthracis, the causative agent of anthrax, is a 
Gram-positive, aerobic or facultatively anaerobic, 
endospore-forming, rod-shaped bacterium approxi-
mately 4 μm by 1 μm, although under the micro-
scope it frequently appears in chains of cells. in 
blood smears, smears of tissues or lesion fluid from 
diagnostic specimens, these chains are two to a few 
cells in length (see Fig. 8A); in smears made from 
in vitro cultures, they can appear as endless strings 
of cells – responsible for the characteristic tacki-
ness of the colonies (see Fig. 8B) and for the floccu-
lating nature of broth cultures. Also characteristic 
is the square-ended (“box-car” shaped) appearance 
traditionally associated with B. anthracis vegetative 
cells, although this may not always be very clear. in 
the presence of oxygen, and towards the end of the 
exponential phase of growth, one ellipsoidal spore 
(approximately 2 μm by 1 μm in size) is formed in 
each cell; this does not swell the sporangium and 
is generally situated centrally, sometimes subtermi-
nally (see Fig. 8C).

in the absence of oxygen and under a high par-
tial pressure of Co2 in the presence of bicarbonate 
(hCo3-), the vegetative cell secretes its polypeptide 
capsule (Fig. 8D; see section 5.5.1) and it is one of the 
two established in vivo virulence factors of B. anthra-
cis. the capsule is also a primary diagnostic aid (see 
section 4.4.2, 4.4.4.2, Annex 1, sections 8–10 and Fig. 
8A). 

6.2 Detection and isolation

in appropriate blood or other body fluid samples, or 
tissue specimens collected within a few hours of 
death from animals (see section 3.5) or humans with 
anthrax, B. anthracis is readily visualized in capsule-
stained smears and readily isolated in pure culture. 
the same applies to smears of fluid from cutaneous 
lesions of humans prior to treatment (see section 
4.4.2). Procedures are given in Annex 1, sections 8–10.

in old or decomposed animal specimens, or 
processed products from animals that have died of 
anthrax, or in environmental samples, detection is 
likely to involve a search for relatively few B. anthra-
cis within a background flora of other bacteria, many 
of which will probably be other Bacillus species, in 
particular the closely related B. cereus. in this case, 
selective techniques are necessary. Procedures for 
the isolation of B. anthracis from such specimens are 
given in Annex 1, sections 8 & 10. 

Such is the nature of the properties of B. anthracis 
that few agents which differentially select between 
B. anthracis and other Bacillus species do so in favour 
of B. anthracis, and those that do only do so uncon-
vincingly. of the selective media that have been 
proposed, the most successful historically is poly-
myxin-lysozyme-edtA-thallous acetate (PLet – Fig. 
8E and Fig. 14) agar (Knisely, 1966), although care 
should be taken to prepare this correctly (Annex 
2). Success has also been noted with the trimetho-
prim and sulfamethoxazole blood agar formulation 
(Annex 2).1 As yet no selective enrichment broth 
system has been devised for B. anthracis, although 
significant attempts have been made (Bowen, 1999) 
and, pending development of such a system, the 
sensitivity of in vitro detection of B. anthracis by 
conventional means in environmental samples or 
specimens from old or decomposed animals, or from 
processed animal products, is in the order of 10 cfu/g 
or /ml depending on the sample processing protocol 
employed (Manchee et al., 1981; dragon & rennie, 
2001). Justification today for the use of laboratory 
animals to isolate B. anthracis is exceedingly unusual 
and confined to “last resort” circumstances.

PCr detection systems (Annex 1, section 10.7.4) 
have been developed for B. anthracis (Beyer et al., 1996; 
Patra et al., 1996a; Sjöstedt et al., 1996, 1997; Jackson 
et al., 1998), but it will probably be some time before 

1  http://www.ourfood.com/Anthrax.html.
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they become totally stand-alone and generally avail-
able for use in the non-specialist laboratory. A posi-
tive by this method is close to being accepted on a 
stand-alone basis now for clinical specimens and 
simple environmental samples such as tap water 
and air samples. in case the reason for a negative 
by PCr is the presence of inhibitors, negatives may 
need bacteriological support. Clinical specimens 
and more microbiologically “complex” samples, such 
as faeces, muddy water or soil, will generally need 
a dnA extraction stage and will also need bacterio-
logical support to confirm positives or negatives.

rapid immunoassays for detection or confirma-
tion of identity of B. anthracis are available commer-
cially.1 the absolute specificities of these are, as yet, 
unproven and positives using these generally need to 
be confirmed bacteriologically or by PCr, or both. the 
updated immunochromatographic device described 
by Burans et al. (1996) and used by tubbesing (1997) 
and Muller et al. (2004) utilizes a monoclonal cap-
ture antibody to the anthrax protective antigen (PA) 
bound to a nitrocellulose membrane, and a second 
monoclonal antibody specific for a different epitope 
of PA bound to colloidal gold particles which become 
visible when they accumulate at the capture sites. 
the assay can detect as little as 25 ng/ml of PA and 
is performed in a few minutes without the need for 
special reagents. it therefore lends itself to direct 
diagnosis of cases of anthrax by detection of PA in 
the blood or body fluids, or to retrospective analysis 
of extracts from the types of sample of animal ori-
gin for which the Ascoli test was designed (Annex 1, 
section 11.1). As such, it has excellent specificity 
and sensitivity, but it has not become commercially 
available.

6.3 Identification and confirmation
6.3.1 Practical differentiation

With rare exceptions, it is generally easy to identify 
B. anthracis and to distinguish it from other Bacillus 
species, including other members of the B. cereus 
group (B. cereus, B. thuringiensis, B. mycoides, B. pseu-
domycoides and B. weihenstephanensis). For all practi-
cal purposes, an isolate is B. anthracis if it: 

• has the characteristic colonial morphology (Parry 
et al., 1983) on nutrient or blood agar (matt appear-
ance, fairly flat, similar to B. cereus but generally 
rather smaller, more tacky, white or grey-white on 
blood agar, and often (but by no means always) 
having curly tailing at the edges (Fig. 8B)

• is non-haemolytic or (very rarely) only very weakly 
haemolytic on sheep or horse blood agar;

• is non-motile;
• is sensitive to the diagnostic ‘gamma’ phage and 

penicillin (Fig. 8F); 
• is able to produce the capsule in blood or when 

cultured on bicarbonate-serum agar under Co2 
(Fig. 8D; Annex 1, section 10.8.2). 

Biochemical tests or commercial identification kits 
can contribute virtually nothing to this for identify-
ing B. anthracis, although they may usefully supply 
the identity of an isolate initially, but mistakenly, 
thought possibly to be B. anthracis. despite this, con-
ventional biochemical and physiological identifica-
tion characters for B. anthracis are generally included 
in microbiological textbooks, although the evidence 
is that this rarely represents first-hand experience 
on the part of the author(s). in addition, there is an 
increasing tendency in textbooks for B. anthracis to 
be listed simply as a member of “the B. cereus group” 
stating that, apart from being non-haemolytic, non-
motile and pathogenic, it exhibits the same physio-
logical and biochemical identification characteristics 
as B. cereus. this leads to these texts being of limited 
practical value, and possibly even misleading, for 
the microbiologist encountering a suspicious isolate. 
For the record, however, conventional physiological 
and biochemical characteristics for B. anthracis are 
given in Table 3 and sections 6.3.1.1 to 6.3.1.14. the 
profiles given in the majority of textbooks are largely 
derived from the related milestone monographs of 
Smith et al. (1952) and Gordon et al. (1973), although 
it should not be forgotten that these had been pre-
ceded by some excellent texts dating back to the pre-
vious century (Slater & Spitter, 1898; Whitby, 1928; 
St John-Brooks, 1930; Knight & Proom, 1950).these 
characteristics have been rechecked (turnbull, 
unpublished data, 2005). 

B. anthracis databases have been developed for the 
commercial APi2 and Biolog3 systems (Baillie et al., 
1995; Cogne et al., 1996). the APi 50ChB system for 
the identification of Bacillus species is based on acidi-
fication of 49 carbohydrates (and is designed to be 
– and should be – used in conjunction with miscel-
laneous tests in the APi 20e strip). the Biolog system 

1 examples can be found on www.osborn-scientific.com, www.
responsebio.com and www.tetracore.com, and from new 
horizons diagnostics,Columbia, Md 21045, uSA; e-mail: 
nhdiag@aol.com.

2 BioMérieux SA, 69280 Marcy-l’etoile, France.
3 hayward, California 94545, uSA.
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is based on “carbon source metabolic fingerprints” in 
96-well trays. these supply useful characterization 
data for comparing B. anthracis with other Bacillus 
species but a read-out giving the identity of an iso-
late as B. anthracis must be confirmed with either the 
simple tests listed in the first paragraph of this sec-
tion and/or the PCr (section 6.3.2 and Annex 1, sec-
tion 10.7.4)

6.3.1.1 Spore and cell morphology 

in blood or tissue smears from infected humans or 
animals, the bacteria are seen in short chains of two 
to a few cells, frequently square-ended (box-car) or 
“vertebrate” in shape (not apparent in Fig. 8A). in con-
trast, when grown in laboratory media, long chains 
are often apparent under the microscope, although 
with quite wide-ranging strain-to-strain and media-
to-media differences. Cell size, or chain width, and 

tAble 3

Primary physiological and biochemical characteristics of B. anthracis (all incubations at 35 °C)

cHARActeRIstIc ReActIon comment

spores and cells  spores central/subterminal, not swelling sporangium (see section 6.3.1.1).

Haemolysis on sheep/horse  – see section 6.3.1.2. 
blood agar 

egg yolk reaction + look under the colony (see section 6.3.1.3).

motile – see section 6.3.1.4.

susceptible to “gamma” phage  + phage-resistant isolates have been encountered on rare occasions  
  (see section 6.3.1.5).

susceptible to penicillin + penicillin-resistant isolates have been encountered on rare occasions  
  (see section 7.1.2).

capsule production + naturally occurring cap- isolates are occasionally encountered (see section  6.3.1.6).

oxidase + 

Ammonium salt glucose + negative only accepted after incubation for 14 days.

Ammonium salt arabinose – - “ -

Ammonium salt xylose – - “ -

Ammonium salt mannitol – - “ -

Ammonium salt salicin – - “ -

catalase production + 

Indole – negative only accepted after incubation for 14 days.

Voges-proskauer (Vp) + negative only accepted after incubation for 14 days. Also see section 6.3.1.7.

citrate utilization – negative only accepted after incubation for 14 days. Also see section 6.3.1.8.

growth in 5% nacl v negative only accepted after incubation for 14 days. Also see section 6.3.1.9.

gelatin hydrolysis + 

nitrate reduction + see section 6.3.1.10.

casein hydrolysis + see section 6.3.1.11.

starch hydrolysis + see section 6.3.1.12.

Urease – negative only accepted after incubation for 14 days.

phenylalanine deamination v negative only accepted after incubation for 14 days. Also see section 6.3.1.13.

propionate utilization – negative only accepted after incubation for 14 days. Also see section  6.3.1.14. 

v = variable.
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partial loss of Gram-positivity at 24–48 hours on 
nutrient or sporulation agar also vary from strain to 
strain. the long chains (Fig. 8C) are the reason for 
the characteristic tackiness of B. anthracis colonies 
and for the stringy growth frequently encountered 
with B. anthracis in broth cultures. turnbull (unpub-
lished data) found that chaining could be selected 
out by passage through semisoft agar; the resulting 
cells in the passaged culture were present singly or 
in short chains or small clumps, and the colonies no 
longer had the tackiness of typical B. anthracis colo-
nies.

Strain-to-strain differences can be expected in 
the degree of sporulation on sporulation agar at any 
given time period, and in the size and dimensions 
(length and breadth) of the ellipsoidal spores, which 
do not swell the sporangia (Fig. 8C). the spores usu-
ally appear within 48 hours and are often apparent 
after 24 hours, but several (5 or 6) days should be 
allowed before concluding that spores are not formed 
if they are not seen at 48 hours. Lipid globules are 
apparently not so readily visible in the protoplast of 
the vegetative cells as with at least some B. cereus. 

6.3.1.2 Haemolysis 

Fellows (1996) showed that B. anthracis was haemo-
lytic on blood agar made with sheep red cells that 
had been washed with buffered saline containing 
calcium and magnesium, and Popov et al. (2004) refer 
to the haemolytic activity and haemolytic proteins of 
B. anthracis. Similarly, the anthrolysin o of Shannon 
et al. (2003), Mosser et al. (2005) and thomason et 
al. (2005) is presumably haemolytic. reports are also 
occasionally encountered of haemolysis in blood or 
on agar containing blood of certain species, includ-
ing human. it is unclear whether, when seen, this is 
equivalent in appearance to the strong haemolysis of 
B. cereus. (See also section 6.4.1.)

6.3.1.3 Lecithinase

B. anthracis either produces lecithinase to a lesser 
extent than its close relatives, B. cereus and B. thuring-
iensis, or produces a lecithinase with a lower activ-
ity (McGaughey & Chu, 1948; Zwartouw & Smith, 
1956b). in the lecithinase test on egg yolk agar, the 
zone of opalescence or “halo” almost always seen 
around colonies or areas of growth of B. cereus and 
B. thuringiensis is only sometimes visible around B. 
anthracis, probably only becoming apparent at 48 
hours (35–37 °C) and usually in a narrow band when 

present. opalescence should be looked for under the 
colony/area of growth by scraping away some of the 
colony material. it can be seen here after 24 hours 
incubation at 35–37 °C. While B. anthracis grows well 
on conventional egg yolk agar, it grows less well 
than B. cereus on Kendall’s BC egg yolk-mannitol agar 
(Parry et al., 1983); the growth of B. anthracis on this 
medium (24–48 hours) is greyish as compared to the 
deep purple of B. cereus and, in contrast to B. cereus, 
a zone of opalescence does not form around the 
growth of B. anthracis. once again, colony material 
must be scraped away to see the underlying LV (leci-
thovitellin) reaction.

6.3.1.4 Motility

As reviewed by Sterne & Proom (1957), a number of 
claims exist in the early literature of motile forms 
of B. anthracis. Sterne & Proom considered that most, 
if not all, of these claims could be explained in 
terms of contaminants or misidentification. Logan 
& Berkeley (1984) and Logan et al. (1985) found that, 
while 144 of their 149 strains of B. cereus were motile, 
none of 37 strains of B. anthracis they examined were 
motile. Although examination for motility is always 
listed as one of the primary identification tests for 
B. anthracis, it is doubtful that the test is often done 
on new isolates or checked more than rudimentar-
ily and occasionally on culture collection cultures. 
Certainly, the first obvious appearance for diagnos-
tic test purposes is lack of motility, but in view of the 
existence of genes associated with motility (see sec-
tion 6.4.1), and even one recent report (Liang & Yu, 
1999) that includes electron micrographs showing 
flagella, perhaps the “absoluteness” of non-motility 
in B. anthracis should be revisited.

6.3.1.5 Diagnostic phage

An anthrax phage was described as early as 1931 
(Cowles, 1931). McCloy (1951) described a phage, 
designated phage W, isolated from strain W bacillus 
which she believed to be an atypical B. cereus or unu-
sual B. anthracis strain. the “gamma” phage was first 
recorded by Brown & Cherry (1955) as a “new variant 
isolated from the original strain W bacteriophage”. 
this phage lysed all of 41 B. anthracis strains, but 
none of 89 B. cereus strains or 134 strains represent-
ing 8 other Bacillus species. the subsequent work 
of Buck et al. (1963) in the early 1960s with phages 
isolated from 25 lysogenic B. anthracis strains, and 
the work 30 years later by redmond et al. (1996b) 
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with almost identical results using a set of 25 phage 
isolates from different cultures of B. anthracis, have 
indicated that either there exists a family of closely 
related phages, of which the gamma phage is one, or 
that selective pressures have resulted in variants of 
one phage with slightly different properties.

in so far as the phages are spontaneously pro-
duced and plaques appear on culture lawns in an 
unpredictable manner, they are considered tem-
perate. however, it has long been noted (McCloy, 
1951, 1958; Buck et al., 1963) that, in being able to 
lyse their own original host and in that they can be 
grown in their homologous host, this gamma family 
“provides a striking exception to the rule of immu-
nity” (McCloy, 1958). Buck et al. (1963) termed this 
phenomenon “dismunity” and seemed to attribute it 
to the formation of mutant forms of the phages. 

Just to what extent the diagnostic phages used 
in various laboratories around the world and often 
referred to as “gamma phages” are unadulterated 
descendants of McCloy’s gamma phage is now uncer-
tain. For this reason, the term “diagnostic phage” is 
preferred. 

Some care needs to be taken in defining precisely 
what is meant by phage sensitivity. the titre of the 
phage suspension is of consequence, and interpreta-
tion of what is seen in the zone of effect is somewhat 
subjective. For the purposes of Table 3, the titre of 
the phage suspension is ≥ 109 pfu/ml and any zone 
of effect, which may be graded from ± to 4+, rep-
resents sensitivity. (note: this is different from the 
manner in which antibiotic sensitivity is read, where 
colonies growing in a zone of clearing result in an 
interpretation of “resistant”.) For phage sensitivity 
tests, a total absence of effect is regarded as true 
resistance. on this basis, in formal studies on sus-
ceptibility/resistance, Buck et al. (1963) found that 7 
of 264 (2.7%) B. anthracis isolates were phage-resist-
ant, and 3 of 64 (3.1%) non-anthrax Bacillus species 
were lysed by anthrax phage. Similarly, redmond 
et al. (1996b) found that 1 of 87 (1.2%) strains of B. 
anthracis were phage-resistant, and 2 of 47 (4.2%) 
non-anthrax Bacillus species were lysed by anthrax 
phage. in further tests (unpublished), turnbull and 
colleagues found no positives among 14 B. cereus, 10 
B. megaterium, 6 B. pumilus, 5 B. subtilis, 5 B. circulans, 4 
B. mycoides, 4 B. firmus, 4 B. sphaericus, 3 B. licheniformis, 
3 B. thuringiensis, 2 B. amyloliquefaciens, 1 B. lentus, and 2 
Brevibacillus brevis from collections at the Food Safety 
and Microbiology Laboratory, health Protection 

Agency, Colindale, London, united Kingdom, and the 
department of Biological and Biomedical Sciences, 
Glasgow Caledonian university, Glasgow, united 
Kingdom. this is also supported by the unpublished 
results of tests on many hundreds of isolates from 
routine environmental samples performed over 
a period of years by turnbull and colleagues, in 
which only three phage-resistant B. anthracis isolates 
were encountered (from a tannery dump site in the 
united Kingdom, from a human case of anthrax in 
Zimbabwe, and from three animals in the etosha 
national Park, namibia). Likewise, the finding of a 
phage-sensitive non-anthrax Bacillus species was a 
very rare event.

Subsequent examination of the three “phage-
resistant” B. anthracis isolates retained in a culture 
collection indicated that this resistance was not so 
clear-cut, suggesting it had represented some type 
of lysogenic immunity at the time of isolation which 
has, since then, become “dismunity” (see above, this 
section) (turnbull, unpublished observations).

it should be noted that these phages do not 
lyse capsulated B. anthracis cultures (McCloy, 1951; 
Meynell, 1963; turnbull, unpublished data) and only 
attack vegetative cells during the multiplication 
phase. As discussed in section 2.1.2.3, the vegetative 
form of B. anthracis rarely exists or multiplies outside 
the animal host, and therefore is rarely exposed to 
exogenous phage. this raises the following question: 
what is the evolutionary role of the anthrax phage? 
one possibility is that lysis is a laboratory-induced 
side-effect and is not representative of the true and 
yet-to-be elucidated role of this virus, or group of 
viruses, in the life-cycle of B. anthracis.

6.3.1.6 Capsule

Spontaneous loss of ability by virulent B. anthracis 
to produce the capsule has been recognized since at 
least Sterne’s observations (1937a, 1937b) and it was 
out of these observations that Sterne’s livestock vac-
cine was developed (sections 5.5, 8.6.2). Chu (1952) 
attached numerical values to this, finding that labo-
ratory stock cultures put out noncapsulated variants 
to extents ranging from 0.14% to 32.4%. this appears 
to result from spontaneous loss of pXo2, although 
the triggering event and point in the life-cycle at 
which this occurs has yet to be elucidated. the not 
infrequent presence of pXo1+/2- (and occasionally 
pXo1-/2-) forms of B. anthracis in environmental sites 
and samples with histories of potential anthrax con-

6. bActeRIology
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tamination was noted by turnbull et al. (1992b) and 
turnbull (1996), and was attributed to natural cur-
ing of one or both plasmids by unidentified environ-
mental stresses.

6.3.1.7 Voges-Proskauer reaction 

Although definitely VP-positive, some difficulty may 
be experienced in this test due to occasional reluc-
tance by B. anthracis to grow in glucose-phosphate 
broth. in the event of a negative test, the broth should 
be checked to determine whether growth took place, 
or whether the culture died out. Positivity manifests 
itself as a gentle rust colour as compared with the 
much deeper red of an Enterobacter cloacae control.

Logan (personal communication, 2005) found the 
VP test to be inconsistent within the genus Bacillus 
using the commercial APi 20e strip, no matter how 
well controlled the variables were, but all B. anthracis 
strains were positive as compared with 93% of 149 
B. cereus strains being positive (Logan & Berkeley, 
1981; Logan & Berkeley, 1984; Logan et al., 1985).

6.3.1.8 Citrate utilization

this is given as “variable” (as compared with “posi-
tive” for B. cereus) by Gordon et al. (1973), Parry et 
al. (1983), turnbull et al. (1990a) and turnbull & 
Kramer (1991), as well as various editions of Bergey’s 
Manual of systematic bacteriology. elsewhere (turnbull 
& Kramer, 1995), B. anthracis and B. cereus are com-
bined under “B. cereus group” and citrate utiliza-
tion is again inscribed “variable”. in fact, using the 
procedure of Parry et al. (1983), in which slants are 
stabbed and streaked with a needle dipped into a 
saline suspension of culture with turbidity equiva-
lent to MacFarland standard 0.5, B. anthracis appears 
to be unable to survive and is negative in this test.

using the commercial APi 20e system, Logan et 
al. (1985) and Logan & Berkeley (1984) found all 37 
of their strains of B. anthracis to be negative as com-
pared with 89% of their 149 B. cereus strains being 
positive for this character.

6.3.1.9 Growth in the presence of 5% and 7% salt

textbooks generally link B. anthracis together with 
B. cereus in the “B. cereus group” as growing in the 
presence of 7% salt. in fact, B. anthracis generally 
seems to be reluctant to grow in the presence of 5% 
salt. one or two strains may show a little growth in 
the presence of 5% salt, but this is much reduced 
compared to the 0% control. others will not show 

visible growth. Whether this growth is seen or not, 
the cultures in 5% (and 7%) salt tend to become non-
viable within a week.

6.3.1.10 Nitrate 

Kiel et al. (2000) discuss the fact that B. anthracis 
maintains a strong nitrate reductase activity and, 
unlike other facultative anaerobes, the presence of 
oxygen does not prevent the utilization of nitrate. 
they relate this to the initiation of sporulation 
through nitration of the SpoOA gene product when 
the vegetative cells shed by the infected animal 
encounter the oxygen of the air.

Logan et al. (1985) and Logan & Berkeley (1984) 
found all 37 of their strains of B. anthracis to be 
nitrate-positive when tested using the APi 20e sys-
tems compared with only 81% of their 149 B. cereus 
strains.

6.3.1.11 Casein 

Strain differences can be expected in the size and 
nature of the haloes which, after 48 hours at 35 °C, 
range from narrow (1–2 mm) opaque zones around 
the growth to totally translucent zones of about 4 
mm surrounded by opaque zones of approximately 
2 mm width.

6.3.1.12 Starch hydrolysis 

As with casein hydrolysis, strain differences can be 
expected in the extent and visibility of the hydroly-
sis. Plates should be left 48 to 96 hours before reading. 
rapid colony spreading occurs without alterations of 
these readings beyond this point. Flooding the plate 
with a 1:5 dilution of Lugol’s iodine solution is gener-
ally necessary to show up the hydrolysis.

6.3.1.13 Phenylalanine deamination

Gordon et al. (1973) and other texts, including vari-
ous editions of Bergey’s Manual of systematic bacteri-
ology, specify that B. anthracis (and B. cereus) fails to 
deaminate phenylalanine. in tests done by turnbull 
(unpublished) using Method 2 in Cowan & Steel’s 
identification manual (Cowan, 1974), greening of the 
agar surface was found with 6 of 12 B. anthracis cul-
tures and browning in a further 5. these were inter-
preted as positive tests. 

6.3.1.14 Propionate utilization 

the results of this test can vary with inoculum 
size. Following the procedure of Parry et al. (1983) 
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described in section 6.3.1.8, B. anthracis is negative 
in this test. Positives may result in an inconsistent 
manner when larger inocula are used. in fact, in an 
international reproducibility trial of standardized 
characterization tests for Bacillus, Logan & Berkeley 
(1981) judged this test to be inherently unreliable.

6.3.2 PCR

PCr is becoming more widely available as a means 
of confirming the presence of the virulence factor 
(capsule and toxin) genes, and hence that an isolate 
is, or is not, virulent B. anthracis. For routine pur-
poses, primers to one of the toxin genes (usually the 
Protective Antigen gene) and to one of the enzymes 
mediating capsule formation are adequate (Annex 1, 
section 10.7.4). in laboratories not equipped for PCr 
tests, if doubt remains at the end of the procedures 
given in Annex 1, sections 10.7.1 to 10.7.3 as to the 
definitive identity of a suspect B. anthracis isolate, 
inoculation into a mouse or guinea-pig may be the 
only way remaining to determine conclusively if it 
is virulent B. anthracis (Annex 1, section 12). however 
this should be a last resort procedure and confined 
to situations where a definitive identification is 
essential.

6.4 Molecular composition
6.4.1 The genome

the B. anthracis chromosome is a circular dnA mole-
cule of 5 227 293 base pairs encoding 5508 predicted 
protein-coding sequences (read et al., 2003).

elucidation of the genome sequences of B. anthracis, 
B. cereus and B. subtilis has revealed that the majority 
of B. anthracis genes are homologues of genes found 
in B. cereus and other closely-related species. these 
include genes encoding such testable phenotypes 
as haemolysins, enterotoxins, phospholipases, beta-
lactamases and other enzymes, and even genes 
associated with motility (read et al., 2003). Lack 
of expression by B. anthracis of many phenotypes 
appears to lie primarily in a truncation of the PlcR 
positive regulator gene, which has been shown to 
increase production of many of these enzymes. in 
the case of motility, there are also deletions of genes 
in the flagellum operon. Low expression of lecithi-
nase and haemolytic activity, or expression under 
specific inducing conditions, are explained in terms 
of alternative regulatory mechanisms (Klichko et al., 
2003; read et al., 2003).

the AtxA transcriptional regulator of the anthrax 
toxin genes located on the pXo1 plasmid (see sec-
tion 5.5) appears to be a master regulator of genes 
on both the plasmids and chromosome of B. anthracis 
(Bourgogne et al., 2003). there is some evidence that 
PlcR and AtxA may be incompatible (Mignot et al., 
2001, 2003).

While homologues of the plasmid-encoded toxin 
and capsule genes and their associated regula-
tory loci were not found on the B. cereus AtCC14579 
(type strain) genome, the presence in other B. cereus 
strains of genes with pXo1 and pXo2 sequence iden-
tities supports evidence of mobility on the part of 
the anthrax plasmid genes (read et al., 2003). thus, 
comparative genome analysis was supportive of the 
hypothesis that B. anthracis evolved from a B. cereus 
ancestor. other than the acquisition of the pXo1 
and pXo2 plasmids, the major phenotypic differ-
ences between B. anthracis and its relatives appear, 
therefore, to be the result of altered gene expression 
rather than absence or presence of specific chromo-
somal genes (read et al., 2003).

6.4.2 Strains

See section 2.3.

6.5 Spores

the position of the spore as the centre of the cycle of 
infection of B. anthracis and the environmental fac-
tors influencing sporulation, germination and sur-
vival of the emergent cells are discussed in section 
2.1.2. From the public health and veterinary public 
health standpoints, the rate of sporulation of vegeta-
tive forms released by the animal that has died of 
anthrax is probably of more relevance than the rate 
of germination. 

6.5.1 Sporulation

reports on conventional studies of sporulation 
rates of B. anthracis were not found, but there is little 
reason to believe that the rate varies greatly from 
other Bacillus species. in a culture with synchronized 
growth, the seven stages of sporulation commence 
at the top of the exponential phase of growth and 
are complete 7–8 hours later (doi, 1989; nicholson 
& Setlow, 1990). resistance to uV (ultraviolet) locks 
in at about 4–6 hours (stages 4 and 5) and resistance 
to heat and chemicals at around 5–7 hours (stages 5 
and 6) after onset of the sporulation process. these 
are under optimal conditions; under suboptimal 

6. bActeRIology
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conditions it can take much longer (davies, 1960). in 
a field study (Lindeque & turnbull, 1994), the earli-
est time at which spores were detected in the soil at 
a site in the etosha national Park (namibia) where 
a springbok had just died was 8 hours; by 24 hours, 
spores accounted for 75% of the total count, and 
complete sporulation was achieved between 32 and 
48 hours. the findings in soils and waterhole water 
inoculated in the laboratory with blood collected 
just after death are given in section 2.1.2.4, and other 
information on sporulation can be found in sections 
2.1.2.2 and 2.1.2.4. 

6.5.2 Germination

the process of germination is dependent upon the 
action of a germinant on a trigger site within the spore. 
Common germinants include L-alanine and ribo-
sides, and sometimes germination can be induced by 
combinations of chemicals that are not germinants 
on their own (McCann et al., 1996). “heat-shocking” 
the spores, i.e. exposing them to 60 °C–70  °C for sev-
eral minutes (10–30), predisposes them to germina-
tion and results in more synchronous germination 
within a spore population. heat-shock temperature-
time combinations in the literature vary from 60 °C 
for 90 minutes to boiling for one minute. turnbull et 
al. (2006) found evidence of damage to B. anthracis 
spores at 80 °C for 10 minutes, and almost complete 
killing at 90 °C for 10 minutes. 

Germination is a rapid process. Fernelius (1960) 
found that, following germination of B. anthracis 
spores by alanine, tyrosine and adenosine and, as 
measured by loss of heat resistance, > 99% germi-
nation had occurred in 8 minutes at 30 °C and in 16 
minutes at 15 °C. Based on loss of refractility and 
resulting optical density change, titball & Manchee 
(1987) recorded germination as a rather slower proc-
ess, with 61% to 63% of spores germinating in 90 
minutes under optimal conditions, which consisted 
of low spore concentrations at 22 °C. this optimal 
temperature is some 10 °C lower than that recorded 
for other Bacillus species; the authors considered that 
it might represent selection for the best conditions 
for establishing cutaneous infection. Studying ger-
mination of B. anthracis spores in sera from 11 spe-
cies, they found that serum alanine ranged from 
0.01 to 0.35 mmol/l, and serum tyrosine from 0.02 
to 0.08 mmol/l. Germination rates varied in the dif-
ferent species. they concluded, therefore, that there 

was no evidence of a relationship between germina-
tion ability and the innate resistance of an animal to 
anthrax, as had been proposed by hachisuka (1969).

Lincoln et al. (1967) similarly failed to correlate 
spore germination within phagocytes with suscepti-
bility of an animal to anthrax. 

6.6 Other surface antigens: anthrax-
specific epitopes and detection 
methodology

reliable detection of B. anthracis in the environment 
has traditionally depended on selective culture and 
identification of the emergent bacilli. this is a slow 
process (two days or more) and there has long been 
a desire, particularly in relation to bioaggressive 
scenarios, for more instant methods of detecting 
anthrax spores. numerous attempts were made in 
the 1960s, 1970s and 1980s to develop antigen-based 
rapid, species-specific spore-detection systems, but 
invariably cross-reactivity with other common envi-
ronmental Bacillus species proved insurmountable. 
hope that monoclonal antibodies to anthrax spore-
specific epitopes might provide reliable bases for 
rapid detection tests arose in the late 1980s (Phillips 
et al., 1988). Progress on finding and validating mon-
oclonal antibodies that had the necessary specifici-
ties, sensitivities, affinities, etc., for application in 
detection systems appears to have been slow, with 
the next published report being in 1998 (Park et al., 
1998), and the most recent being that of Mangold et 
al. (2005) recording the development of anthrax-spe-
cific monoclonal antibodies to spore and vegetative 
cell antigens. rapid detection being a major issue for 
defence concerns, it is certain that unpublicized sys-
tems are in use. 

Claims now exist that anthrax spore-specific 
epitopes are present on at least one immunodomi-
nant exosporium protein (see section 5.5.6). 

the target epitopes of some anthrax-specific 
monoclonal antibodies proposed or used for detec-
tion of anthrax spores are unidentified, but sus-
pected of residing in the vegetative cell S-layer 
extractable antigen eA1 (section 5.5.5) retained on 
the spores. For general and veterinary public health 
detection purposes, antibody-based systems utiliz-
ing such monoclonals are likely to be satisfactory. 
in bioaggression scenarios, the possibility that the 
determined aggressor may have effectively cleaned 
his/her spores may have to be borne in mind.
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6.7 Transport of clinical and 
environmental samples

Movement of infectious or contaminated materials 
from the site of origin to a diagnostic or reference 
laboratory, both within a country and internation-
ally, presents a risk of spread of diseases if the mate-
rials inadvertently escape into the environment 
during transit. 

the international regulations for the transport 
of infectious substances by any mode of trans-
port are based upon the recommendations made 
by the Committee of experts on the transport of 
dangerous Goods (unCetdG), a committee of the 
united nations economic and Social Council. the 
recommendations are presented in the form of Model 
regulations. the united nations Model regulations 

6. bActeRIology

1  http://www.unece.org/trans/danger/danger.htm.

(unMr) are reflected in international law through 
international model agreements.1

Who has developed a document to help under-
stand the current regulatory framework and 
support compliance with current international reg-
ulations for the transport of infectious substances 
and patient specimens by all modes of transport, 
Guidance on regulations for the transport of infectious sub-
stances 2007–2008, applicable as of 1 January 2007 
(Who, 2007). this document is regularly updated 
to reflect modifications made to relevant sections of 
the unMr. 

the reader is encouraged to refer to this Who 
document for details on transport of clinical and 
environmental samples.



7. Treatment and prophylaxis

7.1 Overview
7.1.1 Background

in a review of treatment in the early days of antibi-
otics half a century ago, herman Gold (1955) wrote: 
“penicillin and the broad spectrum antibiotics … 
have simplified the management of anthrax so that 
one can safely say that, in man, this disease has 
lost its serious connotations”. Since that time, it has 
become well established that prompt and timely anti-
biotic therapy usually results in dramatic recovery 
of the individual or animal infected with anthrax. 
Any fresh isolate of B. anthracis from naturally 
acquired cases of anthrax in animals or humans can 
be assumed to have a very high probability of being 
sensitive to penicillin and, being cheap and readily 
available almost everywhere, this remains the basis 
of treatment schedules in animals and in humans in 
developing countries. 

the organism is also sensitive to numerous 
other broad-spectrum antibiotics. Should the use 
of penicillin be contraindicated, a wide range of 
alternative choices exist from among the aminogly-
cosides, macrolides, quinolones and tetracyclines. 
Chloramphenicol has been stated to be a satisfac-
tory alternative and shows in vitro sensitivity but, 
in early experimental studies, Lincoln et al. (1964) 
found that it was not effective in mice or monkeys. 
Vancomycin, clindamycin, clarithromycin, rifampin, 
levofloxacin, gatifloxacin, moxifloxacin, ofloxacin, 
imipenem, cefazolin and linezolid have, in papers 
published after the anthrax letter events, been 
named as meriting consideration on the basis of in 
vitro sensitivities (editorial note, 2001a; inglesby et 
al., 2002; Sejvar et al., 2005). Published MiCs (mini-
mum inhibitory concentrations) are available for 
some of these (Table 4).

As discussed in section 5.5, the basis of death in 
anthrax is the toxin. this was first demonstrated con-
clusively by Smith & Keppie (1954) when they showed 
that, if bacteraemia in experimentally infected ani-

mals was cleared with streptomycin after a certain 
critical stage of the infection, the animals still died. 
the importance of early administration of antibiot-
ics still needs to be stressed; administered too late, 
they may clear the infection but still fail to save the 
patient or animal. 

7.1.2 β-lactamases and “penicillin 
resistance”

the ability of B. anthracis to elaborate penicillinase 
was recognized over half a century ago (Barnes, 
1947b; turnbull et al., 2004a). inducible β-lactamase 
production in a number of strains was demon-
strated by Lightfoot et al. (1990) following exposure 
to a subinhibitory level of flucloxacillin. induction 
of β-lactamase was again noted in relation to the 
anthrax letter events in the uSA, leading to published 
statements that penicillins are not recommended for 
treatment of anthrax (Anon., 2001a, 2001c; editorial 
note, 2001a), “particularly if the number of organ-
isms present is high, as appears typical with inha-
lational disease” (Bell et al., 2002). A second reason 
given for concerns about the use of penicillin was 
the poor penetration of β-lactams into macrophages, 
the site where B. anthracis spores germinate (Bell et 
al., 2002).

in reality, reports of naturally-occurring resist-
ance to penicillin among fresh patient or animal 
isolates are exceedingly rare and, again reviewed by 
turnbull et al. (2004a), appear to number just 5 cases, 
not all of which were well substantiated with further 
studies. the proportion (11.5%) of penicillin-resist-
ant isolates of B. anthracis recorded by Cavallo et al. 
(2002) in their series is surprisingly high, but the cul-
ture histories are not given, apart from the informa-
tion that 67 (70%) were isolated from environmental 
sources. it is possible that some of the isolates were 
related to each other and that this may account for 
this high percentage. the report highlights the prob-
lem discussed by turnbull et al. (2004a) of defining 
precisely what is meant by “strain” when it comes 
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to B. anthracis, and how one knows for certain that 
two cultures are unrelated. this becomes relevant 
when concluding that a particular proportion of a 
set of B. anthracis cultures are resistant to penicillin. 
it is also not known if the dependence on culture col-
lection strains for these types of analysis adversely 
affects the proportions of resistant strains recorded. 
there was some discrepancy between the results of 
turnbull et al. (2004a) and those of Coker et al. (2002) 
on the same strains; turnbull et al. did not observe 
penicillin resistance in two of the three strains con-
stituting Coker et al.’s 12% resistant strains, all cul-
ture collection strains. 

it is important that penicillin should be judged by 
its performance in the field, and faith in it should not 
be lost on the basis of surmise and remote laboratory 
experiments. it has withstood the test of time as the 
first choice of treatment in those parts of the world 
where anthrax is or has been common, and being 
cheap and readily available almost everywhere, it 
needs to remain the recommended antibiotic in 
both animals and humans, at least in developing 
countries (tasyaran & erol, 2002). Probably the fun-
damental principle is that adequate doses should be 
administered when penicillin is being used for treat-
ment (see also section 7.3.1.4). it is reasonable to add 
a second drug in cases showing signs of systemic 
involvement (tasyaran & erol, 2002). this is treated 
more extensively in section 7.3.1.6.

With the recent completion of sequencing of the 
B. anthracis genome, it has become apparent that the 
gene for penicillinase is an example of a significant 
number of genes shared with close relative B. cereus 
which, though present, have become inactivated in 
recent evolutionary history and are not normally 
expressed (see section 6.4.1). the genes for the sec-
ond β-lactamase, a cephalosporinase, are expressed 
by virtually all B. anthracis strains, inactivating sec-
ond- and third-generation cephalosporins. Chen et 
al. (2003) noted that functional β-lactamases were 
encoded but that gene expression was usually not 
sufficient to confer resistance to β-lactam agents. 
the underlying genetic basis of β-lactamase expres-
sion in B. anthracis is being elucidated further (Chen 
et al., 2004). 

7.1.3 Supportive care

in pulmonary or gastrointestinal anthrax or cutane-
ous disease with systemic signs, symptomatic treat-
ment in an intensive care unit in addition to antibiotic 

therapy may save the patient’s life. the availability 
of supportive care, including mechanical ventilatory 
support, probably enhanced the survival rate in the 
2001 anthrax letter cases (see also section 7.3.1.9). As 
covered in section 7.3.1.1, the value of corticosteroids 
is debatable. the possible value of immune therapy 
is discussed in sections 7.3.4 and 7.3.4.1.

7.1.4 Vaccines

Anthrax in its natural state being primarily a dis-
ease of herbivorous animals (section 1.1), its control 
in both animals and humans depends to a very great 
extent on its prevention in livestock (principally cat-
tle, sheep, goats and horses), good hygienic prac-
tices when an animal dies of anthrax and antibiotic 
treatment when a case occurs, at least in a human. 
Livestock anthrax vaccines are available in almost 
all countries that experience outbreaks or sporadic 
cases on an annual basis. these are comprised of 
live spores of attenuated strains (Annex 5). 

Analogous live spore vaccines are produced for 
human use in China and in the russian Federation. 
Cell-free vaccines containing anthrax protective 
antigen are produced and licensed for human use in 
the united Kingdom and the uSA. Fundamentally, 
these vaccines are targeted at persons in occupations 
with a high risk of exposure to the disease. in former 
years, these were workers in factories that processed 
hides, bones, wool, hair and other materials of ani-
mal origin imported from endemic regions of the 
world, and vaccination was associated with a major 
reduction of anthrax in such individuals (turnbull, 
2000). there has been a notable shift in recent years 
to the administration of these vaccines to personnel 
in occupations related to defence. their availability 
has become correspondingly more restricted.

7.2 Response to outbreaks in animals
7.2.1 General principles and approaches
7.2.1.1 Early treatment for animals

Following the first incident of anthrax in a herd, the 
remaining animals should be moved immediately 
from the field or area where the index case died, and 
regularly checked at least three times a day for two 
weeks for signs of illness (rapid breathing, elevated 
body temperature), or of submandibular or other 
oedema. Any animal showing these signs should be 
separated from the herd and given immediate treat-
ment. Where such close observation and individual 
animal handling is difficult or not possible or likely 

7. tReAtment And pRopHylAXIs
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to be stressful, the whole herd should be treated with 
long-acting antibiotic that provides at least 72-hours 
cover. 

Clinical experience has frequently demonstrated 
that animals, especially cattle, will respond favour-
ably to treatment even though apparently in the 
terminal stages of anthrax. even if they go on to 
die (death in anthrax results from the effect of the 
toxin – section 7.1.1), the infecting load of B. anthracis 
will have been greatly reduced, if not entirely elimi-
nated, thereby significantly reducing the chance of 
subsequent transmission from the carcass to other 
animals. 

in certain countries, antibiotic treatment is not 
permitted and slaughter policies are in place (sec-
tion 7.2.2.4).

7.2.1.2 Vaccination for animals

in endemic areas, or if there is concern that the out-
break may spread, the herd should be vaccinated 
(section 8.7). Further anthrax deaths can be expected 
to cease within 8 to 14 days of vaccination. 

decontamination of the site(s) where the index 
case or other case(s) died should be carried out (see 
section 8.3 and Annex 3). Subject to local regulations 
giving different instructions, herd quarantine can be 
lifted 21 days after the last death (see Annex 4). 

Where animals are scheduled to be moved for 
local or international livestock and meat trade pur-
poses, it is important to check whether there are 
local advisories in place specifying a withholding 
period following vaccination before which animals 
may be moved to other premises, or sent to slaugh-
ter. oie standards are given in Annex 4.

More information on animal vaccines is given in 
section 8.6.2 and in Annex 5, section 2.

7.2.1.3 Treatment and vaccination in animals

Where the response to an outbreak consists of 
treatment first, followed by vaccination, it should 
be remembered that, in those animals that are 
treated, a suitable period of time should be allowed 
between the end of treatment and the start of vac-
cination, otherwise the treatment will prevent the 
live vaccine taking effect. the precise time lapse will 
depend on the antibiotic used but, in the absence of 
specific studies on the minimum withdrawal times 
before the vaccine can be administered, 8–12 days 
would appear logical for long-acting antibiotics. it 
should also not be forgotten that if the livestock are 

consuming feedstuffs containing antibiotics, or are 
being individually treated (e.g. intramammary anti-
biotics for mastitis), this is likely to render the vac-
cine ineffective (Lee et al., 1961; Webster, 1973).

Long intervals between outbreaks in a given area 
despite a lack of vaccination programmes are a nota-
ble feature in animal anthrax epidemiology (Fox et 
al., 1973, 1977). As implied in section 7.2.1.1, treat-
ment alone can halt an outbreak and further cases 
may not occur on cessation of treatment. 

7.2.2 Specific procedures
7.2.2.1 Antimicrobial therapy in animals

the recommended procedure for treating animals 
showing clinical illness in which anthrax is thought 
to be the likely or possible cause is immediate intra-
venous administration of sodium benzylpenicillin 
as directed by the manufacturer’s instructions (usu-
ally in the range 12 000–22 000 units per kg of body 
weight) followed 6–8 hours later by intramuscu-
lar injection of long-acting benethamine penicillin 
(manufacturers’ instructions usually recommend a 
dose within the range of 6000–12 000 units per kg of 
body weight) or other appropriate preparation such 
as Clamoxyl® (15 mg/kg), a long–acting preparation 
of amoxycillin. if long-acting preparations are una-
vailable, procaine penicillin (the dose recommended 
by manufacturers is usually 6000–12 000 units/kg) 
can be used for intramuscular injection, but should 
be administered again after 24 and 48 hours.

Streptomycin acts synergically with penicillin 
(Lincoln et al., 1964) and penicillin/streptomycin 
mixtures are available commercially. recommended 
doses of streptomycin to be administered together 
with penicillin intramuscularly are 5–10 mg per kg 
body weight in large animals and 25–100 mg per kg 
body weight in small animals.

Lincoln et al. (1964) noted in studies with rhesus 
monkeys that, for penicillin, the route of adminis-
tration was important, with intramuscular injection 
being more effective than intravenous.

Veterinary experience in the united Kingdom is 
that, in contrast to advice frequently found in text-
books, treatment with tetracyclines may not be fully 
effective (taylor, personal communication, 1997).

Attention should be paid to manufacturers’ rec-
ommendations regarding precautions and limita-
tions of use of their antibiotics, including aspects 
relating to withdrawal periods after use in food  
animals.
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Cost and availability are likely to be major con-
siderations in the choice of treatment. For example, 
combined penicillin and streptomycin treatment 
can be expected to cost twice as much as penicillin 
alone. 

7.2.2.2 Supportive therapy for animals

Symptomatic treatment may also be useful, and a 
range of possible agents is available. Supportive 
therapy with an agent such as flunixin (an analge-
sic with anti-inflammatory, antipyretic and anti- 
endotoxic properties) may be advantageous although 
it will add significantly to the cost of the therapy. 
As with steroids (section 7.3.1.10), it is, with current 
understanding of the pathogenesis of anthrax, dif-
ficult to see a scientific basis for efficacy with this 
type of therapeutic agent. 

7.2.2.3 Hyperimmune serum therapy for animals

hyperimmune serum has been used in the past for 
treating anthrax cases (Sterne, 1959) and it was gen-
erally considered that homologous sera (e.g. serum 
prepared in cattle for bovine use, etc.) were more 
effective than heterologous sera, although in rabbits 
equine antisera were twice as effective as bovine 
antisera (Spears, 1955). in Spears’s experiments, 
substantially increased time to death was a nota-
ble feature in animals that were not fully protected, 
indicating that serum therapy could only be regarded 
as supportive rather than a stand-alone action. this 
appeared to be understood in 1935 (Gochenour et al., 
1935) when it was found that antiserum in combina-
tion with spore vaccine was more effective over time 
than antiserum alone.

Serum treatment of livestock is still practised in 
the russian Federation at a rate of approximately 5 
cases a year (Cherkasskiy, personal communication, 
2002). the antiserum is produced in horses hyper-
immunized with vaccine strain 55-VniiVVM (see 
Annex 5, section 4.1). As far as could be ascertained, 
antiserum for this purpose is not produced or rou-
tinely used elsewhere for therapy against anthrax in 
animals.

the protective effect of immune serum admin-
istered therapeutically was demonstrated in mon-
keys (henderson et al., 1956; Lincoln et al., 1964). 
these were challenged by the inhalation route and, 
in henderson et al.’s experiments, once the effects 
of the immune serum wore off at about 20 days, 
the animals began to die of anthrax from contin-

ued uptake into the lymphatics of spores that still 
remained in the lungs. the possibility of relapse 
after the effect of this therapy has worn off was 
thereby illustrated. Lincoln et al. (1964), anticipating 
this outcome, administered the forerunner to the 
united States and united Kingdom human vaccines 
on day 8 and had no deaths. Lincoln et al. also found 
that intramuscular and intravenous administration 
of antiserum were equally effective.

7.2.2.4 Countries prohibiting treatment in livestock

it should be noted that treatment of animals is 
forbidden in some countries. Veterinary require-
ments in these countries are that, in a herd that 
has experienced a case of anthrax, other animals 
showing signs of illness must be killed without spill-
ing of blood or exsanguinations, and the unopened 
carcass must be disposed of appropriately (section 
8.3.2). it is understood that certain countries require 
the slaughter of the entire herd following a case of 
anthrax; this draconian approach is unnecessary 
and wasteful. Anthrax is not a chronic infection; if 
treated, animals will certainly recover. Killing sick 
animals instead of treating them is costly and alien-
ates owners, even if compensated, and may leave 
them unwilling to report illness in their animals in 
the future. this is counterproductive.

7.2.2.5 Therapy in wildlife

While the use of antibiotics for controlling anthrax 
in wildlife is, generally speaking, unlikely to be fea-
sible, it has reportedly been done with success in an 
outbreak in the united republic of tanzania where 
a single treatment of roan, sable antelope and kudu, 
50 animals in total, by direct darting, appeared to 
arrest an outbreak (Jiwa, personal communication, 
1995). in September 2002, a number of lions in the 
etosha national Park (namibia) were observed with 
severely swollen heads. Anthrax was confirmed in 
two of these but a third was captured and treated 
with a single dose of 15 ml (2250 mg) of procain ben-
zylpenicillin (long acting) and lived (Jago, personal 
communication, 2006). the second lion that died 
was the mother of two cubs and was lactating heav-
ily. the cubs were apparently healthy.

7. tReAtment And pRopHylAXIs
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7.3 Treatment of humans
7.3.1 Developing countries, naturally 

acquired anthrax
7.3.1.1 Mild uncomplicated cases

Penicillin G is still the drug of choice in the therapy 
of naturally-occurring anthrax in most parts of the 
world. in mild uncomplicated cases of cutaneous 
anthrax, the treatment usually recommended is intra-
muscular procaine penicillin, 500 to 600 mg (800 000 
to 1 million units) every 12–24 hours for 3–7 days 
(procaine penicillin is frequently marketed in vials 
containing 800 000 units in developing countries). 
intravenous antibiotic therapy is not recommended in 
mild cases. if the patient rejects intramuscular injec-
tion, penicillin V (500 mg taken orally every 6 hours) 
or amoxicillin (500 mg orally every 8 hours for 3–7 
days) are acceptable alternatives. Cutaneous lesions 
usually become sterile within the first 24 hours of 
such regimens and the accompanying oedema usu-
ally subsides within 24 to 48 hours but, although early 
treatment will limit the size of the lesion, it will not 
alter the evolutionary stages it must go through (Gold, 
1955; Kobuch et al., 1990).

7.3.1.2 Severe or potentially life-threatening cases

in patients exhibiting signs of systemic involve-
ment, such as with inhalational or gastrointestinal 
anthrax, meningoencephalitis, sepsis, or cutaneous 
anthrax with extensive oedema, antibiotics should 
be given intravenously. Penicillin G is generally the 
first choice, 2400 mg (4 million units) every 4–6 hours 
by infusion (total daily dose should be 20–24 million 
units) until the patient’s symptoms resolve with the 
temperature returning to normal. At this point con-
sideration may be given to switching to the intra-
muscular procaine penicillin regimen described in 
section 7.3.1.1. Also in severe cases, penicillin or 
another chosen antibiotic, e.g., ciprofloxacin, may be 
combined with another appropriate agent, preferably 
one that penetrates well to the central nervous sys-
tem (CnS) (see also section 7.3.1.7). Penicillin G may 
be combined with clindamycin or clarithromycin in 
treating inhalational anthrax, or with an aminogly-
coside (streptomycin is suggested) in gastrointesti-
nal anthrax. the synergistic action of streptomycin 
when combined with penicillin has already been 
noted in relation to treatment of animals (section 
7.2.2.1). in the uSA, the most up-to-date recommen-
dation for anthrax meningoencephalitis (Sejvar et 
al., 2005) is a fluoroquinolone (levofloxacin has also 

been shown to be effective in an animal model – 
deziel et al., 2005) with two additional agents that 
penetrate well to the CSF (see section 7.3.1.9).

use of more than one antibiotic is discussed fur-
ther in section 7.3.1.6. Suggested doses are given in 
Table 5. As a general principle, in life-threatening 
infection with B. anthracis, low doses of antibiotics 
should not be used. 

General measures for treatment of shock may 
be life-saving since death is caused, at least in part, 
by toxin-induced shock. intubation, tracheotomy or 
ventilatory support may be required in the event of 
respiratory problems, for example in cases where 
compression on the neck from oedema is leading 
to danger of tracheal obstruction; once oedema is 
extensive it can be difficult to find the trachea at 
operation. Vasomotor support may be called for when 
there is haemodynamic instability. if administration 
of the appropriate volume of intravenous fluid fails 
to raise the systolic blood pressure above 90 mm hg, 
a vasoactive drug such as dopamine or dobutamine 
can be given. Primary haematological, renal or liver 
function disorders are not generally seen.

7.3.1.3 Therapy in children 

Penicillin is again the antibiotic of choice for treat-
ment of anthrax in children. Generally the approach 
taken at least in Africa has been to give half-adult 
doses to children of less than 10 years of age (Martin, 
1975; turnbull, personal observations). 

in mild uncomplicated paediatric cases of cutane-
ous anthrax, penicillin V should be given by the oral 
route at a dosage of 25–50 mg/kg/day in 3–4 doses, or 
amoxicillin according to the following formulae:

• weight > 20 kg, 500 mg orally every 8 hours for 3–7 
days;

• weight < 20 kg, 40 mg/kg orally every 8 hours 
or intramuscular procaine penicillin (25 000 to 
50 000 units/kg/day divided into 1–2 doses) for 
3–7 days. 

in severe or life-threatening cases, penicillin G should 
be administered intravenously in a dose of 300 000 
to 400 000 units/kg/day for systemic anthrax and for 
cutaneous anthrax if (i) there are signs of systemic 
toxicity, (ii) the lesion(s) is/are located on the head 
and neck, and (iii) extensive oedema is present. As 
with adults (section 7.3.1.2), consideration should be 
given to combining the penicillin with rifampicin or 
vancomycin (Sejvar et al., 2005). Penicillin combined 



81

7. tReAtment And pRopHylAXIs

tAble 5

Suggested antibiotic administration regimens for anthrax

AntIbIotIc dosAge FoR AdUlts dosAge FoR cHIldRen

penicillin V 500 mg orally, 4 times/day 25–50 mg/kg/day orally in 4 divided doses

penicillin g, procaine 0.6–1.2 mU Im  every 12–24 h 25 000–50 000 U/kg/day Im

penicillin g, sodium or potassium 4 mU intravenously  every 4–6 h 300 000–400 000 U/kg/day in divided doses every  
   4–6 hours

Ampicillin 1–2 g intravenously every 4–6 h 50–200 mg/kg/day intravenously divided every 4–6 h

Amoxicillin 500 mg orally every 8 h weight > 20 kg: 500 mg orally every 8 h 
  weight < 20 kg: 40 mg/kg orally in 3 doses every 8 h

ciprofloxacina 500 mg orally every 12 h not generally recommended for children. In emergency, 
 400 mg intravenously every 12 h  10–15 mg/kg twice daily, not to exceed 1 g/day

clarithromycinb 500 mg po or IV every 12 h not suggested

clindamycinb 150–300 mg orally every 6 h (oral) 8–25 mg/kg/day every 6–8 h 
 600–900 mg IV every 6–8 h (IV) 15–40 mg/kg/day in 3–4 divided doses

doxycycline 100 mg every 12 h not generally recommended for < 8 years. In emergency,  
   ≤ 8 years, 2.2 mg/kg twice daily 
  > 8 years and weight > 45 kg:  100 mg twice daily 
  > 8 years and weight < 45 kg:  2.2 mg/kg twice daily

erythromycin 500 mg orally every 6 h 30–50 mg/kg/day in 4 divided doses

Rifampicinc 0.6–1.2 g daily IV or po in  10–20 mg/kg/day every 12–24 h 
  2–4 divided doses 

streptomycind 1 g/day Im 20–40 mg/kg/day Im

tetracycline 500 mg orally every 6 h not approved for children

Vancomycinc 1 g IV every 12 h 40 mg/kg/day in 2 or 4 divided doses every 6–12 h

po = peroral; IV = intravenous; Im = intramuscular.
a For therapy in life-threatening cases in patients allergic to penicillin, a combination of a fluoroquinolone with two additional agents which pen-

etrate well to the csF is recommended. 
b the combination of penicillin g with clindamycin or clarithromycin is suggested for therapy of inhalation anthrax.
c the combination of penicillin g with rifampicin or vancomycin is suggested for therapy of anthrax meningoencephalitis.
d the combination of penicillin g with streptomycin or other aminoglycosides is suggested for therapy of gastrointestinal anthrax.

with streptomycin may be given in gastrointestinal 
anthrax, and penicillin combined with clindamy-
cin or clarithromycin may be given in inhalation 
anthrax. Suggested doses are given in Table 5. As 
with severe cases in adults, once the patient’s tem-
perature returns to normal, consideration may be 
given to switching to the regimen described for mild 
cases. 

According to Sejvar et al. (2005), in view of the rec-
ognized potential of ciprofloxacin to cause arthrop-
athy in children, the united States Working Group 
on Civilian Biodefense has recommended the use of 
ciprofloxacin in anthrax-related emergencies in chil-
dren owing to the severity of the disease. 

See section 7.3.1.7 for a discussion of alternatives 
to penicillin and section 7.3.2.1 for a discussion of 
postexposure prophylaxis.

7.3.1.4 Adequate doses of penicillin

the possibility that subinhibitory concentrations of 
penicillins may induce β-lactamase and the impor-
tance of using adequate doses of penicillin when this 
is chosen for treatment is covered in section 7.1.2. 
this needs to be appreciated in developing coun-
try situations, where there may be a temptation to 
economize.
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7.3.1.5 Duration of treatment

the appropriate duration of treatment is a subject 
for debate. B. anthracis cannot be isolated from cuta-
neous lesions 24–48 hours after commencement of 
antibiotic therapy (ellingson et al., 1946) and Kobuch 
et al. (1990) could see no advantage to continuing 
treatment of cutaneous anthrax beyond 4 days. A 
report from ethiopia (Martin, 1975) records that 100 
patients with cutaneous anthrax were treated with 
a single intramuscular dose of procaine penicillin, 
600 000 units, and 99 of these were sent home with 
the invitation to return if complications occurred. 
only 5 returned on account of further develop-
ments. Continuation of treatment for 7–14 days or 
longer has become standard, but frequently it is not 
appreciated that the lesions, or other toxin-related 
systemic damage, will continue to progress through 
their cycles of development and resolution regard-
less of the elimination of the infecting B. anthracis. 
excessive antibiotic treatment may be wasteful and 
counterproductive, possibly giving rise to adverse 
side-effects. Supportive therapy becomes more 
important after the first few days. For guidance, it is 
suggested that the duration of antibiotic therapy in 
uncomplicated cutaneous anthrax be 3–7 days but, in 
the absence of clinical experience with short-course 
antibiotic therapy in systemic anthrax, therapy in 
cases of systemic anthrax should be continued for 
10–14 days. 

the same reasoning applies to treatment of ali-
mentary tract cases; after the first 24 to 72 hours of 
antibiotic treatment, which can be expected to have 
eliminated viable anthrax bacilli, patient survival 
becomes dependent on supportive therapy while 
systemic damage caused by the toxin is overcome.

the topic of postexposure prophylaxis following 
substantial aerosol exposure in deliberate release 
events is covered in section 7.3.2.1.

7.3.1.6 Use of more than one antibiotic

the concept of using two antibiotics is not a new 
one. Forty years ago, Lincoln et al. (1964), follow-
ing animal studies showing that penicillin together 
with streptomycin was more effective than either 
antibiotic alone, recommended that streptomycin 
should be administered together with penicillin in 
the treatment of septicaemic anthrax. 

recently, in the aftermath of the anthrax letter 
events in the uSA in 2001, it was felt that the use of 
more than one antibiotic may have been life-saving 

in the 6 of 11 individuals who survived inhalational 
anthrax infection (inglesby et al., 2002; Jernigan, 
2001) and, while acknowledging that controlled stud-
ies to support a multidrug approach are not avail-
able, multidrug regimens were recommended for 
cases with signs of systemic involvement. As stated 
in section 7.1.2, it is certainly reasonable to add a sec-
ond drug in cases showing signs of systemic involve-
ment, utilizing two antibiotics to which B. anthracis 
is typically sensitive initially, with at least one of 
these able to penetrate well to the CnS. it may be 
appropriate to revert to one drug when progression 
of symptoms ceases, temperature returns to nor-
mal and the sensitivity profiles of any isolate have 
been established. Suggested antibiotic combinations 
for severe or life-threatening anthrax infections are 
given in section 7.3.1.2. 

7.3.1.7 Alternatives to penicillin

in the event of allergy to penicillin, effective alter-
natives that are likely to be available in developing 
countries are tetracyclines and erythromycin (see 
also section 7.1.1). if ciprofloxacin or doxycycline are 
available, these are now accepted as best alterna-
tives, although it needs to be remembered that dox-
ycycline penetrates poorly to the CnS (see section 
7.3.1.6). For uncomplicated cases, suggested doses 
are given in Table 5.

in severe, potentially life-threatening cases, cip-
rofloxacin or doxycycline (also see section 7.3.2.1) 
should be given intravenously, preferably together 
with another antibiotic having good CnS penetra-
bility (see section 7.3.1.2) until the patient’s clini-
cal condition permits switching to oral therapy. For 
adults, the recommended dose of intravenous cip-
rofloxacin is 400 mg every 12 hours and the recom-
mended intravenous dose for doxycycline is 100 mg 
every 12 hours. the intravenous form of doxycycline 
is not available in some developing countries. 

Ciprofloxacin and doxycycline are normally con-
sidered not ideal for children owing to their potential 
side-effects. doxycycline is generally not recom-
mended for use in children < 8 years old, owing to 
staining of teeth and the inhibition of bone growth 
associated with tetracyclines, and ciprofloxacin has 
been shown to cause cartilage toxicity in immature 
animals. however, as discussed in section 7.3.1.3, 
ciprofloxacin is recommended in anthrax-related 
emergencies in children owing to the severity of the 
disease. 
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the topic of prolonged postexposure prophylaxis 
for children following substantial aerosol exposure 
in a deliberate release event is covered in section 
7.3.2.1.

7.3.1.8 Pregnancy

there are few reports of anthrax during pregnancy 
both in humans and animals. Kadanali et al. (2003) 
found only four human cases reported in the litera-
ture; three of these occurred before the availability 
of antibiotics and all three patients died. the fourth 
patient, in the islamic republic of iran, went into 
labour within 48 hours after the appearance of the 
lesion; she died shortly after admission to hospital 
from massive oedema of head and neck, which inter-
fered with her breathing. the neonate had no evi-
dence of congenital infection and lived. 

All the reports and Kadanali et al.’s own two 
(cutaneous anthrax) cases were in the last trimester 
of pregnancy. Kadanali et al. considered it advisable 
to use penicillin instead of more fetotoxic drugs, 
such as ciprofloxacin. treatment was successful in 
both mothers, though both delivered preterm babies; 
neither of these showed any evidence of congenital 
infection. the authors concluded that anthrax dur-
ing pregnancy could be successfully managed with 
penicillin, but preterm delivery could be a complica-
tion.

Sejvar et al. (2005) support the use of penicillin 
G (in combination with rifampicin or vancomycin) 
to treat naturally-occurring anthrax meningitis 
in pregnant women in endemic countries. As with 
children (section 7.3.1.3), while recognizing that cip-
rofloxacin has the potential to cause arthropathy 
in children, owing to the severity of anthrax men-
ingitis, they state that ciprofloxacin should still be 
considered for pregnant women under such circum-
stances.

Published recommendations from the united 
States Centers for disease Control and Prevention 
(CdC) following the anthrax letter events were gen-
erally careful to specify that the recommendations 
were for postexposure prophylaxis for prevention 
of inhalational anthrax after exposure to intention-
ally released anthrax spores, and specified the same 
regimen of ciprofloxacin or doxycycline for pregnant 
women under such circumstances as for non-preg-
nant ones (Anon., 2001c). For cutaneous anthrax, 
Carucci et al. (2002) similarly recommend the same 
doses of ciprofloxacin or doxycycline for pregnant 

and non-pregnant women, adding that ciprofloxacin 
is favoured over doxycycline. Carucci et al. do not 
state that this is related to bioterrorism, but their 
recommendation that duration of treatment should 
be 60 days indicates that it was.

Further discussion of prolonged postexposure 
prophylaxis for pregnant women and nursing moth-
ers following substantial aerosol exposure in a delib-
erate release event is given in section 7.3.2.1.

7.3.1.9 Treatment of anthrax meningoencephalitis

Anthrax meningoencephalitis is a life-threatening 
infection, and mortality is very high. Currently, the 
first-choice treatment is penicillin G or a fluoroqui-
nolone combined with rifampicin. these have the 
dual benefits of effective activity against B. anthracis 
and rapid penetration into the CSF. the intravenous 
form of rifampicin is not yet available in some devel-
oping countries. Another choice would be penicillin 
G or a fluoroquinolone in combination with vanco-
mycin, but vancomycin is costly. For patients aller-
gic to penicillin, a combination of a fluoroquinolone 
with two additional agents that penetrate well to 
the CSF, such as a β-lactam (penicillin, ampicillin 
or meropenem), rifampicin or vancomycin is rec-
ommended (Sejvar et al., 2005). A regime of vanco-
mycin, 1 g intravenously every 12 hours, combined 
with rifampicin (600–1200 mg/day) for 10–14 days is 
another alternative. 

Lessons from the few recorded instances of 
survival in cases of anthrax meningoencephali-
tis suggest that the doses of penicillin G should be 
20–24 million units/day divided for intravenous 
administration every 2–4 hours, and a daily dose of 
rifampicin, 600–1200 mg/day (intravenous adminis-
tration is suggested but it may also be given via an 
enteral tube). 

the suggestion given in the third edition of these 
guidelines (1998) that penicillin may be replaced 
by chloramphenicol for patients who are hyper-
sensitive to penicillin has now been withdrawn. 
Chloramphenicol has been stated to be a satisfac-
tory alternative but, in early experimental studies, 
Lincoln et al. (1964) found that chloramphenicol was 
not effective in mice or monkeys. it is bacteriostatic 
rather than bactericidal against B. anthracis, and 
some strains may be resistant to it (Athamna et al., 
2004). Furthermore, chloramphenicol has the poten-
tial for serious side-effects on bone marrow. in vivo 
data regarding its effectiveness in the treatment 
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of severe anthrax infections is lacking, and there 
is a wide availability of more effective alternatives 
(Sejvar et al., 2005). 

doxycycline should not be used if meningitis is 
suspected because of its lack of adequate central 
nervous system penetration (Bell et al., 2002; Sejvar 
et al., 2005).

it should be stressed that the therapy failure rate 
is very high in cases of anthrax meningoencepha-
litis; in 47 cases covered by four reports (Levy et 
al., 1981; George et al., 1994; Lalitha et al., 1996; 
Kanungo et al., 2002), there were only two survi-
vors. delayed suspicion of the true cause of illness, 
with initial diagnoses ranging from cerebral malaria 
to subarachnoid haemorrhage, was considered by 
Kanungo et al. to be responsible in part for the high 
treatment failure rate. 

Supportive therapy is very important in anthrax 
meningoencephalitis; respiratory support and anti-
oedema therapy for the brain may be required. 
essential supportive therapy includes the early 
institution of assisted respiration, fluid and electro-
lyte supplement and anticerebral oedema measures, 
such as 100 ml of 20% mannitol intravenously every 
8 hours and hydrocortisone, 100 mg every 6 hours. 
dexamethasone is generally suggested.

useful references concerning anthrax menin-
goencephalitis are given in section 4.4.5.

7.3.1.10 Immuno- or otherwise compromised 
individuals

Although written with the deliberate release event in 
mind, recommended therapy for the immunocom-
promised individual was the same as that for immu-
nocompetent persons in Anon. (2001c) and Carucci 
et al. (2002). Special consideration may be needed for 
patients with renal or hepatic insufficiency.

7.3.1.11 Corticosteroids

the swelling seen in an anthrax infection is caused 
by the action of oedema toxin, and inflammation 
is fairly minimal. As discussed in section 5.5.3, the 
eF component of the toxin is anti-inflammatory in 
nature. theoretically, therefore, steroids should be 
of little value. in practice, some reports indicate that 
these have been administered with evidence of ben-
efit, but others (Kobuch et al., 1990) have concluded 
that they were ineffective, discontinuing their use. in 
experimental studies on therapy in rhesus monkeys, 
Lincoln et al. (1964) concluded that hydrocortisone 

did not have a statistically significant effect on sur-
vival. in section 7.3.1.9, hydrocortisone is suggested 
as part of supportive treatment in the event of the 
very dangerous meningoencephalitic complication. 
in such situations, it is reasonable to give corticos-
teroids the benefit of the doubt on the basis that any 
help they may offer is welcome.

7.3.1.12 Surgery in gastrointestinal anthrax

it should be pointed out that some value a surgical 
approach to management of advanced intestinal 
anthrax (Binkley et al., 2002; Kanafani et al., 2003). 
Kanafani et al. propose that the management of 
cases of gastrointestinal anthrax should consist of: 

• initiation of intensive intravenous antibiotic ther-
apy as soon as diagnosis is made;

• in patients not improving with medical therapy, 
wide resection into seemingly healthy tissue with 
primary anastomosis; 

• continuous drainage of the ascites, as fluid will 
continue to accumulate for several days after sur-
gery;

• aggressive replacement of protein and electrolyte 
losses.

7.3.2 Treatment in high-economy 
(developed) countries 

7.3.2.1 Reaction to bioterrorism

Fear resulting from increasing numbers of anthrax 
hoaxes, especially in the uSA, and then the 2001 
anthrax letter events, also in the uSA, have led to 
recommended treatment schedules that would fre-
quently not be possible in developing countries. 

Postexposure prophylaxis
Normal adults. Fundamentally, these schedules  
involve prolonged treatment (duration up to 60 
days) with ciprofloxacin or doxycycline for “postex-
posure prophylaxis” where exposure to aerosolized 
anthrax spores is known to have, or suspected of 
having occurred (Bell et al., 2002). this is based on 
the understanding of the possible persistence of 
inhaled spores in the lungs resulting from demon-
strations that anthrax spores may remain lodged 
for many weeks in the lungs of monkeys exposed by 
the aerosol route and kept on antibiotics, and that 
the animals succumb to the disease once the anti-
biotic treatment is stopped (henderson et al., 1956; 
Friedlander et al., 1993). it became accepted wisdom 
that, in cases where known or suspected inhalation 
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of anthrax spores had taken place, especially if this 
was likely to have been substantial, simultaneous 
administration of vaccine and antibiotic treatment 
should be considered, with the treatment continued 
for about 6 weeks to allow for development of ade-
quate vaccine-induced immunity.

At the time of the 2001 anthrax letter events in 
the uSA, the situation was complicated by lack of 
availability of vaccine, but as this became available, 
potentially exposed persons were offered extended 
antibiotic treatment with or without three doses 
of anthrax vaccine through an investigational new 
drug (ind) protocol (Shepard et al., 2002). in theory, 
it remains logical to consider simultaneous adminis-
tration of a non-live vaccine and antimicrobial ther-
apy where there is strong evidence that inhalation 
of substantial numbers of anthrax spores has taken 
place, with the antibiotic treatment being continued 
for about 6 weeks to allow for development of ade-
quate vaccine-induced immunity. in practice, these 
vaccines are only available on a restricted basis in 
the united Kingdom and the united States (see sec-
tion 7.1.4 and Annex 5, section 3).

the approach would have to be somewhat differ-
ent in the case of the live human vaccines in China 
and the russian Federation (Pomerantsev et al., 
1996; Stepanov, Mikshis & Bolotnikova, 1996). the 
situation here is analogous to the livestock vaccine 
(see section 7.2.1.3).

in the uSA, in response to biopreparedness initia-
tives, ciprofloxacin and doxycycline were approved 
by the Food and drug Administration (FdA) in 2000 
and 2001, respectively, for use in antimicrobial 
prophy laxis against anthrax (Shepard et al., 2002). 

Children, nursing mothers, pregnancy. this subsec-
tion should be read in conjunction with sections 
7.3.1.3, 7.3.1.7, 7.3.1.8 and 7.3.1.10.

initially following the anthrax letter events of 
2001 in the uSA, the recommendation made (Anon., 
2001c) was that, for infants and children (age not 
clearly defined), amoxicillin may be used for the 
60-day prophylaxis proposed in the event of inhala-
tion of spores following a deliberate release incident, 
when the incriminated B. anthracis was determined 
to be susceptible to penicillin, but that initial treat-
ment of infants and children with inhalational or 
systemic anthrax should consist of intravenous cip-
rofloxacin or doxycycline plus one or two additional 
antimicrobial agents. Subsequently, because of safety 

concerns in relation to ciprofloxacin and doxy cycline 
(see section 7.3.1.7), amoxicillin (in three daily doses) 
was to be offered to children and nursing mothers 
for postexposure prophylaxis, although this was not 
an FdA-approved protocol (Bell et al., 2002; Shepard 
et al., 2002). 

After the anthrax letter events, the Committee 
on obstetric Practice of the American College of 
obstetricians and Gynecologists (ACoG ) issued an 
opinion paper on the management of (asympto-
matic) pregnant or lactating women who had been 
exposed to anthrax spores (ACoG, 2002). Confining 
treatment to those for whom a high risk of exposure 
had been confirmed, prophylaxis would be 500 mg 
of ciprofloxacin every 12 hours for 60 days. Women 
taking ciprofloxacin when they discover they are 
pregnant should continue the course for 60 days, but 
once the bacteria are confirmed as penicillin-sensi-
tive, the patient should be switched to amoxicillin, 
500 mg orally every 8 hours for 60 days. doxycycline 
should be used in the event of allergy to penicillin 
and ciprofloxacin, although penicillin desensitiza-
tion should be considered.

Adherence and adverse events with  
prolonged therapy
Adherence rates and records of adverse events in 
prolonged antibiotic therapy have now been analysed 
(Jefferds et al., 2002; Shepard et al., 2002; Williams et 
al., 2002). 

More than 2000 workers in the Washington d.C. 
Processing and distribution Center of the united 
States Postal Service were advised to complete 60 
days of postexposure prophylaxis following the 
anthrax letter events. of 245 workers surveyed, 98 
(40%) reported full adherence, 45 (18%) discontinued 
and never restarted, and 102 (42%) were classified as 
intermediate (Jefferds et al., 2002). Adverse effects 
and concern over possible long-term adverse effects 
were cited as major influencing factors for discon-
tinuing prophylaxis. it proved impossible, however, 
to distinguish the effects of stress from adverse 
effects of the antibiotics in many cases. Adherence 
was heavily dependent on frequent visits by public 
health staff.

in a survey of 100 individuals from a similar group 
of 1122 potentially exposed persons in Connecticut 
offered long-term antibiotic prophylaxis, 94 acquired 
antibiotics but only 68 actually started taking them; 
of these 21 discontinued early (Williams et al., 2002). 

7. tReAtment And pRopHylAXIs
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As a result of the literature on treatment associated 
with the anthrax letter events, 85 individuals who 
came into contact with infected carcasses during 
the large wildlife outbreak in the Malilangwe trust 
area (Zimbabwe) in August to november 2004, were 
put on what at the outset was to be a 60-day course 
of doxycycline. this was discontinued after 2 weeks 
in all but those who were exposed on a daily basis 
to infected carcasses; they continued to take it for 
approximately 35 days. A few of these individuals 
suffered side-effects which included moderate to 
severe sunburn depending on fairness of skin, and 
three persons suffered blackening and lifting of 
nails exposed to the sun, as well as loss of appetite; 
administration of the antibiotic was discontinued in 
these persons (Clegg et al., 2006b).

on a broader basis, Shepard et al. (2002) recorded 
the overall adherence as “poor” (44%), ranging from 
21% of persons regarded as potentially exposed in 
the new York Morgan postal facility to 64% in the 
Washington Brentwood facility. A total of approxi-
mately 10 000 persons across the eastern uSA were 
offered > 60 days of postexposure antimicrobial 
prophylaxis. the rate of serious adverse effects was 
low, with no deaths, although mild adverse events 
that did not fulfil criteria as serious were common. 
Some of these were attributed to above-average 
symptom awareness and anxiety.

none of these papers made recommendations for 
the future, nor was simultaneous vaccination dis-
cussed.

7.3.2.2 Treatment for naturally acquired anthrax in 
high-economy countries

the issue of treatment of occasional cases of natu-
rally acquired anthrax that still occur periodically in 
developed countries has not been raised in the vast 
amount of recent literature resulting from the bio-
terrorist threats and events of recent years. unless 
there is reason to believe that the infection repre-
sents possible exposure to substantial numbers of 
inhaled spores, it is suggested that simple regimens 
of limited duration be adhered to, but possibly utiliz-
ing two antibiotics to which B. anthracis is typically 
sensitive initially, reverting to one when progres-
sion of oedema ceases in the case of uncomplicated 
cutaneous anthrax, or when the temperature has 
returned to normal in systemic cases, and the sen-
sitivity profiles of any isolate have been established 
(sections 7.3.1.5, 7.3.1.6). 

7.3.2.3 Antibiotic prophylaxis in natural  
anthrax scenarios

Prolonged antibiotic prophylaxis is only a recommen-
dation for persons known to have been, or strongly 
suspected of having been, exposed to very substan-
tial doses of aerosolized spores in a deliberate release 
scenario. Antibiotics should not be administered in 
that way for other situations. Antibiotics should only 
be used for treatment, not prophylaxis, unless there 
is a real danger of a very substantial exposure hav-
ing taken place. this is almost certainly not the case 
in any natural exposure scenario (as opposed to a 
human-made situation). Where sufficient fear of a 
substantial exposure in a natural situation exists 
(e.g. consumption of meat from a poorly cooked 
anthrax carcass), antibiotic prophylaxis may be con-
sidered but should only be of ± 10 day duration. in 
other suspected natural exposure situations, the 
relevant medical personnel should be notified, and 
the individual(s) concerned should report to them 
immediately for treatment should a spot/pimple/
boil-like lesion develop, especially on exposed areas, 
or flulike symptoms appear. 

Where possible exposure is anticipated, but has 
not yet happened (e.g. preparing to dispose of car-
casses in an outbreak), use of proper personal pro-
tection methods (Annex 1, section 7.1.2) is the correct 
approach, not antibiotic prophylaxis. Again, however, 
the persons concerned should consult their medical 
practitioner without delay should any unusual lesion 
or flulike illness develop within 3 or 4 weeks of the 
exposure.

7.3.3 Vaccination for humans

See sections 7.1.4, 8.6.3, 8.6.4.1 and Annex 5, section 3.

7.3.4 Immunotherapy (hyperimmune serum 
therapy)

the use of serum therapy for treatment of anthrax 
predates by several decades the realization that 
death was caused by toxin action. in 1930, eurich & 
hewlett wrote that “as regards malignant pustule, 
serum treatment is now the method of choice, tak-
ing the place of excision”.

A couple of anecdotes concerning Professor 
eurich that appeared in the Sunday Telegraph (united 
Kingdom) in June 1992 may be of interest. the first 
states: “Professor F.W. eurich, a German immigrant, 
settled in Bradford and devoted much of his life to 
seeking a cure for anthrax, or woolsorter’s disease, 
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so prevalent in the city at the turn of the century. … 
he liked to recall how at heidelberg he had watched 
one student challenge another to a duel at dinner 
with the accusation: you have been staring at my 
sausage”. in another, a letter, Mrs e.G. Croisdale, 
hereford, united Kingdom, wrote: “My late father, 
J.W. hillas, was one of Professor eurich’s patients to 
be cured of anthrax in the early years of this cen-
tury. … My father owed his life to Professor eurich … 
thus i owe my life to this great man”.

At the time eurich was working, antisera were 
developed in asses, sheep and oxen (horses are not 
named) and standardized by a protection test in rats. 
doses and routes varied from 30–40 ml daily by the 
subcutaneous route, or occasionally intravenously, 
to single intravenous doses of 100 ml. efficacies were 
widely acclaimed. Gold (1955) refers to treatment 
(apparently in the 1930s) of 21 cases with “an opti-
mum dose [of anti-anthrax serum] that varied from 
250 to > 1000 ml given intravenously. this therapy, 
although effective, resulted in prolonged morbid-
ity from the severe horse sensitivity reactions that 
ensued”. According to Lincoln et al. (1964), “the cures 
effected by antiserum alone in the 1920s and 1930s 
appear to be more numerous than those following 
use of modern antibiotics in the 1940s and 1950s”. 
in the former Soviet union, recommendations on 
treatment of any type of anthrax infection put pri-
mary emphasis on use of antiserum (Shlyakov, 1957, 
cited by Klein et al., 1962). Klein et al. (1962) appre-
ciated that the role of antiserum was to neutralize 
the toxin. Lincoln et al. (1964) were demonstrating 
the greater efficacy of a combination of antibiotics, 
antiserum and active immunization over any one 
of these approaches alone in the treatment of late-
stage inhalational anthrax in rhesus monkeys. 

despite the history, the use of anti-anthrax serum 
for treatment of human anthrax appears to have 
been abandoned by about 1950 in most western coun-
tries. however, purified immunoglobulin fractions 
from hyperimmune horse serum are still prepared 
for human treatment in China (dong, 1990; dong, 
personal communication, 2002) and the russian 
Federation (Anon., 1996; Cherkasskiy, personal com-
munication, 2002) (see Annex 5, section 4). According 
to Cherkasskiy (personal communication, 2002), this 
treatment is administered to approximately 2–3 per-
sons each year in the russian Federation. 

the topic was revisited scientifically by Little et 
al. (1997), who found in protection tests in guinea-

pigs that only antibodies to the PA component of the 
anthrax toxin (section 5.5.3) provided passive protec-
tion against live spore challenge. Antibodies to the 
lethal and oedema factor components did not. one 
monoclonal antibody to PA of several monoclonal 
antibodies tested provided a delay in time to death. 

Following the anthrax letter events in the uSA in 
2001, a call was made for a biological defence ini-
tiative based on developing, producing and stockpil-
ing specific antibody reagents, for use in protection 
against biological warfare threats including anthrax 
(Casadevall, 2002). Certainly one response to this 
has been the development of clinical-grade hyperim-
munoglobulin from donor persons immunized with 
the united States anthrax vaccine.1 At the research 
level, reports have appeared on toxin-neutralizing 
Fabs from human donors vaccinated against anthrax 
(Wild et al., 2003), human monoclonal anti-PA anti-
bodies (Maynard et al., 2002; Sawada-hirai et al., 
2004; Cui et al., 2005; Mohamed et al., 2005; Peterson 
et al., 2006) and murine anti-LF monoclonal antibod-
ies (Lim et al., 2005). the protective effects in all but 
the tests of Mohamed et al. (2005) and Peterson et 
al. (2006) were based on antitoxic activities. in live 
spore challenge tests, Mohamed et al. (2005) and 
Peterson et al. (2006) obtained good protection in 
rabbits when they were combined with low doses 
of ciprofloxacin, and also in mice and guinea-pigs. 
Mohamed et al. (2005) found their antibody still pro-
tected 50% of animals when administered 36 hours 
after challenge, in Peterson et al.’s case, the antibody 
had to be administered within 12 hours of challenge 
to be highly effective. Kozel et al. (2004) targeted 
their monoclonal antibodies to capsular antigen, 
obtaining a high degree of protection in mice against 
virulent B. anthracis infection in a pulmonary model. 

the value of these types of antibodies for amelio-
ration of infection once symptoms have commenced 
has yet to be demonstrated. nevertheless, they 
remain important for potential situations in which 
the infecting agent has been engineered to be mul-
tiresistant to antibiotics. 

7.3.4.1 Novel immune and other therapies

Antibiotics are only effective against anthrax if 
administered early enough in the course of the infec-
tion (section 7.1.1). After a certain point, enough toxin 
has been formed to cause death of the host even if 

1 www.cangene.co/products-hyperimmunes.htm.

7. tReAtment And pRopHylAXIs



AntHRAX In HUmAns And AnImAls

88

the antibiotic treatment has killed all the B. anthracis. 
Among other aftermaths of the 2001 anthrax letter 
events in the uSA have been some intense efforts 
to develop therapies that will continue to be effec-
tive after antibiotics can offer no hope. Among the 
approaches being taken are therapies targeting:

• one or more of the points of interaction between 
the toxin components and the host cell, such as 
the host-cell receptors, or the receptors on PA63 
for LF and eF (see 5.5.3 and Fig. 7);

• the toxin-induced events within the host cell;
• other virulence factor entities.

Probably among the most advanced in their devel-
opment are humanized monoclonal antibodies 
targeting toxin-component interactions. For exam-
ple, the toxin-neutralizing antibodies mentioned 
by Maynard et al. (2002), referred to in 7.3.4, oper-
ated by competing with the host-cell receptor for PA 
binding. Similarly, the Fab fragments developed by 
Wild et al. (2003) functioned by binding in a manner 
that inhibited the interaction of LF with PA. eluSys 
therapeutics1 reports on the Web the development 
of a heteropolymer system using two monoclonal 
antibodies chemically joined together; one binds to 
anthrax toxin and the other to red blood cells which 
then carry the bound toxin to the liver for destruc-
tion. human Genome Sciences, inc.2 also has a prod-
uct well into its development stage based on human 
or humanized neutralizing anti-PA monoclonal anti-
bodies. A non-immunologically based approach is 
illustrated in the report of Sarac et al. (2004) that 
furin inhibitor, hexa-d-arginine, might be an effec-
tive therapeutic agent by preventing cleavage of PA 
to its active form.

An example of therapy targeting toxin-induced 
events within the host cell is the observation by 
Shen et al. (2004) that adefovir diphosphate, a drug 
approved to treat chronic hepatitis B virus infec-
tion, inhibits the adenylyl cyclase activity of eF and 

thereby eF-induced cAMP accumulation (see section 
5.5.3).

illustrating other virulence factor entities are the 
reports of Gold et al. (2004) suggesting that interferon 
may have a benefit as an immunoadjuvant therapy 
and of Kozel et al. (2004) on their monoclonal anti-
bodies to capsular antigen (section 7.3.4). An intrigu-
ing suggestion for novel therapy was the proposed 
use of gamma phage lysin by Schuch et al. (2002) that 
lysed B. anthracis cells from without in in vitro tests, 
and protected mice against infection with a phage-
sensitive B. cereus used as a simulant for B. anthra-
cis. Success in this case for real anthrax treatment 
would depend on the lysin’s ability to penetrate the 
B. anthracis capsule in genuine anthrax infections. 
direct phage therapy, an idea that has been consid-
ered from time to time in the past for anthrax, has 
to overcome the fact that the phage does not attack 
capsulated B. anthracis cells (section 6.3.1.5).3

7.3.5 Recurrence after treatment; second 
infections

recurrence of disease on termination of treatment 
is very rare, but convalescent cases should remain 
under observation for at least a week after treatment 
has been discontinued. 

equally rare are reports of second infections, 
although Martin (1975) states: “reinfection of the 
skin was seen not infrequently at rassa (ethiopia), 
and the second lesion was usually noted to be less 
severe than the intial one. this accords with the 
observations of Sinderson (1933) and hodgson 
(1941)”. hodgson’s case was a veterinarian who 
was infected on three occasions. Shlyakhov (1996) 
records observing three cases of a second cutaneous 
anthrax infection occurring respectively 8, 15 and 
20 years after the first attack. two of the individuals 
were veterinarians and, in one of them, the carbun-
cle was located in the same place on the arm as 15 
years previously.

1 Pine Brook , new Jersey, uSA.
2 Maryland, uSA.
3 developments in this field may be followed by consulting the 

uSdA site: http://www.fda.gov/cber/summaries.htm.
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8. Control

8. contRol

8.1 Introduction

this section should be read in conjunction with 
Annexes 3, 5 & 6.

Control measures are aimed at breaking the cycle 
of infection depicted in Fig. 9. each of the following 
actions must be rigorously implemented:

• Cut off infection source.
• dispose of anthrax carcasses correctly (point X). 
• Correctly disinfect, decontaminate and dispose of 

contaminated materials (point Y).
• Vaccinate exposed susceptible animals (point Z1) 

and, where possible, humans in at-risk occupa-
tions (point Z2). 

in addition, in some outbreak circumstances in rel-
evant countries, it may be appropriate to consider 
fly-control measures (point A).

8.2 Discontinuation of infection source 

in outbreaks having a defined infection source, 
clearly discontinuing this source is an essential first 
step to breaking the cycle of infection (see point Y 
in Fig. 9). if the infection can be traced to feeding, 
for example, the feed source should be immediately 
withdrawn from the index farm and from all others 
that received it and destroyed. Moving other animals 
away from the affected area is an important early 
action. if flies are suspected of being important vec-
tors, fly control should be considered. detailed prac-
tical actions are given in Annex 6.

8.3 Disposal of anthrax (animal) 
carcasses

See point X in Fig. 9. Please refer also to the oie Code 
for general guidance for the disposal of dead ani-
mals.1

8.3.1 Principles involved

Because sporulation of B. anthracis requires oxygen 
and therefore does not occur inside a closed carcass, 
regulations in most countries forbid postmortem 
examination of animals when anthrax is suspected. 
Most, if not all the vegetative B. anthracis cells in the 
carcass are killed in a few days by putrefactive proc-
esses. nevertheless, with the characteristic (though 
not invariable) terminal serosanguinous exudates 
from the nose, mouth and anus, contamination of 
the environment around an anthrax carcass can still 
be expected. the precise length of time after which 
no viable B. anthracis remain within a carcass is 
unpredictable but depends greatly on climatic con-
ditions, particularly temperature.

8.3.2 Alternatives
8.3.2.1 Livestock

in most countries, the preferred method of disposal 
of an anthrax carcass is incineration. Controlled 
heat treatment or “rendering” has been proposed in 
at least one country of the european union, but no 
records were found of this having been done, or of 
relevant legislative documentation. Where neither 
of these approaches is possible, for example owing 
to lack of fuel, burial is the remaining less satisfac-
tory alternative. As discussed in section 3.2, history 
has many examples of new outbreaks following dis-
turbance of old burial sites. 

Consideration might be given to treating anthrax 
carcasses with 10% formalin, leaving them in situ 
for some days before disposal while natural putre-
faction processes within the carcass kill the vegeta-
tive anthrax organisms. the formalin would have 
the action of killing anthrax organisms shed by the 
dead animal, preserving the skin so that it retains 
the anaerobic environment within the putrefying 
carcass. it may also deter scavengers that would 
otherwise open up the carcass and thereby increase 
the contamination, and flies that might spread the 

1 General guidance for the disposal of dead animals. in: terrestrial 
Animal health Code, Appendix 3.6.6. Paris, World organi-
sation for Animal health (oie), 2007 (http://www.oie.int/
eng/normes/mcode/en_chapitre_3.6.6.htm).
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disease. however, it was the experience in the major 
outbreak in wildlife in Zimbabwe (Clegg et al., 2006a, 
2006b), that formalin treatment of carcasses per se 
did not deter scavengers or flies (Clegg & Wenham, 
personal communication, 2005). 

the procedure adopted in the large livestock out-
break in Victoria (Australia) in 1997 was to burn car-
casses at the death site or as near as possible to that 
site. external spore contamination was minimized 
by spraying with 5% formaldehyde. Where incinera-
tion could not be done at the death site and transpor-
tation to another site for incineration was necessary, 
this was done by loading the formalin-sprayed car-
cass onto double-thickness plastic on a low-loading 
trailer, and wrapping it in the plastic (turner, per-
sonal communication, 2003).

in some developing country situations where bur-
ial, incineration or rendering is not feasible, the last 
resort may be to leave the carcass unmoved in situ 

and ensure that it is inaccessible to other animals, 
particularly scavengers, or people. this is achieved 
by covering with tarpaulins, branches of trees, cor-
rugated iron or other available materials. hazard 
signs should be posted around sites in this case. this 
again allows the putrefactive process to take effect, 
although residual environmental contamination may 
still remain, and either the site should be scorched 
after putrefaction is complete or it should be treated 
with 10% formalin. Alternatively, it should be made 
inaccessible to other animals indefinitely by fencing, 
capping with concrete or other impervious material, 
covering with brushwood, or growing impenetrable 
undergrowth. 

hugh-Jones (personal communication, 2005 re -
ports that in Argentina, carcasses are first covered 
with lime (see section 8.3.3), then a tarpaulin, and left 
for 9 months before the bones are collected. this is 
said to stop scavenging and is cheaper than burying.

Fig. 9 Breaking the cycle of infectiona

a see text and Fig.1.
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8.3.2.2 Large outbreaks in wildlife

Suggested practical actions in the event of an 
anthrax outbreak in wildlife are given in Annex 6, 
section 5.

in national parks from which livestock are 
excluded and which have “hands-off” management 
policies for all but emergency situations, control 
actions may be regarded as interference with natu-
ral processes. this is discussed in sections 8.9 and 
8.10. Frequently, carcasses of animals that have 
died of anthrax on a sporadic basis will only be seen 
some time after death, if they are seen at all, and 
they will have been opened up by scavengers. it is 
likely in enzootic areas that for every one seen by 
park officials, many are not seen. Consequently, it 
is impractical to attempt to rigidly enforce “burn or 
bury” action plans. it can also be counterproduc-
tive (i) environmentally, through depletion of scarce 
wood for burning or from pollution if fuel such as 
diesel fuel is used, and (ii) by taking underresourced 
human time from more valuable activities.

Where action is seen to be necessary, all carcasses 
are again best burnt but, if this is impractical, they 
should be buried. in the case of burial (and possibly 
burning also) consideration may be given to spray-
ing the carcasses and surrounding ground with 10% 
formalin to minimize the number of spores which 
may survive and resurface, causing cases again at 
some point in the future (section 3.2).

8.3.3 Burial

Periodic reports of viable anthrax spores at burial 
sites of animals that died many years previously, 
and incidents and outbreaks in animals associated 
with such sites, have testified to the unreliability 
of burial procedures for long-term control of the 
disease (section 3.2). disturbance of such sites, for 
example by ploughing or laying drainage, presum-
ably brings the spores to the surface. even without 
site disturbance, spores can work their way up to the 
soil surface. in either case, this may result in new 
livestock cases as shown by turnbull et al. (1996). 
Further disadvantages of burial sites are that scav-
engers may dig down to reach the carcass, and in dry 
dusty areas, the digging process can spread the con-
taminated soil extensively. in Wood Buffalo national 
Park, Canada, where burials of bison that had died 
of anthrax were carried out in the 1960s, the raised 
burial mounds became excavation sites for foxes and 

wolves building their dens and nesting sites for ants 
(dragon, personal communication, 1997). in Africa 
as an example, it is hard to stop dogs from digging 
up buried anthrax (cattle) carcasses. 

the origins of the common recommendation to 
bury with lime appear to be lost to history. in the-
ory heat would be generated on contact with body 
fluids, and that would thereby be expected to has-
ten decomposition of the carcass. it may have been 
applied originally to deny corpses (human or animal) 
to relatives/owners after death where that was offi-
cially needed (hugh-Jones, personal communication, 
2004). it is now uncertain just what lime does to bur-
ied carcasses, whether it accelerates their disinte-
gration or actually preserves them. Lindner & Böhm 
(1985) believed that at least as far as lime treatment 
of tannery effluent is concerned, this probably fol-
lowed the use of lime as a cheap chemical for disin-
fecting sewage sludge. however, they showed that at 
20 kg/m3, lime failed to inactivate anthrax spores in 
sewage sludge. in raising the ph of the soil, addition 
of lime when burying anthrax carcasses may actu-
ally be counterproductive to minimizing long-term 
spore contamination (section 2.1.2.4).

in summary, burial should be discouraged in 
favour of incineration.

8.3.4 Incineration

Guidelines on incineration procedures are given in 
Annex 3, section 7. ideally, the soil surrounding and 
under the carcass, particularly around the nasal and 
anal regions, should be decontaminated and then 
incinerated with the carcass. 

incineration must be carried out with appropri-
ate care to ensure complete burning from beneath. 
usually this involves raising the carcass off the 
ground before the process is started. Mobile com-
mercial incinerators designed to ensure this are 
available (see Figs 10A–D). it must be appreciated 
that spores that have soaked into the soil may sur-
vive the incineration process, although isolation of 
B. anthracis from incineration sites is rare. the down-
directed blow-torch shown in Figs 10E& F illustrates 
an alternative incineration procedure that ensures 
severe scorching of the soil to several centimetres of 
depth (see also Annex 3, section 7).

Comments are occasionally encountered oppos-
ing incineration on the basis that anthrax spores 
may survive the fire and become aerosolized in the 
updraft. in general, circumstantial evidence does not 
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support the contention that incineration of anthrax 
carcasses results in the transmission of anthrax in 
this manner, and the rapid dilution effect on any 
spores that may become airborne in viable state 
reduce the chances of these causing an infection to 
next to nil. the generally high infectious doses for 
anthrax by routes other than through a lesion even 
in the more susceptible species supports this con-
tention (see sections 3.1, 3.3.4, 4.2.1). nevertheless, 
suspicion that airborne transmission from carcass 
incineration occurs has arisen. henton & Briers 
(1998) described an outbreak of anthrax in the sum-
mer of 1995–1996 in the Kimberley district of South 
Africa affecting goats, cattle, sheep, horses, roan 
antelope, gemsbok, laldu and springbok. the out-
break developed by spreading from the initial focus 
in a south-westerly direction over a distance of 270 
km (40–50 km wide). they considered the distances 
involved too great for the spread to be accounted for 
in terms of insect transmission, and believed it to 
result from windborne spores emanating from incin-
eration sites. in support of this possibility, they dem-
onstrated that B. anthracis could be isolated in low 
numbers from cotton wool held in the smoke above 
three carcasses and from the face mask of one of the 
veterinary officers assisting in the incinerations.

Blenkharn & oakland (1989) were able to isolate 
Gram-positive bacteria, predominantly Bacillus spe-
cies, from the base of the exhaust stack of a hospital 
waste incinerator with design-specified operating 
temperatures of 800 °C and 1000 °C in the primary 
and secondary chambers respectively, thereby dem-
onstrating that there is no room for complacency. 
however, numbers were very low, averaging 56 cfu 
per cubic metre (range 0–400 cfu per cubic metre, 
i.e. < 1 cfu per litre) and would be subject to rapid 
further dilution on leaving the chimney. A badly 
constructed pyre producing smoke with little or no 
flame might result in a higher survival rate of organ-
isms collected by the updraft. 

An additional consideration is that anthrax 
organisms in an unopened carcass are in the veg-
etative form and are readily susceptible to heat and 
other adverse conditions. the spores will be con-
fined to where the blood has been shed through the 
body orifices and will mostly be in the soil beneath 
these points. relatively few spore forms, therefore, 
will enter the fire and updraft; vegetative forms will 
almost certainly not survive. if concern persists, 
consideration might be given to pretreating the car-

cass and associated contaminated soil with 10% for-
malin a few hours before incineration to minimize 
the number of viable spores present (section 8.3.2.1; 
Annex 6, section 1).

8.3.5 Rendering

rendering is essentially a cooking process that 
results in sterilization of raw materials of animal 
origin such that parts of carcasses may be utilized 
safely for subsequent commercial purposes.

there are a number of variations of the rendering 
process, broadly divided into batch processes and 
continuous processes. in general, the raw materials 
are finely chopped and then passed into a steam–
heated chamber and subjected to temperatures 
ranging from 100 °C to 150 °C for 10–60 minutes (this 
does not include the time taken to bring the material 
to the peak temperature or the subsequent cooling 
period time).

the rendering procedure involves correct per-
formance at each of three stages: collection, trans-
port and treatment of the carcass (riedinger et al., 
1975; riedinger, 1980; Strauch, 1991). these should 
be supervised by veterinary authorities. the carcass 
should be bagged and the bag, collection machin-
ery, materials and tools, and the carcass site itself 
appropriately decontaminated and disinfected. the 
rendering plant must be properly divided into “dirty” 
and “clean” areas, which must not be connected via 
a common drain to avoid possible cross-contami-
nation by back-flow. the dirty side must be suitably 
equipped for disinfection of the transport vehicles 
and other equipment involved. Wastewater from the 
dirty side must be collected and treated by heat or 
chemicals (preferably heat) to destroy the spores. 
Before the heat treatment, carcasses should be bro-
ken down into pieces not larger than 10 cm3. in the 
case of anthrax carcasses, this should be done with 
very careful attention to hygiene during the process, 
with the necessary disinfection and decontamina-
tion of the rendering premises, tools, clothing, waste 
run-off, etc.

Controlled heat treatment is then carried out 
with temperature, pressure and time of sterilization 
recorded.

As well as careful hygiene control on the dirty side 
of the rendering plant, the level of hygiene being main-
tained on the clean side should also be monitored at 
least twice yearly by the veterinary authorities.
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8.4 Human cases: infection control in 
management 

the risk of human–to–human transmission is not a 
serious one given that sensible precautions are taken 
(section 4.3.2). For example, cutaneous anthrax 
lesions should be dressed for the first 24–48 hours 
after treatment; disposable gloves should be worn, 
or gloves that can be sterilized, while applying the 
dressing and during subsequent disposal of speci-
mens or sterilization of materials and equipment 
(see Annex 3, sections 3 & 4). 

Prophylactic antibiotics and vaccination are not 
necessary for health workers or family contacts, 
although these individuals should know that their 
medical practitioner should be consulted if suspi-
cious sores or illness develop that might have arisen 
from their contact.

in fatal cases, postmortem examinations should 
be discouraged; cremation is preferable to burial 
where local custom permits. it is advisable for the 
body to be placed in an impervious body bag for 
transport from the place of death, and preferably the 
body should not be extracted from the bag. Where 
only burial is permitted, the bagged body should be 
placed in a hermetically sealed coffin and buried 
without reopening. useful guidelines are available 
elsewhere (healing et al., 1995; Young & healing, 
1995). Bedding and contaminated materials should 
be bagged and incinerated, autoclaved or fumigated 
as appropriate. Whether room fumigation is neces-
sary will depend on the perceived level of contami-
nation in the room where the patient died (see Annex 
3, sections 3.1–3.3).

8.5 Fumigation, disinfection, 
decontamination

See point Y in Fig. 9.

8.5.1 Principles

in addition to helping break the cycle of anthrax 
infection locally, disinfection, decontamination and 
correct disposal of infected/contaminated material 
are of considerable importance in preventing long-
distance and international transmission of anthrax. 
in non-endemic countries, risks arise largely from 
animal products – wool, hair, hides, bone, etc. – 
imported from endemic regions. regulations regard-
ing importation of untreated animal products vary 
from country to country, but several importing 
countries take the view that the financial costs that 

would be incurred from legislating for the steriliza-
tion of such imports would be disproportionate to 
the benefits.

in many countries, some or all of the following 
requirements are in place to limit the risks of impor-
tation or dissemination of products contaminated 
with anthrax spores:

• Products must be accompanied by a certificate 
signed by a veterinary official in the country of 
export certifying that they derive from anthrax-
free sources (see Annex 4).

• Products regarded as having a high chance of con-
taining anthrax spores are subject to some form 
of monitoring or control.

• Finished or raw materials from certain countries 
may be subject to import restrictions, such as 
treatment before export.

• Finished or raw materials from certain countries 
may have to undergo a general sporicidal treat-
ment after arrival and before processing or distri-
bution.

in the case of hides and skins (where a sterilization 
procedure that does not damage the materials has 
never been devised), the exporting countries nowa-
days often require the initial processing stages to be 
carried out before export for financial benefit. this 
has contributed to a reduction in anthrax-contam-
inated hides and skins now reaching non-endemic 
countries as compared with a few years ago, although 
on the other hand, exporting countries have expe-
rienced increased incidence of the disease down-
stream from the preprocessing tanneries through 
lack of adequate control programmes (hugh-Jones, 
personal communication, 2004).

Practical approaches to disinfection and decon-
tamination of animal products are given in Annex 3, 
section 6. however, it is stressed that long-term glo-
bal control depends almost entirely on the applica-
tion of appropriate measures to prevent the disease 
among livestock in enzootic exporting countries. 
ideally, national policies should ensure that materi-
als known to be contaminated with anthrax spores 
are appropriately disposed of and are not included in 
any industrial process. 

8.6 Prophylaxis
8.6.1 The nature of protection in anthrax

Four decades of research have resulted in the per-
ception that protection against anthrax in the sus-

8. contRol
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ceptible host depends almost entirely on the host’s 
immune response to a single antigen – the protective 
antigen (PA) component of the anthrax toxin (ivins 
& Welkos, 1988; turnbull et al., 1988; turnbull, 1991; 
Friedlander et al., 2002; see section 5.5.3), and the 
design of putative novel vaccines has been based 
on this. immune responses to the other two toxin 
components, the lethal and oedema factors, may 
contribute to or enhance protection. one group has 
proposed that at least the lethal factor component of 
the anthrax toxin has an important role to play (Price 
et al., 2001). in contrast, another group (Cohen et al., 
2000) obtained protection without the development 
of measurable anti-PA antibodies and suggested 
that other, spore-associated antigens may contrib-
ute in a significant manner to protective immunity. 
As yet, no other such antigens have been identified, 
although alternative possible candidate vaccine 
antigens continue to be sought, such as S-layer pro-
teins (Fouet et al., 1999; Mesnage et al., 1999; see sec-
tion 5.5.5) and the collagen-like surface glycoprotein 
BclA, a major antigen of the exosporium (Sylvestre 
et al., 2003; Steichen et al., 2003). the possibility that 
the capsule may be capable of enhancing protective 
efficacy has also been mooted (section 5.5.1).

Although it has long been believed that the 
effectiveness of both animal and human vaccines 
depends on the induction of anti-PA antibodies, it 
has also been recognized for some years that meas-
urable anti-PA antibodies in the blood of an individ-
ual are not, in themselves, a guarantee of protected 
status although, the theory continues, they must 
be there for the individual to be protected (ivins & 
Welkos, 1988; turnbull et al., 1988; ivins et al., 1990a, 
1990b; turnbull et al., 1990b). Certainly the immune 
response is complex; the recently-acquired knowl-
edge that the macrophage is central to lethality in 
anthrax (see section 5.4.1) and evidence that th1 and 
th2 responses may be involved in protective efficacy 
(McBride et al., 1998) – possibly to different extents 
in different species – indicate that cellular immunity 
has a role in protection, although this is undefined 
at present. the enhanced efficacy of future vaccines 
over existing ones may depend on improved stimula-
tion of the cellular immune response in parallel with 
the humoral response to PA (see section 8.6.4).

the mechanism whereby an immune process 
based on antitoxin immunity protects against a dis-
ease characterized by rapid in vivo growth of the 
bacilli is not known yet. neutralization of the effect 

of the toxin on macrophages may be a major factor. 
it is also possible that some action of the toxin that 
results in the release of nutrients needed for mul-
tiplication is inhibited. PA appears to be expressed 
very early in the germination of spores and is rap-
idly released. Antibodies to PA may have a role in 
retarding germination or enhancing spore clearance 
by phagocytic cells (Welkos et al., 2002; Cote et al., 
2005).

8.6.2 Animal vaccines

Gochenour et al. (1935) summarize the situation at 
the end of the first third of the 19th century:

“undoubtedly, Pasteur’s ability to protect animals 
against anthrax by vaccination was heralded at the 
time as a sure means of preventing that dreaded 
disease of livestock. the vaccines subsequently pre-
pared by Pasteur did much to control the disease. 
experience has shown, however, that the Pasteur vac-
cine had definite limitations. … Accordingly, numer-
ous investigators undertook the task of developing 
anthrax biologics … as a result of [which] a number 
of products have been developed for the control of 
anthrax. For the immunization of animals against 
anthrax, the veterinarian has, therefore, a number 
of biologics at his command, namely, anti-anthrax 
serum, anti-anthrax serum and anthrax-spore vac-
cine used simultaneously, anthrax-spore vaccine 
(single injection), anthrax-spore vaccine (intrader-
mic), anthrax-spore vaccines (2, 3, or 4 injection), 
anthrax-spore vaccine in saponin solution, anthrax 
aggressin, and two kinds of killed-organism anthrax 
bacterins, one being a whole-culture anthrax bac-
terin, and the other a washed-culture bacterin.”

Most anthrax vaccines for animals in use around 
the world today utilize the toxigenic, non-capsulat-
ing (pXo1+/pXo2–) B. anthracis strain 34F2 derived 
from a virulent bovine isolate in the 1930s (Sterne, 
1937a, 1937b; Alper, 1996). the Pasteur-type vaccines 
(pXo1-/2+), which carried a ≥ 3% mortality risk, have 
now been abandoned in almost all countries. the 
animal vaccines that use strain 34F2 are essentially 
as originally formulated (Sterne, 1939) with approxi-
mately 107 spores per ml suspended in 0.5% saponin 
in 50% glycerine-saline (Annex 5, Table 18).

Animal vaccines against anthrax should be pre-
pared in accordance with the Requirements for anthrax 
spore vaccine (live – for veterinary use), Requirements for 
biological substances No. 13 (Who, 1967), the Manual 
for the production of anthrax and blackleg vaccines (FAo, 
1991) and the Manual of diagnostic tests and vaccines for 
terrestrial animals (oie, 2008). 
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the Who Requirements for anthrax spore vaccine (live 
– for veterinary use) points out the considerable dif-
ferences in quality that may exist between anthrax 
vaccines. Glycerine and saponin are important to 
vaccine performance. Vaccine strains should be 
maintained carefully since unencapsulated B. anthra-
cis variants may lose their immunogenic powers on 
subculture (Sterne et al., 1939; Sterne, 1959). Since, 
in theory, the vaccine is easy to prepare, many coun-
tries undertake their own manufacture (Annex 5, 
section 2.13). however, it is important that careful 
quality control be exercised to avoid resurgence 
of anthrax because inadequate vaccines are being 
used.

the protective effect of a single dose of strain 34F2 
vaccine is said to last about one year (Sterne, 1939), 
and annual boosters are recommended for livestock 
in endemic areas. the duration of the protection has 
never been systematically studied in livestock or 
laboratory animals, and this is an area of research 
that needs attention. A small study set up to exam-
ine the effect of maternal antibody on the response 
of calves to vaccination, described in Annex 5, sec-
tion 2.11.3, showed that after two doses 4–5 weeks 
apart, and with dose 1 administered at 5–9 weeks 
of age, titres had fallen to just measurable by 5–6 
months after dose 2. Some information has also 
emerged from studies on vaccinated wildlife. in a 
study on antibody levels to PA in vaccinated zebra 
in the etosha national Park in namibia (Lindeque 
et al., 1996b) it was evident that two initial doses 
approximately 8 weeks apart were necessary for the 
development of dependably measurable antibody 
titres, and the decline in titre one year after the sec-
ond booster indicated that the next booster should 
be administered no later than that. A study in vac-
cinated cheetah utilizing passive protection in mice 
(turnbull et al., 2004b) showed that more than one 
initial dose was necessary to ensure substantial pro-
tective immunity, and that lasting immunity might 
not set in until after a subsequent booster. Although 
the manner in which the vaccinations were given in 
that study did not permit the recommendation of a 
precise schedule, it was felt that the logical sched-
ule, at least in that species, would be two initial 
doses two months or more apart, followed by annual 
boosters.

Strain 34F2 and its analogs in China and the 
russian Federation lack the genes for capsule forma-
tion but still produce the toxin (i.e. they are pXo1+/2-). 

they thus possess “reduced” virulence, rather than 
being totally avirulent (Welkos et al., 1986; section 
5.5.7) and occasional losses occur. overdosing with 
the live spore vaccines based on these strains is haz-
ardous. Certain species such as goats (Sterne, 1939) 
appear to be especially susceptible to adverse reac-
tions, and the vaccines need to be used with extra 
caution in these (see Annex 5, section 2.5). 

the extent to which vaccination should be applied 
to control an outbreak will be determined by the 
nature of the outbreak. Sporadic confined outbreaks 
will only require one herd vaccination, whereas 
annual vaccination may be required for extensive 
periods following widespread outbreaks (see also 
section 8.7).

other limitations of the live spore vaccines in use 
today are (i) limited duration of effect (animals in 
enzootic areas should be immunized annually as 
discussed above); (ii) they should be administered 
parenterally; and (iii) efficacy and unwanted side-
effects may be greatly influenced by small faults 
in production or administration. items (i) and (ii) 
become important in developing countries where 
appropriate equipment and manpower are limiting 
factors; item (iii) has increasingly become relevant 
as “local” production has tended to replace manu-
facture by a few major companies or centres.

8.6.3 Human vaccines

in China and in the russian Federation, live spore 
vaccines are prepared and licensed for human use 
(Annex 5, section 3). the russian vaccine, dating 
from the 1930s and 1940s (Shlyakhov & rubinstein, 
1994), uses strain Sti-1, analogous in its derivation to 
Sterne’s 34F2 (Sti was derived from strain “Krasnaya 
niva”, isolated from a horse that had died of anthrax 
(Cherkasskiy, personal communication, 2002). it was 
licensed for administration by scarification in 1953 
and by subcutaneous injection in 1959. Good target 
populations for clinical trials existed in the southern 
european and middle Asian Soviet republics, where 
a 75%–84.2% rate of effectiveness was apparently 
recorded (demicheli et al., 1998). the available infor-
mation is that the russian vaccine may be procured 
outside the russian Federation. China however only 
produces enough to meet its national needs, and the 
Chinese vaccine is not available outside the coun-
try.

trials were conducted by russian workers in the 
1950s and 1960s on the possibility of carrying out 
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vaccination by the inhalational route. Large inhaled 
doses (20–50 million spores or more) of live vaccine 
strain spores were found to be needed to induce 
substantial protective immunity in various ani-
mal species by the inhalational route (Anon., 1967; 
Lebendinskii, 1971; ogarov & Gapochko, 1975). At 
this level of dose, generalized infection by the vac-
cine strain occurred. Lebendinskii (1971) reviewed 
a number of papers published between 1958 and 
1967 describing the testing of aerosolized “dust” 
anthrax vaccines on some 4000 humans using doses 
of 15–300 million Sti strain spores. A further 260 
persons were vaccinated with highly dispersed liq-
uid aerosols of Sti strain spores. Although the only 
pathophysiological changes noted were a transient 
moderate leucocytosis with slight shift to the left, 
as monitored by the Anthraxint test (section 4.4.2.2), 
the percentage of positive skin tests, which peaked 
at 3 months, depended directly on the dose of vac-
cine inhaled. 

in the united States and the united Kingdom, 
nonliving human vaccines developed in the 1950s 
and 1960s, and licensed in 1972 and 1979 respec-
tively, are produced (turnbull, 2000; Friedlander et 
al., 2002). however, their availability has recently 
been largely restricted to their respective national 
needs, for the most part defence-related. however, 
they remain nominally available for persons in other 
at-risk occupations, primarily industrial workers 
concerned with processing of animal products from 
endemic regions. For further information, the rel-
evant organization given in Table 19 should be con-
tacted directly. the united Kingdom vaccine is an 
alum-precipitated cell-free culture filtrate of strain 
34F2, while the united States vaccine is an alumin-
ium hydroxide-adsorbed cell-free culture filtrate 
of a non-capsulating, non-proteolytic derivative of 
bovine isolate V770. no evidence has been found of 
anthrax vaccines for humans produced or licensed 
in other countries. 

there are no human efficacy data for the current 
united States and united Kingdom vaccines and the 
extent and duration of the protection afforded in 
humans by vaccination with these is uncertain. in 
the case of the united Kingdom vaccine, the original 
administration schedule was 2 doses of 1 ml at days 
1 and 10 with an annual booster. this was based on 
protection tests in monkeys challenged with 10–15 
Ld50 of spores by the inhalation route 7 days (group 

1), 1 year (group 2) and 2 years (group 3) after dose 
2. All animals in groups 1 (10 animals) and 2 (10 ani-
mals) survived; 1 of 7 in group 3 died. All controls 
died (darlow et al., 1956). three-dose schedules were 
adopted a few years later and subsequent assess-
ment of the efficacy of the united Kingdom vaccine 
depended on observations in the 1960s of decreasing 
incidence in the wool and hide industries where vac-
cination programmes were in place, while infection 
rates outside these trades remained steady (darlow 
& Pride, 1969), and of a fourfold decline in the 
number of reported cases (including both cutaneous 
and inhalational forms of the disease) between the 
early 1960s and the late 1970s, in parallel with the 
introduction of the vaccine (CdSC, 1981). there is 
also no case on record of anthrax in a human vac-
cinated with the united Kingdom vaccine.

With the united States vaccine, now commonly 
referred to as AVA (anthrax vaccine adsorbed), a 
study of mill workers when the vaccine was first 
being introduced recorded a protection rate of 93% 
(Brachman et al., 1962). in its early days of use in 
mill workers processing animal products from 
anthrax-endemic regions of the world, four cases 
were recorded in partially-vaccinated persons and 
one in a fully-vaccinated individual (Brachman et 
al., 1962). this vaccine has also evolved somewhat 
since then, and more recent evaluations in rhesus 
monkeys indicated that it is able to confer a high 
degree of protection against aerosolized spore chal-
lenge (ivins et al., 1996, 1998).

the united States and united Kingdom vaccines 
have been associated with complaints of reactogenic-
ity, although this rarely exceeds mild erythema, 
soreness and swelling at the site of injection lasting 
2–3 days (turnbull, 2000). the topic is being studied 
in depth for the united States vaccine (Marano et al., 
2005). no adverse effect “in more than 30 years” has 
been claimed for the russian Sti vaccine (Shlyakhov 
& rubenstein, 1994). 

in certain circumstances, including following 
known or suspected exposure as a result of a delib-
erate release event, postexposure vaccination at the 
same time as administration of antibiotics may be 
appropriate (see section 7.3.2.1).

Vaccination of humans who are not occupation-
ally exposed to anthrax is inappropriate. For the 
general public, control of the disease should be done 
through control in livestock.
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8.6.4 Prospective new vaccines
8.6.4.1 Human vaccines

the basic prerequisite for protection against anthrax 
is an adequate humoral immunity to the protective 
antigen (PA) combined with an appropriate cellu-
lar immune response (section 8.6.1). this should be 
taken into account in the design of new vaccines. 
While cellular immune stimulation can be achieved 
by means of an effective adjuvant, the surest way 
of ensuring this combined humoral and cellular 
response is to immunize with live vaccines. the cur-
rent animal vaccine (section 8.6.2) is a live vaccine, 
and its greater efficacy over the nonliving human 
vaccines (section 8.6.3) in animal protection stud-
ies is attributed to its greater stimulation of cellular 
immune responses in the recipients (ivins & Welkos, 
1988; turnbull et al., 1988; turnbull, 1991).

When first introduced for administration to work-
ers in at-risk occupations, the united States human 
anthrax vaccine of the time was shown to be clearly 
associated with protection against the disease 
(Brachman et al., 1962). that paper contains the only 
existing reference to anthrax in a fully-vaccinated 
person (section 8.6.3); since then, there have been 
no other such cases on record. however, protection 
tests in laboratory animals have resulted in a con-
fusing view of the efficacy that can be expected from 
the currently licensed human nonliving vaccines for 
a given challenge situation, and of the duration of 
the protection they afford. Being essentially simple 
culture filtrates, the vaccines are somewhat unde-
fined, lack consistency in production and involve a 
cumbersome dosing schedule. they are occasionally 
associated with complaints of side-effects (turnbull, 
2000). the case for the development of new vaccines 
rests on these issues. 

the aims for prospective new vaccines are that 
they should be:

• well-defined with well-characterized ingredients 
and mode of action;

• effective against challenge with any anthrax 
strain;

• safe, giving no dangerous side-effects in any spe-
cies;

• long-lasting;
• easy to administer rapidly and by non-skilled per-

sons;
• requiring just one dose, or very few doses;

• orally administrable, especially for livestock and 
at-risk wildlife species;

• cheap;
• environmentally acceptable.

the next-generation human vaccines are likely to 
be parenterally administered nonliving vaccines 
consisting of purified recombinant PA with adju-
vant. two such vaccines are in clinical trials, and 
progress towards licensure for one or both of these 
can be tracked on the Web through standard search 
engines. At present, only certain aluminium salts are 
approved for use as adjuvants in human vaccines; 
these induce th2 responses predominantly. it is 
thought that this may be advantageous for promoting 
protective immunity in primates and that it may also 
account for the apparently better performance of the 
current licensed Al3+-adjuvanted vaccines in protect-
ing monkeys as compared with guinea-pigs and mice 
in which, it is theorized, stimulation of th1 responses 
may be more advantageous (see also section 8.6.1). 

For subsequent-generation human vaccines, pres-
sure is likely to arise for the vaccine to be based 
on more than just PA, and to include at least one 
or both of the other toxin components, LF and eF, 
and possibly other antigens such as S-layer proteins 
or even the capsule (Fouet et al., 1999; Friedlander 
et al., 2002). in this case a mutant form of the PA 
that can no longer combine with LF and eF (Singh 
et al., 1989) and which is, therefore, non-toxigenic 
while still being fully immunogenic, is likely to be 
involved. it may be that this will take the form of a 
dnA vaccine (Price et al., 2001) rather than a protein 
vaccine, with the dnA encoding the desired vaccine 
antigens, whole or mutated as desired. At this stage 
it is difficult to predict how many doses would be 
needed for effectiveness, whether a non-parenteral 
route of administration may be possible, or the likely 
duration of the conferred protection. 

8.6.4.2 Veterinary vaccines

it is probably due in part to the known effective-
ness of the Sterne strain and analogous vaccines, 
and in part to the relative unimportance in veteri-
nary spheres of anthrax as a day-to-day disease, 
that there has been little interest shown in develop-
ing new livestock vaccines. the capability to do so 
certainly exists. Vaccines producing stronger initial 
immunity, and immunity of longer duration with 
lower potential risks of casualties, would certainly 
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be desirable. Particularly useful would be a vaccine 
that is unaffected by antibiotics, permitting simulta-
neous treatment and vaccination during outbreaks.

8.6.5 Studies on orally administered live 
spore vaccines

As indicated in section 8.6.4.1, the ideal vaccine 
would be an oral formulation that: 

• meets the requirements of manufacturers for a 
readily-standardized production with batch-to-
batch reproducibility;

• meets the requirements of regulatory bodies for 
readily-demonstrated pharmacological and safety 
data;

• meets the needs of recipients for a single-dose 
administration resulting in rapid development of 
immunity and lasting efficacy with no undesir-
able effects;

• could also be a combination vaccine covering 
multiple-disease entities;

• could be administered with equal effectiveness to 
humans, domestic animals or wildlife as needed;

• could be administered in an easy and non-inva-
sive manner;

• would be cheap.

Current anthrax vaccines are administered by 
parenteral injection. Claims of immunization with a 
level of success by oral delivery of anthrax vaccines 
appear to be confined to the reference by ebedes 
(1976) to an oral vaccine that protected guinea-
pigs from repeated challenge with virulent anthrax 
spores, the reports of rengel (1993) and rengel & 
Boehnel (1994, 1995) on the results of feeding Sterne 
vaccine strain spores to guinea-pigs, unpublished 
claims in texas of reduced disease in white-tailed 
deer given Sterne-strain spores mixed in with their 
feed (hugh-Jones, personal communication, 2004), 
and partial protection in challenged mice that had 
been immunized with a Salmonella typhimurium con-
struct expressing the B. anthracis protective antigen 
(PA) gene (Coulson et al., 1994). 

the evidence for Bacillus species being capable 
of germinating, colonizing and/or multiplying in 
the intestinal tract is tenuous. Granum et al. (1993) 
express the opinion that the diarrhoeal syndrome 
of B. cereus may result from in situ production of 
the enterotoxin within the intestine rather than 
from ingestion of preformed toxin, basing this on 
the ability of the bacterium to grow anaerobically. 

the same group (Andersson et al., 1998) considered 
their demonstration of hydrophobic attachment of 
the spores of certain strains of B. cereus to monolay-
ers of Caco-2 human epithelial cells to indicate that 
such strains might be capable of epithelial adhesion 
and colonization within the intestine. Similarities 
between B. cereus diarrhoeal-type food poisoning 
and food poisoning by Clostridium perfringens, which 
is known to colonize the intestine, is another argu-
ment, by analogy, for Bacillus species being able to 
colonize, germinate and multiply within the intes-
tine. it is well documented that Ld100s and Ld50s for 
fully virulent B. anthracis by the oral route are enor-
mously high, even in species regarded as highly sus-
ceptible to infection (see section 3.1). Most reports 
indicate figures of 108 or higher, although de Vos 
(1990) gives an oral Ld50 of about 1.5 x 106 spores for 
impala. this compares with parenteral route Ld50s 
in the order of tens or hundreds for the same spe-
cies where documented. illness and recovery follow-
ing oral challenge clearly can occur with non-lethal 
doses (Schlingman et al., 1956; Jackson et al., 1957; 
redmond et al., 1996a, 1997) followed by serocon-
version (Jackson et al., 1957; redmond et al., 1996a, 
1997). to what extent these oral-dose data reflect 
some, if limited, colonization or toxin production 
within the gut, as opposed to simply reflecting the 
points at which a proportion of the very large num-
bers present overcome the natural intestinal barri-
ers (Walker & owen, 1990), is impossible to say.

the bottom line is that it is not known whether 
vaccine strains such as the Sterne strain or recom-
binants, such as B. subtilis WB600 (pPA101), are capa-
ble of producing PA/rPA in situ and, if so, to an extent 
where immunity can result. in a study to address 
this question (turnbull et al., 2001a), guinea-pigs 
were fed by stomach gavage on days 1, 21 and 42 
with 1 ml volumes of spore suspensions of B. subtilis 
WB600 pPA 101-1, B. anthracis Sterne animal vaccine 
and B. globigii (control group), all pre-adjusted to 108 
cfu per ml. Faecal samples were collected from each 
individual animal before each feeding session for igA 
anti-spore or anti-PA antibody analysis and, after 
each feeding session, all faeces were collected to day 
6 for determination of numbers of excreted spores. 
Following test bleeding, the guinea-pigs were chal-
lenged intramuscularly with 103 cfu of B. anthracis 
Vollum strain spores on day 64. in all three groups, 
the administered organisms were recovered exclu-
sively in the spore form in the faeces and became 
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undetectable by day 6. there was no evidence of 
multiplication within the gastrointestinal tracts of 
the animals. increasingly rapid declines in faecal 
counts, reflecting accumulating immunity, were not 
readily apparent with successive feeding sessions, 
and igG and igA anti-spore or anti-PA antibodies 
were not detected in faecal and/or serum samples. 
All the guinea-pigs succumbed to the challenge with 
no significant differences in time to death between 
the livestock vaccine (B. anthracis) group, the recom-
binant B. subtilis producing PA group and B. globigii 
controls. the indications, therefore, were that the 
vaccine strains failed to colonize, produce PA and 
thereby induce immunity.

Similarly, hugh-Jones and colleagues (personal 
communication, 2005) carried out a field trial in 
2004 with 15 goats, feeding them 60 times the pre-
scribed parenteral dose of Sterne vaccine together 
with crushed pecan nuts. Just one of the animals 
developed a low anti-PA titre. 

8.7 Decisions on treatment and/or 
vaccination of livestock

While vaccination of livestock is the fundamental 
control measure in enzootic areas with seasonal 
recurrence of the disease, when an incident occurs 
unexpectedly in a non-endemic area, antibiotic 
treatment of exposed animals may be preferable to 
vaccination – or at least more immediately practical 
– as the primary control measure. Vaccination may 
be added as an adjunct if prolonged incubation peri-
ods are of concern and there is reason to fear that an 
incident is going to develop into an outbreak. in fact, 
in temperate climates such as the united States, 
where years may elapse between anthrax outbreaks 
in a given locality, anecdotal evidence suggests that 
significant decreased livestock losses may be associ-
ated with a control programme of first administer-
ing a long-acting antibiotic followed by vaccination 
after 7 to 10 days. 

the decision on whether to vaccinate should be 
made soon after infection with anthrax has been 
confirmed. With livestock, when infection has been 
confirmed in the first case, immediate vaccination 
of all animals thought to have an equal chance of 
exposure can be expected to result in no further 
cases. on the other hand, where multiple cases have 
already occurred, further cases may occur over the 
next week or two despite vaccination, presumably in 
animals already incubating the disease. in this case, 

antibiotic treatment followed by vaccination after 
7–10 days is the best control option (Annex 5, sec-
tion 2.2). 

only animals thought to have an equal chance 
of exposure need be vaccinated if separation from 
other animals can be assured. if separation cannot 
be assured and other animals will have access to the 
infected group and/or infected site(s), or if multiple 
cases have occurred, neighbouring herds and flocks 
should be vaccinated. in an outbreak situation ring 
vaccination may need to be applied to a distance 
of 1 km beyond an infected property. if biting flies 
are considered responsible for the spread of the out-
break, the ring should cover an area exceeding the 
distance normally travelled by the flies.

All animal vaccines are live vaccines, and their use 
requires a withholding period prior to slaughter for 
human consumption. this period may be stipulated 
on the label of the vaccine or in the accompanying 
leaflet, and varies from 3 to 6 weeks. Withholding 
periods from slaughter of up to 6 weeks are also 
required by some countries for the purposes of trade 
in meat products. there is no withholding period for 
milk destined for human consumption following vac-
cination of milking animals with Sterne 34F2 strain 
vaccine. there are no known reports of illness in 
humans following the consumption of animal prod-
ucts from animals immunized with that vaccine.

Anthrax vaccines, being living organisms, are 
restricted to veterinary use in some countries, and 
in some jurisdictions they can only be used with 
the approval of the official veterinary service. it is 
important that local requirements be met.

8.8 Duration of veterinary vaccination 
programmes

despite the well–known longevity of anthrax spores, 
decline in spore numbers, as evidenced by reduced 
outbreaks, does occur through decay and/or disper-
sal at contaminated sites (see also sections 2.1.2.4, 
2.1.2.6). it was the experience of Max Sterne, and 
others since, that pastures associated with anthrax 
continued to give rise to cases for up to three years 
after the index cases. therefore, if there has been 
an outbreak on a farm, the stock should be revac-
cinated annually for at least three years to prevent 
further cases.
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8.9 Intersectoral issues: the question 
of eradication

As with any zoonosis, intersectoral cooperation 
is essential for effective control of anthrax. Public 
health officials should be notified by the veterinary 
authorities in the event of outbreaks in livestock so 
that they become alert to the possibility of associ-
ated human cases. Likewise, medical authorities 
should notify veterinary health officials when a 
human case is encountered (see section 9.1.2).

Cooperation between livestock officials and wild-
life managers in enzootic zones is more complex. 
While the target of the former is eradication from 
the region, the disease is regarded in large game-
management areas where it is not rate-limiting 
in any of the species as an integral part of natural 
population-control mechanisms. in these, action, 
usually vaccination, is often seen as being necessary 
only when endangered species are at risk, and is 
usually targeted specifically at that species (section 
8.3.2.2). Beyond this, control actions are regarded as 
constituting unwarranted interference with natu-
ral processes. in this instance, cooperation between 
livestock and wildlife management needs to take the 

form of joint efforts to minimize mingling of suscep-
tible livestock and wildlife species. Fencing is one 
approach, although this interferes with the normal 
migrations of several of the susceptible wildlife spe-
cies, and therefore should only be done advisedly. 
Annual vaccination of livestock that are likely to be 
in regular direct or indirect contact with susceptible 
wildlife species is another approach. 

 eradication from livestock areas not in contact 
with enzootic wildlife is feasible (section 8.8), given 
sufficient time together with unremitting efficient 
application of the control procedures discussed in 
this chapter.

8.10 Control in wildlife

While large national wildlife parks may adopt the 
“hands-off” management policies outlined in sec-
tions 8.3.2.2 and 8.9, this may be inappropriate for 
commercial or smaller parks or sustainable resource 
development management areas that cannot sus-
tain the financial losses resulting from the disease. 
Suggested approaches to anthrax control for these 
are given in Annex 6, section 5.
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9. Anthrax surveillance

9. AntHRAX sURVeIllAnce

9.1 Introduction
9.1.1 Understanding the concept of 

surveillance

Surveillance is the collection, collation and analysis 
of health data that enables the prompt dissemina-
tion of the information to those who need to know, in 
order that appropriate action may be taken. effective 
surveillance is essential to any prevention and con-
trol programme and encompasses the mechanisms 
for disease detection, confirmation of diagnosis, 
reporting, collation of data and reporting back of the 
data to the source. detection of rare diseases requires 
well-trained veterinary or human health-care pro-
viders. Confirmation of reports of suspicious cases 
requires appropriate laboratory support. reporting 
requires mechanisms for easy communication of 
cases, and also some incentives for reporting or dis-
incentives for not reporting. Many countries rely on 
disincentives for not reporting diseases under sur-
veillance (reportable diseases). regulations exist for 
reporting certain diseases (usually of high epidemic 
potential or with high morbidity or mortality rates) 
in most countries of the world.

Because of its epidemic potential, associated high 
morbidity and mortality rates, wide-ranging occur-
rence, and history of threatened use – and now 
actual use in the 2001 anthrax letter events – as a 
biological terrorist weapon, anthrax in humans or 
animals should be included on all national notifia-
ble-disease lists. 

Surveillance systems vary widely in objectives 
and methodology. the surveillance scheme outlined 
below may be adapted to accommodate the local 
veterinary and public health systems within a coun-
try. it should be noted that efforts to improve certain 
attributes of surveillance, such as specificity, may 
detract from other attributes such as timeliness. 

9.1.2 Intersectoral cooperation

As with most zoonotic diseases where animals serve 
as the primary sources of human infection and epi-
demics (as opposed to zoonoses, where both humans 
and animals may be infected from common environ-
mental sources), control of anthrax among humans 
depends on the integration of veterinary and human 
health surveillance and control programmes. 
routine cross-notification between the veterinary 
and human health surveillance systems should be 
part of any zoonotic disease prevention and control 
programme, and close collaboration between the 
two sectors is particularly important during epide-
miological and outbreak investigations. 

high-risk areas for human disease may be identi-
fied pre-emptively by review of veterinary surveil-
lance information by veterinary or public health 
authorities. Because herbivorous livestock and wild 
animals are more susceptible to B. anthracis than 
humans, and because in general soil sources do not 
represent a threat to humans directly, the poten-
tial threat to human populations is through con-
taminated animal products. the exceptions to this 
rule are biological warfare or terrorism, or labora-
tory settings where the spores of B. anthracis may 
be manipulated and concentrated in an unnatural 
way to represent a direct threat to human health 
through respiratory, gastrointestinal or cutaneous 
exposure – see also section 4.2.3. however, many 
countries rely on detection of human disease as the 
alert of anthrax epizootic activity. in these cases, 
humans may be considered sentinels (see also sec-
tion 4.1). ideally, this should not be the case, and 
enzootic and epizootic surveillance and reporting 
should lead to the implementation of anthrax con-
trol strategies that prevent human cases altogether. 
realistically however, in many countries the support 
and infrastructure for human health surveillance 
programmes is greater than for veterinary equiva-
lents. in such cases, when detection depends on the 
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appearance of a human case, the control of anthrax 
among livestock is delayed and the losses suffered 
by farmers will be greater than if a functional vet-
erinary surveillance programme is in place. this 
is because only a fraction of the livestock cases are 
ever identified and the disease goes unreported and 
uncontrolled.

9.2 Objectives

the design of a surveillance system for anthrax 
depends in part on its objectives. the primary objec-
tives of any anthrax surveillance system are to pre-
vent or reduce livestock losses and to prevent human 
disease. to achieve these objectives, the surveillance 
system should emphasize education of the produc-
ers and front-line veterinarians in the detection, 
confirmation and reporting of cases. this detection, 
confirmation and reporting should be followed by a 
strong response from the veterinary health system 
to control the disease. Prevention of cases among 
livestock depends on knowledge of enzootic regions 
and on vaccination of livestock in those affected 
areas. Gaining knowledge of risk areas is a second-
ary objective of surveillance for the disease.

identification of the characteristics of the dis-
ease in the affected populations, and evaluation of 
prevention and control activities by monitoring the 
incidence of the disease in both animal and human 
populations, should be among other objectives cho-
sen by the national surveillance programme.

9.3 Surveillance reporting outline
9.3.1 Local level

Animal and human health-care professionals, 
with their supporting laboratories, form the front 
line of any zoonotic disease surveillance system. 
Surveillance begins with the first point of contact by 
a veterinarian or clinician in the event of a suspi-
cious case. in an optimal situation, concern over a 
suspicious case should result in either contact with 
local health authorities (veterinary or human) or the 
initiation of a case-reporting form. 

depending on the objectives of the surveillance 
system, a case form should be completed on every 
suspected or confirmed case. depending on vet-
erinary or public health resources, this case-report 
form may be completed by the local health-care pro-
fessionals attending the suspicious case, or prefera-
bly by health authorities at the local level (municipal 
or county). 

Figs 11&12 are examples of human and veteri-
nary case-report forms. Minimum data elements for 
human case-reporting are: 

• case classification (e.g. suspected or confirmed);
• clinical form of the case (cutaneous, gastrointes-

tinal, inhalational, meningeal);
• identifying information, and a unique identifica-

tion code. 

depending on the objectives of the surveillance sys-
tem, other pertinent data might include age, sex, 
geographical information, occupation, date of pres-
entation, exposure history, nationality, date of clini-
cal onset, treatment and outcome. 

the local level (health-care centre, private clinic 
and physician, and other health personnel) is the 
first point of official contact with the infected patient 
and the point at which surveillance data should first 
be collected. Suspected rather than confirmed cases 
may be reported from this level to higher levels. the 
tasks at this level are diagnosis and case manage-
ment, including treatment and health education 
plus, resources permitting, case and outbreak inves-
tigation. the laboratory criteria for the confirmation 
of any suspicious case may be included on the same 
case-report form, or the form may be simplified to 
only include whether the case was confirmed or not. 
Local health authorities may be asked to assist in 
diagnosis and case management. 

Local health authorities are responsible for 
reporting to the intermediate level (i.e. state) or to 
the central level (i.e. federal), depending on the gov-
ernment structure. Also, local health authorities 
will be expected to mount the early epidemiological 
investigation targeted at: 

• identifying and controlling the source of infection 
(including additional case-finding, case-confirma-
tion, identification of source of infection and trac-
ing sources of infection from infected animals or 
animal products);

• reducing population morbidity and mortality 
through initiation of control measures depending 
on the authority, epidemiological situation and 
guidelines. 

Control measures for anthrax in livestock are given 
in chapter 8 and Annex 4. depending on the epide-
miological details of any human outbreak, control 
measures for humans are based on removal of the 
source of infection from human contact or separation 
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Fig. 11 Sample anthrax case-report form (human) 

Suspect .......................................................... Confirmed .............................................. Case ID: ................................ 

Patient information Anthrax form: ................. Cutaneous, .................  Inhalational, ................. Gastrointestinal

1. patient name: First ....................................................................... last ................................................................................................

2. Age .................................... gender:  male  Female

3. Residence location:

 Address ......................................................................................................................................................................................................

 ......................................................................................................................................................................................................................

4. occupation 

5. patient status 1.  outpatient 2.  Inpatient 3.  Admitted and discharged 4.  died

6. date of illness onset .......... / .......... / ..........

7. date first received antibiotics .......... / .......... / ..........

8. date admitted .......... / .......... / ..........

9. date died .......... / .......... / ..........

10. date of autopsy .......... / .......... / ..........

Brief history of present illness (include dates) 
 
 
 
 
 
 

name and route of medication date started

1. .....................................................................................................................................................  .......... / .......... / .......... 

2. .....................................................................................................................................................  .......... / .......... / ..........  

1. contact with animals or animal products (e.g. livestock, hair, hides, meat, or other potential animal sources)

  yes   no   Unknown

If yes,  type of contact source confirmed  
animal or product and location anthrax positive? 

1. ................................................................... ............................................................................................... ..................... (y, n, U)

2. ................................................................... ............................................................................................... ..................... (y, n, U)

3. ................................................................... ............................................................................................... ..................... (y, n, U)
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Laboratory confirmation

 specimen date collected test method laboratory Result

    

    

    

Reporting information

1. date reported .......... / .......... / ..........

2. person reporting case

 name

 title and professional status

 Address

 phone # other contact method

3. patient’s medical professional

 name

 title and professional status

 Address

 phone # other contact method

4. other medical examiner 

 name

 professional status

 contact information
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Fig. 12 Sample anthrax case-report form (animal)

Suspect .......................................................... Confirmed .............................................. Case ID: ................................ 

1. species ............................................................................................................................................ 2. no. affected .......................

3. Animal Ids (if different from case Ids) ....................................................................................................................................................

4. Age(s) ....................................  5. gender(s)  males  Females 

6. location ....................................................... Address .....................................................................................................................

7. date of 1st case ....................................

8. brief history of incident/outbreak (with dates) 
 
 

 
(continue on back of sheet if more space needed)

9. Information to identify possible sources

 Has anthrax occurred in this herd before?   yes   no   In the last year   In the last 10 years   > 10 years ago

 Has anthrax occurred at this site before?   yes   no   In the last year   In the last 10 years   > 10 years ago

 was the animal/herd in contact with, or located    yes   no   details 
 near another herd/animal with anthrax

 Is there any reason to suspect the feed?   yes   no   details

 Has there been any unusual occurrence or activity    yes   no   details  
 on or near the premises, such as soil disturbance?

10. Vaccination history in this herd or at this site

11. control measures instituted

12. laboratory confirmation

  specimen date collected test method laboratory Result

    

    

    

13. Reporting information

 date reported

 person reporting the incident/outbreak (name):

 professional status

 Address

 phone/fax/other
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of human populations from the infectious source(s); 
however, these control measures may vary widely in 
detail and will depend on the particular exposure 
situation.

9.3.2 Intermediate level 

depending on the political infrastructure, data from 
the report forms may be managed at an intermedi-
ate level such as a state health or veterinary depart-
ment. here the data may be collated and analysed 
for feedback to the local (municipal or county) level. 
usually, the intermediate level collates and analyses 
data from local levels. in addition, personnel at this 
intermediate level may serve as support to the local 
level. the tasks of the intermediate level are: 

• aspects of case-confirmation and case-man-
agement that cannot be undertaken at the local 
level;

• analysis of data from local levels;
• epidemiological investigations, tracing sources of 

infection from infected animals or animal prod-
ucts; 

• initiation and monitoring of control measures. 

9.3.3 Central level

reporting of cases should also be transmitted to the 
central level. depending on national resources, the 
central level will analyse and report the data back 
to the intermediate and local levels. in addition, the 
central level may formulate national policies and 
allocate resources based on the surveillance infor-
mation. the central level may also provide techni-
cal support (e.g. laboratory or epidemiological) to the 
intermediate and local levels as appropriate, and it 
is responsible for reporting summary surveillance 
information to international authorities such as 
Who and oie. 

9.4 Human surveillance
9.4.1 Case definition

details of the clinical presentation of anthrax in 
humans can be found in chapter 4. 

the suggested case definitions below may need 
to be adapted to local needs and laboratory capabili-
ties available for confirmation of diagnosis (Who, 
1997b). 

9.4.1.1 Clinical criteria 

Anthrax is an illness with acute onset characterized 
by several clinical forms as described in detail in 
chapter 4, especially when supported by a sugges-
tive case history. these could be summarized in a 
concise case definition for surveillance purposes as 
follows.

Localized form 
Cutaneous. Skin lesion evolving over 2–6 days from 
a papular through a vesicular stage, to a depressed 
black eschar invariably accompanied by oedema 
that may be mild to extensive. 

Systemic forms
Gastrointestinal. Abdominal distress characterized by 
nausea, vomiting, anorexia and followed by fever.

Pulmonary (inhalation). Brief prodrome resembling 
acute viral respiratory illness, followed by rapid onset 
of hypoxia, dyspnoea and high temperature, with 
X-ray evidence of mediastinal widening.

Meningeal. Acute onset of high fever possibly with 
convulsions and loss of consciousness, meningeal 
signs and symptoms.

9.4.1.2 Laboratory criteria

Several laboratory assays may be considered as sup-
portive diagnostic criteria. the availability or reli-
ability of these assays may vary from location to 
location, and therefore the definition of confirmed 
and suspected may be modified according to local 
laboratory capacity. however, it is thought that every 
country should be able to establish the necessary 
capabilities within the guidelines given in Annex 1 
and meet the following laboratory criteria for diag-
nosis of anthrax:

• isolation and confirmation of B. anthracis from a 
clinical specimen collected from an affected tis-
sue or site; or 

• other supportive laboratory tests, including: 
— evidence in fresh tissue or blood samples with 

traditional M’Fadyean (polychrome methylene 
blue) stained smears;

— evidence of B. anthracis dnA by PCr from spec-
imens collected from an affected tissue or 
site;

— demonstration of B. anthracis in a clinical spec-
imen by immunohistochemical staining; or

— other laboratory tests (e.g. serology).
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9.4.2 Case classification
9.4.2.1 Confirmed case

A confirmed case of anthrax in a human can be 
defined as a clinically compatible case of cutaneous, 
inhalational or gastrointestinal illness that is labo-
ratory-confirmed by:

• isolation of B. anthracis from an affected tissue or 
site; or

• other laboratory evidence of B. anthracis infection 
based on at least two supportive laboratory tests. 

note: it may not be possible to demonstrate B. anthra-
cis in clinical specimens if the patient has been 
treated with antimicrobial agents.

9.4.2.2 Suspected case

A suspected case of anthrax in a human may be 
defined as: 

• a clinically-compatible case of illness without iso-
lation of B. anthracis and no alternative diagnosis, 
but with laboratory evidence of B. anthracis by one 
supportive laboratory test; or 

• a clinically-compatible case of anthrax epidemio-
logically linked to a confirmed environmental 
exposure (infected animal product, contaminated 
fomite, or other source).

9.4.3 Special considerations for human 
surveillance

A single case of anthrax in a human population 
should result in a report and investigation.

Because the disease is rare in many countries, 
continuing education programmes for health-care 
providers should include information on recognition 
and confirmation of this disease.

Certain at-risk populations may warrant active 
surveillance (the implementation of case-finding 
activities among a subpopulation) on a regular basis. 
one example of such a need was found among hair 
and wool industry workers in europe and the united 
States in the 20th century. Because of an especially 
high risk, these workers were more intensively 
observed for anthrax than the general population 
by the occupational health systems and authorities 
serving these groups.

9.5 Veterinary surveillance
9.5.1 Case definitions
9.5.1.1 Clinical description

Please refer also to the oie Code for general guidance 
for animal health surveillance.1 

details of the clinical presentation of anthrax in 
animals can be found in chapter 3. in general in non-
immunized cattle, sheep or goats, anthrax is usually 
a peracute disease characterized by septicaemia and 
sudden death, frequently (but not universally) with 
bleeding from orifices and subcutaneous haemor-
rhages. other reported symptoms in cattle, horses, 
sheep and some wild herbivores consist of fever, 
dyspnoea, agitation and convulsions followed by 
death. in pigs, carnivores and primates, the main 
symptoms are local oedema and swelling of the face 
and neck. Failure of the blood to clot, absence of 
rigor mortis and the presence of splenomegaly are the 
most important necropsy findings (but not necessar-
ily pathognomonic). (See also sections 3.4 and 3.5.)

9.5.1.2 Laboratory criteria for diagnosis

internationally recognized standard diagnostic 
techniques and their interpretation for diagnosis of 
anthrax in animals are described in section 3.5 and 
Annex 1, as well as in the Manual of standards for diag-
nostic tests and vaccine (oie, 2008).

9.5.2 Case classification
9.5.2.1 Suspected

A suspected case is a case that is compatible with 
the clinical description. in enzootic areas all sudden 
deaths should be regarded as suspected anthrax 
cases. 

9.5.2.2 Confirmed

A confirmed case is a suspected case that is labora-
tory-confirmed. A diagnosis based on clinical signs 
may be difficult, especially when the disease occurs 
in a new area, and a confirmatory laboratory exami-
nation should be carried out as described in section 
3.5 and Annex 1.

1 General guidance for animal health surveillance. in: terrestrial 
Animal health Code, Appendix 3.8.1. Paris, World organisa-
tion for Animal health (oie), 2007 (http://www.oie.int/eng/
normes/mcode/en_chapitre_3.8.1.htm).
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9.5.3 Special considerations for veterinary 
surveillance

• in countries or areas free of anthrax, the disease is 
treated as an exotic or foreign disease, and meas-
ures to be adopted are based on primary preven-
tion, mainly the control of imported animals and 
animal products (see Annex 4).

• in enzootic countries or areas, whether or not 
animal vaccination is carried out, all suspected 
sudden deaths in animals should be investigated 
as possible cases of anthrax. Flocks or herds in 
direct or indirect contact with positive human 
cases should be investigated, as the human infec-
tion will have derived from animal cases and 
any infected herds or flocks should be identified 
and vaccinated. the primary prevention meas-
ures mentioned above should also be in place. in 
enzootic countries or areas where animal vacci-
nation has been discontinued, particular empha-
sis should be placed on continued surveillance.

• Because the numbers of animals may be very 
large on individual affected properties, the unit 
of reporting may in some cases be the property or 
farm rather than the animal. 

• Whenever possible, global positioning data should 
be included in case-reporting to ensure that 
affected areas are properly located and recorded.

in general, the occurrence and reporting of anthrax 
may cause economic harm to affected animal pro-
ducers. For that reason, it is important that national 
programmes for anthrax control include no penalties 
for reporting and compensation for additional costs 
to the farmer. Anything that discourages reporting 
should be avoided, and everything that encourages 
reporting should be embraced. Suggested approaches 
to ensuring this are: 

• Compensation to the owner should be available 
for any carcass proven (i) to be a case of anthrax, 
and (ii) to have been incinerated or disposed of by 
another officially approved method. ideally, dis-
posal of the carcass should be carried out by the 
official veterinary service.

• the initial vaccination of the herd or flock should 
be carried out by the official veterinary service.

• Quarantine should be kept as non-onerous as 
possible; it need not be longer than 21 days after  
vaccination of the affected herd has been carried 
out (see section 7.2.1.2); or, if cases continue to 
occur after vaccination, 20 days after the last case, 

according to the oie-designated period (Annex 4).
• Animal health officers should be properly equipped 

with specimen-collection materials, equipment 
and materials necessary for disinfection, clean-
up and disposal, and with antibiotics and vaccine 
plus syringes and needles. they should also be 
appropriately trained (e.g. not to administer vac-
cine and antibiotics simultaneously – see section 
7.2.1.3) and, furthermore, should have the nec-
essary transport and suitable office support for 
reporting cases.

• the laboratory technician should be supplied 
with the appropriate equipment, materials and 
training for confirmation of diagnosis.

• Appropriate educational literature for all persons 
involved, from the farmer/owner to ministry lev-
els, and information packets for the media should 
be produced.

• every effort should be made to get local under-
standing and popular support for the policy of 
carcass destruction and herd vaccination.

• the reporting system should be based more on 
incentives than penalties, although penalties for 
failure to report may be necessary. the reporting 
should not incur cost (e.g. forms, postage, etc.) to 
those required to make reports.

• treatment and vaccination of the remainder of 
the herd/flock and the services of the animal 
health officers in assisting with cleaning and dis-
infection should be free of charge.

• Affected herds/flocks should be revaccinated 
annually for three years (sections 8.8, 8.9).

9.6 Communication of disease data

Maps offer an efficient tool for communicating data 
on the prevalence of diseases or the location of at-risk 
populations. in order to facilitate disease control and 
surveillance, Who has developed the healthMapper. 
this software is specifically designed for use by pub-
lic health administrators working at national and 
district levels. the healthMapper simplifies the col-
lection, storage, updating, retrieval and analysis 
of public health data. Core to the healthMapper is 
the geographical database. this database contains 
the standardized data of individual countries with 
regard to various features such as administrative 
boundaries, population by administrative level, 
roads, rivers, forests and elevation. Such data enable 
the linkage of disease data such as cases per dis-
trict with background data such as population size 



109

or environmental factors. Furthermore, standard-
ized data facilitate the assessment of trends over 
time and the comparison of disease prevalence 
across geographical areas. the geographical data-
base is developed and updated in collaboration with 
national ministries of each partner country. the 
completeness of these data varies from country to 
country. the healthMapper geographical files may 
be used in conjunction with eSri inc. products. 

in addition to the healthMapper, Who has 
launched the Global health Atlas. this is more suit-
able for comparisons across countries than within 
countries. the Global health Atlas is an electronic 
platform that builds on the healthMapper and 
brings together standardized databases on infec-
tious diseases and on core health statistics. the 
Global health Atlas contains data on demography, 
environmental factors, socioeconomic conditions 
and health indicators.1

1 healthMapper: http://www.who.int/health_mapping/tools/
healthmapper/en/index.html; Global health Atlas: http://
www.who.int/health_mapping/tools/globalatlas/en/index.
html; World health statistics: http://www.who.int/statistics.

9.7 Templates for control programmes 
from the Model Country Project

in the third edition of these guidelines (turnbull et 
al., 1998a), Appendix 7 was devoted to the outcome 
of, and lessons from, the Model Country Programme 
formulated by the Who anthrax working group 
(editor’s note 1996b). While it was felt that it was 
not necessary to include the entire appendix in this 
edition, it was considered that the templates drawn 
up to assist national authorities to define their prob-
lems in achieving the ideal in regard to surveillance, 
reporting and control could still be useful. the tem-
plates were designed to enable a simple comparison 
between “textbook” approaches to control and what 
actually occurs in reality in any one country. this, in 
turn, will make it easier for that country’s national 
authorities to develop an action plan to reduce the 
discrepancy between the ideal and the reality. these 
templates (modified) are reproduced in Tables 6 –11. 
Guideline users may compare the situation in their 
country (“actual”) to the “ideal” and decide what 
action they should take to bring their control pro-
grammes nearer the ideal.

tAble 6

Surveillance

Ideal All unexplained livestock deaths or suspected cases must be investigated with laboratory 
support.

Actual to what extent is “all” not achieved? 
How can this be improved?

Constraints to what extent do the following prevent the ideal being achieved and how can their
(on achieving the ideal) influence be reduced: 

• distances involved; 
• remoteness of affected premises; 
• lack of transport; 
• delays in specimen delivery to laboratory; 
• laboratory materials unavailable.

Importance of surveillance confusion as to cause of death is avoided. 
demonstrates that control measures are working. 

Note. every unexpected death in livestock should automatically result in a blood or tissue smear and sample for examination by veterinary authorities 
(see Annex 1, sections 8.1 & 9, Table 14) at the earliest opportunity. A person of appropriate standing in each community might be recruited to 
implement this; he/she should be given adequate instruction, including on safety issues.

since it is a frequent experience that smears may fail to reveal anthrax bacilli, especially if the carcass was not fresh at the time of making the smear 
(i.e. if the smear is not made within, for example, 48 hours after death), laboratory culture should be regarded as an essential back-up procedure 
for diagnosis. this should be made possible by provision of the appropriate equipment, materials and instruction at the district veterinary laboratory 
level at least.

9. AntHRAX sURVeIllAnce
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tAble 7

Reporting

Ideal Reporting and information must be efficient, involving: 
• keeping good records; 
• mandatory reporting of deaths.

Actual Reporting does occur, but to what extent does its efficiency need to improve? 
How can this be improved? (e.g. would better cooperation between the local established 
social hierarchy and the veterinary public health officials be the way to improve this?)

Constraints to what extent do the following prevent achieving the ideal and how can their influence
(on achieving the ideal) be reduced: 

• the size of the areas being monitored; 
• the remoteness of some of the villages; 
• the inaccessibility of many of the communities; 
• shortage of basic materials at the veterinary assistant level.

Importance of reporting the success of control efforts cannot be monitored without good reporting. 

Note. A concerted effort should be made to ensure that hospitals and human clinics inform veterinary officials when they see a case of anthrax in a 
person.

tAble 8

Disposal

Ideal After confirmation as being a case of anthrax, a carcass should not be opened and should 
be burnt (or, the less preferred option, buried) in situ, or in an incinerator or rendered (see 
section 8.2).

Actual Are carcasses butchered and sold for human consumption?  
Is the value of the meat and hides seen as outweighing risks of serious illness? 
Is burning not feasible owing to shortage of fuel? 
Is burial a possible alternative?

Constraints to what extent do the following prevent achieving the ideal and how can their influence
(on achieving the ideal) be reduced: 

• attitudes of stock owners; 
• traditions; 
• lack of understanding of why only some of those handling an anthrax carcass or eating  
 the meat acquire disease.

Importance of disposal Avoidance of environmental contamination. 
Avoidance of spread of anthrax. 

Note. options on the best official approach to dealing with anthrax carcasses in developing country situations range from leaving it unopened for 
several days, possibly first wetting with 10% formalin (section 8.3.2.1; Annex 6, section 1), to allow putrefaction to kill the anthrax bacilli within 
the carcass, to a mandatory incineration policy, with many other approaches in between. Research is needed to determine practical and effective 
procedures appropriate to the local circumstances.
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tAble 9

Disinfection

Ideal disinfectants should be held in reasonable quantities at field stations. Veterinary assistants 
and stock owners should be trained in their use.

Actual  to what extent is this possible?

Constraints to what extent do the following prevent achieving the ideal and how can their influence
(on achieving the ideal) be reduced: 

• lack of availability of suitable disinfectants; 
• cost; 
• hazards posed by the appropriate disinfectants; 
• the type of premises where anthrax carcasses are handled.

Importance of disinfection disinfection is a valuable control measure. 
It needs to be included in the control programme wherever possible.

Note. provision, supply and storage of appropriate types of disinfectants are clearly a problem for developing countries, mainly because these are 
imported at a very high cost. Research is needed on the design of disinfection procedures applicable to the economic and other conditions prevailing 
in such countries.

tAble 10

Vaccination

Ideal A vaccine meeting acceptable standards should be available. 
Field officers should have the necessary storage facilities to maintain full vaccine viability. 
A contingency stock should be readily available. 
Vaccination for the exposed animals in the first outbreak should be provided as a control 
measure by the official veterinary service.

Actual Is vaccination coverage as it should be or very variable? 
Is a ready supply of the vaccine rapidly available? 
Are there storage facilities for the vaccine at field level? 
Are vaccine campaigns of adequate duration? 
Is vaccination supplied and applied by the official veterinary service?

Constraints to what extent do the following prevent achieving the ideal and how can their influence
(on achieving the ideal) be reduced: 

• perceived cost to the stock owner; 
• perception of failure from the cycle of “free” vaccination → retroactive immunization →  
 perceived failure → loss of confidence in vaccination on the part of the stock owner.

Importance of vaccination Vaccination and safe disposal of carcasses are the hub of anthrax control in endemic areas.

Note. For maximum success, vaccination as a control measure should be applied together with other control measures and continued for a full speci-
fied period (frequently three years is the period specified in a region with a history of regular or periodic outbreaks). Attention needs to be paid to 
problems that may arise if antibiotics are being administered to the animals for any reason (see section 7.2.1.3, Annex 6, section 1.4). It makes sense 
in many endemic regions to use combined vaccines, such as bQ/Anthrax vaccine.

Vaccines are generally available (see Annex 5). problems largely relate to the attitudes of farmers (dietvorst, 1996a), cost, and logistics of carrying 
out and evaluating the effectiveness of vaccination campaigns. examples of the sort of resistance on the  part of farmers to vaccination, and the 
rationale for this resistance, are well covered by dietvorst (1996a). As a first example, vaccination initiated in response to an outbreak has led to 
the situation in which the vaccine has been administered to animals already infected and which have died shortly after. this results in, at best, loss 
of faith in the vaccine and, at worst, a belief that the vaccine killed the animal(s). A second example is a belief that animals must be rested for two 
weeks after vaccination; frequently farmers feel they are unable to cease work for this period. the earliest identification of anthrax infection and 
application of annual vaccination of susceptible animals before the anthrax season in endemic areas will overcome most of these negative attitudes. 
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tAble 11

Education

Ideal educational material on anthrax should be supplied to field or other appropriate stations for 
distribution in the affected community.

Actual Have booklets, posters, radio programmes, videos, etc. been prepared?  
Have they reached the relevant communities (see Fig. 13)? 
Is there a need for continuation, expansion (more issues covered) and extension (more 
affected people reached)?

Constraints to what extent do the following prevent achieving the ideal and how can their influence
(on achieving the ideal) be reduced: 

• distances involved and inaccessibility of some communities; 
• printing, paper or production costs; 
• dissemination/distribution costs.

Importance of education the community gains a better understanding of the rationale and the limitations of control 
actions. 

Note. Inherent in all the control measures is the underlying need for educational programmes and materials. of foremost importance is education 
of the farmer/owner to recognize and report suspected anthrax and take proper action over the disposal of the carcass. Appropriate education 
should also be available for instruction of veterinary, medical and other officials in confirmation of diagnosis and correct action thereafter. Finally, the 
community itself should understand the rationale as well as the limitations of control actions. the clear need for information broadsheets, manuals, 
videos and films for disseminating information at courses, seminars and village meetings has been addressed in an exemplary manner in Zambia 
(dietvorst 1996a), where posters, booklets and a radio play (dietvorst, 1996b) have been developed (Fig. 13).

Fig. 13 Educational material (opposite)

the pictures are from a book, and also featured on a poster, 
conveying the story of the problems the fictional liseli family 
suffered following the death of their cows from anthrax. the 
message to farmers/owners of livestock is that they should not 
handle and butcher the carcasses of animals that have died 
unexpectedly or eat meat from such carcasses, but rather that 
they should call a veterinary official to supervise correct dis-
posal of the carcass. (source: dietvorst, 1996b.)
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AnneX 1

Laboratory procedures for diagnosis of anthrax, and 
isolation and identification of Bacillus anthracis1

AnneX 1

1. Anthrax and the microbiology 
laboratory; operational safety 

With some country-to-country variation in safety 
level definitions and requirements, recommenda-
tions for the manipulation of the causative agent 
of anthrax, Bacillus anthracis, generally are that BSL 
(biosafety level) 2 practices, containment equipment 
and facilities are appropriate for diagnostic tests, 
but BSL3 standards should be used when the work 
involves:

• producing quantities of the organism;
• activities with high potential for aerosol produc-

tion.

and possibly also:

• activities with antibiotic-resistant strains.

in the case of Member States with limited resources 
and unable to operate at BSL3, it is pertinent to 
remember that B. anthracis is not highly infectious, 
and that humans are moderately resistant (see sec-
tion 4.2.1). For diagnostic test purposes, therefore, 
good laboratory practice (Table 12) at all times is the 
important factor in carrying out the necessary tests 
safely. Large numbers of the organism should not 
be generated in uncontained laboratory situations, 
and manipulation of liquid cultures or suspensions 
should be kept to a minimum. it may be appropri-
ate to distinguish between fully virulent strains 
and those lacking virulence factors, such as vaccine 
strains. 

only a few confirmatory tests require liquid sus-
pensions, e.g. preparing smears, testing for capsule 
production in blood and suspension of the organism 
for PCr (polymerase chain reaction). Small volumes 
(< 2.5 ml) are needed for these tests.

Work for further tests, such as bacterial counts, 
sterility tests, etc. involving liquid cultures should 
be done in biological safety cabinets in laboratories 
meeting as nearly as is possible the criteria for basic 
BSL3, or at least BSL2, laboratories. these criteria are 
readily obtained on the internet.

2. Principal features of good 
laboratory practice

1. use and storage of personal protective equip-
ment (PPe):
• individuals should wear gowns or laboratory 

coats with elastic cuffing, and disposable 
gloves.

• Gowns/coats should be hung in a specified 
place near the entry to the laboratory and 
should be cleaned or disposed of at suitable 
intervals or when defective.

 • PPe should be removed on leaving the work 
area and should not be worn outside the labo-
ratory.

2. the laboratory door should be kept closed.
3. Appropriate disinfectant (usually hypochlorite 

solution, 10 000 ppm – see Annex 3, section 4.1) 
should be prepared freshly on a regular basis:
• this should be available, ready for immediate 

use in the event of a spillage; 
• benches should be wiped down with the disin-

fectant after work is completed.
4. Appropriate containers (generally screw-capped, 

non-breakable) should be used for specimens, 
cultures, etc., and proper carriers or secondary 
containers should be used for moving cultures 
around the laboratory.

5. eating, chewing, drinking, taking medication, 
smoking, applying cosmetics and mouth pipet-
ting are strictly prohibited in the laboratory.

6. Storage of contaminated materials should be 
done safely:

1 Significant use has been made in this annex of the operating 
procedures drawn up for the Manual for laboratory diagnosis of 
anthrax (Who, 2003) recently produced by the Who regional 
office for South-east Asia.
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tAble 12

Criteria, equipment and materials for laboratory diagnosis of anthrax 

lAboRAtoRy   condItIon eQUIpment And mAteRIAls needed

dIAgnosIs cApAbIlIty leVel

suspect peripheral the smear shows gram- specimen transportation kits
 Intermediate positive, square-ended rods sterile swabs
 central/reference in pairs or short chains,  microscope
  occasionally singly, in  microscope slides and cover slips
  association with a  Immersion oil and lens paper
  suggestive clinical history. ethanol (or methanol) ≥ 95%
    stains: polychrome methylene blue stain (quality  
     controlled by reference laboratory for capsule  
     staining); gram stain
    test tubes/screw-capped bottles
    gloves, high quality particle-filtering face masks,  
     gowns, bunsen burner or spirit lamp
    disinfectant spray “gun”
    disinfectant: sodium hypochlorite (bleach)
    Autoclave (and spore disks/strips)a

presumptive Intermediate smear stained with poly- As above, plus biological safety cabinet preferably
 central/reference  chrome methylene blue   with fumigation capability
   shows dark blue square- Incubator
   ended rods in pairs or short  centrifuge
   chains, occasionally singly,  water bath
   surrounded by pink capsule. co

2
 incubator/candle jar

  primary culture has typical  equipment for culture: loops, petri dishes, pipettes
   characteristics.  and tips, screw-capped bottles or tubes, flasks,
  other helpful tests or antigen-  etc.
   detection devices based on  Media and reagents
   protective antigen are  culture media (blood agar, nutrient agar, heart
   becoming available.  infusion agar, brain-heart infusion broth, etc.)
    plet agar (and/or other selective agar) ingredients 
    other stains – spore stain
    gamma phage (quality-controlled  by reference  
     laboratory for efficacy)
    penicillin discs
    defibrinated horse blood (blood from other species  
     also suitable)
    horse serum (serum from other species also suitable)
    sodium bicarbonate
    sterne vaccine strain of B. anthracis for controlling  
     phage and penicillin tests or, if possible, a wild- 
     type isolate for controlling phage, penicillin and  
     capsule tests
    Further disinfectants 
    formalin (38%–40% formaldehyde solution) or  
     paraformaldehyde with neutralizer ammonium  
     carbonate/bicarbonate
    Antigen detection devices if available

confirmed Intermediate, if  confirmatory tests show As above, plus
  suitably equipped  culture is B. anthracis. Hazard-level 3 laboratoryb with biological class 3
 central/reference pcR confirms presence of   safety cabinet equipment and materials for pcR
   toxin and capsule genes.  media and materials for antimicrobial
     susceptibility testing room fumigation capability
     when necessary.

a the destructive function of the autoclave should not be assumed but should be checked with a spore disc or strip (available commercially).
b the ideal is a bsl (biosafety level) 3 facility containing a class 3 cabinet. In some laboratories, a class 2 cabinet with respirator in a bsl 3 facility or a 

class 3 cabinet in a bsl 2 facility, are the less ideal alternatives.
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• “tools” (pipettes, tips, loops, spreaders, etc.) 
should be housed safely after use, awaiting 
autoclaving (e.g. in strong autoclavable bags) or 
fumigation, or they should be fully immersed 
in jars of disinfectant (10% bleach or forma-
lin).

• Contaminated items and materials awaiting 
reuse or disposal should be housed in strong 
leak-proof containers, preferably within auto-
clavable bags. Spillage within these should be 
avoided.

7. infectious disposable waste (see 6 above) should 
be autoclaved, preferably followed by incinera-
tion also. reusable articles should be autoclaved, 
fumigated or otherwise sterilized before clean-
ing.

8. Procedures should be performed so as to mini-
mize production of potentially contaminated 
aerosols or dusts.

9. hands should be thoroughly washed with soap 
and water before leaving the facility, using dispos-
able towels or an air drier after washing. (ideally 
a hand-washing basin should be sited by the labo-
ratory door, adjacent to the hooks for laboratory 
gowns/coats.)

10. An accident and incident emergency plan should 
be in place.

11. Laboratory workers should receive initial and 
regular revision training on the above.

3. General bacteriology of anthrax

the basic bacteriology of B. anthracis and its identifi-
cation characteristics have been described in chap-
ter 6. Further practical information is given here. 
B. anthracis is a non-fastidious, facultatively anaero-
bic bacterium organism which grows readily on sim-
ple laboratory media. the optimum temperature for 
growth is 35–37 °C.

3.1 Nutrient agar 

After overnight incubation at 35–37 °C colonies 
are large, 2–3 mm in diameter, irregular, raised, 
dull, opaque and greyish-white with “frosted glass” 
(ground glass) appearance. occasionally the colo-
nies may have fringed edges or put out curled pro-
trusions (tailing). this is the so-called “Medusa head 
appearance” but is not encountered as frequently as 
textbooks often suggest, and varies from batch-to-
batch of media. the colony is notably tacky in con-
sistency.

3.2 Blood agar 

After overnight incubation at 35–37 °C on horse or 
sheep blood agar (BA), colonies of freshly isolated 
B. anthracis are white, or grey-white and non-haemo-
lytic, 2–4 mm in diameter, again with a slightly 
moist, matt appearance. Fringed edges or tailing is 
sometimes seen as with nutrient agar (Fig. 8B). 

3.3 Spores 

Spores develop at the end of the log phase of multi-
plication. For diagnostic purposes, they can gener-
ally be visualized in smears of standard laboratory 
agar plate cultures (e.g. blood agar or nutrient agar) 
after 20–24 hours of incubation at 35 °C to 37 °C. 
the spores are central/subterminal, ellipsoidal and 
do not swell the vegetative cell (Fig. 8C). Strain-to-
strain differences occur (section 6.3.1.1). in Gram-
stained preparations, the developing spores appear 
as unstained areas within the cell. With malachite 
green/safranin (or malachite green/basic fuchsin) 
staining, the spores are stained green and the veg-
etative forms are pink (Fig. 8C). in the Ziehl-neelsen 
staining, spores are pink and the vegetative forms 
are blue. When fully mature (dormant), the spores 
can also be seen as refractile egg-shaped bodies 
under phase contrast. (See also sections 6.3.1.1 and 
this annex, sections 9.3.4 & 9.3.5.)

3.4 Capsules 

Capsules are not formed during normal aerobic in 
vitro culture. they can be induced either by growth in 
bicarbonate agar containing serum under a 5%–20% 
carbon dioxide atmosphere, or in defibrinated blood 
or in serum (defibrinated horse blood seems to work 
best) (see also sections 6.3.1.6 and this annex, sec-
tion 10.7.2).

3.5 Broth cultures

Growth is frequently very floccular, especially in 
static cultures, due to the tendency of B. anthracis to 
form long chains in vitro (section 6.3.1.1). Being non-
motile, the strands settle as a deposit which comes 
up as silky strands on shaking the broth gently.

3.6 Selective agars – PLET and TSPBA 

Selective media are needed for the isolation of B. 
anthracis from clinical materials or environmental 
samples heavily contaminated with other bacteria. 
Bowen (1999) concluded that the best selective sys-
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tem was the polymyxin, lysozyme, edtA and thal-
lous acetate (PLet) agar of Knisely (1966) (Fig. 14). 
PLet agar was also chosen as the most selective 
and sensitive (3–5 spores per gram of soil) detection 
medium for all the work leading up to and follow-
ing decontamination of Gruinard island (Manchee 
et al., 1981, 1983). dragon & rennie (2001) recorded 
that, compared with blood agar, as few as 33% of the 
viable anthrax spores present in a sample germi-
nated and outgrew, but Bowen (1999) and Samaan 
& turnbull (unpublished results) found that losses 
on PLet were normally nil. the single exception was 
strain LSu 62, a 1962 bovine isolate from Poland, 
which, uniquely, did not grow on PLet (turnbull et 
al., 2004a). Whether this is a laboratory adaptation 
phenomenon is not known.

While it would seem that PLet agar, prepared well 
(Annex 2), is an excellent selective isolation medium 
for B. anthracis, it does generally require at least 36 
hours of incubation to read. its other disadvan-
tage lies in the ingredient, thallous acetate, which 
is highly toxic and environmentally unfriendly in 
terms of disposal.

After incubation at 37 °C for 36–48 hours, the 
colonies of B. anthracis are 2–3 mm, roughly circular, 
creamy-white with ground-glass texture. Colonies 
are usually smaller in size on this medium com-
pared to those on nutrient or blood agar, and lack 
the tackiness. tailing edges are not seen. 

trimethoprim-sulfamethoxazole agar medium1 

has been recommended by some. Polymyxin at the 
same concentration as used in PLet may give extra 
selective advantage. this medium is referred to here 
as tSPBA; instructions for its formulation are given 
in Annex 2. B. anthracis colonies are recognizable ear-
lier on tSPBA than PLet and at the same rate as con-
ventional blood agar; being a blood agar, it retains 
the value of showing up haemolysis in the case of 
any haemolytic species that break through.

B. anthracis growth and colony morphology on 
tSPBA are indistinguishable from those on BA (sec-
tions 6.3.1, and this annex, section 3.2; Fig. 8B).

3.7 Bicarbonate agar 

Colonies of fully virulent isolates are mucoid in nature 
on this medium when incubated overnight under Co2 
due to capsule formation. Vaccine strains lacking the 
capsule genes, such as the Sterne strain, are rough 

(see this annex, section 10.7.2.2; Fig. 8D). the formula 
for bicarbonate agar is given in Annex 2.

4. Special features
4.1 Susceptibility to penicillin G 

Fresh isolates of B. anthracis from cases of anthrax 
are almost always susceptible to penicillin (see sec-
tion 7.1.2). in its simplest form, this involves spread-
ing a portion of a nutrient or blood agar plate with 
the culture under test, and placing a 10u penicillin 
disc at some point within the area of spread. the 
zone of susceptibility will be visible after overnight 
incubation at 35–37 °C (Fig. 8F; see also this annex, 
section 10.7.1).

4.2 Susceptibility to the diagnostic 
(“gamma”) bacteriophage

the diagnostic (“gamma”) phage has the ability to 
lyse B. anthracis grown aerobically on blood or other 
nutrient agar and rarely lyses any other Bacillus spe-
cies. Phage-resistant isolates are encountered, but 
this is rare (see section 6.3.1.5). there are a variety of 
ways this test can be done, but the simplest is to pick 
the suspect colony to a segment of a blood agar plate 
with a 1 μl inoculating loop as shown in Fig. 8F and 
place a 15 μl drop of phage suspension in the centre 
of the area over which the loop has been spread. the 
plate is incubated overnight at 35–37 °C (see also this 
annex, section 10.8.1).

4.3 Animal pathogenicity test

definitive identity of a suspect B. anthracis isolate 
used to be done by inoculating the organism into a 
mouse or a guinea-pig and confirming the cause of 
death by smear or isolation. however, for ethical rea-
sons animal inoculations are only done now under 
exceptional circumstances (see also this annex, sec-
tion 12).

5. Case definition based on  
laboratory findings

For the purposes of investigation and control activi-
ties, the diagnostic definitions in Table 12 are pro-
posed for anthrax. this is based on the model 
outlined in the Manual for laboratory diagnosis of 
anthrax (Who, 2003) in which laboratories in any 
country can be broadly subdivided on the basis of 
their resources and capabilities into: (i) peripheral 
(district), able to receive clinical samples and carry 
out basic procedures by which to establish initial 1  As found on http://www.ourfood.com/Anthrax.html.
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“suspect” diagnosis of anthrax so that immediate 
control measures can be instituted; (ii) intermedi-
ate (regional/provincial), which may be equipped to 
biosafety level 2; and (iii) central (reference) able to 
reconfirm identifications and perform further tests. 

6. Sample processing and 
containment

6.1 Type of specimen

the approach taken will depend on the type of speci-
men being examined which, for the purposes of 
examination, will fall broadly into: (i) fresh specimens 
from untreated animals or humans; (ii) specimens 
from treated animals or humans; (iii) specimens 
from old and decomposed animal carcasses or from 
animal products; or (iv) environmental specimens, 
including those from suspected deliberate release 
events.

6.2 Clinical specimens and materials

Specimens from lesions or from freshly dead humans 
or animals may be handled at hazard levels lower 
than level 3 (see this annex, section 2) with the fol-
lowing safety precautions: 

• use of adequate protective clothing (gloves, gowns 
with tight wrists and ties at the back). if the sam-
ples are not being processed in a safety cabinet, 
protective eye-shields and good-quality face 
masks may be advisable to protect the operator 
from other (non-anthrax) infectious agents that 
might be present;

• availability of high-quality, properly positioned 
facilities for hand-washing;

• careful dressing of skin abrasions. 

old dried-up specimens, such as old hides, that are 
liable to give off dust during processing, should be 
handled in a biosafety cabinet, preferably class 3.

6.3 Environmental and suspect deliberate 
release samples

environmental samples from sites suspected of 
having been contaminated naturally (e.g. carcass 
sites) are best handled in a biological safety cabinet. 
Samples under suspicion of being artificially con-
taminated must be handled in a biosafety cabinet, 
again, preferably a class 3 cabinet. Suspect powders 
should strictly be processed in a well-constructed 
class 3 safety cabinet. A deliberately contaminated 
environmental sample is potentially very dangerous, 

and the processing of suspect environmental sam-
ples should be restricted to a proper hazard-level 3 
laboratory with the correct facilities, most likely in 
the central/reference laboratory.

7. Specimen collection
7.1 Equipment and materials for  

specimen collection
7.1.1 All-purpose kit

in the case of human specimens (Table 13), these 
must be collected by the attendant medical profes-
sionals. 

the following list is for guidance in relation to 
specimen collection:

• leak-proof specimen containers, wide-mouth in 
the case of environmental samples;

• secondary containers for “double-bagging”;
• secure carrying containers (e.g. good-quality cool 

box, metal box, plastic mailing pots, etc.);
• sterile swabs, forceps, scissors, syringes (1 ml) and 

needles (approx. 19 gauge), spatulas or spoons;
• sterile water and/or saline;
• microscope slides and slide carriers;
• culture plates and inoculating loops (if appropri-

ate to make primary culture at the site);
• “sharps” disposal containers;
• labels and markers or pens;
• adhesive tape;
• autoclavable discard bags for disposables;
• autoclavable discard bags for tools, clothing, 

boots, etc.;
• tock hypochlorite solution and water to make up 

working solution (5000–10 000 ppm) and hand-
washing facilities (e.g. large water container and 
basin);

• paper towels.

7.1.2 Personal protective equipment 
7.1.2.1 Specimen collection from a human or animal 

situated indoors

• Laboratory coat, gown or overall, as appropriate 
to the situation, should be worn. Sleeves should 
be long with elastic cuff.

• double disposable gloves and (if appropriate, e.g. 
large animal dead on floor) overshoes or steriliza-
ble boots should be used. the outer gloves should 
be changed as necessary to avoid spreading con-
tamination. Skin should not be exposed between 
the gloves and the sleeves.

AnneX 1
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• existing cuts or abrasions should be dressed before 
putting on personal protective equipment (PPe).

7.1.2.2 Specimen collection from animals in the field

See Table 14 for guidance on appropriate specimens 
to collect.

Preferably a veterinarian or microbiologist trained 
in handling disease-causing agents should do the 
sample collection. this may not always be possible, or 
only possible with a substantial delay, and farmers/
owners/managers may have to collect the samples. 
the following advice aims at covering either situa-
tion:

• You will need an apron or coverall if you antici-
pate extensive handling of the carcass.

• You will also need disposable covers for your 
hands and feet (see below) and strong bleach solu-
tion (10 000 ppm).

tAble 13

Guidelines on appropriate specimens from humans suspected of being infected with B. anthracis 

clInIcAl pIctURe specImena QUAntIty contAIneR otHeR ActIon

cutaneous anthrax Vesicular fluid 3 sterile swabs make a smear with one of the swabs for m‘Fadyean 
    (capsule) test. Use other for culture. test with  
    antigen detection device if available.

Inhalational/ blood 10 ml blood collection make a smear with a drop of the blood for 
pulmonary anthrax   tubes (anticoagulant m‘Fadyean (capsule) test as well as culture. test with 
   not needed) antigen detection device if available. 

 csF 0.5 ml sterile screw-capped  make a smear for m‘Fadyean (capsule) test as well 
   container as culture.

 nasal swab 2 sterile swabs culture.

gastrointestinal  blood 10 ml blood culture bottles make a smear with a drop of the blood for 
anthraxb    m‘Fadyean (capsule) test as well as culture. test with  
    antigen detection device if available.

 Ascitic fluid  2 ml sterile screw- make a smear with a drop of the fluid for m‘Fadyean 
   capped container (capsule) test as well as culture. test with antigen  
    detection device if available.

 peritoneal fluid 2 ml sterile screw- make a smear with a drop of the fluid for m‘Fadyean 
   capped container (capsule) test as well as culture. test with antigen  
    detection device if available.

Anthrax meningitis csF 0.5 ml sterile screw- make a smear for m‘Fadyean (capsule) test as well 
   capped container as culture.

 blood 10 ml blood culture bottles make a smear with a drop of the blood for  
    m‘Fadyean (capsule) test as well as culture. test with 
    antigen detection device if available.

a where possible collect specimen before administration of antibiotics to the patient.
b It may be appropriate to investigate suspected oropharyngeal anthrax in the same way as cutaneous anthrax.

• dress cuts or abrasions on exposed areas, espe-
cially hands and arms.

• the professional approach is to wear apron or 
coverall, disposable gloves and overboots, or 
boots that can be disinfected. it may be appropri-
ate to wear two pairs of disposable gloves (double 
gloving); the outer gloves can then be changed as 
and when needed without exposing the hands. 
Minimal alternatives are strong plastic bags as 
overboots and, for the hands, evert a plastic bag, 
insert the hand that will touch the carcass into 
the everted bag and grasp tissue to be sampled; 
insert swab, or cut off sample with other hand; 
reverse bag over sample or swab and seal and label 
the bag. in the case of cutting off a piece of tissue, 
insert the cutting implement into another plastic 
bag for transport to where it can be disinfected 
(strong bleach for 1 hour) or sterilized (boiled for 
30 min or pressure cooked for 15–20 min).
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• existing cuts or abrasions should be dressed 
before putting on PPe.

7.2 Safety procedures for specimen 
collection

7.2.1 During specimen collection

• Before specimen collection, put on the chosen 
clothing, including double gloving. ensure disin-
fectant, disposal bags and hand-washing equip-
ment are ready.

• existing cuts or abrasions should be dressed 
before putting on PPe.

• After specimen collection, rinse or wipe down 
gloved hands with 10% hypochlorite solution and 
discard outer gloves.

• discard used PPe into disposal bags, separating 
autoclavable and non-autoclavable items. inner 
gloves should be discarded last. Sharps should be 
placed in a sharps container.

• Wash hands.

7.2.2 Using disinfectants, fumigants, etc.

• Prepare hypochlorite solutions (10 000 ppm) 
freshly every day. Preferably handle sodium hypo-
chlorite wearing gloves and eye protection.  Avoid 
spilling it on clothes. remember it corrodes fer-
rous metals.

• use formalin in well-ventilated areas, wearing 
gloves and face shield while handling it. if han-
dling it in an enclosed space with little ventila-
tion, or if large volumes are involved, a full-face 
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• After specimen collection, discard disposable 
items into disposal bags for subsequent sterili-
zation or incineration. Similarly, non-disposable 
items should be put into discard containers for 
subsequent sterilization or disinfection. Care 
should be taken to ensure that sharp objects are 
in a container they cannot pierce easily. the con-
tainers themselves should be sterilized, inciner-
ated or disinfected.

• Wash hands thoroughly with soap and water.

7.1.2.3 Environmental samples

• disposable or reusable apron or coverall (as 
appropriate to the potential hazard of the sample) 
should be worn.

• Where the possibility exists of aerosolizing and 
inhaling dust, a respirator is advisable, preferably 
a quality assurance tested full-face respirator. 
(Caution: the operator should be trained by a qualified 
person in correct wearing and use of the respirator.)

• For samples related to known or suspected delib-
erate release, a quality assurance tested full-face 
respirator should be regarded as mandatory. 
(Caution: the operator should be fitted and trained by a 
qualified person in correct wearing and use of the respi-
rator.)

• double disposable gloves and overshoes or steri-
lizable boots should be worn. the outer gloves 
should be changed as necessary to avoid spread-
ing contamination.

tAble 14

Guidelines on appropriate specimens from animals suspected of having died from anthrax

cIRcUmstAnce specImen     contAIneR      otHeR ActIon

Fresh carcass blood from vein (0.1 ml) or, if opened (e.g. by  small vial, or leave Use for smear and culture.a 
 scavengers), blood and fluid from body cavity  in syringe. the smear can be prepared on 
 or piece of highly vascularized tissue (usually   the spot. test with antigen 
 ear clipping).  detection device if available.

putrefied carcass piece of highly vascularized tissue and swabs  swab tubes. For soils,  culture animal specimens on bA 
 of vascularized regions (nostrils, eye socket,  sealable specimen (preferably with polymyxin) 
 any bloody material). bloody soil from under  container. and selective agar. 
 head or tail.  culture soil on selective agar.

Very old carcass, hides, swabs of nostrils, eye sockets. soil from swab tubes. For soils,  culture on selective agar. 
bones, soil around/ where body fluids believed to have fallen. sealable specimen 
under carcass, etc.  container.    

a smear and culture should be done within hours of collecting blood. Vegetative cells disintegrate in blood held for much more than a day. If a delay 
in reaching the laboratory is expected, the smear should be made on a slide immediately after collection and the blood should be collected on a 
dry swab. this will encourage sporulation of the B. anthracis on the swab, which is then reliable for culture for long periods.
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chemical respirator should be worn (the operator 
should be fitted and trained by a qualified person in cor-
rect wearing and use of the respirator). it is injurious 
to skin and mucous membranes. 

7.3 Labelling

the following information should be recorded:

• a reference code or number marked in indelible 
ink on the container;

and, either on the container or on a sample docu-
mentation sheet:

• the date and time of sampling;
• the location of the sampling point;
• the type of sample;
• the reason for sampling;
• the identity of the person taking the sample.

7.4 Collection of human specimens for 
anthrax diagnosis

to a great extent, the specimen that can be collected, 
or that will yield B. anthracis, will depend on the con-
dition of the patient and stage of the disease. For 
example, it may not be possible to isolate B. anthracis 
from the vesicular fluid of a cutaneous lesion if the 
patient has been treated, and vesicular fluid may no 
longer be available if a cutaneous lesion is older than 
3–4 days. As another example, it will not be possible 
to isolate B. anthracis from blood until the very last 
few hours of life. With this proviso, Table 13 provides 
guidelines.

7.5 Collection of animal specimens for 
anthrax diagnosis

Legislation in most countries forbids postmortem 
examination of animals that have died of anthrax. 
Animals that have died suddenly and unexpectedly 
should not be necropsied unless anthrax has been 
ruled out as the cause of death (see section 3.5.2).

7.6 Collection of environmental samples 
for examination for B. anthracis

• exposed surfaces are swabbed with moistened 
swabs, which are “double-bagged” (see also this 
annex, section 7.7) and sent to the laboratory.

• Water is collected by means of a syringe without 
needle and double-bagged.

• Food samples are collected with sterile spoons or 
other suitable sterile collecting devices into small 
sterile containers and double-bagged.

• Soil samples are collected with sterile spoons or 
other suitable sterilized tools into sterile, seala-
ble containers (e.g. specimen cups with screw-on 
lids) and double-bagged.

• the cautions outlined in this annex, sections 6.3 
and 7.1.2.3, pertain to dust samples, or suspect 
powders. For most purposes, swabs or sterile 
gauze “wipes”, premoistened with sterile water, 
are best. dry swabs may be used if there is special 
reason not to use wet ones, such as not damaging 
evidence, but they will only collect small amounts 
of sample. the swabs are transferred to an appro-
priate container and double-bagged. it may also 
be possible, depending on the circumstances, to 
transfer dust to a sterile container with a sterile 
spatula; this should obviously be done carefully 
so as not to create aerosols. if vacuum collectors, 
purpose-designed to collect these types of sam-
ple into hepa filter collectors, are available, then 
these should be the method of choice.

7.7 Containment for transport  
(“double-bagging”)

• the specimens should be collected into sterile 
containers as indicated in Tables 13 &14, using 
aseptic techniques.

• the containers should be wiped down with 
hypochlorite (10 000 ppm) and, with outer gloves 
changed first, put into an outer, secondary con-
tainer (double-bagged). if the secondary container 
is a plastic bag, then this should be of good qual-
ity. it should, in turn, be sealed and, for transport, 
be put into a good-quality cool box or a strong 
plastic or metal container with a lid that can be 
made secure.

• the secondary and outer containers should bear 
the relevant hazard labels.

Generally, specimens should be stored at 2–8 °C. 
Preferably they should be transported in cool boxes, 
especially in hot weather and when the time interval 
between collection and delivery to the laboratory is 
likely to be more than 1–2 hours.

the use of dry swabs for samples which cannot 
be examined immediately is covered in this annex, 
section 8.1 and Table 14. 

For shipping of samples by mail or courier, the 
appropriate procedures with relevant paperwork 
must be followed.
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7.8 Disinfection, decontamination  
and discard

Basically all specimens and used disposables should 
be autoclaved when finished with. Whether in the 
laboratory or in the field, these should have been col-
lected into autoclavable bags or other suitable con-
tainers which are then autoclaved at 121 °C for ≥ 1 
hour, preferably followed by incineration. 

Contaminated autoclavable non-disposable items 
should also be deposited in autoclavable containers 
and ultimately autoclaved.

Microscope slides, coverslips and other sharp items 
should be placed in autoclavable sharps containers 
and autoclaved, preferably followed by incineration.

there may be circumstances where it is appro-
priate to immerse items in hypochlorite solution 
(10 000 ppm) initially and then to autoclave and 
incinerate them later.

disinfect or fumigate non-autoclavable materials 
(see Annex 3, section 3.3).

Laboratory clothing should be autoclaved before 
being sent to the laundry. non-disposable boots 
should be washed down into an autoclavable basin or 
bucket, and the washings autoclaved. the boots then 
should be disinfected by immersion in hypochlorite 
(10 000 ppm available chlorine) or 10% formalin (see 
Annex 3, section 6.5) and allowing them to dry for 
about 30 min before reuse.

 
7.9 Fumigation/UV

equipment that cannot be autoclaved, boiled or 
immersed in disinfectant solutions should be fumi-
gated (see Annex 3, section 3.3). Where fumigation is 
not readily achieved and a safety cabinet fitted with a 
uV light is being used, this should be utilized apply-
ing the same principles of arranging the items to be 
sterilized in such a way as to ensure the uV light 
reaches into and around them to maximum extent 
(see Annex 3, section 3.3.1). uV should not be relied 
on alone for decontamination, but should be used in 
conjunction with wiping the items to be decontami-
nated with towelling moistened with hypochlorite or 
possibly formalin, paying attention to the cautions 
given in Annex 3, section 1.1.

ideally, cabinets and rooms should be fumigated 
when suspected of being contaminated. Where this 
is not possible, they should be given a very thorough 
floor-to-ceiling wipe-down with hypochlorite solu-
tion (10 000 ppm). 

8. Types and conditions of specimens 
versus ease of diagnosis

8.1 Fresh specimens from untreated 
animals or humans

Few difficulties should be encountered in: (i) iden-
tifying B. anthracis in M’Fadyean capsule-stained 
smears of blood, lymph or oedematous fluid from 
untreated animals shortly before or within one or 
two days after death from anthrax; or (ii) isolating 
B. anthracis from these types of specimen. Similarly, 
the bacteria should be readily visible in, or isolated 
from, vesicular fluid before treatment in humans or, 
so long as no treatment was given, from body fluids 
near to death or post mortem. 

it should be noted, however, as indicated in the 
footnote to Table 14, that smears and culture should 
be done within hours of collecting blood. Vegetative 
cells disintegrate in blood held for much more than a 
day. if a delay in reaching the laboratory is expected, 
the smear should be made on a slide immediately 
after collection, and the blood should be collected on 
a dry swab. this will encourage sporulation of the 
B. anthracis on the swab, which is then reliable for 
culture for long periods

8.2 Specimens from treated animals  
and humans

treatment of an animal suffering from anthrax may 
sterilize the blood and tissues even though the ani-
mal may go on to die from the effect of the toxin. 
Similarly, cutaneous lesions in humans will be 
quickly sterilized by treatment but will continue to 
pass through their stages of evolution and resolution 
(section 7.3.1.5). ( See also sections 3.5.3 and 4.4.4.2.)

residual forms of the capsulated bacilli may be 
visible in fluid smears from such animals or persons. 
isolation attempts may be unsuccessful. Confirmation 
of diagnosis may be possible with a sensitive antigen-
detection device for the toxin. it is hoped this will 
become more widely available in the future. in cases 
of extreme need to confirm diagnosis, a last-resort 
approach may be use of mice or guinea-pigs to iso-
late B. anthracis (this annex, section 12).

8.3 Specimens from old or decomposed 
animal specimens, or from animal 
products or environmental specimens

the problem likely to be encountered with this group 
of specimens is that detection will frequently involve 
a search for relatively few B. anthracis among many 
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other Bacillus species, particularly B. cereus (section 
6.2). the selective approach covered in this annex, 
section 10.4 is necessary.

environmental samples may vary greatly in 
their composition (different kinds of soil, water and 
wastewater, biowaste, food and feedstuff), in their 
content of toxic materials (e.g. organic or inorganic 
residuals used in tanneries), and the competing bac-
terial flora. extensive experience in Germany (Böhm 
& Beyer, personal communication, 2005) has shown 
that environmental samples may contain substances 
which inhibit germination and growth of B. anthra-
cis, and therefore appear negative on culture. Such 
conditions may result in false negative results if a 
sample-specific positive control is not included. 
therefore in general all sample materials are best 
divided into two parts before processing, one being 
the true sample and the other used as the spiked 
positive control. in order to determine the limit of 
detection of the culture procedure, further portions 
of the sample may be spiked with tenfold dilutions 
of spores. in sufficiently contaminated materials, 
the effect of the inhibitor may be eliminated and the 
contaminating B. anthracis detected by suitable dilu-
tion of the initial sample suspension. 

9. Microscopy for anthrax 
9.1 Equipment and materials

the following equipment and materials will be 
needed:

• binocular microscope with good oil immersion 
lens

• microscope slides and cover slips
• pen/pencil/diamond pen/label as appropriate to 

label slides
• sharps container
• wash bottles and water, preferably deionized or 

distilled
• alcohol, 95%–100%
• immersion oil
• stain tray with slide holder
• inoculating loops
• Bunsen burner or spirit lamp
• Pasteur pipettes, preferably plastic disposable
• paper towel or other absorbent paper
• plasticine
• lens tissue
• autoclavable discard bag
• stock hypochlorite and working bottle for 10 000 

ppm solution, preferably a spray bottle

• stains:
— Gram stain
— polychrome methylene blue (M’Fadyean).

9.2 Safety measures

• Wash the stain off with water into a tray con-
taining hypochlorite solution (10 000 ppm). Leave 
overnight before discarding, or autoclave.

• discard the used slides into the sharps container, 
which is autoclaved.

• incinerate/autoclave or otherwise decontaminate 
other used items of equipment.

• Avoid contaminating the microscope, e.g. by 
changing outer gloves at appropriate times.

• decontaminate the safety cabinet after use (see 
this annex, section 7.9 and Annex 3, section 3.3)

9.3 Preparation and staining of smears
9.3.1 Clinical (human or animal material) 

• Make two thin smears of clinical/animal mate-
rial by rolling over the swabs or spreading a small 
drop on a microscope slide, using a coverslip to 
do the spreading. the smear should be approxi-
mately 1.5 cm square and should not run to the 
edges or either end of the slide. the thinner the 
smear, the better (avoid thick smears).

• Air-dry.
• Fix by dipping in 95%–100% alcohol for one minute 

and redry.
• Stain one smear with Gram stain (this annex, sec-

tion 9.3.3) and the other with polychrome meth-
ylene blue stain for the demonstration of capsule 
(M’Fadyean stain) (this annex, section 9.3.6). 

9.3.2 Smears from cultures

• transfer some growth from the primary isolation 
plate to about 0.5 ml of saline and emulsify to 
give a slightly cloudy suspension. if the culture is 
already in suspension (e.g a broth culture), trans-
fer one or more loopfuls to about 0.5 ml saline, 
again to produce a slightly cloudy suspension.

• using a 1 μl loop, transfer a drop of the suspen-
sion to a microscope slide and spread the drop 
well. 

• Allow to dry and fix with heat or dipping in 
95%–100% ethanol for one minute. 

• Allow the ethanol to evaporate off and stain as 
required.
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9.3.3 Gram stain

• Follow the standard method, washing off into 
hypochlorite solution (10 000 ppm) at each stage.

• observe the typical morphology of the bacillus: 
in clinical material B. anthracis are Gram-positive 
thick, long, straight bacilli with square or trun-
cated ends with parallel sides found usually sin-
gle, in pairs or chains of 3 or 4 bacilli. the chain 
of bacilli with truncated and swollen ends gives a 
characteristic “bamboo stick” appearance. A fur-
ther description is given in section 6.3.1.1.

• remember this is not a suitable stain for demon-
stration of capsule. 

9.3.4 Modified Ziehl-Neelsen stain for spores 

• Air-dry and heat or alcohol-fix the smear.
• Cover the smear with carbol fuchsin.
• heat for 3–5 minutes; do not allow the stain to 

boil.
• Wash off stain with water using wash bottle (into 

hypochlorite solution).
• decolourize with alcohol until all traces of red are 

removed.
• Wash off stain with water using wash bottle (into 

hypochlorite solution).
• Counterstain with methylene blue for 1–2 min-

utes.
• Wash again (into hypochlorite solution) and allow 

to dry.
• observe under oil immersion.

Spores will be stained red and vegetative forms blue. 

9.3.5 Malachite green stain for spores 

• dry the films and heat or alcohol fix. 

either:

• place the slide over a beaker of boiling water, rest-
ing it on the rim with the bacterial smear upper-
most;

• cover with 5% aqueous solution of malachite 
green;

• stain for 5 minutes, adding more stain solution if 
the stain covering the smear starts to dry;

or

• place the slide in a moist chamber (a petri dish 
with moistened filter paper will do);

• cover the film with 5% aqueous solution of mala-
chite green;

• leave to act for 60 minutes.

then, following either procedure:

• wash off stain with water using wash bottle (into 
hypochlorite solution);

• counterstain with 0.5% safranin or 0.05% basic or 
carbol fuchsin for 30 seconds;

• wash again (into hypochlorite solution) and allow 
to dry.

Spores appear green and the vegetative bacilli red 
(Fig. 8C)

 
9.3.6 Polychrome methylene blue stain for 

capsule (M’Fadyean reaction)

this is the ideal method for demonstration of the 
capsule:

• Put a large drop of polychrome methylene blue on 
the smear to cover it completely.

• Leave for 30–60 seconds.
• Wash off stain with water using wash bottle (into 

hypochlorite solution, 10 000 ppm) and allow to 
dry.

• When dry, examine under the 10x lens. the 
anthrax bacilli can be seen as tiny short threads. 
Switch to oil immersion and look for the capsule, 
which is seen clearly as pink amorphous material 
surrounding the blue-black bacilli (Fig. 8A).

A positive and negative control should be included 
with every test. the positive control will require a 
wild-type isolate, which should be securely stored, 
or conceivably the Pasteur (pXo1-/2+) if this can be 
acquired. the Sterne vaccine strain is a good nega-
tive control.

9.3.7 India ink method for capsule visualization

this is not a true staining method but highlights the 
capsule as a transparent halo around the bacillus. 
it is satisfactory with good capsule preparations, 
such as blood from a freshly dead animal or smears 
of bacilli from mucoid colonies on bicarbonate agar 
grown under Co2 (see this annex, section 10.7.2.2). 
it may be less sensitive when smaller numbers of 
anthrax bacilli are present, or when the bacilli are 
dead and disintegrating as may be the case in speci-
mens from old carcasses, or from animals/humans 
that were treated before the specimens were col-
lected.
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Procedure

Premix a loopful of the blood or other tissue fluid 
with a small drop of india ink on a clean slide such 
that a thin layer results when a cover slip is placed 
on top and pressed down lightly. if the india ink is 
too dark, dilute appropriately with water. one labo-
ratory supplier of india ink for this purpose is Becton 
dickinson Microbiology Systems, Maryland, uSA 
(ref. 261194).

As before, the bacteria can be found by scanning 
under low power (10x objective) and then examined 
under oil immersion (100x) for the presence of the 
capsule.

As with polychrome methylene blue staining, 
a positive and negative control should be included 
with every test.

9.3.8 Fluorescent antibody staining for capsule

Mention should be made of the fluorescein-labelled 
anticapsule system developed by ezzell & Abshire 
(1996). this now forms the basis of the capsule visu-
alization tests used by the united States Laboratory 
response network.

10. Bacteriological confirmation
10.1 Equipment and materials

the following equipment and materials will be 
needed: 

• binocular microscope with good oil immersion 
lens

• microscope slides and cover slips
• pen/pencil/diamond pen/label as appropriate to 

label slides
• sharps container
• wash bottles and water, preferably deionized or 

distilled
• alcohol, 95%–100%
• immersion oil
• stain tray with slide holder
• inoculating loops
• Bunsen burner or spirit lamp
• Pasteur pipettes, preferably plastic disposable
• paper towel or other absorbent paper
• plasticine (modelling clay)
• lens tissue
• autoclavable discard bags
• stock hypochlorite and working bottle for 10 000 

ppm solution, preferably a spray bottle

• stains:
 — Gram stain
— polychrome methylene blue (M’Fadyean) 

(quality controlled by reference laboratory for  
capsule staining), or other capsule stain

— malachite green stain, or other spore stain
• culture media (blood agar, nutrient agar, heart 

infusion agar, brain-heart infusion broth, etc.)
• PLet agar and/or tSPBA ingredients (Annex 2)
• gamma phage (quality controlled by reference 

laboratory for efficacy)
• penicillin discs
• defribinated horse blood (blood from other spe-

cies may also be used)
• horse serum (serum from other species may also 

be used)
• sodium bicarbonate
• incubator (with Co2 facility ideally)
• water bath
• candle jar
• PCr equipment and reagents if appropriate.

10.2 Safety measures

• Place petri dishes (or other culture containers) 
in a purpose-designed carrier or secondary con-
tainer, such as a sandwich box, for movement 
around the laboratory. the carrier or container 
should be labelled with the agent, the operator’s 
id and date.

• discard the plates/tubes into autoclave bags. 
Autoclave, preferably followed by incineration.

• discard used slides and other sharp items into the 
sharps container which is autoclaved and then, 
preferably, incinerated also.

• incinerate/autoclave other used disposable items 
of equipment.

• Autoclave recyclable item.
• Fumigate or otherwise decontaminate non-

disposable items of equipment which cannot be 
autoclaved.

• decontaminate the safety cabinet after use (see 
this annex, section 7.9 and Annex 3, section 3.3).

10.3 Fresh human/animal materials
10.3.1 Smears

• Prepare two smears.
• Gram-stain one (this annex, section 9.3.3), stain 

the other with polychrome methylene blue (this 
annex, section 9.3.6) or other appropriate capsule 
stain.
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Gram-positive bacilli in short chains, square-
ended and, in the polychrome methylene blue-stained 
smears exhibiting capsules (Fig. 8A), are definitive. 
Culture is necessary for further characterization.

10.3.2 Culture

• inoculate on blood agar (BA). 
• incubate plates at 37 °C for 18–24 hours.
• read the plates for colony characters.

After overnight incubation, B. anthracis colonies 
are white with frosted glass appearance and non-
haemolytic. they may exhibit some or extensive 
tailing and are exceptionally tenaceous when teased 
with an inoculating loop. these can now be tested 
and checked for penicillin and phage-sensitivity, 
capsule production confirmed and, where facilities 
are available, checked by PCr for the presence of 
toxin and capsule genes.

10.4 Old animal specimens, animal 
products, environmental samples

Caution: if the sample is associated with suspected delib-
erate release, the testing should be done by appropriately 
equipped and trained personnel at the relevant reference 
laboratory. 

old animal specimens, animal products and envi-
ronmental samples differ from fresh specimens in 
that large numbers of other environmental bacteria, 
especially other Bacillus species, will be present and 
will outgrow and mask any B. anthracis that may be 
present, especially if it is present in low numbers. 
in this case, a selective medium is needed (see this 
annex, section 3.6 and Annex 2). the procedures 
given below are summarized in Fig. 15.

it should be noted that opinions differ as to the 
merit of centrifuging the suspended samples with a 
view to concentrating any anthrax spores present. 
Frequently this simply results in the concentration 
of the competing organisms. depending on the type 
of sample, dilution may be more effective in reveal-
ing the presence of B. anthracis than concentration. 

As pointed out in this annex, section 8.3, inhibi-
tory substances may be present in some environ-
mental samples which could prevent germination 
and growth of B. anthracis, and lead to false-negative 
results on culture. Appropriate controls are therefore 
needed. For example, a portion of the sample may be 
spiked with approximately 500–1000 cfu of spores of 
the Sterne 34F2 vaccine strain of B. anthracis.

Fundamental to the search for B. anthracis in envi-
ronmental samples is a heating phase. this serves the 
dual purpose of killing non-sporing organisms that 
are present and heat-activating (heat-shocking) the 
B. anthracis spores, rendering them more predisposed 
to germination. time/temperature combinations for 
B. anthracis spores found in many publications over 
the past 60 years range from 60 °C for ≤ 90 min to 
80 °C for ≤ 30 min, but appear to have been invari-
ably chosen arbitrarily. A recent study by turnbull 
et al. (2006), aimed at determining the limits of flex-
ibility that may be assumed in choosing a time/tem-
perature combination for heat-treating B. anthracis 
spores, indicated that temperatures are best kept 
to ≤ 70 °C with no obvious reason for holding times 
> 15–30 minutes. turnbull (turnbull, 1996; turnbull 
et al., 1998a) has normally opted for the conserva-
tive combination of 62–63 °C for 15–20 minutes, the 
time depending on the size of container or volume of 
liquid that has to be brought up to temperature, and 
the caution based on fear of losing spores in routine 
samples with low levels of contamination.

10.4.1 Examination of soil, material collected on a 
swab or filter, etc.

• depending on type and quantity of sample and how 
collected, make an appropriate w/v suspension of 
the sample in sterile deionized water (SdW), e.g. 
1 g of soil in 10 ml SdW, 10 g soil in 100 ml SdW, 
1 ml SdW suspension from a swab sample, a mem-
brane filter suspended in 5–10 ml SdW, etc.

• the same is done in parallel for the artificially-
contaminated control.

• Both samples are shaken at 4 °C for several hours. 
if the samples contain a lot of insoluble matter (e.g. 
soil samples), they may then be filtered through a 
plug of gauze and the filtrate processed. 

• Make 1:10, 1:100 and possibly 1:1000 dilutions by 
transferring 1 ml volumes to 9 ml SdW.

• Place in a 62–65 °C water bath for 15–20 minutes 
to kill all vegetative forms, and heat-shock any 
spores present.

• Spread 100–200 μl volumes of undiluted and 
diluted suspensions on 3 plates of predried blood 
agar or tSPBA plates and 250 μl volumes on 3 pre-
dried PLet agar plates. 

• incubate blood agar and tSPBA overnight and 
PLet agar for 36–48 hours at 37 °C. the suspected 
colonies are further isolated and identified (see 
this annex, section 10.3.2).
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Fig. 15 Flow diagram of suggested procedures for isolation and identification of B. anthracis and  
confirmation of identity

blend in 2 volumes of sterile distilled/deionized water
(buffered if specimen is likely to have very low/high pH)

decant ±10 ml into a tube/bottle

place in water bath at 62–63 °c for 15–20 min

prepare ±10 ml volumes of 1:10 and 1:100 dilutions of
the suspension in sterile distilled/deionized water

spread 100 µl of each dilution on plates of pre-dried tspbA if 
available and 200–250 µl on pre-dried plet

Incubate tspbA overnight at 35–37 °c and plet for 36 h at 35–37 °c

test suspect colonies for lack of haemolysis, lack of 
motlility, sensitivity to diagnostic “gamma” phage and penicillin

transfer pinhead quantity of growth from 
suspect colony to ±2.5 ml blood (defibrinated 
horse blood best) [horse serum also works]. 

Include positive and negative controls

Incubate at 35–37 °c for 5 h to overnight

make smear and stain with polychrome 
methylene blue (m’Fadyean stain)

(specIAlIst lAboRAtoRy)

carry out pcR for pag and cap genes

presence of capsulated bacilli (pink capsule surrounding  
dark blue bacilli, often square-ended, singly or in short chains) 
is definitive for Bacillus anthracis. likely to be fully virulent, but 

presence of pag and cap genes confirms this

toxin antigen
detection test

if available

HUMAN SPECIMEN ENVIRONMENTAL SAMPLE
(Include a spiked positive control
to check for growth inhibitors)

Fresh specimen from 
animal with suggestive 
clinical signs or history

old/decomposed specimens
or processed materials (wool,

hides, bonemeal, etc.)

ANIMAL SPECIMEN/MATERIAL

m’Fadyean stain 
on smear of 

blood, vesicular 
or other tissue 
fluid, or tissue 

impression smear

direct plate 
on blood 
agar (bA)
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10.4.2 Muddy/polluted water

if the water sample is highly particulate, treat as a 
suspension of soil (Fig. 15).

• Place approximately 10 ml of the suspended sam-
ple in a 62–65 °C water bath for 15–20 minutes 
to kill all vegetative forms and heat-shock any 
spores present.

• Spread 100 μl volumes on 3 plates of blood agar or 
tSPBA plates and 250 μl volumes on 3 PLet agar 
plates. 

• incubate blood agar and tSPBA overnight and 
PLet agar for 36–48 hours at 37 °C. the suspected 
colonies are further isolated and identified (see 
this annex, section 10.3.2).

• include a spiked control as mentioned in this 
annex, section 10.4.1 if considered advisable.

10.4.3 Drinking-water or apparently clear water

Procedures that have been laid down formally in 
water quality and public health regulations for 
enteric pathogens (Anon., 2002b) have not been 
tested for B. anthracis. however, there is no reason 
to believe that the membrane filtration methods 
detailed in Anon. (2002b, parts 3, 8–10) would not be 
applicable to a search for B. anthracis in water. the 
suggested procedure based on this would be:

• Pass a known volume up to 100 ml of the sample 
through a 0.45 μm membrane filter (typically 47 
mm in a sterile filter unit).

• remove the filter unit funnel and transfer the fil-
ter to 10 ml of sterile distilled/deionized water and 
agitate firmly to resuspend organisms trapped by 
the filter.

• Place the suspension in a water bath at 62–65 °C 
for 20 minutes.

• Spread 100–200 μl volumes on 3 plates of predried 
blood agar or tSPBA and 250 μl volumes on 3 pre-
dried PLet agar plates. incubate blood agar over-
night and PLet agar for 36–48 hours at 37 °C.

• Look for typical B. anthracis colonies.

Alternatively:

• Bring two volumes of up to 100 ml of the sample 
to 62–65 °C and hold them at that temperature for 
15–20 minutes.

• Pass each 100 ml through a 0.45 μm membrane 
filter (typically 47 mm in a sterile filter unit); 
remove the filter unit funnels and transfer one fil-
ter to a blood agar or tSPBA plate and the other to 
a PLet agar plate.

• incubate the blood agar or tSPBA overnight and 
PLet agar for 36–48 hours at 37 °C.

• Look for typical B. anthracis colonies growing on 
the filters.

10.5 Examination of food

Food should be treated as environmental samples 
(this annex, section 10.4.1). 

10.6 Examination of dusts and powders 
associated with suspected deliberate 
release

in a class 3 safety cabinet (see this annex, sec-
tion 6.3), a sample of the dust or powder should be 
transferred by means of a dry swab (dry so as not 
to damage the evidence if follow-up is necessary) to 
approximately 0.5 ml of buffered saline. this should 
then be subcultured before and after heat treatment 
(62–65 °C for 20 minutes) on/in blood agar and other 
solid and/or broth media as considered appropriate 
to the circumstances. 

in the event of a powder in an envelope or equiva-
lent, the swab should be inserted through a corner of 
the envelope without opening the envelope wide at 
its top to minimize unwanted release of the sample.

10.7 Confirmatory tests
10.7.1 Phage and penicillin sensitivity

these tests can be done together in the simple man-
ner illustrated in Fig. 8F. up to six tests can be done 
on a BA plate. A control strain should be included in 
each batch of tests (the Sterne 34F2 vaccine strain, or 
equivalent, would be suitable).

the colony to be tested is spread over a segment 
of the plate, right down to the centre. A penicillin 
disk (2 or 10 u) is placed at the centre of the plate. 
A 10–15 μl drop of phage suspension is placed in the 
middle of the spread and allowed to dry in. the plate 
is incubated at 37 °C.

Phage and penicillin susceptibility can be read 
from about 6 hours to overnight. haemolysis can 
also be checked.

Comments on phage titres and interpretation of 
zones in section 6.3.1.5 should be noted.

10.7.2 Induction of capsule formation 
10.7.2.1 In blood

• transfer a pinhead quantity of growth from a sus-
pect colony to 2.5 ml defibrinated sheep or horse 
blood in a sterile test tube or small bottle.

AnneX 1



AntHRAX In HUmAns And AnImAls

132

• incubate 5–18 hours at 35–37 °C.
• transfer a drop with a 1 μl loop immersed to the 

bottom of the unshaken bottle or tube to a micro-
scope slide and make a thin smear.

• Stain and examine as described in 9.3.6 above.
• A positive control strain should be included. this 

could be the Pasteur strain or equivalent if avail-
able, but may have to be a virulent wild-type iso-
late maintained for this purpose.

10.7.2.2 On bicarbonate agar plates

• Plate the suspect colony onto bicarbonate/serum 
agar (Annex 2). 

• incubate overnight at 35–37 °C under a 10%–20% 
Co2 atmosphere (or in a candle jar). 

• Capsulating B. anthracis appears as mucoid colo-
nies (Fig. 8D). Make smears, stain and examine 
as described in 9.3.6 above. Although the capsule 
stains well when produced by this method, it does 
not appear so well circumscribed as when pro-
duced in vivo or in blood as described in 10.7.2.1 
above. 

10.7.3 Motility 

B. anthracis is non-motile. Any of the established 
tests for motility can be used to check this with an 
isolate. 

10.7.4  PCR
10.7.4.1 Introduction 

the section on PCr in the third edition of these 
guidelines (turnbull et al., 1998a) was the subject 
of some criticism. it is known that a number of 
defence-related laboratories in several countries 
have designed primers and PCr systems that have 
a high degree of reliability, but these are generally 
unavailable to the wider community. 

the following protocols are kindly supplied by 
W. Beyer.1 the methods were also provided in writ-
ten form to the participants of the Anthrax Wetlab 
Workshop.2 

10.7.4.2 Primers and protocols of choice

of the primer systems described in the literature, 
only primers for the protective antigen (pag) and the 

lethal factor gene (lef ) have not yet been shown to 
cause nonspecific results. Many primers described 
for the capB and capC genes and currently published 
primers targeting the chromosome of B. anthracis 
were shown to produce false positive results with 
the indigenous soil flora (ramisse et al., 1999; Beyer 
et al., 1999; ellerbrok et al., 2002).

10.7.4.3 DNA preparation

When PCr is simply being used to confirm suspi-
cious colonies, short boiling of resuspended vegeta-
tive bacteria in PCr buffer is sufficient to extract 
dnA. if it is necessary to ensure that there are no 
viable spores in the dnA preparation, autoclaving of 
the culture material will also provide dnA suitable 
for the PCr protocols described here. 

to prepare dnA from a non-selective enrichment 
culture or germinated spore suspensions, a dnA 
preparation kit is recommended. depending on the 
target sequence of the PCr, the dnA preparation 
should either enrich for plasmid dnA or genomic 
dnA. in the former, the procedure should be able to 
isolate large, low copy number plasmids. 

For the isolation of PCr compatible dnA from 
environmental samples, the procedure should also 
be able to remove polymerase inhibitors. the dnA 
preparation kits nucleoSpin® Plasmid (Macherey 
nagel) and dneasy Plant (Quiagen) can be used 
successfully for environmental samples. the 
dneasyPlant-Kit of Quiagen is used according to the 
manufacturer’s recommendations with the follow-
ing modifications:

• the pellet from 1 ml of the non-selective enrich-
ment broth or germinated spore suspension is 
used as starting material, resuspended in 400 μl 
buffer AP1 in the kit. 

• After the second washing of the spin column with 
buffer AW, an additional washing with 500 μl pure 
ethanol is done. Be sure no residual ethanol is left 
after the subsequent centrifugation.

• the dnA is eluted in 1 x 50 μl of buffer Ae, pre-
warmed to 70 °C. 

10.7.4.4 Controls to be included in the diagnostic PCR

the following controls should be included in order to 
verify diagnostic findings:

• dnA prepared from an aliquot, or aliquots, of 
the original sample material spiked with known 
concentration(s) of a control strain of B. anthracis. 

1 institute for environmental and Animal health, university 
of hohenheim, Stuttgart, Germany (initially published in 
Tierärztliche Umschau, 58:653–62). 

2 Global health Security Action Group (GhSAG) Laboratory 
network, 2004, hPA, Porton down, united Kingdom.
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this/these positive control(s) will provide infor-
mation about any inhibition of germination or 
growth of B. anthracis during the preculture of the 
sample materials. Additionally it will provide an 
indication as to the sensitivity of the diagnostic 
procedure.

• Addition of 1 pg to 1 ng of purified genomic dnA 
of B. anthracis to the dnA prepared from the origi-
nal sample material. this will reveal any inhibi-
tion effect that may be occurring on the PCr by 
polymerase inhibitors. Furthermore, it indicates 
the sensitivity of the PCr with the particular 
sample material being tested.

• Purified dnA (1 pg and 1 ng) of a pure culture of B. 
anthracis. this reaction serves as a positive control 
for the PCr. in a block cycler PCr, the amplicon 
should be visible for 1 ng of input dnA after the 
first round of amplifications, whereas 1 pg of dnA 
would be detectable after the nested PCr step 
only. in real-time PCr, 1 pg dnA or less should 
give a clear signal.

• dnA derived from the “negative in-process” con-
trol, e.g. E. coli cells. this control is handled and 
prepared simultaneously with both the original 
and the spiked sample materials, and serves as 
a negative control for contamination occurring 
throughout the entire process of culture, dnA 
isolation, and PCr.

• PCr premix without dnA. this reaction serves as 
a negative control for contamination during the 
preparation of the PCr premixes only.

10.7.4.5 Protocol for PCR in a block cycler instrument to 
detect the pag or the cap genes

Prepare a premix consisting of a volume of 50 μl per 
reaction containing 200 μmol/l dntPs, 1.5 mmol/l 
MgCl2, 1 μmol/l of each primer, and 2.5 u polymer-
ase. 

Add 1 μg of t4 gene32 protein (roche) to the stand-
ard premix during the first PCr. this single-strand 
binding protein enhances the efficacy of PCrs by a 
factor of 100 if the reaction is influenced by polymer-
ase inhibitors (Beyer et al., 1995). 

the use of a “hot start” protocol is advisable. 
running a second PCr (nested PCr) is necessary: (i) 
if there is only a weak positive result with the first 
PCr run, e.g. due to inhibition of growth in the spiked 
control culture; or (ii) as a control reaction to verify 
the specificity of a positive result after the first PCr 
run. the nested PCr step may be omitted if the first 

PCr yields a negative result for the sample and the 
inhibition control, and the corresponding positive 
controls are positive. 

the PCr conditions for a thermal block cycler 
running under block control are:

• 94 °C (83 °C for detection of pag) – 4 min
• 25 cycles (1st PCr); 30 cycles (nested PCr):

— 94 °C (83 °C for detection of pag) – 1 min
— 55 °C – 1.5 min
— 73 °C – 1.5 min

• 72 °C – 9 min
• hold at 8 °C.

Primers used in the diagnostic PCr are shown in 
Table 15. Additional primer systems are provided in 
Table 16. 

10.7.4.6 Protocols for real-time PCR in a LightCycler 
instrument

the LightCycler (LC) instrument (roche) is designed 
for high-speed thermal cycling using air instead 
of thermal blocks. A capillary sample tube system 
ensures efficient heat transfer to the PCr samples. 
As a result, the time needed for each PCr cycle, 
including measurement of the sample fluorescence, 
is minimized to approximately 15–20 seconds. A 
30–40 cycle PCr run can be completed within 20–30 
minutes. the formation of amplification products 
can be monitored in real time. 

the hybridization probe format is used for dnA 
detection and quantification. two specially designed, 
sequence-specific oligonucleotides labelled with flu-
orescent dyes are applied for this detection method. 
this allows highly specific detection of the ampli-
fication product. oligo 1 carries a fluorescein label 
at its 3’ end, whereas oligo 2 carries another label 
(LC red 640) at its 5’ end. the sequences of the two 
oligonucleotides are selected so that they hybrid-
ize to the amplified dnA fragment in a head-to-tail 
arrangement. When the oligonucleotides hybridize 
in this orientation, the two fluorescence dyes are 
positioned in close proximity to each other. the first 
dye (fluorescein) is excited by the LightCycler’s Led 
(light emitting diode) filtered light source, and emits 
green fluorescent light at a slightly longer wave-
length. When the two dyes are in close proximity, 
the emitted energy excites the LC red 640 attached 
to the second hybridization probe that subsequently 
emits red fluorescent light at an even longer wave-
length. this energy transfer, referred to as Fret 
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tAble 15

Primers for nested PCR to detect the pag-gene

pRImeRA seQUence (5`–3`) ReFeRence bIndIng sIte gene AnneAlIng

pA5 tcctaacactaacgaagtcg beyer et al. (1995) 2452–2471a pag 55 °c  
pA8 gaggtagaaggatatacggt beyer et al. (1995) 3048–3029a pag 55° c  
pA6 accaatatcaaagaacgacgc beyer et al. (1995) 2631–2651a pag 55 °c  
pA7 atcaccagaggcaagacaccc beyer et al. (1995) 2841–2821a pag 55 °c

a primer pairs are: pA5/pA8 for the first round of amplifications and pA6/pA7 for the nested pcR.

tAble 16

Additional published primer systems

pRImeR seQUence (5`–3`) ReFeRence bIndIng sIte gene AnneAlIng

mo1g gctgatcttgactatgtgggtg makino et al. (1993) 2452–2473a capA   65 °c  

mo2g ggcttcctgtctaggactcgg makino et al. (1993) 2739–2719a capA   65 °c  

bAcA1FIh acaactggtacatctgcgcg Reif et al. (1994) 470–489a capB   55 °c  

bAcA6RIh gatgagggatcattcgctgc Reif et al. (1994) 1073–1092a capB 55 °c  

cAp6i tactgacgaggagcaaccga beyer et al. (1995) 506–525a capB 55 °c  

cAp103i ggctcagtgtaactcctaat beyer et al. (1995) 1541–1522a capB 55 °c  

cAp9k atgtatggcagttcaacccg beyer et al. (1995) 617–636a capB 55 °c  

cAp102k acccactccatatacaatcc beyer et al. (1995) 1394–1375a capB 55 °c  

bA17b gaaatagttattgcgattgg sjöstedt et al. (1995) 1230–1249a capB, capC 54 °c  

bA20b ggtgctactgcttctgtacg sjöstedt et al. (1995) 210–2083a capC, capA 62 °c  

bA57b actcgtttttaatcagcccg sjöstedt et al. (1997) 1603–1622a capC 52 °c  

bA58b tggtaacccttgtctttgaat sjöstedt et al. (1997) 1867–1847a capC 52 °c  

57c actcgtttttaatcagcccg Ramisse et al. (1996) 1603–1622a capC 57 °c  

58c ggtaacccttgtctttgaat Ramisse et al. (1996) 186–1847a capC 57 °c  

67c cagaatcaagttcccagggg Ramisse et al. (1996) 1925–1944a pag 64 °c  

68c tcggataagctgccacaagg Ramisse et al. (1996) 2652–2671a pag 46 °c  

25c ggtttagtaccagaacatgc Ramisse et al. (1996) 1459–1478a cya 59 °c  

26c cggcttcaagacccc Ramisse et al. (1996) 1990–2004a cya 59 °c  

3c cttttgcatattatatcgagc Ramisse et al. (1996) 1238–1258a lef 54 °c  

4c gaatcacgaatatcaatttgtagc Ramisse et al. (1996) 1599–1622a lef 54 °c  

cvid cactcgtttttaatcagccc beyer et al. (1999) 1602–1621a capC 55 °c  

crid cctggaacaataactccaatacc beyer et al. (1999) 1808–1830a capC 55 °c  

pA-se cggatcaagtatatgggaatatagcaa ellerbrok et al. (2002) 3245–3271 pag 60 °c  

pA-Re ccggtttagtcgtttctaatggat ellerbrok et al. (2002) 3448–3425 pag 60 °c  

cap-sf acgtatggtgtttcaagattcatg ellerbrok et al. (2002) 1673–1696 capC 60 °c  

cap-Rf attttcgtctcattctacctcacc ellerbrok et al. (2002) 1993–1940 capC 60 °c 

a positions derived from makino et al. (1989) and welkos et al. (1988).
b bA17/bA20 and bA57/bA58 were used as primer pairs in different trials.
c primer pairs 3/4, 25/26, 57/58, and 67/68 were used in multiplexing.
d–k given primers were used as pairs.



135

(fluorescence resonance energy transfer) is highly 
dependent on the spacing between the two dye mol-
ecules. only if the molecules are in close proxim-
ity (a distance between 1 and 5 nucleotides) is the 
energy transferred at high efficiency. the intensity 
of the light emitted by the LightCycler red 640 is fil-
tered and measured by the LightCycler instrument’s 
optics. the increasing amount of measured fluores-
cence is proportional to the increasing amount of 
dnA generated during the ongoing PCr process.

(a) Detection of the pag gene

the premix (20 μl) consists of:

• 4 mM MgCl2

• 0.5 μM of each primer (ellerbrok et al., 2002):
— BAPA-S: 

5’-CGGAtCAAGtAtAtGGGAAtAtAGCAA-3’
— BAPA-r: 

5-CCGGtttAGtCGtttCtAAtGGAt-3’
• 0.2 μM of probe 

— BAPA-FL: 5’-tGCGGtAACACttCACtCCAGtt 
CGA-X

• 0.2 μM of probe BAPA-LCred 640 
5’-CCtGtAtCCACCCtCACtCttCCAttttC-P 

• 1/10 vol. of FastStart mastermix (roche)
• 5 μl dnA.

(b) Detection of the capC gene

the premix (20 μl) consists of:

• 4 mM MgCl2

• 0.5 μM of each primer:
— CapS: 5’-ACGtAtGGtGtttCAAGAttCAtG-3’ 

(ellerbrok et al., 2002)
— CapA**: 5-GAttGCAAAtGttGCACCACttA-3’

• 0.2 μM of probe 
— CapC-FL+: 5’-tAttGttAtCCtGttAtGCCAtt

tGAGAttttt-X
• 0.2 μM of probe 

— CapC-LC red640: 5’-AAttCCGtGGtAttGGAG 
ttAttGttCC-P 

• 1/10 vol. of FastStart mastermix
• 5 μl dnA. 

(c) Experimental protocol

1. Pre-incubation step: 95 °C for 10 min, slope at 
20 °C/sec.

2. Amplification (45 cycles): 95 °C for 10 sec; 55 °C 
for 20 sec; 72 °C for 30 sec, slope 20 °C/sec; one 
single signal acquisition at the end of annealing.

3. denaturation: 95 °C for 0 sec, slope 20 °C/sec; 
40 °C for 30 sec, slope 20 °C/sec; 80 °C for 0 sec, 
slope 0.1 °C/sec with continuous acquisition of 
the signal.

4. Cooling to 40 °C for 30 sec, slope 20 °C/sec.

10.7.4.7 Real-time PCR protocol for the specific detection 
of B. anthracis chromosome

(a) Sequence alignment and PCR design 

the sequences of the B-type sasp gene of B. cereus (Gene 
bank no. M16813, gi: 143507) and of B.  anthracis, (nCBi 
ref. Seq. nC003995, Gene bank: AAAC01000001), con-
tributed by tiGr, were aligned by the appropriate tool 
of the nti8 software package.1 

the PCr reaction mixture of 20 μl consists of:

• 4 mM MgCl2 
• 0.5 μM of each primer

— Ant-F: 5’-GCtAGttAtGGtACAGAGtttGCG 
AC-3’

— Ant-Amt: 5’-CCAtAACtGACAtttGtGCttt 
GAAt-3’

• 0.2 μM of probe
— Ant-FL: 5’-CAAGCAAACGCACAAtCAGAAG 

CtAA G-X
• 0.2 μM of probe

— Ant-LC: red640: 5’-GCGCAAGCttCtGGtGC 
tAGC-P 

• 1/10 vol. of FastStart mastermix 
• 5 μl dnA.

(b) Experimental protocol 

1. Pre-incubation step: 95 °C for 10 min, slope at 
20 v°C/sec. 

2. Amplification (45 cycles): 95 °C for 10 sec; 57 °C 
for 20 sec; 72 °C for 30 sec, slope 20 °C/sec; one 
single signal acquisition at the end of annealing. 

3. denaturation: 95 v°C for 0 sec, slope 20 °C/sec; 
40 °C for 30 sec, slope 20 °C/sec; 80 °C for 0 sec, 
slope 0.1 °C/sec with continuous acquisition of 
the signal. 

4. Cooling to 40 °C for 30 sec, slope 20 °C/sec.

AnneX 1
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10.7.4.8 Commercial kit

the LightCycler Bacillus anthracis detection Kit for 
the detection of capsule (capB) and PA (pagA) genes is 
available commercially from roche Applied Sciences 
for the detection of both virulence plasmids of 
B. anthracis. Kits for a range of sample types, both 
clinical and environmental, are now available, for 
instance, from idaho technology.1 

11. Antigen detection tests
11.1 Ascoli precipitin test (thermostable 

antigen test)

the purpose of this very old test dating from 1911 
(Ascoli, 1911) is to supply rapid retrospective evi-
dence of anthrax infection in an animal. it was 
designed to detect B. anthracis antigens in the tissues 
of animals being utilized in animal by-products, and 
thereby to reveal when these products contained 
ingredients originating from animals that had died 
of anthrax. over the years, it has been one of the 
most valuable tools for controlling anthrax in most 
european countries and it remains in use, particu-
larly in eastern europe. regular or occasional use 
of the test was indicated on returns of a survey by 
oie in 2002 from Croatia, Germany, the Philippines, 
the republic of Moldova and the former Yugoslav 
republic of Macedonia. there may be other coun-
tries that use the test but did not reply.

it needs to be borne in mind that this test is not 
rigorously specific for B. anthracis. the thermosta-
ble antigens involved are common to other Bacillus 
species so the test depends on the fact that the 
only Bacillus likely to have proliferated within and 
throughout an animal depositing extensive precipi-
tating antigens in the tissues is B. anthracis.

the test is not suitable for detection of B. anthra-
cis in environmental specimens; numerous other 
Bacillus species can be expected to occur in these. it 
is hoped that immunochromatographic, on-site tests 
(6.2) will become widely available as the replace-
ments of the future.

11.1.1 Procedure

• Chop or slice the specimen into fine pieces or 
strips.

• Boil approximately 2 g of the specimen for 5 min-
utes in 5 ml saline containing 1:100 (final concen-
tration) acetic acid. Alternatively, soak in saline 

containing 0.5% phenol for 24–48 hours in a 
refrigerator.

• After cooling, filter through filter paper until com-
pletely clear. 

• insert a few drops of antiserum (11.1.2 below) 
in the bottom of a small test-tube and carefully 
add some of the filtrate down the side of the tube 
to form a layer of antigen above the antiserum. 
(As an alternative to using a test-tube, and more 
economical on the antisera, capillary tubes can 
be used as in the Lancefield test for streptococcal 
grouping.)

• include appropriate positive and negative speci-
men controls. 

11.1.2 Antiserum for the Ascoli test

Commercially prepared serum is available from:

• Bioveta plc, Komenského 212, 683 23 ivanovice na 
hané, Czech republic; fax +42 507 932 84 

• the national institute of Animal health, 3–1 
Kannondai 3-chome, tsukuba-shi, ibaraki-pref, 
305–0856 Japan; tel: +81 298 38 7713; fax: +81 298 
38 7880

• dd “Vet Zavod Zemun”, Batajnicki drum 4, 
Belgrade, Serbia

• national Anthrax reference Laboratory, Friedrich-
Loeffler-institut, Bundesforschungsinstitut für 
tiergesundheit, institut für Bakterielle infektionen 
und Zoonosen, nationales referenzlaboratorium 
für Milzbrand, naumburger Straße 96a, d-07743 
Jena, Germany; tel. +49 3641 804-0; fax +49 
3641 804-228; web site: http://www.fli.bund.
de/66+M52087573ab0.html

• C-C Pro: Gesellschaft für herstellung und Vertrieb 
von Produkten für Cellculturen Gmbh, Am 
Bahnhof 1, d-99986 oberdorla; tel. +49 (700) 22 77 
63 66; fax. +49 (700) 22 77 63 29; web site: http://
www.c-c-pro.com/

it should be recalled that the following procedure was 
designed decades before the current era of fear of bio-
terrorism and associated strict control in many devel-
oped countries on access to virulent B. anthracis.

on days 1 and 14, rabbits are inoculated subcuta-
neously with animal anthrax vaccine (Sterne strain 
34F2) (Annex 5, section 2). on days 28 and 35, further 
subcutaneous injections of 0.05 ml of a suspension 
in physiological saline of a mixture of several strains 
of virulent B. anthracis are administered. the viable 
count of this suspension should not exceed 100 000 1 www.idahotech.com/reagents/it123dnakit.html.
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colony-forming units/ml. After a further 10 days, a 
test-bleed will reveal the activity of the antiserum; 
if not adequate, further injections of the virulent 
B. anthracis suspension should be administered at 
7–10 day intervals.

if considerations of safety prevent the use of live 
virulent B. anthracis, the mixture of several strains 
of B. anthracis can be suspended to a final count of 
108–109/ml in physiological saline containing 0.2% 
formalin. this is held until sterile (at least 2 weeks). 
After the vaccine strain inoculations on days 1 and 
14 as before, increasing doses of 0.1, 0.5, 1 and 2 ml of 
the killed suspension should be administered intra-
venously at approximately 4–5 day intervals. A test 
bleed should be done 10 days after the last injection. 
Further 2 ml doses can be administered if the titre is 
not adequate initially.

11.3 Other antigen detection tests

the rapid, hand-held, on-site, immunochromato-
graphic detection devices that have been developed 
in recent years are discussed in section 6.2.

12. Isolation in animals

on account of increasing concern to eliminate the 
use of laboratory animals wherever possible, and of 
the increasing reliability and sophistication of alter-
native in vitro methods, the use of animals for iso-
lation or confirmation of identity of B. anthracis can 
and should generally be avoided. it should be noted 
that eC directive 86/609/eeC relating to protection 
of animals used for experimental and other scien-
tific purposes pertains to members of the european 
union. Several other countries have strict laws 
which make ad hoc use of an animal for isolation or 
confirmation of identification of B. anthracis virtually 
impossible nowadays.

there still are occasions, however, such as those 
where potential legal disputes may be involved, when 
confirmation of the presence or the virulence of 
B. anthracis is necessary. in the absence of a selective 
enrichment system (see section 6.2), inoculation of 
mice or guinea-pigs, essentially as done more than a 
century ago by Pasteur, is still the most sensitive iso-
lation method. Pending the development of equally 
sensitive conventional immunological or dnA-based 
techniques, animal tests may offer the only chance 
of (i) confirmation of diagnosis in certain situations 
such as in the case of individuals or animals that were 
treated before specimens were taken, or (ii) detection 

of the organism when present in very low numbers 
in environmental samples, or in environmental sam-
ples containing sporostatic chemicals.

Confirmation of identity or of virulence can be done 
by injecting light suspensions (approximately 10 000 
colony-forming units/ml) into mice (0.05–0.1  ml sub-
cutaneously) or guinea-pigs (0.1–0.2 ml intramuscu-
larly). Virulent B. anthracis will kill the animals after 
about 42–48 hours; M’Fadyean-stained blood smears 
examined at death will reveal large numbers of the 
capsulated bacilli which can also be isolated and 
confirmed bacteriologically.

in the rare situation in which it is necessary to 
use animals to isolate B. anthracis from soil or other 
environmental samples, the animals should be 
inoculated the day before with subcutaneous doses 
of mixed gas-gangrene antisera (extremely difficult 
to obtain, however) and antitetanus serum. heated 
(62 °C to 65 °C for 15–20 min) soil extracts, as pre-
pared for plating on selective or non-selective agar 
(see 10.4 above; Fig. 15), are then injected (0.05–0.1 ml 
subcutaneously in a mouse or up to 0.4 ml intramus-
cularly in a guinea-pig – 0.2 ml in each thigh muscle). 
M’Fadyean-stained blood smears from any animals 
that die are examined for the presence of the typi-
cal capsulated B. anthracis which can also be isolated 
and confirmed bacteriologically.

13. Retrospective confirmation; 
serology and delayed type 
hypersensitivity testing

effective serological enzyme immunoassays (eiA) for 
confirmation of the diagnosis of anthrax have been 
designed and have proved to be useful diagnostic, 
epidemiological and research aids (turnbull et al., 
1992a; Quinn et al., 2004) (see section 4.4.2.2). the 
usual provisos for any serological confirmatory test 
apply, namely that: (i) two or more serum samples 
taken 2–4 weeks apart will give greater diagnostic 
reliability; (ii) if only one serum sample is collected, 
it will be of greater diagnostic value if collected more 
than a week after onset of symptoms; and (iii) neg-
ative or weak results be interpreted in the light of 
treatment the patient or animal may have received 
early on in the course of the infection. the last is par-
ticularly important in anthrax since antibiotic ther-
apy rapidly kills infecting B. anthracis and, if carried 
out early enough in an infected individual, may pre-
vent the elaboration of sufficient antigen to induce a 
detectable immune response (section 4.4.2.2). 

AnneX 1
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Available immunoassays for anthrax are mostly 
based on antibodies to the toxin antigens, primarily 
the protective antigen component of the toxin (see 
section 5.5.3). Although not difficult to perform (any 
standardized eiA methodology may be used), they 
are, at present, confined to a few specialist labora-
tories capable of preparing the necessary purified 
toxin antigens or with the resources to purchase 
them.1 

the Anthraxint delayed type hypersensitivity test 
is described in section 4.4.2.2 and involves intrader-

1 www.listlabs.com.

mal injection of 0.1 ml of Anthraxint. A positive test 
is defined as erythema of ≥ 8 mm with induration 
persisting for 48 hours. 

An immunochromatographic assay for detecting 
anti-PA antibody, analagous to the assay for detect-
ing PA (section 6.2), might be valuable for retrospec-
tive confirmation of diagnosis.

the value of immunohistochemical staining of 
tissues for retrospective confirmation in the anthrax 
letter events in the uSA is discussed in section 
4.4.4.2.



139

AnneX 2

Media, diagnostic phage and stains

AnneX 2

1. Media
1.1 Polymyxin-lysozyme-EDTA-thallous 

acetate agar (1 litre)

Polymyxin-lysozyme-edtA-thallous acetate (PLet) 
(Knisely, 1966) is the best selective agar currently 
available for isolation of B. anthracis from old, decom-
posed or processed animal specimens, or environ-
mental or food samples contaminated with other 
organisms including other Bacillus species. But its 
performance is heavily dependent on it being made 
well, with particular attention to the heart infu-
sion agar being used and to adequate cooling of the 
molten agar before addition of lysozyme and poly-
myxin.

difco heart infusion agar (or difco heart infu-
sion broth with agar base)1 is made up according to 
the manufacturer’s instructions with added edtA 
(0.3  g/l) and thallous acetate (0.04 g/l – see below). 
heart infusion agars of other manufacturers or other 
nutrient bases, such as brain-heart infusion, can be 
made to work, but the optimal concentrations need 
to be determined; the concentrations recommended 
for normal use may not be optimal for use in PLet. A 
starting point for determination of optimal concen-
tration is 25 g/l of dehydrated broth plus agar at the 
manufacturer’s recommended concentration.

After autoclaving, the agar is cooled to 50 °C and 
polymyxin (30 000 units/l) and lysozyme (300 000 
units/l – see below) added. it is important that the 
agar is left at 50 °C for long enough to ensure that 
this temperature has been reached throughout the 
medium before the polymyxin and lysozyme are 
added. After swirling to ensure even suspension of 
the ingredients, the agar is poured into petri dishes.

1.1.1 Thallous acetate, polymyxin and lysozyme 

(Caution: thallous acetate is poisonous and should be han-
dled with care; avoid skin contact or inhalation of the pow-

der while weighing out. Store solutions in a well-labelled 
tube marked “Poison”.) Make a stock solution of thal-
lous acetate based on the ratio of 0.1 g of thallous 
acetate dissolved in 2.5 ml deionized water. Addition 
of 1 ml of this to 1 litre of agar base gives a final con-
centration of 0.04 g/l.

different lots of polymyxin and lysozyme will 
have different numbers of units/mg (u/mg). Adjust 
the following examples according to the activity of 
the lot being used. Aliquot and store in the -20 °C. 
Stability seems to be indefinite at -20 °C and freezing 
and thawing does not seem to harm them. however, 
it is better to aliquot and store in 0.25 or 0.5 ml vol-
umes.

if, for example, the potency of the polymyxin 
as received from the supplier is 6000 u/mg, a con-
venient target concentration for a stock solution is 
60 000 u in 0.5 ml (if the supplier does not indicate 
the potency, assume it is 6000 u/mg ):

— this = 10 mg in 0.5 ml (sterile deionized water 
– SdW)

— weigh out, say, 200 mg into 10 ml SdW
— aliquot 0.5 ml or 0.25 ml volumes and put in 

-20 °C freezer.

When making PLet, thaw out and add 0.25 ml per 
litre to give a final concentration of 30 000 u/litre.

Similarly for lysozyme, if, for example, the lot as 
received from the supplier is 46 000 u/mg:

— 46 000 u ≡ 0.001 g
— 600 000 u ≡ [0.001 ÷ 46 000] x 600 000 = 0.6 ÷ 46 

= 0.013 g
— weigh 20 x 0.013 g into 20 x 0.5 ml SdW = 

0.261 g into 10 ml SdW
— again aliquot 0.5 ml or 0.25 ml volumes and 

put in -20 °C.

When making PLet, thaw out and add 0.25 ml per 
litre to give final concentration of 300 000 u/litre.

1 difco Laboratories, detroit, Michigan 48232-7058, uSA.
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1.2 TSPBA (120 ml)

Formula

Mueller-hinton agar for 120 ml supplemented with: 

— peptone from beef 0.54 g
— yeast extract 0.54 g
— naCl 0.6 g.

Weigh out the supplemented Mueller-hinton agar 
base for 120 ml, but only make it up to 110 ml with 
distilled/deionized water. dissolve thoroughly on a 
hot plate with magnetic stirrer. Autoclave and cool to 
50 °C. Also warm up 6 ml blood (5%) and 2 ml each of 
the trimethoprim and sulphamethoxazole solutions, 
prepared as instructed below, to 50 °C. Add all these 
to the molten agar base plus 25 μl of polymyxin as 
made for PLet (above), swirl to mix without frothing 
and pour plates.

1.2.1 Preparation of trimethoprim and 
sulphamethoxazole solutions

the final concentrations of the trimethoprim in 
tSPBA should be 13–26 μg/ml, and the sulpham-
ethoxazole 20–40 μg/ml with the polymyxin at the 
same concentration as for PLet.

use trimethoprim lactate (the most soluble form 
of this drug). dissolve 0.15 g trimethoprim lactate 
in 100 ml sterile distilled/deionized water (= 1.5 mg/
ml). it takes about 5 min for this to dissolve at 
30–37 °C with magnetic stirring. Store as 2 ml aliq-
uots at -20 °C. the final 1:60 dilution results in 25 μg/
ml of trimethoprim in the agar. 

Add 0.12 g sulphamethoxazole to 50 ml sterile dis-
tilled/deionized water, and add 300 μl of 10% naoh. 
Bring the temperature to 80 °C on a stirring hot plate 
with a magnetic stirrer. the sulfamethoxazole dis-
solves in about 1 min (= 2.4 mg/ml). Store as 2 ml 
aliquots at room temperature. the final 1:60 dilution 
will result in 40 μg/ml sulphamethoxazole in the 
agar. 

When B. cereus is present, the B. anthracis is readily 
apparent as compared to normal blood agar where 
the B. anthracis are totally overgrown. While PLet is 
more selective, tSPBA plates can be read after over-
night incubation as compared with 36–48 hours with 
PLet.

1.3 Sporulation agar

there are numerous alternative formulas for sporu-
lation agar but the following, which are also prob-
ably the simplest, work well for B. anthracis.

Formula 1

— peptone  15.0 g
— yeast extract 3.0 g
— naCl 6.0 g 
— dextrose 1.6 g
— agar 12.0 g
— manganous sulphate 0.1 g
— deionized/distilled water 1000 ml 

Sterilize at 121 °C for 20 minutes, cool to 50 °C, and 
dispense into the appropriate containers (bottles, 
petri dishes, tubes for slants, etc.) to set.

Formula 2

— nutrient agar 23 g
— MnSo4.h2o 0.025 g
— Kh2Po4 0.25 g
— deionized/distilled water 1000 ml

Sterilize at 121 °C for 20 minutes, cool to 50 °C, and 
dispense into the appropriate containers (bottles, 
petri dishes, tubes for slants, etc.) to set.

1.4 Capsule agar

Weigh out the number of grams necessary to make 
100 ml of nutrient agar as determined from the man-
ufacturer’s instructions and dissolve in 83 ml deion-
ized or distilled water. Autoclave and cool to 50 °C 
in a water bath. Prewarm 10 ml of a filter-sterilized 
aqueous solution of 7% sodium bicarbonate and 7 ml 
of horse serum (filter-sterilized if necessary) to 50 °C 
and add these to the molten agar. Mix well and pour 
into petri dishes. the horse serum seems helpful but 
may not be essential. Serum from other species may 
be used but horse serum seems to be best.

the source of the nutrient agar may be important. 
if capsule formation is not obtained (see Annex 1, 
section 10.7.2.2), agar from another source should 
be tried. it is also best not to dry the plates before 
use, although excess liquid of condensation should 
be removed. incubation under 10% to 15% Co2 is rec-
ommended, although capsule may be apparent with 
a Co2 level of 5%. 
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2. Diagnostic “gamma” phage

the background to the diagnostic phage is given in 
section 6.3.1.5. Phage suspensions may be obtained 
from central veterinary laboratories or central pub-
lic health laboratories. the phage may be propagated 
as follows:

Stage 1

1. Prepare a culture (approximately 10 ml) of the 
Sterne vaccine 34F2 strain of B. anthracis in nutri-
ent broth until cloudy (± 108 cfu/ml). (Any nutri-
ent broth will do.)

2. With a spreader, spread 75–100 μl of the culture 
on 3 predried blood or nutrient agar plates and 
allow to dry in. Keep the broth culture in the 
refrigerator; it will be needed in step 11 below 
and may be needed in step 8.

3. With a spreader, spread 50–100 μl of the phage 
suspension to be amplified over the same plates. 
incubate at 37 °C overnight.

4. the growth on the plates should look “ropey” 
from the extensive lysis that occurred during 
growth. harvest the phage-lysed growth on the 
agar plates in 5 ml of nutrient broth (i.e. suspend 
the growth with the help of a spreader and, with 
a pipette, transfer from the first plate to the sec-
ond, and then to the third plate, and then to a 
tube) followed by a second “wash” of 5 ml nutri-
ent broth. Make the final volume up to 10 ml with 
nutrient broth. incubate at 37 °C, in a shaking 
incubator if possible (if not, shake regularly dur-
ing the incubation), for 4–5 hours. (note: there 
will be enough unlysed growth in and at the edge 
of the lysis zone to support more infection and 
lysis during the broth culture stage. So there is 
no need to add more bacteria at this point.)

5. Centrifuge at 2500 rpm for 30 minutes (prefer-
ably in a refrigerated centrifuge). Filter (0.45 or 
0.2 μm). Label this “Stage 1” filtrate.

Stage 2

this is essentially the same procedure as Stage 1, 
only using the filtrate from step 5 to harvest the 
phage from the plates, i.e.:

6. Prepare Sterne strain lawns on 3 blood or nutri-
ent agar, as in step 2. 

7. Spread 100 μl filtrate from the Stage 1 filtrate of 
step 5 on each plate. incubate at 37 °C overnight.

8. harvest the phage-lysed growth on the plates 
from step 7 with 5 ml of the Stage 1 filtrate from 
step 5), followed by a second 5 ml wash with the 
rest of the Stage 1 filtrate. Again, there should be 
some growth in and at the edge of the lysis zone 
and enough to support more infection and lysis 
during the broth culture stage. So there should 
be no need to add more bacteria at this point. in 
the unlikely event of complete lysis – i.e. totally 
clear plates – add 0.5 ml of the nutrient broth cul-
ture from step 2.

 the result will be approximately 7 ml of har-
vested material. Make this up to 9 ml with nutri-
ent broth.

9. Add 1 ml of 10x concentrated nutrient broth.
10. incubate, on a shaker if possible (if not possi-

ble, shake at frequent intervals during incuba-
tion), at 37 °C for 4–6 hours. Centrifuge and filter 
(0.22 μm). 

11. Check the resulting filtrate for sterility and titrate 
by spreading tenfold dilutions of the phage prepa-
ration on Sterne strain lawns prepared as in step 
2 to determine the concentration of the phage. 
this should be of the order of 108–109 plaque-
forming units per ml. Keep refrigerated at a tem-
perature of between 2 °C and 8 °C. Freezing is 
probably unwise although the phage will survive 
it.

 theoretically, any phage-sensitive strain of 
B. anthracis may be used for propagation and titra-
tion but, generally speaking, it is preferable for 
safety reasons to use the Sterne (34F2) avirulent 
vaccine strain. the strain chosen should not be 
heavily infected with its own lysogenic phage.

3. Staining theory

Polychrome methylene blue is a complex mixture of 
methylene blue and substantial amounts of other 
homologs, primarily azure A and azure B, which are 
produced by oxidation (“ripening”) that takes place 
in methylene blue solution upon standing. natural 
ripening takes a year or more to complete but can be 
hastened by addition of 1% K2Co3 to Loeffler’s alka-
line methylene blue. 

two alternative formulae (others probably exist) 
for Loeffler’s alkaline methylene blue are given in 
Table 17.

After addition of K2Co3 to 1% final concentration, 
distribute the stain in bottles to half full. Shake at 
intervals to aerate the contents. test periodically for 
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capsule staining ability. Quality control is not com-
plete, however, until the stain has been validated on 
specimens from anthrax cases in the field.

Polychrome methylene blue is an ingredient of 
Wright’s and Leishmann’s stains. Both these are 
methanol solutions of a water-insoluble precipitate 
formed when eosin is added to a methylene blue 
solution. in Wright’s stain, the methylene blue solu-
tion contains nahCo3 and is steamed before the 
eosin is added; in Leishmann’s stain, the methylene 
blue solution is held for 12 hours at 65 °C followed by 
standing for 10 days. Giemsa stain is a deliberately 
formulated cocktail of the eosinates of methylene 
blue with prepurified azure A and azure B.

romanowski in 1891 was the first to combine 
eosin with methylene blue so Wright’s, Leishmann’s 
and Giemsa stains are referred to as romanowski 
stains. in theory these stains, in having the ingredi-
ents of polychrome methylene blue, should be usable 
for M’Fadyean reaction staining; in practice, reports 
suggest that Giemsa stains give variable results, 
possibly reflecting the variable presence of certain 

tAble 17

Alternative formulae for Loeffler’s alkaline methylene blue 

Agent FoRmUlA A FoRmUlA b

methylene blue 0.3 g 1.5 g

95% ethanol 30 ml 100 ml

dissolve the methylene blue in the ethanol.

koH 100 ml of a 0.01% solution 3.3 ml of a 1% solution

distilled/deionized water − 330 ml 

active but undefined impurities present in true poly-
chrome methylene blue. 

it is proposed that the best stain to use for normal 
diagnostic purposes in sudden-death cases is true 
polychrome methylene blue – i.e. the non-eosinated 
ripened Loeffler’s methylene blue. however, in the 
extensive experience of Sterne (1959), confirmed 
by Lindeque in the etosha national Park, namibia 
(turnbull, 1998a), the capsule loses its affinity for 
methylene blue during putrefaction and may no 
longer be visible with M’Fadyean’s stain. Lindeque 
(personal communication, 1995) found that the 
Giemsa-type stains show up the characteristic 
square-ended shape of the anthrax bacillus better 
than M’Fadyean’s stain, and this becomes advanta-
geous in partially decomposed carcasses as encoun-
tered frequently in the wildlife situation.

Commercially produced M’Fadyean’s stain is 
becoming difficult to obtain. in the experience of 
Lindeque & turnbull, a particularly reliable stain is 
the blue stain of the CAM’s Quick-stain kit.1

1 CA Milsch [Pty] Ltd, Po Box 943, Krugersdorp, 1740, South 
Africa.
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1. Introduction

this annex is concerned with control of anthrax 
through targeting the reservoirs of B. anthracis, tak-
ing into account the chemical and physical decon-
tamination procedures to which it is susceptible, and 
detailing the practical details of these procedures. 

1.1 Cautions

Bacterial spores are designed by nature to survive 
in the face of adverse conditions (i.e. levels of heat, 
radiation, desiccation, acidity, alkalinity and other 
chemical and physical conditions) that would rap-
idly kill other forms of life. it follows, therefore, that 
chemicals and procedures which can kill spores are 
necessarily highly lethal to less hardy cells, includ-
ing those in human, animal and plant tissues. 

the most widely used sporicides are chlorine (as 
in hypochlorite solutions or “bleach”) and formalde-
hyde, with some use being made of hydrogen perox-
ide and other oxidizing agents, or glutaraldehyde. At 
the concentrations necessary to be effective as spo-
ricides, these are potentially hazardous to human 
health if handled incorrectly.

Precautions, therefore, should be taken not to get 
these on skin or into the eyes or, especially with the 
aldehydes, not to inhale them. in the case of fumiga-
tion, the work should only be carried out by trained 
professionals with appropriate protective clothing 
and breathing apparatus. 

Attention is drawn to the importance of handling 
the concentrated liquid disinfectants referred to 
with caution, using gloves and aprons or overalls and 
goggles or eye shields to prevent contact with skin 
or eyes. Clean water should be at hand for immedi-
ate washing or showering in the event of an accident 
while handling concentrated disinfectants. All con-
tainers of disinfectants should be properly and accu-
rately labelled as to their contents. Peroxides may be 
explosive under certain circumstances.

Appropriate (chemical) respirators should be 

worn by personnel disinfecting or fumigating closed 
spaces (rooms, stables, etc.) and when opening up 
such places to ventilate them at the end of the disin-
fection or fumigation procedure. respirators should 
be fitted and tested by qualified personnel, and users 
of respirators should be trained in their correct use 
by qualified personnel.

irradiation by gamma ray or particle bombard-
ment should only be done by properly trained persons 
in properly monitored facilities. in the case of uV irra-
diation, care should be taken to protect the eyes and 
not to expose eyes or skin to direct uV light sources.

Further cautions are given as appropriate in the 
sections that follow.

1.2 Choice of disinfectants, fumigants  
or procedures

Probably because B. anthracis is essentially an obli-
gate pathogen and depends for the continued exist-
ence of the species on the survival of the spores in 
the environment between infections of successive 
hosts, it appears to produce particularly tenaceous 
spores. the results are that (i) only a few fairly for-
midable chemicals and procedures are capable of 
reliably killing anthrax spores, and (ii) information 
on the sporicidal activities of disinfectants, fumi-
gants, and disinfection and fumigation procedures 
based on other Bacillus species should be viewed with 
caution. 

if heat treatment or incineration of the contami-
nated material is possible, this should be done in pref-
erence to chemical decontamination and disinfection. 
For certain materials or animal by-products, irradia-
tion with gamma rays or particle bombardment may 
be appropriate (see 6.6 below). As noted in Annex 1, 
section 7.9, uV irradiation should not be relied on 
alone for decontamination, but should be used in 
conjunction with wiping down items to be decontam-
inated with hypochlorite or possibly formalin.
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1.2.1 Disinfectants

Lists of approved disinfectants published periodically 
in some countries may be misleading when select-
ing the sporicidal disinfectant to use for B. anthracis, 
and procedures that are both practical and effective 
have yet to be worked out for numerous situations. 

the principal disinfecting agents for destruction 
of anthrax spores are formaldehyde, glutaraldehyde 
(at ph 8.0–8.5), hydrogen peroxide and peracetic acid 
(dietz & Böhm, 1980; Böhm, 1990). Chlorine dioxide 
was the alternative chosen in the uSA for decontam-
ination of rooms following the anthrax letter events 
of 2001. hypochlorites are sporicidal but are rapidly 
neutralized by organic matter and, therefore, while 
good for items like laboratory surfaces (not wooden 
ones) or glassware, or for water treatment, are 
unsuitable for disinfecting most environmental sites 
or materials. hydrogen peroxide and peracetic acid 
are not appropriate if blood is present. the agents 
should have been tested for their sporicidal activ-
ity according to the recommendations below, and 
validity test results of two independent laboratories 
should be included on the manufacturer’s product 
information sheet. 

For environmental protection, and human and 
animal health hazard reasons, alternatives to for-
maldehyde as the recommended general purpose 
disinfectant have been sought (see 1.2.2 below) the 
information in this annex should be updated in the 
future when and if satisfactory alternatives have 
been identified. 

1.2.2 Fumigants

the theoretical options for sporicidal fumigants 
are formaldehyde, ethylene oxide, methyl bromide, 
hydrogen peroxide vapour and chlorine dioxide. 
Formaldehyde and ethylene oxide have been labelled 
carcinogenic in some countries, and methyl bromide 
is scheduled to be eliminated for most uses under 
the Montreal Protocol on Substances that deplete 
the ozone Layer. hydrogen peroxide, while being 
the most acceptable in environmental terms (see 3.3 
below), requires elaborate apparatus and procedures 
and has other hazard factors, especially danger of 
explosion, that need to be borne in mind. 

2. Efficacy tests for sporicidal 
disinfectants

useful information on the sporicidal efficacies of 
disinfectant solutions may be obtained from the 

Kelsey-Sykes capacity test (Kelsey & Sykes, 1969), 
which is now published as a British Standard, BS 
6905:1987 (estimation of the Concentration of 
disinfectants used in “dirty” Conditions in hospitals 
by the Modified Kelsey-Sykes test). however, it is 
officially concerned with the bactericidal, rather 
than the sporicidal, efficacy of a product. A united 
States Association of official Analytical Chemists 
method (AoAC official Method 966.04: Sporicidal 
Activity of disinfectants) uses surgical silk sutures 
and porcelain “penicylinders”. At present there is no 
european standard method for sporicidal efficacy 
testing. A procedure based on the methods accepted 
and used in Germany (German Society of hygiene 
and Microbiology, 1972; German Veterinary Medical 
Society, 1976), also aimed at testing sporicidal effi-
cacy on surfaces rather than in liquid suspensions, 
was detailed in an earlier version of this publication 
(turnbull et al., 1998a).

2.1 Titration of available chlorine in 
hypochlorite solutions

hypochlorite is a strong oxidizing agent and will oxi-
dize iodide ions to form elemental iodine. the iodine 
so formed may be titrated with standard sodium thi-
osulphate using starch solution as an indicator. the 
starch solution can be made by making a paste of 
0.1 g of soluble starch with a little water and trans-
ferring the paste to 100 ml of boiling water. Boil for 
one minute. Allow the solution to cool and add 2–3 g 
of potassium iodide. the solution should be kept in a 
stoppered bottle.

1. the chlorine solution to be tested should be 
diluted to an estimated 10 000 ppm.

2. Fill a clean 50 ml burette with 0.1M sodium thio-
sulphate solution.

3. Accurately pipette 5 ml of the solution being 
tested into a clean flask and acidify with 5 ml of 
glacial acetic acid. then add approximately 0.2 to 
0.3 g of potassium iodide to the solution which 
now becomes orange in colour.

4. titrate the mixture by adding the sodium thio-
sulphate from the burette until the colour is pale 
yellow.

5. Add 5 drops of the starch solution and continue 
the titration until the blue colour of the starch is 
just detectable (it will look slightly pink now).

6. note the burette reading and then continue to add 
the sodium thiosulphate dropwise. the burette 
reading immediately preceding the observation 
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of a colourless solution is the end point. note the 
volume of sodium thiosulphate added from the 
burette and calculate the available chlorine in 
the test solution from the expression:

 1 ml 0.1M sodium thiosulphate ≡ 0.00355 g chlo-
rine.

Correcting for the original dilution of the concen-
trated sample and converting to a percentage:

 Available chlorine (%w/v) = titre x 0.00355 x 10 x 
20 = titre x 0.71.

3. Rooms, laboratories, animal 
houses, vehicles, etc.

3.1 Fumigation of rooms 

(Caution: this should only be done by trained professionals 
using PPE that includes a full-face respirator, fitted with a 
chemical filter and pretested for effectiveness. A formalde-
hyde dosimeter should be available also.)

note: formaldehyde is a gas which is soluble in water. 
the solution of formaldehyde in water is named 
“formalin”. Fully saturated (100%) formalin has a 
concentration of approximately 37% formaldehyde. 
For simplicity, concentrations of formalin are used 
where possible below. So, for example, 10% formalin 
would be a 3.7% formaldehyde solution.

rooms where surfaces cannot be cleared before 
decontamination and disinfection, such as laborato-
ries, can be fumigated by boiling off (for rooms up to 
25–30 m3 ) 4 litres of 10% formalin in an electric ket-
tle (fitted with a timing or other device to cut off the 
electricity when the fluid level has reached the ele-
ment) and leaving overnight (or no less than 4 hours 
from the point in time when the boiling process has 
been completed) before venting. 

Alternatively, paraformaldehyde can be vapor-
ized in a pan on an electric element on the basis of 
12 g per m3 with simultaneous evaporation of 4 litres 
of water to supply the necessary humidity. For for-
maldehyde fumigation, room temperature should be 
> 15 °C.

(Caution: vaporization of formalin or paraformaldehyde 
should not be done with gas or other naked flame heaters; 
formaldehyde is flammable. Avoid skin contact with for-
maldehyde solution or inhalation of formaldehyde vapour.) 

neutralization of formaldehyde can be carried out 
by vaporizing 15.5 g of ammonium bicarbonate per 
m3 or 13 g of ammonium carbonate per m3 in a sec-

ond pan on an electrically heated element. An elec-
tric fan will assist in circulating the ammonia, but 
it may still be 24–48 hours before the room can be 
entered without a respirator. 

(Note: ammonium carbonate and bicarbonate are hygro-
scopic. If they have become damp, greater weights than 
those given above should be vaporized to compensate.)

the presence of absorbent material in the room 
(paper, cardboard, fabric, etc.) reduces the rate of 
clearance and, indeed, can reduce the effectiveness 
of the fumigation process. Where there is extensive 
absorbent material present, the exposure time and 
possibly the starting concentration of the formalin 
or paraformaldehyde should be raised to compen-
sate.

Before fumigation commences, all windows, doors 
and other vents to the outside should be sealed with 
heavy adhesive tape. hazard warning notices should 
be posted on the door(s) and, if appropriate, win-
dows. to ensure complete access of the fumigant, 
items of equipment should be held above bench 
or floor surfaces by racks or by tilting to allow the 
fumigant to penetrate underneath. Proper chemical 
respirators should be on hand and at least one nitro-
cellulose disk or filter paper which has, beforehand, 
been dipped in a spore suspension and dried should 
be placed at some point in the room distant from the 
kettle. Preferably the spore preparation should be 
an accepted standard, such as B. subtilis var globigii 
(nCtC 10073) or B. cereus (AtCC 12826), but failing 
the availability of these, the spores of the Sterne vac-
cine strain (34F2) of B. anthracis would do.

At the end of the fumigation, the spore disc(s) 
should be retrieved into a sterile petri dish and the 
windows or vents to the outside air should be opened 
up. (Caution: a chemical respirator should be used for this. 
Respirators should be fitted and tested by qualified person-
nel and users of respirators should be trained in their cor-
rect use by qualified personnel.)

A fan, or fans, assists the extraction. doors into 
the room should be kept closed and other person-
nel prevented from passing near or through them 
until venting is complete. if a formaldehyde meter is 
available, venting should not be considered complete 
until levels of less than 2 ppm have been reached. in 
the absence of a meter, the odour of formaldehyde 
should have become almost undetectable before 
entry into the room without a respirator is allowed.

the effectiveness of the fumigation procedure 
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is checked by placing the spore disc(s) on plates of 
nutrient agar. in the case of formaldehyde fumiga-
tion, the nutrient agar should contain 0.1% histidine 
final concentration and be added as a filter-sterilized 
solution after the agar has been autoclaved and 
cooled to 50 °C. After overnight incubation at 37 °C, 
if fumigation was properly effective, the discs should 
show no bacterial growth. 

Formaldehyde is becoming regarded as unaccept-
able in some places, at least for fumigation of large 
spaces, in particular in the uSA on the basis of poten-
tial carcinogenicity. Following a peer-review proc-
ess involving representatives of industry, academia 
and government, chlorine dioxide gas was identi-
fied by the united States environmental Protection 
Agency as the best option for fumigation of build-
ings contaminated by the deliberate release events 
of october–november 2001 in the uSA. 

this requires the mixture of two solid precur-
sor chemicals, sodium chlorite (naClo) and sodium 
chlorate (naClo3), to produce chlorine dioxide (Clo2) 
gas. the gas is an unstable compound and potentially 
explosive in air concentrations > 10 % v/v. it should 
therefore only be used as a fumigant by qualified 
personnel using the appropriate personal protective 
equipment, and generating equipment and a method 
based on liquid starting chemicals which cannot 
generate explosive concentrations (> 10% v/v).

of the other effective sporicidal fumigants 
(vaporized hydrogen peroxide, methyl bromide, 
ethylene oxide), probably only vaporized hydrogen 
peroxide would be appropriate for attempts at room 
fumigation. it is by far the most ecologically accept-
able, with the degradation products being oxygen 
and water. however it can be anticipated that more 
than one fumigation session may be needed before 
spore-strip tests pass completely. the process again 
requires the appropriate generating and personal 
protective equipment and should only be carried out 
by professionally qualified personnel. 

3.2 Disinfection in rooms, animal houses, 
vehicles, etc.

Where fumigation is not an option, or following 
fumigation of a facility, such as an animal room, 
containing extensive soiled matter, disinfection 
should be carried out in a three-step process aimed 
at (i) preliminary disinfection, (ii) cleaning, and (iii) 
final disinfection. (Caution: protective clothing, including 
eye cover and, at least with formalin, a combination chemi-

cal and biological  respirator should be worn. Respirators 
should be fitted and tested by qualified personnel and users 
of respirators should be trained in their correct use by 
qualified personnel. Skin and eye contact with the disinfect-
ants listed below or inhalation of their vapours should be 
avoided.)

Stage 1: preliminary disinfection

one of the following disinfectants may be used in 
amounts of 1–1.5 litres per square metre for an expo-
sure time of 2 hours: 

• hypochlorite solution containing 10 000 ppm 
active chlorine (note: chlorine is rapidly neutral-
ized by organic matter; if this is present, it should 
be washed down first with water and collected 
into suitable containers for autoclaving or alde-
hyde disinfection);

• 10% formalin (temperature should be ≥ 15 °C);
• 3% hydrogen peroxide solution.

Stage 2: cleaning

Where practical, cleaning of all surfaces should be 
done by straightforward washing and scrubbing 
using ample hot water or mild hypochlorite solu-
tion (5000 ppm active chlorine). the operator should 
wear protective clothing, face and hands included. 
Cleaning should be continued until the original col-
ours and surfaces are restored and the wastewater 
is free of dirt particles. At the end of the process, 
residual water should be removed and disinfected 
and the surfaces dried.

Stage 3: final disinfection

For final disinfection, one of the following disinfect-
ants should be applied at a rate of 0.4 litres per square 
metre for an exposure time of at least 2 hours:

• hypochlorite solution (10 000 ppm available chlo-
rine)

• 10% formalin (temperature should be ≥ 15 °C)
• 3% hydrogen peroxide solution.

After the final disinfection, closed spaces such as 
rooms or animal houses should be well ventilated 
before recommissioning.

the effectiveness of the disinfection procedure 
cannot be assumed, and attempts should be made 
to confirm that it has been adequate by means of 
swabs and culture.
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in the case of surfaces within a room, it may be 
considered appropriate to finish the disinfection 
process by fumigating the room itself as described 
in section 3.1 above.

3.3 Fumigation of safety cabinets; 
fumigation chambers

(Caution: a full-face respirator fitted with a chemical filter 
and a formaldehyde dosimeter should be on hand for this 
procedure. Respirators should be fitted and tested by quali-
fied personnel and users of respirators should be trained in 
their correct use by qualified personnel.)

3.3.1 Formaldehyde fumigation

Prior to fumigation, items to be fumigated within 
the cabinet should be raised or angled in such a way 
as to ensure as near to all-round exposure as pos-
sible. equipment can be placed on wire racks, boxes 
of tips placed at an angle, pipettors stood up in racks 
and so on. 

Biosafety cabinets (volume 1–3 m3) may be fumi-
gated by boiling to dryness 25–50 ml of 40% formalin 
prepared by adding 1 part of undiluted formalin to 1.5 
parts of water. Alternatively, paraformaldehyde may 
be vaporized in a pan on an electric element on the 
basis of 12 g per m3 with simultaneous evaporation 
of 25–50 ml of water to supply the necessary humid-
ity. the temperature should be ambient (> 15 °C) and 
exposure time at least 4 hours (often overnight is con-
venient). the cabinet can then be vented to the exte-
rior (preferably directly to the exterior of the building) 
or neutralization of formaldehyde can first be carried 
out by vaporizing 15.5 g of ammonium bicarbonate 
per m3 or 13 g of ammonium carbonate per m3 in a 
second pan on an electrically-heated element. to 
ensure good mixing of the ammonia and formalde-
hyde, the cabinet blower, or a fan, should be switched 
on for about 10 seconds when between one third and 
two thirds of the ammonium bicarbonate/carbonate 
has vaporized. Allow 1 hour after the ammonium 
bicarbonate/carbonate has been fully vaporized for 
neutralization to be completed. if only venting to the 
room is possible, extraction fans from the room to the 
exterior should be switched on and at least 2 hours 
allowed before work is carried out in the room.

 (Caution: vaporization of formalin or paraformaldehyde 
should not be done with gas or other naked flame heaters: 
formaldehyde is flammable. Skin contact with formalde-
hyde solution or inhalation of formaldehyde vapour should 
be avoided.)

note: ammonium carbonate and bicarbonate 
are hygroscopic. if they have become damp, greater 
weights than those given above should be vaporized 
to compensate.

3.3.2 Other fumigants and procedures

other oxidizing agent fumigants – hydrogen perox-
ide, ethylene oxide, chlorine dioxide, methyl bromide, 
etc. – are also effective. hydrogen peroxide is espe-
cially appealing in that its degradation products are 
oxygen and water. however, the equipment needed 
for hydrogen peroxide fumigation is, at present, 
cumbersome, elaborate and expensive and is not 
universally available. it would not lend itself to rou-
tine fumigation of safety cabinets after every use. it 
is also reported to be readily neutralized by organic 
matter, including paper and cardboard (rupert, per-
sonal communication, 2004). ethylene oxide and 
methyl bromide are acutely toxic at concentrations 
of > 50 ppm and may cause skin burns and blister-
ing; ethylene oxide is also explosive under alkaline 
conditions or if exposed to certain other chemicals. 
Although highly effective, ethylene oxide, methyl 
bromide and chlorine dioxide are really only to be 
recommended where the correct equipment and 
expertise in its use are available. Chlorine dioxide 
may cause discoloration.

Fumigation chambers should be properly con-
structed, airtight with a system of venting to the 
outside away from places of human or animal move-
ment at the end of the fumigation procedure. the rel-
ative humidity within the chamber should be > 90% 
during the fumigation procedure (> 70% is adequate 
for Clo2 –rupert, personal communication, 2004). 

Where fumigation is not possible or feasible, reli-
ance for decontamination will probably depend on 
thorough hypochlorite wipe-down, possibly with uV 
support (Annex 1, section 7.9).

4. Chemical decontamination of 
materials contaminated with 
B. anthracis

4.1 Chlorine solutions

Commercially-prepared hypochlorite as supplied to 
laboratories, hospitals, etc. frequently takes the form 
of stock solutions having approximately 10% avail-
able chlorine (100 000 ppm). thus, what is familiarly 
referred to in laboratories as “10% hypochlorite solu-
tions” is a 1:10 dilution of the stock solution contain-
ing 10 000 ppm available chlorine. (note: “bleach” as 
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sold in stores and supermarkets is frequently less 
concentrated, usually with 3%–5% available chlo-
rine. this needs to be taken into account when mak-
ing up daily working solutions.)  if solid precursors 
of hypochlorous acid is available, stock solutions 
containing 100 000 ppm available chlorine should 
be prepared and the required dilutions made from 
this.

unless a stabilizer such as 0.1% sodium carbonate 
is included, chlorine solutions are not highly stable 
and stock solutions should be titrated periodically 
to ensure that the correct level of available chlorine 
is present (see 2.1 above). Since stability is affected 
by concentration (and also by temperature and ph), 
subsequent dilutions should be made only as needed 
and these solutions should be changed frequently 
(preferably each day, but at least weekly). it should 
be remembered that chlorine solutions corrode met-
als and perish rubber, and that chlorine is rapidly 
neutralized by organic materials, including wood (as 
in wooden benches), soil, or specimens of blood or 
tissues.

Simple chlorine solutions are slow to kill spores 
(Jones & turnbull, 1996). the sporicidal rate can 
be increased by using 50% methanol or ethanol to 
make the dilutions of the stock solution. however, 
the stability of these mixtures has not been estab-
lished and, if used, these solutions should be made 
up fresh each day.

Simple garden-type spray bottles can be used for 
delivering hypochlorite solutions to surfaces prior 
to wiping down, although the chlorine will cor-
rode the spring mechanism quite quickly and these 
spray bottles will need to be acquired and used on a 
semidisposable basis.

4.2 Rapid turnover items 

Pipettes, disposable loops, microscope slides, sam-
pling spoons, etc. may be immersed overnight in 
hypochlorite solutions with 10 000 ppm available 
chlorine. Small plastic items (loops, spoons, etc.) 
should then be transferred to an autoclave bin or bag 
for autoclaving, or to a bag for incineration. Glass 
items should be transferred to a sharps container for 
autoclaving and/or incineration. it is recommended 
that long plastic pipettes (1, 5, 10, 25 ml, etc.) are also 
discarded into sharps containers since they readily 
perforate autoclave bags.

4.3 Benches 

Benches should be wiped down after use with 
hypochlorite solutions containing 10 000 ppm avail-
able chlorine. Because of their neutralizing effect 
on chlorine, wooden benches should be replaced by 
more suitable materials or covered with plastic or 
laminated sheeting, or with a proprietary covering 
designed for the purpose, such as Benchcotet.1

4.4 Spills and splashes on surfaces

Some thought should be given to the nature of the 
material spilled. For example, freshly growing B. 
anthracis cultures will have few, if any, spores and 
these will be incompletely dormant and more sus-
ceptible to disinfection procedures than, at the 
opposite extreme, purposely prepared spore suspen-
sions. 

in general, spills and splashes of cultures, or of 
materials known to be, or suspected of being con-
taminated with B. anthracis on floor, bench or appa-
ratus should be covered with towelling and the 
towelling saturated with a hypochlorite solution 
containing 10 000 ppm available chlorine. the towel-
ling should be left in place for at least 30 min before 
being transferred to an autoclave bin or bag and 
autoclaved, or to a bag for incineration. Vertical sur-
faces should be washed or wiped down thoroughly 
with cloths soaked in this solution. (Caution: the oper-
ator should wear gloves and safety spectacles or goggles 
while doing this.) in the event of substantial spills or 
splashes of spore suspensions, fumigation would be 
advisable after the initial hypochlorite decontami-
nation. this would apply to the safety cabinet if the 
accident occurred within the cabinet, or the room if 
the accident occurred outside the cabinet.

Solutions of 10% formalin, 4% glutaraldehyde, 3% 
hydrogen peroxide or 1% peracetic acid are possible 
alternatives to hypochlorite, but the choice must 
be weighed against the greater personal protection 
needed when using these. 

4.5 Biosafety cabinets

decontamination of cabinets has been covered in 
Annex 1, section 7.9 and in section 3.3 above.

1 Whatman international Ltd, Maidstone, united Kingdom.
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5. Personal exposure
5.1 Spills and splashes on clothing 

rear-fastening laboratory gowns (surgical type) are 
the best type of overclothes to wear in laboratories 
working with B. anthracis, and disposable versions are 
available. in their absence, a plastic apron should be 
worn over the laboratory coat. Contaminated gowns/
aprons/coats should be removed immediately and 
placed in autoclave bins or bags and autoclaved. 
Personal clothing that may still be contaminated – 
shoes, socks/stockings/upper garments if sleeves or 
collars are contaminated – should be removed as soon 
as possible and, if possible, autoclaved. Alternatively, 
they may be fumigated in a cabinet or fumigation 
chamber (section 3.3.2 above). ideally, there should 
be an emergency shower and emergency clothing in 
the exit area that will allow the individual to put the 
contaminated clothes into an autoclave bag or bin, 
shower and dress to leave the area.

5.2 Spills and splashes on skin or in eyes 

in case of contact (biological or chemical agents) 
with eyes, the eyes must be flushed out with copious 
quantities of water immediately for at least one full 
minute, preferably with running water. ideally an 
eye-wash station should be included in the labora-
tory design. Avoid rubbing the eyes. the appropriate 
medical officer should be informed and the affected 
person kept under observation for at least a week.

in case of skin contact, the gross contamination 
should be washed off with water into a bowl and 
the washings subsequently neutralized by adding 
bleach and autoclaving. the skin should then receive 
a thorough soap and water wash (at least 2 minutes). 
the value of washing the skin itself with bleach is 
debatable since the contact time is too short to be 
effective. Bleach certainly should not be used on bro-
ken skin as it is likely to do more harm than good. 
Where the skin is broken (including needle-stick 
punctures), bleeding should be encouraged and the 
injury washed with copious amounts of water. the 
appropriate medical officer should be informed and 
the affected person kept under observation for at 
least a week. 

5.3 Contamination in the mouth

At the outset, laboratory workers should be reminded 
that mouth pipetting in a microbiology laboratory is 
unacceptable. For contamination of the mouth with 

known or possible anthrax organisms, the mouth 
contents should be immediately spat out followed by 
thorough mouth washes with water. the appropriate 
physician should again be informed and the affected 
person be kept under observation for a week.

5.4 Suspected inhalation

in the event of suspected inhalational exposure, 
exhalation should be performed as hard as possible.  
others present in the laboratory should be informed 
and, if necessary advised to evacuate the laboratory. 
the appropriate supervisor, safety officer and medi-
cal officer must be notified immediately and deci-
sions on actions made without delay.

5.5 Exposure through sharps accidents

For sharps punctures (e.g. broken glass), gloves 
should be peeled off immediately and the wound 
encouraged to bleed under running tap water for 
2–5 minutes followed by a thorough soap and water 
wash (washing wounds with disinfectant is not rec-
ommended). See also section 5.2 above.

6. Decontamination of animal 
products, environmental  
materials, etc.

6.1 Manure, dung, bedding, feed, etc.

Where possible, anthrax-contaminated materials to 
be disposed of, such as bedding, feedstuffs, manure, 
etc., should be incinerated or autoclaved (121 °C core 
temperature for 60 minutes). immersion in 10% for-
malin for > 12 hours is an alternative, but full pen-
etration of the fluids must be ensured and natural 
degradation of the fumigant to the point at which the 
material can be handled in some way will be slow (at 
least several weeks). Probably a way of neutralizing 
and degassing the fumigant should be worked out in 
advance of taking this route. (Caution: avoid skin con-
tact with formaldehyde solutions or inhalation of formalde-
hyde vapour. See cautions in section 1.1 above.)

Slurry from livestock suffering outbreaks of 
anthrax may be also disinfected with formaldehyde 
by adding undiluted formalin with thorough stir-
ring until a final concentration of 10% formalin is 
reached. the mixture should be left a minimum of 
four days with stirring for at least one hour each 
day before being further processed (Williams et al., 
1992). (Caution: avoid skin contact with formaldehyde 
solution or inhalation of formaldehyde vapour. See cautions 
in section 1.1 above.)
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Formalin degrades naturally to formic acid 
and thence to carbon dioxide and water (Goring & 
hamaker, 1972). it is photooxidized by sunlight to car-
bon dioxide, and it reacts with nitrogen compounds 
in the air or soil to form formic acid which, in turn, 
degrades to carbon dioxide. its half-life in air is gener-
ally less than one hour (Who, 1991). Certain bacteria 
and yeast are also able to bring about this degrada-
tion by means of dehydrogenases. An alkaline ph 
neutralizes the formic acid and thereby increases 
the rate of degradation by pulling the equilibrium in 
that direction. decomposition is most rapid at ph 7–8 
and with added nitrogen (e.g. in ammonium carbon-
ate). Buffering or addition of lime, to counteract the 
lowered ph as formic acid is produced, will aid degra-
dation. the treated slurry can be spread on unculti-
vated land and ploughed in or otherwise buried.

6.2 Sewage sludge

Sewage sludge containing effluents from tanneries 
that process hides from enzootic areas may con-
tain anthrax spores. dewatered sewage sludge up 
to a dry-matter content of 8% should be disinfected 
by bringing to 10 % formalin and retaining for 10 
hours or 3% peracetic acid for 30 minutes. the dis-
infection process is not affected by polyelectrolytes 
and may be enhanced by lime added for dewatering 
the sludge (Lindner et al., 1987). Formalin degrades 
fairly rapidly naturally (6.1 above); degradation in 
sewage sludge specifically is covered by dickerson et 
al. (1954). (Caution: avoid skin contact with formaldehyde 
or peracetic acid solutions or inhalation of their vapours. 
See cautions in section 1.1 above.)

6.3 Water

it is difficult to give general advice on treatment of 
water. the approach chosen depends on what type 
of body of water is to be treated, the likely extent 
of the anthrax spore contamination, what volumes 
are involved and where the water is to go, and what 
it may be used for after treatment. however, the 
choices are much the same as with other materials 
covered within this annex.

Autoclaving is the surest way of killing spores 
but is only applicable to fairly small volumes of 
water. Boiling for 20–30 minutes is a generally effec-
tive option. As reviewed by rice et al. (2004), many 
experimenters have concluded that boiling inacti-
vates B. anthracis spores with the outside time in the 
order of 12 minutes. rice et al. found that there was 

a critical difference in the effectiveness of boiling 
when there was a lid on the container in which the 
water was boiled.

treatment by bringing to a concentration of 10% 
formalin and retaining for at least 10 hours is fea-
sible for volumes up to about 100 000 litres, as may 
result from industrial wastes, but holding tanks 
must be available and methods of neutralization and 
discharge without danger to the environment must 
be established. the necessary safety cautions will 
apply (see cautions in section 1.1 above). Cost is a major 
factor in this approach also.

the merits of chlorination are debatable; the lev-
els of chlorine necessary to ensure effective killing 
of spores may be hard to attain in large volumes and, 
if the body of water is on open ground, it is likely 
to contain organic matter which rapidly neutralizes 
the chlorine.

Filtration, as for water treatment, is probably 
effective as far as the emerging water is concerned, 
but leaves unsolved the problem of contaminated fil-
ter beds.

in general, each situation should be considered on 
an individual basis and the best solution worked out 
for the particular circumstances that exist.

6.4 Soil

if possible, soil at the site of an anthrax carcass 
should be removed up to a depth of 20 cm and incin-
erated or heat-treated (121 °C throughout for 60 min-
utes). if this is not possible, it should be disinfected 
with 10% formalin at 50 litres per m2. Where it is 
necessary to decontaminate soil to greater depths, 
such as burial sites of anthrax carcasses, 10% forma-
lin should be injected below the soil surface at a rate 
of 30 ml for every 10 cm of depth at 0.5 m horizon-
tal intervals across the contaminated area. (Caution: 
avoid skin contact with formaldehyde solution or inhalation 
of the vapour. See cautions in section 1.1 above.) 

it is sometimes not possible to achieve sufficient 
penetration of even small clods of soil by formalde-
hyde or other sporicide solutions to result in com-
plete kill of anthrax spores (turnbull et al., 1996), 
especially in the case of water–saturated or heavy 
soils. decontamination failure may result when 
attempting chemical disinfection, and the effective-
ness of any such attempt should be checked by sub-
sequent culture.

the decision on the best approach to making a 
contaminated site safe depends substantially on 
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what the site is to be used for in the future. Where it 
is not feasible to incinerate or chemically decontam-
inate the soil or to remove it to an incinerator, the 
alternative is to close or seal off the site. Covering 
with concrete or tarmac for, say, a car park, is an 
alternative used in industrialized countries; plant-
ing with thorny bushes surrounded by a secure fence 
can be an aesthetic approach.

Further guidelines are supplied elsewhere 
(turnbull, 1996).

6.5 Other materials – clothing, tools, etc.

Where possible, contaminated materials should be 
incinerated or autoclaved at 121 °C for 60 minutes. 
in the case of nondisposable items such as clothing, 
boots, tools, etc., excess dirt should be scraped off 
into incineration or autoclave bags and the items 
themselves should be soaked overnight (at least 8 
hours) in 10% formalin. (Caution: avoid skin contact 
with formaldehyde or glutaraldehyde solutions or inhala-
tion of their vapours.)  Bleach is a possible alternative 
if discoloration or corrosion is not of consequence, 
and there is little organic material left on the items 
after scraping.

decontamination and disposal procedures follow-
ing collection and examination of clinical specimens 
are covered in Annex 1, sections 7.7 & 7.8.

6.6 Wool, hair or bristles

disinfection stations exist in a number of countries 
which import wool, hair or bristles from endemic 
regions, and the names and addresses of these may 
be obtained from the relevant veterinary authorities 
that control imports and exports of animal prod-
ucts. the requirements of an importing country will 
be specified as part of the approval process for get-
ting a permit. one established disinfecting protocol 
is the duckering process. this involves five stages, 
each of 10 minutes duration at 40.5 °C: (i) immersion 
in 0.25%–0.3% soda liquor; (ii) immersion in soap liq-
uor; (iii) two immersions in 2% formaldehyde solu-
tion (5% formalin); (iv) rinsing in water; and (v) the 
wool or hair is finally dried in hot air and baled.

in countries where irradiation facilities are avail-
able, the preferred approach is to test samples of 
wool and hair from a consignment and, if positive 
for B. anthracis, to sterilize the consignment by irra-
diation. the dose needed to guarantee freedom from 
viable spores in a contaminated lot is very high; the 
d100 in spore suspensions of 108 to 1010 per ml have 

been found to exceed 40 kGy (4 Mrad) (Bowen et al., 
1996). Calculations of exposure times need to take 
into account the size and density of the bales being 
irradiated.

6.7 Hides and skins 

no hazard need be expected in situations where 
hides come from properly supervised slaughter-
ing. dry hides of uncertain origin within enzootic 
countries should, on the other hand, be regarded as 
being of high risk in terms of anthrax. Where pos-
sible these should be decontaminated by fumigation 
(formaldehyde or ethylene oxide) or by irradiation 
prior to processing. it is considered by some tannery 
experts, however, that no preprocessing disinfec-
tion protocol has been devised for hides and skins 
that does not damage them (Anon., 1959). however 
the dehairing stage, which involves sodium sulphide 
liming with a mixture of sodium sulphide and cal-
cium hydroxide, exposes the skins to a significant 
level of sodium hydroxide at high ph which probably 
kills any B. anthracis spores present (robertson, 1948; 
Lindner & Böhm, 1985).

Control processes in tanneries should therefore 
be primarily targeted at stages before dehairing, 
particularly dust control and treatment of effluent 
from initial washing and rehydrating stages. in tan-
neries processing raw hides from anthrax-endemic 
areas, these effluents should be treated by bring-
ing to 10% formalin and holding for 10 hours, with 
adequate time being allowed for natural degradation 
of the formaldehyde before discharging to sewerage. 
Peracetic acid (3%) for > 30 minutes is an alternative 
but more expensive treatment.

Precautions should be taken to avoid cross- 
contamination of hides and skins pre- and post-treat-
ment through appropriate controls on movement of 
personnel, equipment and the hides themselves.

6.8 Bone, bonemeal, hoof and horn 

Feed ingredients of bone, hoof and horn origin 
imported from endemic countries are still the cause 
of incidents among livestock in nonendemic import-
ing countries. Similarly, bonemeal in fertilizers is 
periodically suspected of being the source of anthrax 
infection in humans and animals. however, in many 
developed countries anthrax is becoming very infre-
quent and there has been a significant decline in the 
occurrence of anthrax from feed contamination fol-
lowing the BSe (bovine spongiform encephalopathy) 
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restrictions on the feeding of animal or ruminant 
materials to ruminants. 

it is considered in most importing countries that 
mandatory requirements for sterilization of prod-
ucts of animal origin for international commerce 
would raise the costs of these products dispropor-
tionately to the human and animal health risks 
involved. Consequently few such countries have 
statutory requirements of this nature. however, 
some manufacturers consider it standard good prac-
tice to sterilize such products before placing them 
on the market, and this is certainly to be encour-
aged, particularly if they are to be used as fertilizers 
on land on which animals will subsequently graze. 
Similarly it should be a reasonable policy aim in any 
country to collect and process separately those raw 
bone, hoof and horn products obtained from regu-
lar and supervised slaughtering and those obtained 
from sources of uncertain origin, which present a 
higher risk in terms of anthrax.

Long-term control will be dependent on improved 
and effective control measures in the exporting 
countries. in the interim, control should depend 
on close adherence to the terrestial Animal health 
Code (Annex 4).

7. Guidelines on incineration of 
carcasses

the underlying physical principle that should be 
addressed in designing an efficient incineration 
procedure is that material underneath a flame can 
remain cool so that contaminated materials (ground, 
soil, carcass remains, etc.) that remain below the 
flames during incineration will remain contami-
nated. A number of approaches may be taken to 
ensure that incineration is fully effective, and the 
one of choice depends on available resources and 
other circumstances. Portable incinerators with gas-
fired jets at base level and 0.25 m above base level, 
or flame guns which direct the flames downwards, 
are available in some countries (Fig. 10). these pro-
vide a good way of ensuring complete and effective 
incineration. 

the following suggestions are offered to cover the 
different circumstances that may be encountered. 
it should be pointed out that all the procedures 
described below take many hours for a large domes-
tic animal, such as a cow.

7.1 In-place incineration
7.1.1 Pit method1

For a large animal, a pit about 0.5 m deep and 
exceeding the length and breadth of the carcass by 
about 0.25 m on each side should be dug. A trench 
approximately 0.25 m wide by 0.25 m deep should be 
dug along the length of the centre of the pit extend-
ing beyond the ends by about 0.75 m; this serves the 
purpose of allowing air for the fire under the carcass. 
the bottom of the pit and the trench should be cov-
ered with straw which is then soaked in kerosene.

Above the kerosene-soaked straw, place a few 
pieces of heavy timber (or other type of beams 
which will hold the carcass well above the bottom of 
the pit) across the pit and then scatter thin pieces of 
wood over beams and straw. then add larger pieces 
of wood and if available, coal, until the pit is filled to 
ground level.  Saturate all the fuel with kerosene.

the carcass can then be drawn on to the pyre, 
preferably propped up so that it is lying on its back. 
Further kerosene should be poured over the carcass. 
the fire is started at either end of the longitudinal 
trench. once the incineration is well under way 
(probably after about the first hour), the pyre should 
be covered with corrugated iron or other metal 
sheeting in such a way as to reduce heat loss without 
cutting off ventilation.

the approximate quantities of fuel that will be 
needed for a large domestic animal are 20 kg of 
straw, 10 litres of kerosene, and either 2 tonnes of 
wood or 0.5 tonnes of wood and 0.5 tonnes of coal.  
note: it will be necessary to decontaminate the 
ground where the carcass lay and also the ground, 
equipment, etc. contaminated during the movement 
of the carcass (see section 6.4 above).

7.1.2 Pyre2

A pyre may be built up around the carcass so that 
it is incinerated precisely in the position in which it 
was found. despite its reduced effectiveness com-
pared to pit and raised incinerations which allow air 
to circulate underneath the carcass, a pyre may be 
the only cremation method available in remote areas 
where machinery necessary to position the carcass 
is unavailable or with large animals such as bison, 
elephant, giraffe and hippopotamus. After the ini-
tial burn, the ash and remains must be turned over 

1 Based on MAFF, 1992.
2 Kindly supplied by d.C. dragon and J.S. nishi.
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and burnt a second time. during carcass incinera-
tion trials in northern Canada during summer 2001, 
researchers regularly observed unburnt hair, hide, 
rumen, stomach lining and flesh beneath the ash 
after a single pyre incineration of bison carcasses.  
it was necessary to lift these remains from beneath 
the ashes and reburn them.

For a bovine-sized carcass, approximately 200 
litres of a kerosene-based fuel and either 1 tonne 
of wood, or 300 kg of wood and 600 kg of coal, are 
needed.  the wood should be in the form of 2 m 
length logs.  the wood and coal should be piled 
around and on top of the carcass, and the pyre dosed 
with fuel and lit.  When the primary incineration is 
complete, the ashes are allowed to cool. Personnel in 
appropriate protective gear (coverall, gloves, boots 
and respirator) should turn over the ashes and repile 
unburnt carcass remains with wooden poles. the 
poles are left with the remains and the pile reburned 
with further fuel. Consideration may be given to 
damping down or disinfecting the unburnt remains 
with 10% formalin prior to turning over the ashes, 
to minimize the chances of aerosolizing surviving 
spores (see Annex 6, section 1).

in the Canadian experience following outbreaks of 
anthrax in bison, the combination of in-place incin-
eration and formalin treatment had an unforeseen 
benefit (dragon et al., 2001).  the combination of ash 
from the fire and formaldehyde-fixed organic mat-
ter changed the nutrient profile of the soil, and the 
carcass sites were recolonized by herbaceous, leafy 
plants such as yarrow, wild mint and lamb’s quar-
ter rather than the grass and sedge that grew previ-
ously.  none of these plants are feed items for bison, 
and their size and density discouraged bison from 
wallowing at the carcass sites.  thus, the bison were 
kept spatially separated from any viable infectious 
anthrax spores remaining at the old carcass sites.

7.1.3 Raised carcass method1

this method may be appropriate when labour is 
scarce or the ground is unsuitable for the construc-
tion of a pit. 

Place straw over a 2 m by 1.5 m area.  Place two 
wooden beams (approximately 2 m lengths of small 
tree trunks, railway sleepers, etc.) over the straw 
parallel to each other, about 1.25 m apart and 
aligned with the direction of the prevailing wind. 

Soak the straw with kerosene and cover with thin 
and thick pieces of wood and coal if available. Place 
further stout cross-pieces of wood or other material 
across the two main beams to support the carcass. 
the fuel (wood or coal) is banked up on either side of 
the carcass (but not at the ends, where the air should 
be allowed to enter under the carcass), and the solid 
fuel and carcass are further doused with kerosene.

the fire can then be started and as before, when 
well under way, it should be covered with metal 
sheeting to retain heat but without inhibiting ven-
tilation. Further fuel should be added if and when 
necessary.  

rather more fuel may be required than with the 
pit method. For a large domestic animal, an estimate 
is 0.75 tonnes coal + 0.5 tonnes wood or, if coal is 
unavailable, approximately 3 tonnes of wood, plus 
20 kg straw and 20 litres of kerosene.

As with other approaches, it will be necessary to 
decontaminate the site where the carcass lay before 
incineration, and the ground and equipment con-
taminated while moving it from there to the crema-
tion bed.

7.1.4 Gelled fuel

Anderson, nevada department of Agriculture, 
Animal disease Laboratory (personal communica-
tion, 2000), described a gelled fuel terra torch sys-
tem that was used to cremate bovine carcasses in a 
united States anthrax outbreak.  SureFire – a pow-
dered gelling agent designed to thicken fuels used in 
prescribed burning – was mixed into a recirculating 
tank containing a fuel mixture of diesel and regular 
gasoline. the thickened fuel was applied with a terra 
torch system and gave a hotter and more lasting fire 
than with fuel alone. the technique appeared to be 
an efficient method for the disposal of animal mor-
talities during emergencies. For example, an adult 
cow was reduced to ashes in about an hour using 
the powder in a 70/30 mixture of diesel and leaded 
gasoline. however, subsequent application of a simi-
lar formulation for gelled fuel in northern Canada 
failed to achieve adequate incineration of bison car-
casses during an anthrax outbreak in the Slave river 
Lowlands (nishi, resources, Wildlife and economic 
development, northwest territories, personal com-
munication, 2000). Possibly the difference was due 
to cooler temperatures and higher humidity in 
northern Canada compared to the affected united 
States region, or to a lower fat content in wild bison 

AnneX 3

1 Based on MAFF, 1992.
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compared to ranched cattle.  With its advantages 
of ease of use, speed of disposal and minimal fuel 
requirements, the use of gelled fuel in anthrax car-
cass disposal remains promising and merits future 
study, either alone or in combination with wood or 
coal.

7.3 Commercial incinerators
7.3.1 Down-directed blow torches

An example of the use of down-directed blow torches 
for incineration of a carcass is shown in Fig. 10. 

7.3.2 Portable incinerator

An example of incineration of a bovine anthrax car-
cass in a portable incinerator is shown in Fig. 10.

7.3.3 Centralized incinerators

Largely since the advent of the focus on BSe, com-
mercial incinerators capable of taking whole bovine 
carcasses have now become available. it seems fea-
sible for an anthrax carcass to be well-bagged in the 
same manner as if it were being taken to a render-
ing facility, and to be taken for incineration at one of 
these types of incinerator. the Australian procedure 
of spraying the carcass with formalin and loading 
it onto double-thickness plastic on a low-loading 
trailer and wrapping the carcass in the plastic (sec-
tion 8.3.2.1) might be an approach worth considering.  
While these approaches would appear to be perfectly 
practicable, under the current legislation in certain 
countries, there may be problems obtaining local or 
national movement orders permitting the transport 
of the carcass.

As with the other approaches to carcass incin-
eration, it will be necessary to decontaminate the 
site where the carcass lay before removal, and any 
equipment contaminated when bagging it.

8. Autoclave function

Frequent reference is made in this publication to 
sterilization by autoclaving. Autoclave function 
should be confirmed by inclusion of a spore strip, 
especially for “destruction runs” (i.e. where items 
are being sterilized prior to be disposed of), and 
even more particularly if the autoclaved items are 
not going to be incinerated. As with fumigation (sec-
tion 3.1 above), the spore strip may be “home-made” 
using a filter paper which has, beforehand, been 
dipped in a spore suspension and dried. the spore 
preparation ideally should be an accepted standard, 
and preferably a thermophile, such as Bacillus stearo-
thermophilus AtCC 7953, but failing the availability of 
this, the spores of the Sterne vaccine strain (34F2) 
of B. anthracis would do. After autoclaving has been 
completed, the disc should be retrieved aseptically 
and placed on a plate of nutrient agar together with 
a control unautoclaved disc, and the plate incubated 
1–3 days (if B. stearothermophilus is being used, the 
incubation temperature should be 55–60 °C).

Convenient commercial spore strips are readily 
available from hospital supply houses. examples are 
the BtSure Biological indicator1 and Chemiclave® 
spore strips.2 Again, an unautoclaved control should 
be included when incubating a spore strip used to 
check an autoclave cycle.

1 Barnstead/thermolyne, Po Box 797, dubuque, iowa 52004– 
0797, uSA.

2 raven Biological Laboratories, inc., omaha nebraska, uSA; 
www.ravenlabs.com.
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Terrestrial Animal Health Code1

Chapter 2.2.1  Anthrax

AnneX 4

Article 2.2.1.1

there is no evidence that anthrax is transmitted by 
animals before the onset of clinical and pathologi-
cal signs. early detection of outbreaks, quarantine of 
affected premises, destruction of diseased animals 
and fomites, and implementation of appropriate 
sanitary procedures at abattoirs and dairy factories 
will ensure the safety of products of animal origin 
intended for human consumption.

For the purposes of the Terrestrial Code, the incuba-
tion period for anthrax shall be 20 days.

Anthrax should be notifiable in the whole coun-
try.

Standards for diagnostic tests and vaccines are 
described in the terrestrial Manual.

Article 2.2.1.2

Veterinary authorities of importing countries should 
require:

for ruminants, equines and pigs
the presentation of an international veterinary certifi-
cate attesting that the animals:

1. showed no clinical sign of anthrax on the day of 
shipment;

2. were kept for the 20 days prior to shipment in an 
establishment where no case of anthrax was offi-
cially declared during that period; or

3. were vaccinated, not less than 20 days and not 
more than 6 months prior to shipment.

 

Article 2.2.1.3

Veterinary authorities of importing countries should 
require:

for products of animal origin (from ruminants, 
equines and pigs) intended for agricultural or 
industrial use
the presentation of an international veterinary certifi-
cate attesting that the products:

1. originate from animals not showing clinical signs 
of anthrax; or

2. have been processed to ensure the destruction of 
both bacillary and spore forms of Bacillus anthra-
cis in conformity with one of the procedures 
referred to in Appendix X.X.X. (under study).

Article 2.2.1.4

Veterinary authorities of importing countries should 
require:

for fresh meat and meat products destined for 
human consumption
the presentation of an international veterinary certifi-
cate attesting that the products originate from ani-
mals which:

1. have shown no sign of anthrax during antemor-
tem and postmortem inspections;

2. come from establishments which are not placed 
under quarantine on account of anthrax control 
and in which:
a. there has been no case of anthrax during the 

20 days prior to slaughter;
b. no vaccination against anthrax has been car-

ried out during the 42 days prior to slaughter. 
 

1 terrestrial Animal health Code. Paris, World organisation 
for Animal health (oie), 2007 (http://www.oie.int/eng/
normes/mcode/en_chapitre_2.2.1.htm#rubrique_anthrax).
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Article 2.2.1.5

Veterinary  authorities of importing countries should 
require:

for hides, skins and hair (from ruminants, equines 
and pigs)
the presentation of an international veterinary certifi-
cate attesting that the products originate from ani-
mals which:

1. have shown no sign of anthrax during antemor-
tem and postmortem inspections;

2. come from establishments which are not placed 
under quarantine on account of anthrax control.

 
Article 2.2.1.6

Veterinary authorities of importing countries should 
require:

for wool
the presentation of an international veterinary certifi-
cate attesting that the products:

1. originate from animals showing no clinical signs 
of anthrax at the time of shearing;

2. originate from establishments where no case of 
anthrax has been reported since the previous 
shearing of all animals.

Article 2.2.1.7

Veterinary authorities of importing countries should 
require:

for milk and milk products intended for  
human consumption
the presentation of an international veterinary certifi-
cate attesting that the products:

1. originate from animals showing no clinical signs 
of anthrax at the time of milking; or

2. were processed using a heat treatment at least 
equivalent to pasteurization (under study).
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Vaccines and therapeutic sera1

1. General
1.1 Vaccines

the history and theory of anthrax vaccines is covered 
in section 8.6. this annex covers the more practical 
details on vaccines and lists the names, addresses, 
telephone and fax numbers and other relevant data 
that could be traced on available anthrax vaccines.2 

1.2 Therapeutic sera

the history and background to therapeutic sera for 
anthrax are given in sections 7.2.2.3 (for animals) 
and 7.3.4 (for humans). 

2. Veterinary vaccines

Most veterinary vaccines are manufactured broadly 
in accordance with the Requirements for anthrax spore 
vaccine (live – for veterinary use), Requirements for biolog-
ical substances No. 13 (Who, 1967), the Manual for the 
production of anthrax and blackleg vaccines (FAo, 1991) 
and the Manual of diagnostic tests and vaccines for terres-
trial animals (oie, 2008), or as updated in the European 
Pharmacopoeia or other appropriate pharmacopoeias. 
the active ingredients of these vaccines are the 
spores of the 34F2 “Sterne” strain suspended in glyc-
erol with saponin added as an adjuvant, essentially 
as first formulated by Sterne (1939). the veterinary 
vaccines in China and the russian Federation are 
similar in formulation but utilize other toxigenic, 
non-capsulating strains analogous to the Sterne 
strain. in italy (Fasanella, personal communication, 

2003), the Pasteur strain (non-toxigenic, capsulat-
ing) is still manufactured for vaccination of goats 
and horses. A different formulation, “Carbosap”, is 
prepared for administration to cattle and sheep; this 
uses a toxigenic, capsulating strain with reduced vir-
ulence for most species. the basis of the reduced vir-
ulence is not known. in both vaccines the spores are 
suspended in 1% saponin. in this context, Sterne’s 
comment (Sterne, 1939) that “it is still necessary to 
issue separate vaccines for goats and horses” should 
be noted.

For further information, enquiries should be 
addressed to the manufacturers direct.

the following subsections aim to address various 
considerations and questions that may arise regard-
ing the use of veterinary anthrax vaccines and to 
highlight cautions applicable to them.

2.1 Storage

the vaccines should be stored in a refrigerator but 
not frozen (repeated freeze-thawing will result in 
reduced inocula). 

2.2 Antibiotics

Since the active ingredient of the livestock vaccines 
is live (attenuated) B. anthracis, antibiotic treatment 
may be expected to interfere with vaccine perform-
ance. this was demonstrated in one small study in 
which three guinea-pigs receiving 100 000 u penicil-
lin G intramuscularly in one leg at the same time 
as the Sterne strain vaccine in the other leg were 
not protected against challenge 3.5 weeks later with 
virulent  B. anthracis. three guinea-pigs receiving the 
vaccine but no penicillin were protected (Webster, 
1973).

Animals being vaccinated should not receive 
antibiotics for several (7–10) days before or after vac-
cination. the vaccine may be rendered ineffective, 
for example, in cattle on antibiotics for growth pro-
motion or receiving antimastitis therapy. if there are 

1 the lists provided in this annex are supplied for the benefit 
of users of these guidelines, but do not represent endorse-
ment of the products by the World health organization 
(Who). While every attempt has been made to ensure that 
the data are correct, Who does not guarantee the accuracy 
of the information supplied in these lists. For confirmation of 
the data and for further information about the products, the 
reader should contact the relevant manufacturer direct.

2 Who invites any manufacturer not listed to notify dr 
ottorino Cosivi (at cosivio@who.int). Manufacturers are 
requested to inform Who of any information that is not cor-
rect. Any corrections will be published in subsequent sup-
plements or revisions of these guidelines.
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concerns that antibiotics may have interfered with 
vaccine efficacy, the animals may be revaccinated 
after a period of two weeks.

2.3 Movement to other premises or for 
slaughter or trade

Where animals are scheduled to be moved for local 
or international livestock and meat trade purposes, 
it is important to check whether there are adviso-
ries in place specifying a withholding period before 
which animals may be moved to other premises, or 
sent to slaughter following vaccination (see sections 
7.2.1.2 & 8.7). Basically, the vaccines are not recom-
mended for use in animals destined for slaughter for 
human consumption within 6 weeks of vaccination 
(oie, 2008). Local regulations, or the label on the vac-
cine being used, may specify longer periods, which 
may vary from 2–6 weeks. the specifications which 
pertain for the particular situation which exists and 
in that particular location should be established 
before any vaccination campaign is initiated.

2.4 Equines

Sterne, while stating in one paper (Sterne, 1939) that 
his vaccine had been entirely satisfactory during 
large-scale use on horses, in another paper the same 
year (Sterne et al., 1939) said that it was necessary 
to issue separate vaccines for goats and horses. he 
did not elaborate why this was the case, however. 
Later he stated (Sterne, 1946) that the same vaccine 
was now used for all animals and that, while cattle 
and sheep reacted very mildly, horses reacted more 
vigorously. he added, however, that no farmer had 
complained about the reactions. in 1959 he wrote 
(Sterne, 1959) that horses were slow to develop 
effective immunity following vaccination, taking a 
month or more as compared to less than a week in 
bovines. Lindeque et al. (1996) found that two initial 
doses approximately 8 weeks apart were necessary 
for development of dependably measurable antibody 
titres in zebra (section 8.6.2). 

2.5 Goats (and llamas)

Goats are known to be prone to severe reactions to 
the vaccines. one possible approach to vaccination 
of goats is an initial schedule of two inoculations one 
month apart, with the first dose being one quarter of 
the standard recommended dose (“pre-inoculation 
dose”), and the second dose being the standard rec-
ommended dose. A single annual booster may be 

administered thereafter. one manufacturer recom-
mends that injection of the vaccine in goats should 
be done in the tail-fold region (compared with the 
neck region in most species).

Llamas are frequently cited together with goats 
as being prone to severe reactions to the livestock 
vaccine, and this is again stated in section 8.6.2. 
however, this seems to be based on a single reference 
(Cartwright et al., 1987). in this, three 3-month-old 
calves in a herd of 20 llamas became ill three days 
after subcutaneous inoculation of the Sterne vaccine 
in the neck. Severe localized oedema developed at 
the inoculation site. one of the calves responded to 
penicillin, one died, and one was euthanized due to 
being moribund. none of the 17 older animals devel-
oped a local reaction. the facts may not support the 
grouping of llamas together with goats as especially 
prone to severe reactions to the vaccine. 

2.6 Injection

injection should be made through an area of clean 
dry skin.

2.7 Pregnant and lactating animals

the Sterne strain 34F2 livestock vaccine has been 
in use for well over half a century and is frequently 
administered in response to outbreaks. As outbreaks 
generally occur in summer or hotter seasons, preg-
nant animals are frequently among those vacci-
nated. there are apparently no records of adverse 
events related to the pregnancies, and the vaccine 
appears to be safe in pregnant animals (Berrier & 
hugh-Jones, personal communication, 2006). A dose 
level of 10 spores of B. anthracis strain 193 with a 
mouse Ld50 of about 100 spores was used as the “vac-
cine” in an unspecified number of cows. excretion of 
B. anthracis was demonstrated between 1 and 9 days 
after vaccination with “100% recovery from all the 
cows tested”. the relevance of this report is doubtful 
since the legitimacy of referring to inoculation with 
strain 193 as “vaccination” is questionable. A more 
relevant study resulted in no evidence that dairy 
cattle would shed the Sterne strain in milk follow-
ing immunization. in this, no isolations of B. anthracis 
were made in milk samples collected from each of 49 
vaccinated cows twice daily for 10 days post-vacci-
nation (tanner et al., 1978). 

As mentioned in section 7.2.1.3, the vaccine may 
be rendered ineffective by antibiotics being used to 
treat mastitis. it may be necessary to wait until the 
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antibiotic level has fallen before vaccinating. in an 
outbreak situation, the animals should be carefully 
monitored (e.g. twice-daily temperature checks) 
during this waiting period.

2.8 Discard of vaccine and equipment

Being a live spore suspension, leftover vaccine vials, 
used syringes, needles, gloves, coveralls and other 
contaminated items should be disinfected, auto-
claved or incinerated after completion of the opera-
tion (see Annex 3, section 6.5). it should be 
remembered that the vaccine is also potentially 
infectious to humans, so contaminated items should 
be handled with care (see section 2.10 below).

2.9 Milk from vaccinated animals

See section 8.7.

2.10 Accidental operator inoculation

Self-injection by the operator can give rise to infec-
tion but few, if any, serious infections from such 
events are on record. the experience of ellard (per-
sonal communication, 2004) during one of the vac-
cination campaigns which followed the outbreaks in 
cattle in western Australia in 1994 (Forshaw et al., 
1996) is probably one shared by many veterinarians 
over the years:

“Vaccination of livestock was routinely undertaken 
using disposable vaccination guns with both the 
gun and any residual vaccine incinerated at the end 
of each day. i should mention that, when using this 
type of gun, it was not uncommon for the operator to 
self-inject if the animal struggles at an inopportune 
moment. this happened to me on at least two occa-
sions without any adverse reaction to the vaccine. 
on each occasion the incident was reported and 
monitored, but no treatment was required.”

in one anthrax outbreak in the united States in 1974, at 
least 12 people were accidentally inoculated with the 
Sterne strain vaccine. Clinical follow-up was available 
on seven persons who received small but unmeasur-
able amounts of the vaccine (probably 0.1 ml or less) 
at the time of the needle-stick accident. none of the 
seven developed a cutaneous lesion at the inoculation 
site. one developed febrile illness, with cervical and 
right axillary lymphadenopathy and possible aseptic 
meningitis, several days after he had punctured his 
right hand with a needle. however, blood or lymph 
node cultures were not obtained, and the cause of his 
illness was not determined (Fox et al., 1977). 

three clinical cases associated with “capsule nega-
tive” B. anthracis  were noted elsewhere. none of these 
had any association with the Sterne or other vaccine 
strain; one isolate was from blisters and oedema on 
the hand and forearms of an immunocompromised 
individual who had handled 15th century leather in 
Poland, the second from the faeces of an individual 
in China with suspected intestinal anthrax, and the 
third from the blood of a child diagnosed as having 
endocarditis in Saudi Arabia, though not established 
as the cause of the condition (editor’s note, 1996a). 

in the event of accidental self-inoculation by the 
operator, gentle pressure should be applied to the 
wound to squeeze out any inoculums, followed by 
thorough washing with soap and water. if saponin is 
included in the vaccine, there may be a painful local 
reaction at the site of inoculation. Medical advice 
should be sought if infection sets in. 

2.11 Vaccine failures in livestock

Questions arise from time to time regarding cases 
of anthrax that occur in herds which have been vac-
cinated, or about continuing cases after vaccination 
to control outbreaks. Kaufmann  et al. (1973, cited 
by Salmon & Ferrier, 1992) investigated an outbreak 
involving more than 4000 cattle, and found that 0.1% 
died (1.4 % of all deaths) 8–14 days after vaccination, 
and another 0.1% more than 15 days after vaccina-
tion. in the outbreak of 1987 described by Salmon 
& Ferrier, 5 of 10 deaths occurred 3, 5, 11, 68 and 
126 days after vaccination and, in another case, 37 
days after revaccination. deaths continued after 
vaccination in the 1994 outbreak in cattle in western 
Australia. in Africa, where livestock owners some-
times do not understand the difference between 
vaccination and treatment, the knowledge that some 
of their animals may still die after vaccination may 
lead to distrust of vaccination and resistance to it 
being done (see section 9.7, Table 10).

usually it is not possible to identify the specific 
reasons for these vaccine failures, but the following 
points may be helpful.

2.11.1 Varying responses and doses

tests in guinea-pigs show that:

• the antibody response in different individuals 
may vary. Variable antibody titres are a feature in 
animals receiving a particular dose of a live spore 
vaccine.
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• receiving the correct dose is important. Very 
marked differences in titres are seen in groups 
receiving 1 million and 10 million spores in a 
dose.

• Protection tends to be less than 100% in animals 
if (i) they have only received a single dose, and (ii) 
the doses were less than 107 spores. 

extrapolating this to livestock, circumstances that 
lead to animals not receiving the correct dose are 
probably important. examples of such circum-
stances in mass vaccination campaigns might be:

• the vaccine spores in the reservoir of the auto-
matic syringe settle, so some animals get a 
reduced dose.

• the reservoir containing the vaccine runs out and 
some animals, although injected, actually receive 
no vaccine. 

• the needle gets blocked, or the needles blunted, 
resulting in a reduced dose or no vaccine being 
administered.

• Some of the animals are fairly wild and move vio-
lently before delivery of the vaccine is complete.

• the animals were too young at vaccination, per se 
or because the vaccine effect was neutralized by 
maternal antibody. 

enzyme immunoassay studies on cattle vaccinated 
in response to the 1994 anthrax outbreak in west-
ern Australia (Forshaw  et al. 1996) revealed a great 
variability in titres among animals with similar vac-
cination records; a few even exhibited low or nega-
tive titres despite multiple boosters (ellard, ellis & 
turnbull, unpublished results). the reasons for this 
variability were not identified. it was not possible 
to establish a correlation, or lack of it, between low 
titre and succumbing to anthrax as the outbreak was 
brought under control. however, the observation 
underscores the need for care to ensure all animals 
receive the correct dose in a vaccination campaign, 
and also that all other conditions are favourable 
to optimal vaccine performance at the time of the 
campaign.

2.11.2 Vaccine potency

Another possible reason that should be considered 
in the event of vaccine failures is that the potency of 
the vaccine itself has fallen for reasons beyond the 
control of the person or team carrying out the vac-
cination.

2.11.3 Interference by maternal antibody 

Questions arising following the vaccine campaign in 
response to the 1994 anthrax outbreak in western 
Australia (Forshaw et al., 1996) led to a study aimed 
at determining whether maternal antibody inter-
fered with the response to anthrax vaccine in calves 
(ellard, ellis & turnbull, unpublished results). titres 
to the anthrax protective antigen in 13 calves from 
vaccinated dams were compared with those in 12 
calves from unvaccinated dams. the calves received 
dose 1 of the live spore 34F2 vaccine at 5–9 weeks of 
age, and a second dose 4–5 weeks later (apart from 
two animals in the vaccinated dam group in which 
the interval between doses was 9 weeks). 

eight of the vaccinated dams had detectable anti-
body but only two had substantial titres. the calves 
of these two had measurable titres at birth, one sub-
stantial; the calves of 5 of the other 6 also appeared 
to be positive but with very low titres, and one calf 
from a negative dam also had a low titre. in the non-
vaccinated group, one dam and her calf at birth and 
one other calf had evidence of antibody, again at low 
titre.

detectable antibody was only present in 13 of 
the 25 sera at the time of vaccine dose 2 and, ana-
lysed by the unpaired Student’s t-test, there was no 
significant difference between the two groups (P > 
0.05). however, 4 and 9 weeks after dose 2, the trend 
was towards significantly higher titres in the calves 
from unvaccinated dams (P = 0.034 and 0.002 respec-
tively) and when peak titres were compared, again 
the means were significantly higher in the calves 
from unvaccinated dams than in those from vacci-
nated mothers (P = 0.006). in both groups, however, 
the titres were not lasting and mostly had fallen 
close to baseline by 5–6 months after dose 2, with 
no significance between the two groups from 2 to 3 
months after dose 2.

the results indicate that maternal antibody does 
interfere to some extent with the vaccine response 
in the calf, and this should perhaps be taken into 
account when planning vaccination schedules in 
premises experiencing anthrax. in the calves from 
vaccinated dams, 5 that received dose 1 at 9 weeks 
of age did not develop significantly different peak 
titres from 3 that received dose 1 at 5 weeks. the 
overall inference is that protection should be left to 
maternal antibody in calves from vaccinated cows 
and vaccination of the calves should not commence 
until at least 3 months of age.
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Another consideration is illustrated in the find-
ing that the anthrax attack rate in beef calves < 6 
months of age was significantly lower than in older 
beef cattle during epizootics (Fox et al., 1977; see also 
section 3.3.7). this lower risk may be related to young 
beef calves subsisting mainly on their dam’s milk 
and thus ingesting less contaminated pasture soil 
and grass. on most affected premises, the cows in 
these epizootics had not been previously vaccinated, 
thus eliminating maternal antibody as a factor. 
this lower risk of disease offsets to some degree the 
dampening effect of maternal antibody on vaccine 
response. this again supports the concept that haste 
to vaccinate calves after birth is not necessary. 

it should be added however that the protective 
effect of maternal antibody against the natural dis-
ease has not been studied. in summary, the vacci-
nation status of young calves on infected properties 
prior to their first vaccination should be considered 
highly variable and strict paddock management 
should be considered part of any anthrax control 
strategy. Cows and calves should be grazed on well-
covered pasture with low incidence of disease his-
tory wherever possible.

it may be noted that manufacturers in at least 
Chile, italy, romania and turkey (Table 18) make 
special recommendations in relation to vaccination 
of juvenile animals. 

2.12 Vaccination of wild animals

Vaccines are not specifically produced for use in wild 
animals, but some of the vaccines listed in Table 18 
are used by regional wildlife veterinarians and staff 
for vaccinating wild animals (see sections 8.6.2 & 
8.7). india and Myanmar include elephants in their 
schedules (Table 18), albeit referring to domesti-
cated representatives of the species. Although the 
prescribed method of administration of the vaccine 
in livestock is, with rare exceptions, the subcutane-
ous route (Table 18), frequently wildlife vaccination 
is done using darts, thereby administering the vac-
cine intramuscularly. Seemingly this is both effec-
tive and not dangerous for the animals (de Vos, 1990; 
de Vos & Scheepers, 1996; turnbull  et al., 2004b).

2.13 Manufacturers of live spore 
(veterinary) vaccines

Table 18 is based on equivalent tables in previous 
editions of these guidelines and updated by means 
of a questionnaire sent to the  chief veterinary offic-

ers of Member States by the World organisation for 
Animal health (oie) in october 2002. it should be 
noted that: 

• A number of manufacturers listed in the 1998 
guidelines have ceased production and have been 
removed from the list.

• replies were not received from a number of coun-
tries, so no update was possible (this has been 
indicated where appropriate).

• one country indicated that it imports its vaccine 
from Madagascar, but there was no return from 
Madagascar itself to include in the list.

3. Human vaccines

the background to available and forthcoming human 
anthrax vaccines is given in section 8.6.3, where it is 
also pointed out that, of the four licensed vaccines 
that are produced globally, only the russian one is 
nominally available outside national borders. With 
the others, availability is essentially restricted to 
their respective national needs. even if cross-bor-
der availability became more possible, it should be 
remembered that the vaccines are only licensed for 
human use in the countries of origin. Table 19 is 
therefore included for completeness of information, 
but should be regarded as somewhat academic in 
terms of practical value.

4. Therapeutic sera/immunoglobulins
4.1 For animals

Antiserum (developed in horses) for serum therapy 
in animals is produced by, or available from:

• Bioplant, orlov district, orlov oblast, 302501, 
russian Federation. tel:/fax: +7 (0) 862 41 37 08.

4.2 For humans

Purified igG-F(ab)2 antibodies (developed in horses) 
for human therapy is produced by:

• Lanzhou institute of Biological Products, 178 
Yangchang road, Lanzhou, China. tel: +86 931 
8340311 8621; fax: +86 931 834 3199.

A heterogeneous anti-anthrax immunoglobulin 
consisting of gamma and beta globulin fractions of 
hyperimmune horse serum is produced by:

• the research institute of Microbiology, 610024 
Kirov, oktyabrskiy Prospect, 119, russian 
Federation. tel: +7 (0) 8330 38 15 27.
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tAble 18

Manufacturers of livestock anthrax vaccine

coUntRy mAnUFActUReR descRIptIon dose

Argentina Instituto Rosenbuch strain: R cattle: 2 ml s.c. 
 san José 1469 – (1136) buenos Aires
 tel./Fax: +54 11 4304 6922 strain: sterne cattle: 1 ml s.c.

 san Jorge – bago strain: sterne cattle: 2 ml s.c.
 9 de Abril 1251 – (1842)   sheep: 1 ml s.c.
 monte grande 
 pcia. buenos Aires
 tel. +54 11 4296 2990

 bayer strain: sterne cattle: 2 ml s.c.
 R gutiérrez 3652 – (1605) munro
 buenos Aires
 tel./Fax: +54 11 4762 7000

 sanidad ganadera strain: sterne cattle: 2 ml s.c.
 perú 1645/55  sheep: 1 ml s.c.
 buenos Aires
 tel./Fax: +54 11 4307 9983 strain: chaco cattle: 2 ml s.c.

 merial strain: sterne cattle: 2 ml s.c. 
 Int. tomkinson 2054 – (1642) san Isidro  sheep: 1 ml s.c.
 buenos Aires
 tel./Fax: +54 11 4732 6700

 Agreed strain: sterne cattle: 2 ml s.c.
 Valle grande 3318 – (1636) olivos
 buenos Aires
 tel./Fax: +54 11 4512 1554/5

 Immunovet strain: sterne cattle: 2 ml s.c.
 Ruta 36 y calle 78 – (1901) olmos-la plata  sheep: 1 ml s.c.
 buenos Aires
 tel./Fax: +54 221 4962 392

 biogenesis strain: sterne cattle: 2 ml s.c.
 Ruta panamericana km.38.2 – (1619) garín  sheep: 1 ml s.c.
 buenos Aires
 tel.: +54 3327 448 300

bangladesh Animal Husbandry laboratory
(no update in 2002) mohakhali 
 dhaka 
 Animal Husbandry laboratory 
 cossilla

botswana botswana Vaccine Institute sterne/saponin cattle, sheep and goats: 
 broadhurst Industrial site   10 x 106 s.c. (1ml)
 lejara Road
 private bag 0031  Annual revaccination.
 gaborone
 tel.: +267 3912711
 Fax: +267 3956798



163

AnneX 5

tAble 18 contInUed

coUntRy mAnUFActUReR descRIptIon dose

brazil IRFA – Química e biotecnologia  sterne 34F
2
 cattle: 2 ml s.c. 

  Industrial ltda.  sheep, goats, pigs, horses:
 estrada do lami, 6133   1 ml s.c.
 bairro belém novo 91780-120  
 porto Alegre – Rs
 tel.: +55 51 258 1333/1241

 laboratório Hertape sA sterne 34F
2
 sheep, goats, pigs, cattle:

 Rod. mg 050 2001     0.5 ml s.c.
 cep 35675-000
 Juatuba – mg
 tel.: +55 31 3535 8668

 Vallée sA sterne 34F
2
 cattle: 2 ml s.c.

 Av. Hum 1500 – distrito Industrial  sheep, goats, pigs: 1 ml s.c.
 cep 39404-003 
 montes claro – mg
 tel.: +55 38 3229 7000

 labovet produtos Veterinários ltda sterne 34F
2
 cattle: 1 ml s.c.

 Av. banco do nordeste  sheep, goats, donkeys, pigs:
 galpão 22-A   0.5 ml s.c.
 cep 44052-510
 Feira de santana – bA
 tel.: +55 75 622 3922/5946

 laboratório Vencofarma do brasil ltda sterne 34F
2
 cattle: 1 ml s.c.

 trav. dalva de oliveira, 237  sheep, goats, donkeys,
 cep 86030-380    pigs: 0.5 ml s.c.
 londrina – pR
 tel.: +55 43 339 1350

 laboratório Agromédica ltda sterne 34F
2
 cattle, horses: 1 ml s.c. 

 Rua José maria de lacerda, 1957   sheep, goats, pigs: 
 cep 32210-120    0.5 ml s.c.
 contagem – mg
 tel.: +55 31 3333 0755/5223

 leivas leite sA – Ind. Químicas e biológicas sterne 34F
2
 cattle, horses.: 2 ml s.c.

 Rua benjamin constant 1637   sheep, pigs: 1 ml s.c.
 cep 96010-020 
 pelotas – Rs
 tel.: +55 53 225 3666

cameroon lanavet sterne 34F
2
 in saponin cattle – 107 spores in 1 ml;

 bp 503 garoua   0.5 ml for sheep and
 tel.: +237 227 1305 Freeze-dried  goats
 Fax: + 237 227 152 

chile Veterquímica ltda sterne cattle: 1 ml s.c.
 camino a melipilla 5641 (Adm. gral.)   sheep: 0.5 ml s.c.
 camino a lonquén 10387 (Ventas maipú) 1 ml suspension contains generally, only one
 cerrillos, santiago 10 000 000   vaccination a year is
 metropolitana, 81 cerrillos B. anthracis spores  necessary, preferably in
 tel.: +56 2 557 1222   spring. In high-risk zones, 
 Fax: +56 2 557 0774   two vaccinations are
 e-mail: veter\@terra.cl   recommended (in spring  
    and autumn).
   First vaccination at 
    6 months.
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china national control Institute of Veterinary  1. strain: 34F
2
 1. small animals: 1 ml

  bioproducts & pharmaceuticals  Adjuvant: 20% aluminium  sheep, pigs: 2 ml
 ministry of Agriculture  hydroxide  cattle, horses: 2 ml
 30 baishiqiao Road   (all intracutaneous)
 beijing 100081  
 tel.: +86 256 8844 ext. 261 2. “pA vaccine” 2. All animals 2 ml
 Fax: +86 831 6545  Adjuvant: oil-in-water  intracutaneously  
   emulsion

colombia  laboratorios eRmA sterne, 107 spores/ml cattle and horses: 2 ml s.c.
(no update for Av. el dorado no. 90-31  Adjuvant: saponin sheep and goats: 1 ml s.c.
any in 2002) Apartado Aereo 98835 50 ml flasks Annual revaccination 
 santafé de bogotá
 tel./Fax: +57 1 295 0900/410 2410
 e-mail: laberma@ col.1.telecom.com.co

 laboratorios probiol ltda strain: 34F
2
 sheep, goats, pigs, cattle,  

 diagonal 183 n 41-71 Adjuvant: (contact horses: 2 ml 
 Apartado aereo 8001 manufacturer) 
 bogotá  
 tel.: +57 1 671 1023 
 Fax: +57 1 671 1066

 lAVeRlAm sterne, 107 spores/ml cattle: 2 ml s.c. 
 carrera 5 no. 47-165 Adjuvant: aluminium hydroxide other species: 1 ml s.c. 
 salomnia Industrial 50 ml flasks 
 Apartado aéreo 9985 
 cali. Valle del cauca 
 tel./Fax: +57 2 447 4411/447 4409

 laboratorios V.m. sterne, 107 spores/ml cattle and horses: 2 ml s.c.  
 Autopista norte kilómetro 19 Adjuvant: saponin sheep and goats: 1 ml s.c. 
 Urbanización Industrial el pilar 10, 20, 50 and 100 ml flasks 
 Apartado aéreo 15453 
 santafé de bogotá
 tel./Fax: +57 1 676 0901/676 0823

 Vecol sterne, 7–10 x 106 spores per cattle and horses: 2 ml s.c. 
 Av. el dorado no. 82–93 ml in buffered glycerine sheep, goats and pigs:  
 Apartado aéreo 7476   1 ml s.c. 
 santafé de bogotá 50 ml flasks and box of 
 tel./Fax: +57 1 263 3100/263 8331 10 x 10ml flasks 
 e-mail: Vecol@insat.net.co

croatia Veterina ltd. strain: 34F
2
 Horses, cattle, sheep, pigs:

 svetonedeljska 2 Adjuvant: aluminium  0.5 ml s.c.
 kalinovica  hydroxide gel goats: 0.2 ml s.c.
 10436 Rakov potok name: Antrax vaccine
 tel.: + 385 1 33 88 888 bottles with 10 ml of vaccine Annual revaccination. In
 e-mail: veterina-info@pliva.hr  anthrax-infested areas twice 
   a year at 6 months intervals

czech Republic bioveta plc strain: 34F
2
 sheep, goats, pigs, cattle, 

(no update in 2002) komenského 212 Adjuvant: saponin  horses: 1 ml s.c. 
 683 23 Ivanovice na Hané name of product: 
 tel.: +42 507 933 21-4  “Antraxen inj.ad us. vet.” 
 Fax: +42 507 932 84 (or 94)
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ethiopia national Veterinary Institute sterne 34F
2
 in saponin cattle: 107 spores in 1 ml; 

 po box 19 Freeze-dried 0.5 ml for sheep and goats 
 debre Zeit 
 tel.:+251 133 8411
 Fax:+251 133 9300

ghana central Veterinary laboratory pong-tamale Anthrax spore vaccine cattle, sheep, goats, pigs: 
 po box 97 sterne 34F

2
  1 ml s.c.

 tamale Adjuvant: saponin
 tel./Fax: +233 71 22720 15–20 million spores per dose Annual revaccination

Hungary phylaxia-sanofi Veterinary strain: 34F
2
 sheep, goats: 0.5 ml

(no update in 2002) biologicals co. ltd Adjuvant: saponin cattle: 1 ml
 po box 68
 1475 budapest
 tel.: +36 1 262 9505 
 Fax: +36 1 260 3889

India Institute of Veterinary preventive medicine strain: 34F
2
 sheep, goats: 1 ml injected

(no update in 2002) Ranipet – 632 402 Adjuvant: none  s.c. in tail-fold
 north Arcot Ambedkar district  cattle, pigs, horses, camels:
 tamil nadu   1 ml s.c.
 tel.: +91 4172 22633  elephants: 1 ml s.c. with  
    second dose of 3 ml after 
    1 month

Indonesia pusat Veterinaria Farma strain: 34F
2
 sheep, goats, pigs: 

(no update in 2002) Jalan Jenderal A. yani 68-70 Adjuvant: saponin  0.5 ml s.c. 
 kotak pos wo.3  cattle, horses: 1 ml s.c. 
 surabaya 60231 
 tel.: +62 31 816123 
 Fax: +62 31 814126

Italy Istituto Zooprofilattico  sperimentale  strain: pasteur type 1 goats, horses: 0.125 ml s.c.
  della puglia e della basilicata Adjuvant: saponin 
 Via manfredonia 20 
 I-71100 Foggia strain: carbosap cattle (≥ 6 months): 
 tel: +39 881 786 111/786 300 Adjuvant: saponin  0.25 ml s.c.
 Fax: +39 881 786 362  cattle (< 6 months), sheep: 
    0.125 ml s.c.

Japan chemo-sero-therapeutic  strain: 34F
2
 cattle and horses only:  

 Research Institute Adjuvant: none  0.2 ml s.c.
 6-1 okubo 1-chome
 kumamoto-shi
 kumamoto-pref.
 860-8568 
 tel.: +81 96 344 1211 
 Fax: +81 96 345 1345

kenya cooper kenya ltd strain: 34F
2
 sheep, pigs: 0.5 ml s.c.

(no update in 2002) wellcome centre  cattle, horses: 1 ml s.c.
 kaptagat Road (off waiyaki Road)  (It is recommended that
 po box 40596  goats should not be 
 nairobi  vaccinated without first 
 tel.: +254 580612  consulting veterinary 
 Fax: +254 632123  surgeon)
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mali laboratoire central Vétérinaire (lcV)  sterne 34F
2
 in saponin 107 spores in 1 ml for cattle, 

 bp 2295 bamako   sheep and goats
 tel.: +223 22 3344
 Fax: +223 22 9809

morocco km 2 Route de casablanca sterne 34F
2
 in saponin 107 spores per 1 ml for

 bp 4569   cattle; 0.5 ml for sheep,
 Rabat   goats and calves
 tel.: +212 69 0454
 Fax: +212 69 1689
 e-mail: biopharma_ma@yahoo.fr

mozambique national Veterinary Research Institute  strain: 34F
2
 sheep, goats: 0.5 ml s.c.

  (InIVe) Adjuvant: saponin cattle: 1 ml s.c.
 po box 1922
 maputo 
 tel.: +258 1 475 170/1
 Fax: +258 1 475 172
 e-mail: inive@cfmnet.co.mz; 
 inivei@teledata.mz

myanmar livestock breeding and Veterinary dept. strain: sterne 34F
2
 in elephants, horses, mules, 

 Research and biologics section  glycerol saline  cattle and buffaloes: 
 mukteswar   1 ml s.c.

nepal biological products division strain: sterne in glycerine All species: 1 ml s.c.
 directorate of Animal Health  
 Veterinary complex
 tripureswar
 kathmandu
 tel.: +977 1 4252 348

netherlands central Institute for Animal disease strain: 34F
2
  small animals: 0.5 ml s.c.

  control – lelystad Adjuvant: saponin sheep, goats, pigs, young
 po box 2004    foals and calves: 
 8200 Ab lelystad   0.5 ml s.c. 
 tel.: +31 320 238 800  Adult cows, horses: 1 ml s.c. 
 Fax: +31 320 238 668
 email: e.m.kamp@id.dlo.nl; 
 f.g.vanzijderveld\@id.dlo.nl

niger laboratoire central de l’elevage  sterne 34F
2
 cattle, horses: 1 ml s.c.

 bp 485 niamey  Adjuvant: saponin small ruminants: 0.5 ml s.c.
 tel.: +227 73 20 09/73 80 05  lyophilized vaccine
 email : radiscon@intnet.ne

pakistan Vaccine production laboratories details not obtained
(no update in 2002) brewery Road
 Quetta

philippines laboratory services division  strain: 34F
2
 pigs, sheep, goats: 

 bureau of Animal Industry  Adjuvant: saponin  0.5 ml s.c.
 Visayas Avenue, diliman  cattle, carabao, horses: 
 Quezon city    0.5 ml s.c.
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Republic of korea  choong Ang Animal disease laboratory strain: 34F
2
 sheep, goats, pigs: 1.0 ml

(no update in 2002) seo taeJeon po box 312 Adjuvant: saponin cattle, horses: 2.0 ml 
 408-1 sa Jung dong
 choong-ku
 taeJeon
 tel.: +82 42 581 2991
 Fax: +82 42 581 5856

Romania Institutul national de medicina strain: 1190 R –stamatin cattle (> 2 months): 
(no update in 2002)  Veterinara “pasteur” Adjuvant: saponin  0.5 ml s.c.
 77826 sos. giulesti 333  sheep, pigs (> 2 months):
 sector 6   0.2 ml s.c.
 R-7000 bucharest  Horses (> 6 months): 
 tel.: +40 1 220 6486   0.2 ml s.c.
 Fax: +40 1 220 6915  goats (> 2 months): 
    0.1 ml s.c.

Russian Federation pokrov biological plant strain: 55-VnIIVVm Four versions to meet 
 601121, pos. Volginskiy  different needs 
 Vladimirskaya oblast  doses vary with different 
 tel.: +7 09243 6-7110  versions of the vaccine

south Africa  onderstepoort biological products sterne 34F
2
, 1 x 106 spores/ml All species: 1 ml s.c.

 private bag X07 Adjuvant: saponin
 0110 onderstepoort
 tel.: +27 12 529 9111
 Fax: +27 12 546 0216
 e-mail: baty@obpvaccines.co.za

spain calier  strain: sterne Ruminants: 20 x 106.5

 barcelonés, 26 – pol.  Adjuvant: saponin  (1 ml) s.c.
 Ind. pla del Ramassa
 Apdo. 150
 08520-les Franqueses del Vallés
 barcelona
 tel.: +34 93 849 51 33
 Fax: +34 93 840 13 98

 ovejero strain: sterne cattle: 1 ml
 ctra. león – Vilecha 30  sheep: 0.5 ml
 Apdo. correos 321   10 x 106 (1 ml) s.c.
 24080 león
 tel.: +34 902 235 700 
 Fax: +34 987 23 47 52

 Iven  strain: sterne cattle, horses, sheep, goats: 
 luis I, 56 – 58 – pol.  Adjuvant: saponin  20 x 106.5 (1 ml) s.c.
 Ind. de Vallecas
 28031 madrid
 tel.: +34 91 380 17 21 
 Fax: +34 91 380 00 61

 syva  strain: sterne cattle, horses, sheep, goats,
 Avda. párroco pablo díez, 49–57 Adjuvant: saponin  pigs: 10 x 106 (1 ml) s.c.
 24010 león
 tel.: +34 987 80 08 00 
 Fax: +34 987 80 24 52

syrian Arab Republic Animal Health directorate strain: 34F
2
 in buffered sheep, goats: 0.1 ml i.d

 tel.: +963 11 542 2500  glycerin cattle, horses: 0.2 ml i.d
 Fax: +963 11 542 4761

AnneX 5



AntHRAX In HUmAns And AnImAls

168

tAble 18 contInUed

coUntRy mAnUFActUReR descRIptIon dose

turkey central Veterinary Research and control  strain: 34F
2
, 107 spores/ml Horses, cattle, camels,

  Institute Adjuvant: saponin  buffaloes: 1 ml s.c. 
 06020 Ankara Vaccine composition:   (into side of the neck or
 tel.: +90 312 322 48 64/325 52 41 50% glycerol (v/v), 50%    behind the shoulder)
 Fax: +90 312 321 17 55/325 52 41  physiological saline (v/v),  sheep, goats, pigs:
 e-mail: ehh.o@tr.net  0.05–0.1% saponin  0.5 ml s.c. (for sheep, into
    inside of a back leg; for 
    goats, under the tail; for 
    pigs, behind the ear)
   colts, calves (2–6 months 
    old): 0.5 ml s.c. 
   lambs, kids (2–6 months 
    old): 0.5 ml s.c.

United kingdom biotechnology department strain: 34F
2
 sheep, goats, pigs:

 Veterinary laboratories Agency Adjuvant: saponin  0.5 ml s.c.
 new Haw  cattle: 1 ml s.c.
 surrey kt15 3nb 
 tel.: +44 1932 357641 
 Fax: +44 1932 357701

United states  colorado serum co. strain: 34F
2
 All domestic farm animals: 

of America 4950 york street Adjuvant: saponin  1 ml s.c. 
 denver, co 80216-0428  booster recommended 
 tel.: +1 303 295 7527   2–3 weeks after first dose 
 Fax: +1 303 295 1923   in heavily contaminated 
    areas

Uruguay Interifa sA, Rhône mérieux strain: 34F
2
 sheep, goats, pigs: 1 ml s.c.

(no update in 2002) José ma. penco 3427 Adjuvant: saponin cattle, horses: 2 ml s.c. 
 11700 montevideo 
 tel.: +598 29 70 91 
 Fax: +598 23 78 52

 laboratorio prondil s.A  Anthrax only sheep, goats, pigs:  
 barros Arana 5402  strain : 34F

2
  0.5 ml s.c. 

 cp 12200 Adjuvant: saponin 
 po box 15147 dto.5  
 montevideo “blanthrax”: combination cattle, sheep, goats only: 
 tel. : +598 25 13 32 54 anthrax and blackquarter  2 ml s.c. 
 Fax: +598 25 13 32 52   
 e-mail: pron@netgate.com.uy (pending registration) cattle, sheep, goats only:
  “supervax”: combination 2 ml s.c. 
  anthrax, blackquarter, 
  botulism c, d (south African 
  strains)

Viet nam national Veterinary enterprise strain: 34F
2
 goats, pigs: 0.5 ml s.c.

 phung town Adjuvant: saponin cattle and horses: 
 Hoai duc district   30 x 106 s.c. (1 ml)
 Ha tay 
 tel: +84 34 861 337
 Fax: +84 34 861 779

Zambia central Veterinary Research Institute sterne 34F
2
, 106 spores/ml cattle: 1 ml 

 po box 33980, lusaka Adjuvant: saponin sheep, goats, pigs: 0.5 ml 
 tel.: +260 1 216031
 Fax: +260 1 2334444/236283
 e-mail: cvri@zamnet.zm

s.c. = subcutaneous; i.d. = intradermal.
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china  lanzhou Institute of biological  live spore suspension of single dose (approx. 2 x 108 spores) by scarification
  products strain A16R in 50%  of 50 µl in two spots on the skin with single booster
 178 yanchang Road glycerol and distilled water after 6 or 12 months and annual boosters thereafter
 lanzhou, gansu 730046
 tel.: +86 931 834 0311-8621 no other active 
 Fax: +86 931 834 3199 ingredient/adjuvant

Russian  Research Institute of lyophilized live spore Initial 2 doses 20–30 days apart and single annual
Federation  microbiology suspension of strain stI-1 booster doses. Administered by scarification of
 610024 kirov (sanitary technical 0.05 ml into the skin (approx. 5 x 108 spores), or, in
 oktyabrskiy prospect 119 Institute), nikolaiv urgent situations, injection s.c. of 0.5 ml (approx. 
 tel.: +7 8330 38 15 27 ginsberg 1940 5 x 107 spores)  
 Fax: +7 8332 62 95 98 
  no other active 
  ingredient/adjuvant

United  Health protection Agency Alum 3 primary doses of 0.5 ml i.m. at 3-week intervals
kingdom porton down precipitated filtrate of with booster at 32 weeks and thereafter annually 
 salisbury strain 34F

2
 culture

 wiltshire sp4 0Jg
 england
 tel: +44 1980 612 100 
 Fax: +44 1980 611 096

United states  bioport corp Aluminium hydroxide- 3 s.c. doses, 0.5 ml each, given 2 weeks apart
of America 3500 n. martin luther king Jr  adsorbed filtrate of strain followed by 3 additional s.c. injections, 0.5 ml each,
 blvd, lansing V770 culture at 6, 12, and 18 months. subsequent booster
 mI 48906  injections of 0.5 ml annually
 tel.: +1 517 327 1500 
 Fax: +1 517 327 1501

s.c. = subcutaneous; i.m. = intramuscular.
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Contingency plan for the prevention  
and control of anthrax

1. Action in the event of an outbreak 
of anthrax in livestock

the control programme, instituted by the depart-
ment of natural resources and environment, 
Victoria, Australia, in response to an outbreak of 
anthrax in cattle affecting some 83 farms during the 
first half of 1997, was subsequently established as 
an Australian standard and serves well as a global 
model for anthrax control. the following summary, 
based on the report by turner (unpublished, 1997), 
Chief Veterinary officer, Victoria, is included here by 
kind permission.

on each affected farm, the following measures 
should be applied:

1. Quarantine should be imposed on the flocks 
and herds in which anthrax has occurred. the 
quarantine should comprise limiting: (i) con-
tact between infected and non-exposed herds/ 
flocks; and (ii) the access of susceptible animals 
to infected sites until at least 14 days, and prefer-
ably 20 days (oie incubation period), after they 
have been vaccinated.

2. the carcasses of infected animals should (see 
section 8.3) either be burnt at the site of death 
and the ashes buried deeply, or wrapped in 
double-thickness plastic, to prevent spilling of 
body fluids, and removed to a more suitable site 
(e.g. a quarry) to be burnt and the ashes buried. 
(Consideration may be given to removing the 
carcasses to suitable commercial incinerators or 
rendering plants.)

3. the site where the animal died should, where 
possible, be thoroughly scorched with a down-
directed flame and/or disinfected with 10% 
formalin after disposal of the carcass. (Caution: 
formalin should be handled with the appropriate cau-
tions as indicated in Annex 3 and more specifically in 
its section 1.1.)

4. on moving the herd out of the contaminated 
area/field/pasture, hugh-Jones (personal com-

munication, 2002) recommends that all animals 
be treated with a suitable long-acting antibiotic 
to abort covert incubating infections. if they are 
to be returned to the contaminated area, they 
should be vaccinated after the antibiotic has 
cleared (see section 7.2.1.3).

5. Affected properties should be quarantined for at 
least 20 days after the last case or the accepted 
period after vaccination (see Annex 5, section 
2.3), whichever is later.

6. Any movement of susceptible livestock, or of 
risk items (hides, skins, carcasses, etc.) that have 
left the property in the 20 days before the first 
anthrax case, should be traced and appropriate 
action taken where necessary. 

7. As far as possible, vehicles should remain on 
made roads in infected and vaccinated farms; 
where vehicles have to enter the pasture fields, 
the vehicle should be disinfected before exiting 
the property by washing down with water and 
detergent to remove mud, followed by a disin-
fectant wash. this should take place in a corner 
of the property where animals will not come in 
contact with the washings. every attempt should 
be made to decontaminate the washings along 
the lines suggested in Annex 3, sections 6.2 & 6.4. 
Formalin 10% may be the best option. (Caution: 
formalin should be handled with the appropriate cau-
tions as indicated in Annex 3 and more specifically in 
its section 1.1.)

8. People entering infected properties should wear 
protective clothing and footwear which can be 
disinfected or bagged for incineration before 
leaving the property.

9. All animals within a buffer zone, a few to sev-
eral kilometres (1–3 properties) wide, around the 
infected property (-ies) should also be vaccinated 
and quarantined with the same post-vaccination 
holding conditions described under (5) above (see 
also section 8.7).
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10. Milk from herds may not need to be destroyed 
(see section 3 below).

2. Other actions in the event of 
a case, or cases, of anthrax in 
livestock

the appearance of anthrax in animals from a previ-
ously uninfected premise may be dealt with in the 
following ways:

1. identify, isolate and remove apparently healthy 
animals, and monitor these carefully for signs of 
illness (see (5) below and section 7.2.1).

2. decontaminate soil, bedding, unused feed, 
manure, etc., or disinfect premises that may 
have become contaminated by exudations from 
the dying or dead animals (see Annex 3, sections 
3.1, 3.2 & 6.1).

3. Avoid any unnecessary ante- and postmortem 
operation in animals on the premises (see sec-
tion 3.5.2).

4. destroy carcasses and their parts by burning, 
removal for rendering or, as a last resort, deep 
burial after disinfection, preferably with 10% for-
malin (see section 8.3 and Annex 3, section 7). if 
carcass disposal has to be delayed, the carcass 
and surrounding ground should be disinfected 
with 10% formalin and the carcass covered with 
strong plastic to prevent access of scavengers. 
the apparent failure of formalin to seriously 
deter scavengers and flies has been referred to in 
section 8.3.2.1. 

5. As outlined in sections 8.6.2 & 8.7, and in Annex 5, 
section 2.2, vaccinate or monitor and treat other 
members of the herd or flock if there is reason 
to believe that they continue to be exposed to 
the source of the incident. it should be remem-
bered that antibiotics and vaccine should not be 
administered simultaneously (see section 8.7 
and Annex 5, section 2.2).

6. Control scavengers and minimize possible vec-
tors such as flies, rodents and birds.

7. Carry out an epidemiological investigation to 
detect the source of infection (history of site, 
feed, disturbance of the environment, etc.) to 
identify the source of the incident (see section 
9.3).

8. take proper measures to avoid the contamina-
tion of water and soil and to prevent the spread of 
the infection to other farms and environments. 
disturbed soil thought to be related to the inci-

dent should be fenced off and, ideally, not used 
for grazing again, at least until it has become 
well overgrown with vegetation, preferably of the 
type that inhibits access by susceptible animals 
(see section 8.3.2.1).

9. Alert public health authorities (see section 
9.1.2).

3. Guidance on actions relating to 
milk from herds/flocks in which 
anthrax has occurred

Action to be taken on milk from a herd or flock expe-
riencing cases of anthrax infection occasionally 
presents a dilemma for health authorities. Wasteful 
destruction of large quantities of milk, and conse-
quent financial losses, may be avoided by consider-
ing the following points. oie now recommends that, 
in the first place, only milk from healthy animals 
should be regarded as acceptable but, in the case of 
herds or flocks experiencing anthrax, milk should be 
pasteurized before being processed into products for 
human consumption.

it is accepted that milk from healthy animals in 
anthrax outbreaks does not pose a risk to humans 
for the following reasons:

1. Animals with anthrax do not usually discharge 
the infecting organism in their milk before death, 
although there have been occasional exceptions 
(see (2) below; sections 3.3.8 & 3.5.2; Annex 5, 
section 2.7). Secretion of milk would normally 
be expected to cease with onset of bacteraemia 
and illness. the organism would normally only 
gain entry to the milk-secreting glands through 
breakdown of blood-vessel walls at terminal 
stages of the disease, long after secretion of milk 
had stopped (M’Fadyean, 1909). Milk from other 
healthy animals in the herd/flock poses no risk 
of carrying anthrax organisms.

2. there are rare exceptions where the veg-
etative forms are excreted in milk (Weidlich, 
1935). B. anthracis strain ASC 65 (from Baptista, 
department of Agriculture, South rio Grande 
State, Brazil) was chronically secreted in the milk 
from four cows and was isolated during routine 
mastitis-screening tests on milk samples in 1983. 
two cows subsequently died. the two that sur-
vived had been vaccinated. in such an event it 
should be borne in mind that:

• the organisms are in vegetative form.
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• the organisms are unable to sporulate (Bowen 
& turnbull, 1992) as a result of having mini-
mal aeration and, where commercial process-
ing follows, of rapid cooling to refrigeration 
temperatures.

• the ph rapidly falls on standing, increas-
ing the killing effect on any vegetative cells 
present.

• the vegetative forms die quite rapidly in the 
milk (Bowen & turnbull, 1992) and will be 
killed immediately by pasteurization (72–73 °C 
for 16 seconds, or htSt (high temperature 
short time) at 80–82 °C for 19–20 seconds).

• Any anthrax organisms reaching the bulked 
milk will have been considerably diluted; the 
infectivity of anthrax organisms for humans 
by the oral route is very low and vegetative 
forms will be killed by the gastric juices.

3. there appear to be no instances on record of 
human anthrax cases resulting from handling 
or consumption of milk from herds/flocks expe-
riencing anthrax and processed dairy products 
have never been associated with human anthrax. 
Action on the part of farmers/owners and public 
health authorities aimed at reducing the mini-
mal risk to zero risk should consist of:

• milking only healthy animals; animals show-
ing signs of illness should be set aside for 
appropriate treatment and the milk from 
those animals, and utensils used in its collec-
tion, should be sterilized;

• ensuring hygienic practices are in place that 
prevent the environment of the premises from 
becoming contaminated with anthrax spores 
and, further, prevent milk becoming contami-
nated from the environment; 

• ensuring that all milk is rapidly cooled to 4 °C 
or less within 4 hours of milking and is held at 
this temperature until processed at a licensed 
dairy plant;

• pasteurizing of all milk before processing for 
human or animal consumption.

if the veterinary inspector is satisfied that these 
requirements have been met, milk from healthy ani-
mals in herds/flocks in which cases of anthrax have 
occurred need not be excluded from processing, and 
bulked milk containing such milk need not be con-
demned.

4. Deliberate release into animal 
populations

Bioaggression scenarios involving the use of anthrax 
and targeted at animal populations are conceiv-
able, and could take the form of airborne infection 
or deliberate infection of animal feeds or water with 
virulent spores. reference is readily found on the 
internet to declassified Second World War records 
of British retaliatory preparedness to respond to 
an anticipated biological attack from Germany, and 
in which several million cattle-cakes injected with 
anthrax spores were made ready for aerial drops 
over grazing areas in Germany. the cakes were 
never used and were destroyed by incineration after 
the war.

the response required to such an event would 
still involve the control principles outlined in sec-
tions 1 & 2 above. infected and exposed animals 
would be defined by determining the source of infec-
tion and the nature of the release, and thereby the 
likely exposed population. Priorities could then be 
assigned to ensure that vaccination is carried out 
first in those herds and flocks believed to have high-
est exposure. 

it is essential that all the other control proce-
dures described in section 1 above are applied, along 
with vaccination, if further occurrence of disease is 
to be minimized in animals and humans. it will be 
important to safely dispose of carcasses to reduce 
environmental contamination as a further source 
of infection. it would be an essential extra task to 
develop appropriate press releases and to establish 
an education programme for the public about the 
disease and the control measures being applied, to 
prevent local panic.

5. Outbreaks in wildlife
5.1 Proaction plans and control actions

When it comes to wildlife, circumstances are likely 
to be very varied, and it is difficult to cover all even-
tualities within this section. Sporadic cases in large 
game-management areas (GMA) are likely to be seen 
as being of consequence only if livestock are at risk. 
even with bigger outbreaks, in those large wildlife 
national parks from which livestock are excluded 
and which have “hands off” management policies 
for all but emergency situations, control actions may 
be regarded as interference with natural processes. 
this is discussed in sections 8.9 and 8.10. each GMA 
that encounters anthrax, or knows it is at risk of 
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encountering anthrax, should have an action plan in 
place in line with its management policies and par-
ticular needs (Clegg et al. 2006a). For smaller com-
mercial or sustainable GMAs, a proaction plan is 
advisable with prevention as the primary aim. the 
essence of this is to: 

• ensure that risk factors and warning signs are 
recognized, for example, awareness of cases of 
anthrax in livestock in areas around the GMA;

• have surveillance in place which ensures that 
unexpected deaths are observed and diagnosed 
promptly and correctly;

• have good links with veterinary and public health 
services and good relations with surrounding 
communities;

• have an action plan in place;
• undertake relevant training of rangers and scouts 

on the nature of the disease, and prepare action 
plans and possibly educational material for sur-
rounding communities;

• prevent the development of overdense popula-
tions of susceptible species in any part of the 
GMA;

• keep strategic stocks of vaccine and other items 
needed to implement the action plan as soon as 
an outbreak occurs;

• prepare information sheets for staff and tourists 
in case of an outbreak;

• make appropriate budgetary provision for the 
eventuality of an outbreak and the actions to 
be taken, e.g. for the extra personnel, vehicles, 
machinery, fuel, insecticides, disinfectants, pro-
tective clothing, veterinary and medical services, 
vaccine, information sheets, etc., that will be 
involved.

Where action is seen to be necessary, the following 
suggestions are offered:

• identify if possible the source of the outbreak and 
isolate it, for example, by veld burning, or vulture 
decoys with uncontaminated meat.

• Liaise with veterinary and public health services 
and inform local communities, tourists, etc., by 
issuing information sheets.

• take measures to prevent the infection being 
transmitted from the dead animals to live ones, 
e.g. covering carcasses to prevent access by scav-
engers, fly control, ring vaccination, etc. the prob-
lem is likely to be that it will not be possible to 
dispose of carcasses promptly or easily while the 

outbreak is active. in this event, the aim should 
be to keep carcasses unopened and intact for as 
long as possible to minimize the development of 
contamination; the quickest and most effective 
way may be to cover carcasses with tarpaulins 
or thick plastic, possibly wetting the carcass (and 
surrounding soil) with 10% formalin first. (Caution: 
formalin should be handled with the appropriate cau-
tions as indicated in Annex 3 and more specifically in 
its section 1.1.) As mentioned in section 8.3.2.1 and 
section 1 above, this will help keep the skin intact 
and kill anthrax organisms. the apparent failure 
of formalin per se to seriously deter scavengers 
and flies has been referred to in section 8.3.2.1. 
opened carcasses may also be treated with 
10% formalin and covered until proper disposal 
actions can be implemented.

• if possible, capture and vaccinate at least a core of 
endangered or otherwise precious species, possibly 
restricting them to a fenced-off enclosure or other 
confined area. For maximum protection, it may be 
advisable to revaccinate after about 4 weeks.

• take actions to encourage animals to move away 
from the area, e.g. close off or empty artificial 
waterholes.

• Set up monitoring to detect cases that might occur 
in the animals that have moved away but which 
might have been already infected.

• Before access to the affected area is reopened, all 
carcasses are best burnt but, if this is impracti-
cal, they should be buried, preferably disinfect-
ing them first with 10% formalin (section 8.3 and 
section 2 above). (Caution: formalin should be handled 
with the appropriate cautions as indicated in Annex 3 
and more specifically in its section 1.1.)

• Consider the possibility of disinfecting artificial 
water holes where this is feasible. heavy chlo-
rination (final concentration at least 5000 ppm) is 
probably the only practical approach available, at 
least for small holes, but its limitations should be 
appreciated (Annex 3, section 1.2.1). Whether it is 
necessary or feasible to treat large bodies of water, 
especially when extensive amounts of organic 
matter are present, and how to do so if it is deemed 
necessary, are topics needing research. Control 
may depend more on the water holes not playing a 
major role in maintenance of the outbreak than on 
the effectiveness of disinfection attempts.

it is difficult to advise on the value and cost-effec-
tiveness of these suggested actions. history shows 
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that an explosive outbreak in a particular location 
is generally not followed by another one at the same 
location for several to many years. however, logic 
suggests that future outbreaks, even many years 
later, are less likely if measures are taken to mini-
mize the residual environmental contamination 
resulting from an outbreak occurring today.

5.2 Models for answering frequently asked 
questions

Question. in an outbreak situation, should we put 
staff involved in burning or burying carcasses onto 
long-term antibiotic prophylaxis?

Answer. no. Prolonged antibiotic prophylaxis has only 
been a recommendation for persons known to have 
been, or strongly suspected of having been, exposed 
to very substantial doses of aerosolized spores in a 
deliberate release scenario. Antibiotics should not be 
administered in that way for other situations; they 
cause side-effects and there is the risk of produc-
ing resistant strains of other (unrelated) organisms 
which then do not respond if a person subsequently 
suffers another infection. Antibiotics should only be 
used for treatment, not prophylaxis, unless there is 
a real danger (see also section 7.3.2.3). there have 
been many epizootics of anthrax in African wild-
life, but reports of cases in the humans dealing 
with these are exceedingly few in number (section 
4.2.1.2), giving plenty of circumstantial evidence 
that the category of danger for staff is not very high. 
the appropriate approach is: 

• educate staff about the disease, including about 
not butchering and eating meat from the car-
casses, and leaving the disposal of these to veteri-
nary or other trained personnel.

• When disposing of carcasses, sensible protec-
tive equipment should be worn (coveralls, boots, 
gloves). if a lot of dust is created at a site where 
the dust is likely to be contaminated, a good-
quality properly-fitted dust mask should be used 
that ensures breathing through it and not around 
it (see also Annex 1, section 7.1.2).

• Make sure that if any person develops a spot/pim-
ple/boil-like lesion, especially on exposed areas, 
or flulike illness, he/she reports to the doctor, 
who can then give them penicillin or other cho-
sen antibiotic(s) for 3–7 days (spots, etc.) or 10–14 
days (flulike illness) (see section 4.4). 

to avoid creating dust, objects should be dampened 
down, preferably with 10% formalin if they are likely 
to be contaminated. Clothing should be sterilized or, 
if disposable, burned after use. everyone involved 
should be advised to be careful with formalin: it is 
effective for killing spores, and for the same reason 
it can damage human tissues.

Question. What are the environmental impact con-
siderations when it comes to using formalin?

Answer. As first applied in a 10% solution, it will kill 
any living thing – microbe, plant, animal. however, 
it degrades readily through natural processes (see 
Annex 3, section 6.1). 

Question. Can we expect naturally acquired immu-
nity resulting from the outbreak, or vaccine-induced 
immunity to prevent a repeat outbreak?

Answer. the immunity from first-time vaccination 
may not be very long-lasting, it is better after anam-
nestic (the immune system’s memory) responses 
following subsequent boosters. the pattern of his-
tory is that another large outbreak in the near future 
is unlikely, but whether it is the result of acquired 
immunity or not is not known. tests have not con-
firmed or refuted it. Seasonal sporadic cases may be 
expected every year.

Question. Should the chlorine level be raised in the 
local water supply?

Answer. no. Filters and other water purification sys-
tems may be usefully checked, but chlorine needs to 
be at a very high concentration (approximately 5000 
to 10 000 ppm) to be effectively sporicidal. if there 
is serious reason to fear the water, boiling for 20–30 
minutes is probably the only option available (Annex 
3, section 6.3). 

Question. Can fish be carriers of anthrax? A number 
of animals dying from anthrax have done so in the 
dam. People catch fish from this for consumption. 
is there a possibility that they could be infected 
through eating these fish? Some of the fish will have 
fed on the carcasses.

Answer. the following is a working model to build 
on:

1. if the fish was caught within a few hours of eat-
ing anthrax meat, and was opened up and fil-
leted before eating, and was eaten uncooked, 
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the risk would be a little less than for a person 
handling and eating the meat itself. there is a 
chance, probably in the order of 1:20 to 1:50, of 
contracting cutaneous anthrax from handling 
the opened fish, and probably around a 1:100 to 
1:1000 chance of ingestion anthrax.

2. As in (1) above, but the fish is cooked before eat-
ing. there would still be the 1:20 to 1:50 chance of 
cutaneous anthrax from handling the fish before 
cooking, but a greatly reduced risk of ingestion 
anthrax, e.g. 1:1000 to 1:10 000 chance, or lower, 
depending on how the fish was cooked. the hot-
ter the temperature and the longer the cooking 
period, the lower the risk.

3. As in (2) above, but the fish was not opened up 
before cooking. the chance of cutaneous anthrax 
is reduced to almost nil and the chance of inges-
tion anthrax to 1:1000 to 1:10 000, or lower, 
depending on the extent of the cooking.

4. As in (1) above, but the fish was caught 24 hours 
after eating the meat. risks of cutaneous and 
ingestion anthrax would be greatly reduced to, 
for example, 1:100 to 1:500 (cutaneous) and 1:1000 
to 10 000 (ingestion). the risks would decline 
fairly rapidly with time after that as the ingested 
anthrax spores are expelled from the fish.

5. As in (2) above, but the fish was caught 24 hours 
or more after eating the meat. the risks are get-
ting very small to non-existent.

in summary, it depends on: (i) the precise habits (how 
the persons handle, treat and cook the fish before 
eating); (ii) the period of time between the fish eat-
ing the anthrax-infected meat and being caught; and 
(iii) the particular fish – some species will and some 
will not eat animal meat.

Anecdotal evidence indicates that humans are 
moderately resistant to infection. however, there 
can be no guarantee that one or two persons may 
not be unlucky and contract infection. the mes-
sage is for them to know that they must report any 
sickness or developing spots or pimples to a medi-
cal practitioner for administration of penicillin or 
another chosen antibiotic in that event.

6. Precautions for exposed personnel

Persons who must handle animals known to be, or 
suspected of being, infected with anthrax or car-
casses from such animals, or parts of such carcasses, 
should take the following precautions:

• avoid all blood-spilling operations (slaughtering 
included) on infected or suspect animals/car-
casses;

• use protective clothing such as strong gloves, 
boots, coveralls, etc., as appropriate, to avoid 
direct contact with infected/contaminated mate-
rials. Cuts, abrasions or other lesions should be 
properly dressed before putting on the protective 
clothing. the equipment used must be adequately 
disinfected or appropriately destroyed (see Annex 
1, sections 7.8 & 7.9);

• avoid any contact with other persons (fam-
ily included) or animals, without first changing 
clothing, washing hands, and taking appropriate 
disinfection measures (see Annex 1, section 7);

• report to a physician any suspect symptoms 
appearing after contact with infected animals or 
materials;

• where there is a risk of aerosolization of spores, 
consider further precautions, such as damping 
down the material, possibly with 10% formalin. 
(Caution: formalin should be handled with the appropri-
ate cautions as indicated in Annex 3 and more specifi-
cally in its section 1.1.)

As noted in section 8.6.3 and Annex 5, section 3, 
anthrax vaccines for humans are mostly unavail-
able outside certain countries and circumstances. 
if available, they should be considered for persons 
likely to have repeated exposure to animals infected 
with anthrax or animal products from such ani-
mals, or to B. anthracis itself. however, even when 
available, such vaccines require several doses over 
an extended time period to be effective, and the best 
approach is to use proper personal protection meth-
ods (Annex 1, section 7.1.2). Antibiotic prophylaxis is 
generally not to be recommended (section 7.3.2.3).
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Sampling plans for environmental testing of
potentially contaminated sites

1. Problems of sampling and 
interpretation of results

this annex provides some guidelines for those faced 
with testing sites that have histories suggestive of 
anthrax-spore contamination prior to development, 
for example, former tanneries, wool and hair or bone 
processing plants, slaughterhouses and laboratories, 
or fields where animals are alleged to have died of 
anthrax and been buried. in addition to requests for 
guidance on the examination procedures to be used, 
the questions generally asked are which samples 
need to be taken, how many, what quantities, how 
they should be collected and sent, and what precau-
tions should be observed. in addition, those submit-
ting samples frequently suffer considerable anxiety 
when faced with a positive result, and require guid-
ance on the significance of a positive and the action 
that may need to be taken.

2. Laboratory examination of 
environmental samples

2.1 Limitations of examination procedures

Suggested procedures for examination of environ-
mental samples are given in Annex 1, section 10.4.1. 
the limitations of these procedures should be rec-
ognized. it can be seen from these that, of the origi-
nally suspended sample, < 1% of sample is actually 
cultured. the procedure therefore relies heavily on 
the initial preparation resulting in a uniform sus-
pension of any anthrax spores present. it is in fact 
probable that this is rarely achieved. Furthermore, 
the measured-out sample in the first step is normally 
a relatively small subsample of what was initially 
collected, and detection of any B. anthracis present 
depends on it being included in that subsample.

the ideal sample is a granular material which 
can be readily homogenized into even suspensions 
and which has very low numbers of other bacteria 
present; the sensitivity of the test for such a sam-

ple is about 5 anthrax spores per gram. this can be 
increased by increasing the number of plates spread, 
although that also increases the cost of the test. Soil 
samples usually contain numerous soil bacteria and, 
on plates spread with the undiluted suspensions, 
these tend to overgrow any anthrax bacteria that 
may be present. With these, the B. anthracis is most 
frequently found in the 10- and 100-fold dilutions, 
which means that, for most soils, the limits of sensi-
tivity are more normally around 50 spores/g.

2.2 Quantitation

in the event of reporting a positive, clients are fre-
quently anxious to have a quantitative assess-
ment of the level of contamination in the sample. 
Attempts to accommodate this have frequently only 
led to confusion. Soil being a heterogeneous and 
complex system, clear dilution patterns rarely result 
on the plates onto which the undiluted and 10-fold 
and 100-fold dilutions are subcultured. A positive 
sample normally presents itself by the appearance 
of one to a few colonies on the 1:10 and 1:100 plates 
with no numerical dilution pattern. An added com-
plication is that, on occasion, numbers increase with 
increasing dilution of suspension, presumably due to 
some growth inhibitor in the sample which is being 
diluted out. it is therefore advisable to divide sam-
ples broadly into:

• trace levels: < 5 colony-forming units on any of 
the subculture plates from the undiluted, 10-fold 
or 100-fold dilutions of a suspension of the sample 
in 1–2 volumes of sterile deionized water;

• moderate levels: ≥ 5 colony-forming units on the 
100-fold and/or 10-fold dilution subculture plates 
(expressed as < 100 spores/g);

• higher levels: a clear dilution pattern is obtained 
making it possible to roughly quantitate the 
number of spores/g of sample. 
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it is rare to find colonies in sufficient numbers to 
make it possible to quantitate the level of contami-
nation in soil samples and, generally, a statement of 
presence or absence of B. anthracis is all that can be 
supplied.

2.3 Reducing the limitations and increasing 
the sensitivity 

At present, the only ways to increase the sensitivity 
of the present method are to examine more subsam-
ples and to spread more than just one non-selective 
and one selective plate for each sample or subsam-
ple. theoretically, there is no limit to the number of 
plates that may be spread and, if desired, the entire 
sample could be cultured this way. however this 
becomes expensive in terms of man-hours, media 
and plasticware without providing a great deal more 
enlightenment regarding the health risks to be asso-
ciated with the site from which the sample is taken. 
Attempts to develop enrichment-broth systems for 
B. anthracis have invariably failed; the chemicals and 
antibiotics that might be considered for use as the 
active ingredients in such a system virtually always 
favour the competitors (mostly other Bacillus species) 
and inhibit the B. anthracis. even the ingredients of 
selective PLet agar, which work quite effectively in 
solid media, fail to perform the same way in liquid 
suspensions.

Methods under development involving the poly-
merase chain reaction (PCr – Annex 1, section 10.7.4) 
may increase sensitivity in the future

2.4 Sensitivity of detection versus hazard

in conclusion, it is important to consider what, 
beyond academic satisfaction, is to be gained by 
more sensitive detection procedures than those that 
currently exist. on certain specific occasions, it may 
be important to find one spore if it is there but, more 
normally, examination of environmental samples is 
about whether a site represents a hazard to man or 
animals. While it is likely that sites having low levels 
of contamination with anthrax spores are missed in 
examinations as currently carried out, this defect 
is not reflected in unexplained cases or outbreaks 
of anthrax, suggesting that current sensitivity lev-
els are satisfactory for normal purposes. When 
more sensitive detection procedures are developed 
and positive sites that would previously have been 
missed are identified, it will be important to keep in 

mind that the risk hazards at these sites have not 
increased.

3. Sampling plans
3.1 Distribution of bacteria

environmental samples are generally heterogeneous 
systems; organisms of interest in such systems are 
neither evenly distributed nor even randomly dis-
tributed. in soil, microbial distribution is influenced 
by many factors such as depth, roots, animals and 
water. Sampling procedures are inevitably compro-
mises between economy and accuracy.

3.2 Broadly statistical sampling

the problems related to achieving a 95% statistical 
chance of locating an area of contamination within 
a reasonable budget, or generating an impractical 
number of samples to examine, have been reviewed 
by turnbull (1996). Cited guidance indicated that 
achieving the statistical goal would require: 66 sam-
ple points using a 10 m grid for a 0.5 hectare area; 140 
sample points using a 20 m grid for 5 hectares; and 
200 sample points using a 30 m grid for 16 hectares. 
Wilson & Stevens (1981) report that the compromise 
between statistical desirability and financial accept-
ability generally accepted for assessing chemical con-
tamination in disused gaswork sites were spacings 
of 20–50 m, with a 25 m grid being fairly common. 
Based substantially on this, the British Standards 
institute (1988) suggests that the minimum number 
of sampling points should be 15 for 0.5 hectares, 
25 for 1 hectare and 85 for 5 hectares. the error in 
assuming that these samples are representative may 
be large but, in the case of anthrax, negative sam-
ples collected on this basis serve to offer assurance 
that gross contamination is not present.

it may be possible to further reduce the numbers 
of samples that need to be taken by: 

• thoroughly investigating the site history to deter-
mine where the likely “hot spots” are, and confin-
ing the sampling to these. if it is considered that 
areas of greatest contamination can be pinpointed 
from the history of the site, it may be acceptable 
to sample from just that site and to conclude that, 
if B. anthracis is not found here, then the rest of 
the site can be assumed to have below detectable 
levels of the organism;
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• considering the intended uses of the site and 
assessing whether contamination would be impor-
tant (e.g. if the contaminated area will be covered 
by a hard surface, such as a car park, contamina-
tion of the underlying soil may be deemed irrel-
evant);

• designing the use of the land around its potential 
contamination (e.g. siting hard surfaces where 
contamination is suspected in the ground plan).

Another approach to reducing costs and making the 
sampling operation practical is to reduce the number 
of tests by pooling portions of samples drawn sepa-
rately into composite samples from which a practi-
cal number of subsamples may be taken for testing. 
in the event of a positive in any of the composites, 
the individual samples making up that composite 
would have to re-examined separately.

the concept of “trigger concentrations” was also 
reviewed by turnbull (1996). the idea here is to 
assist in determining the significance of contamina-
tion depending on the intended use of the site. the 
principle is that, if the samples from the site show 
values below the trigger concentrations, it is reason-
able to regard the site as non-hazardous and to pro-
ceed with the development accordingly. the trigger 
concentrations would depend on the intended use of 
the site, being lowest for grazing land for example, 
where susceptible livestock will be directly exposed 
to the contamination, and highest for planned hard 
surfaces. Contamination above trigger concentra-
tions for a particular planned use would indicate 
the need for remedial action before the development 
could proceed. Alternatively, a different use might 
be considered. 

3.3 Depth of sampling

decision on depth of sampling depends greatly on 
the type of site. At former industrial sites such as 
tanneries, wool mills, etc., contamination would 
have been largely of a surface nature and would only 
have penetrated to any depth through drains. Where 
site plans are available and drain paths can be iden-
tified, samples from appropriate depths would be 

worth taking. otherwise initial sampling probably 
need only be from the top 0.25 m; a decision might 
be taken to test the sediment in drains that are 
found at a later stage. At carcass burial sites, clearly 
it is important to take samples up to about 2 m  
below surface.

4. Collection and shipment of 
samples

Collection of environmental samples is covered in 
Annex 1, section 7.1.2.3. Sensible but not extreme 
precautions are appropriate for sample collection. 
ideally disposable coveralls and gloves should be 
worn and incinerated after use. Cuts and abrasions 
should be properly dressed before coveralls, gloves 
and boots are put on. Boots should be washed down 
with 10% formalin or strong hypochlorite after use, 
and the disinfectant itself should be left overnight 
before being discarded. in exceedingly dusty condi-
tions, or where dust is being collected, for example 
around the inside of a disused tannery or bone-
processing plant, dust masks are important.

5. Considerations of risk

Questions are frequently raised about the risks to 
health of (i) the workforce involved in the redevel-
opment of potentially contaminated sites, and (ii) 
humans or animals utilizing the sites after devel-
opment. the actual risk to human health from con-
taminated soil and other environmental materials is 
very low. experience shows that the levels of con-
tamination in contaminated land sites rarely exceed 
a few spores per gram and, by taking appropriate 
precautions such as wearing coveralls and gloves, 
dressing wounds and taking other sensible hygienic 
precautions, such risks of infection as do exist are 
reduced essentially to nil. in addition, action plans 
should include the requirement to report any lesions 
or illness occurring within two weeks of carrying 
out the work to the relevant medical adviser. in the 
unlikely event that anthrax has been contracted as 
a result of the work, it is readily treatable with anti-
biotics (chapter 7).



179

References

Abramova FA et al. (1993). Pathology of inhalational 
anthrax in 42 cases from the Sverdlovsk outbreak 
of 1979. Proceedings of the National Academy of Sciences, 
90:2291–2294.

ACoG (2002). Management of asymptomatic pregnant 
or lactating women exposed to anthrax. American 
College of obstetricians and Gynecologists, Committee 
on obstetric Practice, opinion no. 268. Obstetrics and 
Gynecology, 99:366–368.

Aitoff M (1922). Annales de l’ Institut Pasteur, 36:567. (Cited 
by eurich & hewlett, 1930.)

Akhmerov dS, Kusov Vn, Chernova AA (1982). Survival 
of Bacillus anthracis in the tick Dermacentor marginatus. in: 
Development of effective methods for preventing and treat-
ing infectious diseases of animals. report of the Veterinary 
institute, Karan, 101–103. (Cited by hugh-Jones & de 
Vos, 2002.)

Albrink WS (1961). Pathogenesis of inhalation anthrax. 
Bacteriological Reviews, 25:268–273. 

Albrink WS et al. (1960). human inhalation anthrax. A 
report of three fatal cases. American Journal of Pathology, 
36:457–471. 

Albrink WS, Goodlow rJ (1959). experimental inhala-
tion anthrax in the chimpanzee. American Journal of 
Pathology, 35:1055–1065.

Aleksandrov nL et al. (1959). [experience in mas-
sive aerogenic vaccination of people against anthrax]. 
Voyenno-Meditsinskii Zhurnal, 8:27–32. (in russian.)

Alper t (1996). development of the “Sterne strain” of 
anthrax. Salisbury Medical Bulletin, 87S:100–101.

Anderson GL, Simchock JM, Wilson Kh (1996). 
identification of a region of genetic variability among 
Bacillus anthracis strains and related species. Journal of 
Bacteriology, 178:377–384.

Andersson AP, Granum Pe, rönner u (1998). the adhe-
sion of Bacillus cereus spores to epithelial cells might be 
an additional virulence mechanism. International Journal 
of Food Microbiology, 39:93–99.

Anon. (1918). Report of the Departmental Committee 
appointed to inquire as to precautions for preventing danger of 
infection from anthrax in the manipulation of wool, goat hair 
and camel hair. Vol. 3, Summary of evidence and appen-
dices. London, hMSo (116).

Anon. (1945). Handbook on contagious and infectious dis-
eases in animals. delhi, Government of india Press.

Anon. (1959). Report of the Committee of Inquiry on Anthrax 
1959. London, hMSo (cmnd 846:43–47, 90).

Anon. (1967). [Method of aerosol immunization in specific 
prevention of infectious diseases]. Materiali 6-oi mezhinsti-
tutskoi conferentsiyi pamyati i i Mechnikova, Moscow, 
11–13 May 1967. Moscow, Meditsina. (in russian.)

Anon. (1970). excretion of Bacillus anthracis through the 
milk after vaccination of cows against anthrax. Zoonosis 
– Quarterly Information Bulletin, 12:42. (Cited in oAu/StrC 
information Leaflet 18, no. 34, 1970.)

Anon. (1982). Bacterial infections from animals: anthrax. 
Communicable disease report 82/12-15, 2 April 1982. 
London, Public health Laboratory Service, Commu-
nicable diseases Surveillance Centre.

Anon. (1994). Anthrax control and research, with spe-
cial reference to national programme development in 
Africa: Memorandum from a Who meeting. Bulletin of 
the World Health Organization, 72:13-22.

Anon. (1996). Bits and pieces (from the poster boards at 
the workshop). Salisbury Medical Bulletin, 87S:139.

Anon. (2001a). notice to readers: updated recommen-
dations for antimicrobial prophylaxis among asymp-
tomatic pregnant women after exposure to Bacillus 
anthracis. Morbidity and Mortality Weekly Report, 50:960.

Anon. (2001b). investigation of bioterrorism-related 
anthrax and interim guidelines for exposure manage-
ment and antimicrobial therapy, october 2001. Morbidity 
and Mortality Weekly Report, 50:909–919.

Anon. (2001c). notice to readers: update: interim recom-
mendations for antimicrobial prophylaxis for children 
and breastfeeding mothers and treatment of children 
with anthrax. Morbidity and Mortality Weekly Report, 50: 
1014–1016.

Anon. (2002a). Clinical issues in the prophylaxis, diag-
nosis, and treatment of anthrax. Emerging Infectious 
Diseases, 8:222–225.

Anon. (2002b). The microbiology of drinking-water. Methods 
for the examination of waters and associated materials. 
Bristol, environment Agency.

AntHRAX In HUmAns And AnImAls



AntHRAX In HUmAns And AnImAls

180

Anon. (2004). Anthrax spores can germinate, grow and repro-
duce in soil. university of Michigan health System, press 
release, 16 February 2004 (http://www.med.umich.edu/
opm/newspage/2004/ anthrax.htm). And in Infection 
control today (http://www.infectioncontroltoday.com/
hotnews/42h1682536.html).

Ascoli A (1911). [Precipitin diagnosis of anthrax]. 
Zentrallblatt für Bakteriologie, Parasitenkunde und Infektions-
krankheiten, 58:63. (in German.)

Ashford dA, Perkins BA, rotz L (2000). use of anthrax 
vaccine in the united States: recommendations of 
the Advisory Committee on immunization Practices. 
Morbidity and Mortality Weekly Report, 49, rr-15:1–22. 

Athamna A et al. (2004). in vitro susceptibility of Bacillus 
anthracis to various antibacterial agents and their 
time-kill activity. Journal of Antimicrobial Chemotherapy, 
53:247–251.

Baillie LW et al. (1995). evaluation of the Biolog system 
for the identification of Bacillus anthracis. Letters in Applied 
Microbiology, 20:209–211.

Baillie L et al. (2003). Characterisation of the immune 
response to the uK human anthrax vaccine. FEMS 
Immunology and Medical Microbiology, 36:83–86.

Baillie LW et al. (2004). Characterization of the human 
immune response to anthrax vaccine. Abstracts of the 2004 
ASM Biodefense research Meeting, Baltimore, M.d., 
uSA, 7–10 March 2004, abstract 77.

Baillie LW, Moore P, Manchee rJ (1996). development of 
a Bacillus subtilis based system for the expression of the 
protective antigen of Bacillus anthracis. Salisbury Medical 
Bulletin, 87S:133–135.

Barnes JM (1947a). the development of anthrax follow-
ing the administration of spores by inhalation. British 
Journal of Experimental Pathology, 28:385–394.

Barnes JM (1947b). Penicillin and B. anthracis. Journal of 
Pathological Bacteriology, 59:113–125.

Batty S et al. (2005). Destabilization of IL-8 mRNA by 
Bacillus anthracis lethal toxin. Abstracts of the Bacillus 
ACGt Conference, Santa Fe, n.M., uSA, 25–29 September 
2005, abstract 37.

Beall FA, dalldorf FG (1966).the pathogenesis of the 
lethal effect of anthrax toxin in the rat. Journal of 
Infectious Diseases, 116:377–389. 

Beatty Me et al. (2003). Gastrointestinal anthrax. 
review of the literature. Archives of Internal Medicine, 
163:2527–2531. 

Bell dM, Kozarsky Pe, Stephens dS (2002). Clinical 
issues in the prophylaxis, diagnosis, and treatment of 
anthrax. Emerging Infectious Diseases, 8:222–225.

Bell WJ, Laing PW (1977). Pulmonary anthrax in cattle. 
Veterinary Record, 100:573–574.

Bergman nh et al. (2005). Murine macrophage tran-
scriptional responses to Bacillus anthracis infection and 
intoxication. Infection and Immunity, 73:1069–1080.

Beyer W, Bartling C, neubauer h (2003). [Status of meth-
ods for detecting Bacillus anthracis in clinical and envi-
ronmental samples]. Tierärztliche Umschau, 58:653–662. 
(in German.)

Beyer W, Pocivalsek S, Böhm r (1999). Polymerase chain 
reaction-eLiSA to detect Bacillus anthracis from soil sam-
ples – limitations of present published primers. Journal 
of Applied Microbiology, 87:229–236.

Beyer W et al. (1995). A nested PCr method for the detec-
tion of Bacillus anthracis in environmental samples col-
lected from former tannery sites. Microbiology Research, 
150:179–186.

Beyer W et al. (1996). A nested PCr and dnA-
amplifcation-fingerprinting method for detection and 
identification of Bacillus anthracis in soil samples from 
former tanneries. Salisbury Medical Bulletin, 87S:47–49.

Bhat P, Mohan dn, Srinivasa h (1985). intestinal anthrax 
with bacteriological investigations. Journal of Infectious 
Diseases, 152:1357–1358.

Binkley Ce et al. (2002). Bacillus anthracis as an agent 
of bioterrorism – a review emphasizing surgical treat-
ment. Annals of Surgery, 236:9–16. 

Blenkharn Ji, oakland d (1989). emission of viable bac-
teria in the exhaust flue gases from a hospital incinera-
tor. Journal of Hospital Infection, 14:73–78.

Bloom WL et al. (1947). Studies on infection with Bacillus 
anthracis. iV. Preparation and characterization of an 
anthracidal substance from various animal tissue. 
Journal of Infectious Diseases, 80:41–52.

Böhm r (1990). resistance, survival, sterilization and 
disinfection of spores of Bacillus anthracis. Salisbury 
Medical Bulletin, 68S:99–101.

Bourgogne A et al. (2003). Global effects of virulence gene 
regulators in a Bacillus anthracis strain with both viru-
lence plasmids. Infection and Immunity, 71:2736–2743.

Bowen J (1999). Factors affecting conventional and molecular 
detection of Bacillus anthracis in the environment and the 
stability of B.anthracis identification plasmids pX01 and pX02 
in vitro [Phd thesis]. Milton Keynes, open university. 

Bowen Je, turnbull PC (1992). the fate of Bacillus anthra-
cis in unpasteurized and pasteurized milk. Letters in 
Applied Microbiology, 15:224–227.

Bowen Je et al. (1996). inactivation of Bacillus anthra-
cis vegetative cells and spores by gamma irradiation. 
Salisbury Medical Bulletin, 87S:70–72.

Braack Le, de Vos V (1990). Feeding habits and flight 
range of blow-flies (Chrysomyia spp.) in relation to anthrax 
transmission in the Kruger national Park, South Africa. 
Onderstepoort Journal of Veterinary Research, 57:141–142.



181

ReFeRences

Brachman PS (1954). Comments. Proceedings of 
the Symposium on Anthrax in Man, university of 
Pennsylvania, Philadelphia, P.A., 8 october 1954, 34.

Brachman PS, Kaufmann AF (1998). Anthrax. in: evans 
AS, Brachman PS, eds. Bacterial infections of humans: epi-
demiology and control, 3rd ed. new York, Plenum Medical 
Book Co (95–107).

Brachman PS et al. (1960). An epidemic of inhala-
tion anthrax: the first in the twentieth century. 2. 
epidemiology. American Journal of Hygiene, 72:6–23.

Brachman PS et al. (1962). Field evaluation of a human 
anthrax vaccine. American Journal of Public Health, 52: 
632–645.

Bradley KA et al. (2001). identification of the cellular 
receptor for anthrax toxin. Nature, 414:225–229. 

Bragg tS, robertson L (1989). nucleotide sequence 
and analysis of the lethal factor gene (lef) from Bacillus 
anthracis. Gene, 81:45–54.

Brini C et al. (1996). disinfection and decontamination 
of animal fibers: connected problems and state of the 
art. Salisbury Medical Bulletin, 87S:78–79.

British Standards institute (1988). Code of practice for the 
identification of potentially contaminated land and its investi-
gation. London, British Standards institute.

Brookmeyer r et al. (2001). the statistical analysis of 
truncated data: application to the Sverdlovsk anthrax 
outbreak. Biostatistics, 2:233–247.

Brown er, Cherry WB (1955). Specific identification of 
Bacillus anthracis by means of a variant bacteriophage. 
Journal of Infectious Diseases, 96:34–39.

Brunsdon, Jr (1968). unusual features in anthrax out-
breaks. Veterinary Record, 82:747–748.

Buck CA et al. (1963). Phage isolated from lysogenic 
Bacillus anthracis. Journal of Bacteriology, 85:1423–1430.

Budd W (1863). observations on the occurrence of 
malignant pustule in england illustrated by numerous 
fatal cases. Association Medical Journal, 1:85, 110, 159, 237.

Burans J et al. (1996). rapid method for the diagnosis 
of Bacillus anthracis infection in clinical samples using a 
hand-held assay. Salisbury Medical Bulletin, 87S:36–37.

Buriro Sn (1980). experimental inoculation of bacterial 
isolates obtained from Argas (persicargas) persicus in 
poultry. Journal of Applied Entomology, 89:324–330.

Candela t, Mock M, Fouet A (2005). Bacillus anthracis 
Cap D, belonging to the gamma-glutamyltranspeptidase fam-
ily, is required for the covalent anchoring of capsule to peptidog-
lycan. Abstracts of the Bacillus ACGt Conference, Santa 
Fe, n.M., uSA, 25–29 September 2005, abstract o22.

Carl M et al. (1992). detection of spores of Bacillus 
anthracis using the polymerase chain reaction. Journal of 
Infectious Diseases, 165:1145–1148.

Carter G, Balmer B (1999). Chemical and biological war-
fare and defence, 1945–90. in: Bud r, Gummet P. Cold 
war, hot science. Applied research in Britain’s defence labo-
ratories, 1945–1990. Amsterdam, harwood Academic 
Publishers (295–338).

Carter GB, Pearson GS (1999). British biological war-
fare and biological defence, 1925–45. in: Geissler e, van 
Courtland Moon Je, eds. Biological and toxin weapons: 
research, developments and use from the Middle Ages to 1945. 
SiPri no. 18. oxford, oxford university Press (168–189).

Cartwright Me, McChesney Ae, Jones rL (1987). 
Vaccination-related anthrax in three llamas. Journal of 
the American Veterinary Medical Association, 191:715–716.

Carucci JA et al. (2002). Cutaneous anthrax manage-
ment algorithm. Journal of the American Academy of 
Dermatology, 47: 766–769.

Carus WS (2001). Bioterrorism and biocrimes: the illicit use of 
biological agents in the 20th century (http://www.ndu.edu/
centercounter/prolif_publications.htm).

Casadevall A (2002). Passive antibody administration 
(immediate immunity) as a specific defense against bio-
logical weapons. Emerging Infectious Diseases, 8: 833–841.

Cavallo J-d et al. (2002). Antibiotic susceptibilities of 96 
isolates of Bacillus anthracis isolated in France between 
1994 and 2000. Antimicrobial Agents and Chemotherapy, 
46:2307–2309.

CdSC (1981). Anthrax surveillance 1961–80. PHLS 
Communicable Disease Report, 81/46.

CdSC (1982). Bacterial infections from animals. PHLS 
Communicable Disease Report, 82/12.

Cendrowski S, MacArthur W, hanna P (2004). Bacillus 
anthracis requires siderophore biosynthesis for growth 
in macrophages and mouse virulence. Molecular 
Microbiology, 51:407–417.

Centers for disease Control and Prevention. (2000). 
human ingestion of Bacillus anthracis-contaminated 
meat – Minnesota, August 2000. Journal of the American 
Medical Association, 284:1644–1646.

Chabot dJ et al. (2004). Anthrax capsule vaccine pro-
tects against experimental infection. Vaccine, 23:43–47.

Chabot dJ et al. (2005). Capsule increases the efficacy of live 
attenuated Bacillus anthracis vaccines. Abstracts of the 
Bacillus ACGt Conference, Santa Fe, n.M., uSA, 25–29 
September 2005, abstract o41. 

Chai Y et al. (2004). Proteomics of early Bacillus anthracis-
macrophage interactions. Abstracts of the ASM Biodefense 
research Meeting, Baltimore, M.d., uSA, 7–10 March 
2004, abstract 159.

Charney J, Fisher WP, hegarty CP (1951). Manganese 
as an essential element for sporulation in the genus 
Bacillus. Journal of Bacteriology, 62:145–148.



AntHRAX In HUmAns And AnImAls

182

Chen Y, tenover FC, Koehler tM (2004). β-lactamase 
gene expression in a penicillin-resistant Bacillus 
anthracis strain. Antimicrobial Agents and Chemotherapy, 
48:4873–4877.

Chen Y et al. (2003). β-lactamase genes of the penicil-
lin-susceptible Bacillus anthracis Sterne strain. Journal of 
Bacteriology, 185:823–830.

Christie AB (1969). Anthrax. in: Christie AB. Infectious 
diseases: epidemiology and clinical practice. edinburgh, e 
and S Livingstone Ltd (752–759).

Chu hP (1952). Variation of Bacillus anthracis with spe-
cial reference to the non-capsulated avirulent variant. 
Journal of Hygiene, 50:433–444. 

Clegg SB et al. (2006a). Preparedness for anthrax epizoot-
ics in wildlife areas. Emerging Infectious Diseases, July 2006 
(http://www.cdc.gov/ncidod/eid/vol12no07/06-0458.
htm).

Clegg SB et al. (2006b). A massive outbreak of anthrax 
in the Malilangwe Wildlife reserve, Zimbabwe. First 
record of anthrax in Zimbabwe wildlife? Veterinary 
Record, 160:113-118.

Cogne r et al. (1996). identification of Bacillus anthracis 
using the APi 50ChB system. Salisbury Medical Bulletin, 
87S:34–35.

Cohen S et al. (2000). Attenuated nontoxigenic and non-
encapsulated recombinant Bacillus anthracis spore vac-
cines protect against anthrax. Infection and Immunity, 
68:4549–4558.

Coker Pr, Smith KL, hugh-Jones Me (2002). Antimicrobial 
susceptibilities of diverse Bacillus anthracis isolates. 
Antimicrobial Agents and Chemotherapy, 46:3843–3845.

Coker Pr et al. (2003). Bacillus anthracis virulence in 
guinea-pigs vaccinated with anthrax vaccine adsorbed 
is linked to plasmid quantities and clonality. Journal of 
Clinical Microbiology, 41:1212–1218.

Collins Ch (1988). Laboratory acquired infections, 2nd ed. 
London, Butterworths (16).

Cote CK, Welkos SL (2005). Studies on the roles of macro-
phages and neutrophils during infection with Bacillus anthra-
cis. Abstracts of the Bacillus ACGt Conference, Santa Fe, 
n.M., uSA, 25–29 September 2005, abstract o49.

Cote CK, Van rooijen n, Welkos SL (2006). roles of mac-
rophages and neutrophils in the early host responses to 
Bacillus anthracis spores in a mouse model of infection. 
Infection and Immunity, 74:469–480.

Cote CK et al. (2004). the use of a model of in vivo mac-
rophage depletion to study the role of macrophages 
during infection with Bacillus anthracis spores. Microbial 
Pathogenesis, 37:169–175.

Cote CK et al. (2005). the detection of spore-associated 
PA and the effects of anti-PA antibodies on Bacillus 
anthracis spore germination and macrophage interac-
tions. Microbial Pathogenesis, 38:209–225. 

Coulson nM, Fulop M, titball rW (1994). Bacillus anthra-
cis protective antigen, expressed in Salmonella typhimu-
rium SL 3261, affords protection against anthrax spore 
challenge. Vaccine, 12:1395–1401.

Cowan St (1974). Cowan and Steel’s manual for the identifi-
cation of medical bacteria. Cambridge, Cambridge univer-
sity Press. 

Cowles PB (1931). A bacteriophage for B. anthracis. Journal 
of Bacteriology, 21:161–166.

Cromartie WJ, Bloom WL, Watson dW (1947a). Studies 
on infection with Bacillus anthracis. 1. A histopathologi-
cal study of skin lesions produced by B. anthracis in sus-
ceptible and resistant animal species. Journal of Infectious 
Diseases, 80:1–13.

Cromartie WJ et al. (1947b). Studies of infection with 
Bacillus anthracis. 2. the immunological and tissue dam-
aging properties of extracts prepared from lesions of B. 
anthracis infection. Journal of Infectious Diseases, 80:14–27.

Cui X et al. (2005). Late treatment with a protective 
antigen-directed monoclonal antibody improves hemo-
dynamic function and survival in a lethal toxin-infused 
rat model of anthrax sepsis. Journal of Infectious Diseases, 
191:422–434.

dahlgren CM et al. (1960). Bacillus anthracis aerosols in 
goat hair processing mills. American Journal of Hygiene, 
72:6–23. 

dalldorf FG (1967). Capillary thrombosis as a cause of 
death in experimental anthrax. Archives of Pathology, 
83:154–161. 

dalldorf FG, Kaufmann AF, Brachman PS (1971). 
Woolsorters’ disease. An experimental model. Archives 
of Pathology, 92:418–446.

darlow hM, Pride nB (1969). Serological diagnosis of 
anthrax. Lancet, 2:430.

darlow hM, Belton FC, henderson dW (1956). the use of 
anthrax antigen to immunize man and monkey. Lancet, 
271:476–479.

davies dG (1960). the influence of temperature and 
humidity on spore formation and germination in Bacillus 
anthracis. Journal of Hygiene (Cambridge), 58:177–186.

davies JC (1982). A major epidemic of anthrax in 
Zimbabwe. 1. the spread of the epidemic in Mata-
beleland, and Mashonaland Provinces during the period 
november 1978 to october 1980. Central African Journal of 
Medicine, 28:291–298.

davies JC (1983). A major epidemic of anthrax in 
Zimbabwe. 2. distribution of cutaneous lesions. Central 
African Journal of Medicine, 29:8–12.



183

ReFeRences

davies JC (1985). A major epidemic of anthrax in 
Zimbabwe. the experience at the Beatrice road 
infectious disease hospital, harare. Central African 
Journal of Medicine, 31:176–180.

de Lalla F et al. (1992). Familial outbreak of agricultural 
anthrax in an area of northern italy. European Journal of 
Clinical Microbiology and Infectious Diseases, 11:839–842.

demicheli V et al. (1998). the effectiveness and safety of 
vaccines against human anthrax: a systematic review. 
Vaccine, 16:880–884.

de Moulin F, Soemenegara rM (1937). [on the develop-
ment of infection by the anthrax organism in the ani-
mal host]. Overgedrukt uit de Nederland-Indische Bladen voor 
Diergeneeskunde Deel, 49:276–293. (in dutch, summary in 
english.)

de Vos V (1990). the ecology of anthrax in the Kruger 
national Park, South Africa. Salisbury Medical Bulletin, 
68S:19–23.

de Vos V, Bryden hB (1996). Anthrax in the Kruger 
national Park: temporal and spatial patterns of disease 
occurrence. Salisbury Medical Bulletin, 87S:26–30.

de Vos V, Bryden hB (1998). Anthrax in the Kruger National 
Park: the role of roan (hippotragus equinus) and sable (h. 
niger) in the epidemiology of anthrax. Proceedings of the 
ArC–onderstepoort international congress on anthrax, 
brucellosis, CBPP, clostridial and mycobacterial dis-
eases, Berg-en dal, Kruger national Park, South Africa, 
9–15 August 1998 (33–36).

de Vos V, Scheepers GJ (1996). remote mass vacina-
tion of large free-ranging wild animals for anthrax 
using Sterne spore vaccine. Salisbury Medical Bulletin, 
87S:116–121.

de Vos V, turnbull PC (2004). Anthrax. in: Coetzer JA, 
thomson Gr, tustin rC, eds. Infectious diseases of live-
stock, with special reference to Southern Africa, 2nd ed. Vol. 
3. Cape town, oxford university Press Southern Africa 
(1788–1818).

deziel Mr et al. (2005). effective antimicrobial regi-
mens for use in humans for therapy of Bacillus anthracis 
infections and postexposure prophylaxis. Antimicrobial 
Agents and Chemotherapy, 49:5099–5016.

dickerson BW, Campbell CJ, Stankard M (1954). Further 
operating experience on biological purification of for-
maldehyde wastes. Proceedings of the Ninth Industrial 
Waste Conference, 39:331–351.

dietvorst dC (1996a). Farmers’ attitudes towards the 
control and prevention of anthrax in Western Province, 
Zambia. Salisbury Medical Bulletin, 87S:102–103.

dietvorst dC (1996b). educational material on anthrax 
for villages in western Zambia. Salisbury Medical Bulletin, 
87S:104–106.

dietz P, Böhm r (1980). [results of experimental test-
ing of disinfectants with anthrax spores]. Hygiene und 
Medizin, 5:103–107. (in German.)

dixon tC et al. (1999). Anthrax. New England Journal of 
Medicine, 341:815–826.

dixon tC et al. (2000). early Bacillus anthracis-macro-
phage interactions: intracellular survival and escape. 
Cellular Microbiology, 2:453–463.

doganay M (1990). human anthrax in Sivas, turkey. 
Salisbury Medical Bulletin, 68S:13.

doganay M, Aydin n (1991). Antimicrobial susceptibil-
ity of Bacillus anthracis. Scandinavian Journal of Infectious 
Diseases, 23:333–335.

doganay M, Almaç A, hanagasi r (1986). Primary throat 
anthrax. Scandinavian Journal of Infectious Diseases, 18: 
415–419.

doganay M, Bakir M, dokmetas i (1987). A case of cuta-
neous anthrax with toxaemic shock. British Journal of 
Dermatology, 117:659–662.

doi rh (1989). Sporulation and germination. in: harwood 
Cr, ed. Bacillus. new York, Plenum Press (169–205).

dolnik A, Pate J (2001). WMD chronology. Monterey 
institute of international Studies, CnS reports (http://
cns.miis.edu/pubs/reports/cbrn2k1.htm).

dong SL (1990). Progress in the control and research of 
anthrax in China. Salisbury Medical Bulletin, 68S:104–105.

dragon dC, elkin Bt (2001). An overview of early 
anthrax outbreaks in northern Canada: field reports 
of the health of Animals Branch, Agriculture Canada, 
1962–1971. Arctic, 54:32–40.

dragon dC, rennie rP (1995). the ecology of anthrax 
spores: tough but not invincible. Canadian Veterinary 
Journal, 36:295–301.

dragon dC, rennie rP (2001). evaluation of spore 
extraction and purification methods for selective recov-
ery of viable Bacillus anthracis spores. Letters in Applied 
Microbiology, 33:100–105.

dragon dC, rennie rP, Gates CC (1996). Bison and 
anthrax in northern Canada. Salisbury Medical Bulletin, 
1996; 87S:22–23.

dragon dC et al. (1999). A review of anthrax in Canada 
and implications for research on the disease in north-
ern bison. Journal of Applied Microbiology, 87:208–213.

dragon dC et al. (2005). natural dissemination of 
Bacillus anthracis spores in northern Canada. Applied and 
Environmental Microbiology, 71:1610–1615.

druett hA et al. (1953). Studies on respiratory infection 
with anthrax spores. 1. the influence of particle size 
on respiratory infection with anthrax spores. Journal of 
Hygiene, 51:359–371.



AntHRAX In HUmAns And AnImAls

184

drum CL et al. (2002). Structural basis for the activa-
tion of anthrax adenylyl cyclase exotoxin by calmodu-
lin. Nature, 415:396–402.

drysdale M et al. (2004). atxA controls Bacillus anthra-
cis capsule synthesis via acpA and a newly discovered 
regulator, acpB. Journal of Bacteriology, 186:307–315.

duesbury nS et al. (1998). Proteolytic inactivation of 
MAP-kinase-kinase by anthrax lethal factor. Science, 
280:734–737. 

dull PM et al. (2002). Bacillus anthracis aerosolization 
associated with a contaminated mail sorting machine. 
Emerging Infectious Diseases, 8:1044–1047.

dutz W, Saidi F, Kohout e (1970). Gastric anthrax with 
massive ascites. Gut, 11:352–354.

ebedes h (1976). Anthrax epizootics in etosha national 
Park. Madoqua, 10:99–118.

edginton AB (1990). An outbreak of anthrax in pigs: a 
practitioner’s account. Veterinary Record, 127:321–324.

editorial note (2001a). update: investigation of bioter-
rorism-related anthrax and interim guidelines for expo-
sure management and antimicrobial therapy, october 
2001. Morbidity and Mortality Weekly Report, 50: 909–919.

editorial note (2001b). update: investigation of bio-
terrorism-related anthrax and interim guidelines for 
clinical evaluation of persons with possible anthrax. 
Morbidity and Mortality Weekly Report, 50: 941–948.

editor’s note (1996a). Salisbury Medical Bulletin, 87S:21.

editor’s note (1996b). Salisbury Medical Bulletin, 87S:104.

ellerbrok h et al. (2002). rapid and sensitive identifica-
tion of pathogenic and apathogenic Bacillus anthracis by 
real-time PCr. FEMS Microbiology Letters, 214:51–59.

ellingson hV et al. (1946). Cutaneous anthrax: report 
of twenty-five cases. Journal of the American Medical 
Association, 131:1105–1108.

esel d, doganay M, Sumerkan B (2003). Antimicrobial 
susceptibilities of 40 isolates of Bacillus anthracis isolated 
in turkey. International Journal of Antimicrobial Agents, 
22:70–72.

eurich FW, hewlett rt (1930). Bacillus anthracis. in: Fildes 
P, Ledingham JC, eds. A system of bacteriology in relation to 
medicine, Vol. 5. Privy Council, Medical research Council. 
London, hMSo (439–478).

ezzell JW, Abshire tG (1988). immunological analysis of 
cell-associated antigens of Bacillus anthracis. Infection and 
Immunity, 56:349–356.

ezzell JW, Abshire tG (1992). Serum protease cleavage 
of Bacillus anthracis protective antigen. Journal of General 
Microbiology, 138:543–549.

ezzell JW, Abshire tG (1996). encapsulation of Bacillus 
anthracis spores and spore identification. Salisbury Medical 
Bulletin, 87S:42.

ezzell JW, ivins Be, Leppla Sh (1984). immuno-
electrophoretic analysis, toxicity, and kinetics of in 
vitro production of the protective antigen and lethal 
factor components of Bacillus anthracis toxin. Infection and 
Immunity, 45:761–767.

ezzell J et al. (2005). In vivo formation of anthrax toxin 
in laboratory animals. Abstracts of the Bacillus ACGt 
Conference, Santa Fe, n.M., uSA, 25–29 September 2005, 
abstract P65.

FAo (1991). Manual for the production of anthrax and black-
leg vaccines. FAo Animal Production and health Paper 
no.87. rome, FAo.

FAo/oie/Who (1992). Animal health yearbook. FAo 
Animal Production and health Paper no.32 rome, FAo.

Fellows PF (1996). A survey of worldwide strains of 
Bacillus anthracis. Salisbury Medical Bulletin, 87S:31–33.

Ferguson LC (1981). Anthrax. in: Leman Ad et al., eds. 
Diseases of swine, 5th ed. Ames, iowa State university 
Press (396–400).

Fernelius AL (1960). Comparison of two heat-shock 
methods and a phenol treatment method for deter-
mining germination rates of spores of Bacillus anthracis. 
Journal of Bacteriology, 79:755–756.

Fildes P (1943). Defensive aspects of biological warfare. BdP 
report no. 19. London, Ministry of Supply.

Firoved AM et al. (2005). Bacillus anthracis edemas 
toxin pathology in mice. Abstracts of the Bacillus ACGt 
Conference, Santa Fe, n.M., uSA, 25–29 September 2005, 
abstract o50. 

Forshaw d et al. (1996). Anthrax in cattle in south-
ern Western Australia. Australian Veterinary Journal, 
74:391–393.

Fouet A, Mesnage S (2002). Bacillus anthracis cell enve-
lope components. in: Koehler tM, ed. Anthrax. Current 
Topics in Microbiology and Immunology, 271:87–113.

Fouet A, Sirard J-C, Mock M (1996). Virulence gene deter-
minants. Salisbury Medical Bulletin, 87S:84–85.

Fouet A et al. (1999). Bacillus anthracis surface: capsule 
and S-layer. Journal of Applied Microbiology, 87:251–255.

Fox Md et al. (1973). Anthrax in Louisiana, 1971: epiz-
ootiologic study. Journal of the American Veterinary Medical 
Association, 163:446–451.

Fox Md et al. (1977). An epizootiologic study of anthrax 
in Falls County, texas. Journal of the American Veterinary 
Medical Association, 170:327–333.

Franz dr, Parrott Cd, takafuji et (1997). the uS biologi-
cal warfare and biological defense programs. in: Sidell 
Fr, takafuj et, Franz dr, eds. Medical aspects of chemical 
and biological warfare. Washington, d.C., Borden institute, 
Walter reed Army Medical Center (425–436).



185

ReFeRences

Frean J et al. (2003). Susceptibility of Bacillus anthracis 
to eleven antimicrobial agents including novel fluoro-
quinolones and a ketolide. Journal of Antimicrobials and 
Chemotherapy, 52:297–299.

Friedlander AM (1986). Macrophages are sensitive to 
anthrax lethal toxin through an acid-dependent proc-
ess. Journal of Biological Chemistry, 261:7123–7126.

Friedlander AM, Welkos SL, ivins Be (2002). Anthrax 
vaccines. in: Koehler tM, ed. Anthrax. Current topics in 
microbiology and immunology, 271:33–60.

Friedlander AM et al. (1993). Postexposure prophylaxis 
against experimental inhalation anthrax. Journal of 
Infectious Diseases, 167:1239–1242.

Fritz dL et al. (1995). Pathology of experimental 
anthrax in the rhesus monkey. Laboratory Investigation, 
73:691–702.

Gainer rS, Saunders Jr (1989). Aspects of the epidemiol-
ogy of anthrax in Wood Buffalo national Park and envi-
rons. Canadian Veterinary Journal, 30:953–956.

Galvin Jr et al. (2001). Inhalational anthrax. Armed Forces 
institute of Pathology (http://anthrax.radpath.org).

Garner JS (1996). Guideline for isolation precautions in 
hospitals. Infection Control Hospital Epidemiology, 17:53–80. 
(updated 1997 on http://www.cdc.gov/ncidod/hip/ 
isolat/isolat.)

Gates CC, elkin Bt, dragon dC (1995). investigation, 
control and epizootiology of anthrax in a geographi-
cally isolated, free-roaming bison population in north-
ern Canada. Canadian Journal of Veterinary Research, 59: 
256–264.

Geissler e (1999). Biological warfare activities in 
Germany 1923–45. in: Geissler e, van Courtland Moon 
Je, eds. Biological and toxin weapons: research, development 
and use from the Middle Ages to 1945. SiPri Chemical and 
Biological Warfare Studies 18. oxford, oxford university 
Press (91–126).

George S et al. (1994). An outbreak of anthrax menin-
goencephalitis. Transactions of the Royal Society of Tropical 
Medicine and Hygiene, 88:206–207.

German Society of hygiene and Microbiology (1972). 
[Guidelines for the testing of chemical disinfectants]. Stuttgart, 
Gustav Fischer Verlag. (in German.)

German Veterinary Medical Society (2007). [Guidelines 
for testing disinfection procedures and chemical disinfectants]. 
Fourth edition. Giessen, dVG Verlag. (in German.)

Gibbons dF, hussaini Sn (1974). isolation of Bacillus 
anthracis from an aborted bovine fetus. Nature, 252:612.

Glassman h (1966). discussion. Bacteriological Reviews, 
30:657–659.

Gleiser CA (1967). Pathology of anthrax infection in ani-
mal hosts. Federation Proceedings, 26:1518–1521.

Gleiser CA, Gochenour WS, Ward MK (1968). Pulmonary 
lesions in dogs and pigs exposed to a cloud of anthrax 
spores. Journal of Comparative Pathology, 78:445–448.

Gleiser CA et al. (1963). Pathology of experimental res-
piratory anthrax in Macaca mulatta. British Journal of 
Experimental Pathology, 44:416–426. 

Gochenour WS et al. (1935). Efficacy of anthrax biolog-
ics in producing immunity in previously unexposed animals. 
technical Bulletin 468. Washington, d.C., united States 
department of Agriculture.

Gold h (1955). Anthrax. A report of one hundred seven-
teen cases. Archives of Internal Medicine, 96:387–396.

Gold h (1967). treatment of anthrax. Federation 
Proceedings, 26:1563–1568.

Gold JA et al. (2004). exogenous gamma and alpha/
beta interferon rescues human macrophages from cell 
death induced by Bacillus anthracis. Infection and Immunity, 
72:1291–1297.

Gordon re, haynes WC, Pang Ch (1973). The genus 
Bacillus. Agriculture research Service, united States 
department of Agriculture. Agriculture handbook 427. 
Washington, d.C., united States Government Printing 
office.

Goring CA, hamaker iW (1972). Organic chemicals in the 
soil environment. new York, dekker.

Granum Pe et al. (1993). enterotoxin from Bacillus 
cereus: production and biochemical characterization. 
Netherlands Milk and Dairy Journal, 47:63–70.

Green Bd et al. (1985). demonstration of a capsule 
plasmid in Bacillus anthracis. Infection and Immunity, 49: 
291–297.

Greenberg B (1971). Flies and Disease, Vol 1. Princeton, 
Princeton university Press.

Greenberg B (1973). Flies and Disease, Vol 2. Princeton, 
Princeton university Press.

Greener AW (1947). Anthrax in mink (Mustela vison). 
Journal of Hygiene, 39:149–153.

Greenfield WS (1880). Lectures on some recent investi-
gations into the pathology of infectious and contagious 
diseases. Lecture 3, part 1. Lancet, 1:865–867. (Cited by 
tigertt 1980, Journal of Hygiene, 85:415–420.)

Grigoryan M (2002). Deadly diet: zoo animals found dead after 
eating infected meat. Armenianow.com, 8 november.

Guarner J et al. (2003). Pathology and pathogenesis of 
bioterrorism-related inhalational anthrax. American 
Journal of Pathology, 163:701–709. 

Guidi-rontani C, Mock M (2002). Macrophage inter-
actions. in: Koehler tM, ed. Anthrax. Current Topics in 
Microbiology and Immunology, 271:115–141.



AntHRAX In HUmAns And AnImAls

186

Guidi-rontani C, Levy M, Mock M (2001). Interaction of 
Bacillus anthracis spores with macrophages. Proceedings 
of the fourth international conference on anthrax, 
Annapolis, M.d., uSA, 10–13 June 2001 (p. 17).

Guidi-rontani C et al. (1999). Germination of Bacillus 
anthracis spores within alveolar macrophages. Molecular 
Microbiology, 31:9–17. 

Guidi-rontani C et al. (2001). Fate of germinated Bacillus 
anthracis spores in primary murine macrophages. 
Molecular Microbiology, 42:931–938.

Gumbel P (1991). Sverdlosk. What really happened? Wall 
Street Journal, october 21, 22, 23.

haas Cn (2002). on the risk of mortality to primates 
exposed to anthrax spores. Risk Analysis, 22:189–193. 

hachisuka Y (1969). Germination of Bacillus anthracis 
spores in the peritoneal cavity of rats and establishment 
of anthrax. Japanese Journal of Microbiology, 13:199–207.

hanna PC (2001). Establishment stage of anthrax infections. 
Proceedings of the fourth international conference on 
anthrax, Annapolis, M.d., uSA, 10–13 June 2001 (17).

hanna P, ireland J (1999). understanding Bacillus anthra-
cis pathogenesis. Trends in Microbiology, 7:180–182.

hanna PC, Acosta d, Collier Jr (1993). on the role of 
macrophages in anthrax. Proceedings of the National 
Academy of Sciences, 90:10198–10201.

harris S (1999). the Japanese biological warfare pro-
gramme: an overview. in: Geissler e, van Courtland 
Moon Je, eds. Biological and toxin weapons: research, 
development and use from the Middle Ages to 1945. SiPri 
Chemical and Biological Warfare Studies 18. oxford, 
oxford univerity Press (127–152).

healing td, hoffman, Pn, Young Se (1995). the infec-
tion hazards of human cadavers. PHLS Communicable 
Disease Report, 5:r61–r68.

henderson i (1996). Fingerprinting Bacillus anthracis 
strains. Salisbury Medical Bulletin, 87S:55–58.

henderson dW, Peacock S, Belton FC (1956). observations 
on the prophylaxis of experimental pulmonary anthrax 
in the monkey. Journal of Hygiene, 54:28–36.

heninger SJ et al. (2005). Toxins are not required for lethality 
in a murine model for inhalation anthrax. Abstracts of the 
Bacillus ACGt Conference, Santa Fe, n.M., uSA, 25–29 
September 2005, abstract o47.

henning o (1893). Annual report to the College of Veterinary 
Surgeons, C.G.h. (Cited by de Vos & turnbull, 2004.)

henry M (1936). A further note on the incidence of 
anthrax in stock in Australia. Australian Veterinary 
Journal, 12: 235–239.

henton MM, Briers GF (1998). Anthrax spores isolated above 
burning carcasses. in: Proceedings of the ArC-onderste-
poort international congress on anthrax, brucellosis, 
CBPP, clostridial and mycobacterial diseases, Kruger 
Park, South Africa, 9–15 August 1998. onderstepoort, 
onderstepoort Veterinary institute (37–40).

herbst rM (1944). the transamination reaction. 
Advances in Enzymology, 4:75–97.

heyworth B et al. (1975). Anthrax in the Gambia: an epi-
demiological study. British Medical Journal, 4:79–82.

higgins Ch (1916). Anthrax. Bulletin no. 23. ottawa, 
department of Agriculture.

hodgson Ae (1941). Cutaneous anthrax. Lancet, 237: 
811–813. 

housewright rd, thorne CB (1950). Synthesis of 
glutamic acid and glutamyl polypeptide by Bacillus 
anthracis i. Formation of glutamic acid by transamina-
tion. Journal of Bacteriology, 60:89–100.

howie JW (1949). Some factors governing the forma-
tion of spores in Bacillus anthracis. Society for General 
Microbiology: proceedings, 3.

hudson Jr (1953). Anthrax – some observations. State 
Veterinary Journal, 8:28–30.

hugh-Jones M (2000). Anthrax, livestock – USA (Nevada) 
(http://www.promedmail.org, Friday 18 August).

hugh-Jones Me, de Vos V (2002). Anthrax and wildlife. 
Revue Scientifique et Technique de l’Office International des 
Epizooties, 21:359–383.

hugh-Jones Me, hussaini Sn (1974). An anthrax out-
break in Berkshire. Veterinary Record, 94:228–232.

hugh-Jones Me, hussaini Sn (1975). Anthrax in england 
and Wales 1963-72. Veterinary Record, 97:256–261.

hutson rA et al. (1993).the development and assess-
ment of dnA and oligonucleotide probes for the spe-
cific detection of Bacillus anthracis. Journal of Applied 
Bacteriology, 75:463–472.

hutyra F, Marek J, Manninger r (1946). infectious dis-
eases. in: Grieg r, Mohler Jr, eichhorn A, eds. Special 
pathology and therapeutics of the diseases of domestic animals, 
5th english ed., Vol. 1. Chicago, Alexander eger (1–35). 

iacono-Connors LC et al. (1991). Protection against 
anthrax with recombinant virus-expressed protective 
antigen in experimental animals. Infection and Immunity, 
59:1961–1965.

inglesby tV et al. (1999). Anthrax as a biological weapon. 
Medical and public health management. Journal of the 
American Medical Association, 281:1735–1745..

inglesby tV et al. (2002). Anthrax as a biological 
weapon, 2002. updated recommendations for man-
agement. Journal of the American Medical Association, 287: 
2236–2252.



187

ReFeRences

ivanova n et al. (2003). Genome sequence of Bacillus 
cereus and comparative analysis with Bacillus anthracis. 
Nature, 423:87–91.

ivanovics G (1939). [the fate of the capsular substance (P 
substance) of anthrax bacilli in the organism]. Zeitschrift 
fur Immunistätsforschung, 96:408–412. (in German.)

ivanovics G, Bruckner V (1937a). [the chemistry of the 
capsule substance of B. anthracis and its identity with 
that of B. mesentericus]. Zeitschrift fur Immunistätsforschung, 
90:304–318. (in German.)

ivanovics G, Bruckner V (1937b). [A follow-up note: 
chemical and immunological studies on the mecha-
nism of anthrax infection and immunity]. Zeitschrift fur 
Immunistätsforschung, 91:175–176. (in German.)

ivins Be, Welkos SL (1988). recent advances in the 
development of an improved anthrax vaccine. European 
Journal of Epidemiology, 4:12–19.

ivins Be et al. (1990a). immunization against anthrax 
with aromatic compound-dependent (Aro-) mutants 
of Bacillus anthracis and with recombinant strains of 
Bacillus subtilis that produce anthrax protective antigen. 
Infection and Immunity, 58:303–308.

ivins Be et al. (1990b). Cloned protective activity and 
progress in development of improved anthrax vaccines. 
Salisbury Medical Bulletin, 68S:86–88.

ivins Be et al. (1996). efficacy of a standard human 
anthrax vaccine against Bacillus anthracis aerosol spore 
challenge in rhesus monkeys. Salisbury Medical Bulletin, 
87S:125–126.

ivins Be et al. (1998). Comparative efficacy of experi-
mental anthrax vaccine candidates against inhalation 
anthrax in rhesus macaques. Vaccine, 16:1141–1148.

Jackson FC, Wright GG, Armstrong J (1957). immunization 
of cattle against experimental anthrax with alum-pre-
cipitated protective antigen or spore vaccine. American 
Journal of Veterinary Research, 18:771–777.

Jackson PJ et al. (1997). Characterization of the variable-
number tandem repeats in vrrA from different Bacillus 
anthracis isolates. Applied and Environmental Microbiology, 
63:1400–1405.

Jackson PJ et al. (1998). PCr analysis of tissue samples 
from the 1979 Sverdlovsk anthrax victims. the pres-
ence of multiple Bacillus anthracis strains in different 
victims. Proceedings of the National Academy of Sciences, 
95:1224–1229.

Jackson r (1930). the introduction into Great Britain 
of anthrax infection by means of products of animal 
origin. Journal of Comparative Pathology and Therapeutics, 
43:95–98.

Jacotot h, Virat B (1954). [Long duration of viability of 
spores of Bacillus anthracis]. Annales de l’Institut Pasteur, 
87:215–217. (in French.)

Jefferds Md et al. (2002). Adherence to antimicrobial 
inhalational anthrax prophylaxis among postal work-
ers, Washington, d.C., 2001. Emerging Infectious Diseases, 
8:1138–1144.

Jensen r (1974). Diseases of sheep. Philadelphia, Lea & 
Febiger.

Jernigan dB et al. (2002). investigation of bioterrorism-
related anthrax, united States, 2001: epidemiologic 
findings. Emerging Infectious Diseases, 8:1019–1028.

Jernigan JA et al. (2001). Bioterrorism-related inhala-
tional anthrax: the first 10 cases reported in the united 
States. Emerging Infectious Diseases, 7:933–944.

Johns M et al. (1994). improved methods for the detec-
tion of Bacillus anthracis spores by the polymerase chain 
reaction. Letters in Applied Microbiology, 18:236–238.

Jones Me et al. (2003). Antibiotic susceptibility of iso-
lates of Bacillus anthracis, a bacterial pathogen with the 
potential to be used in biowarfare. Clinical Microbiology 
and Infection, 9:984–986.

Jones Mn, turnbull PC (1996). disinfection against 
spores of Bacillus anthracis. Salisbury Medical Bulletin, 
87S:74–78. 

Kadanali A, tasyaran MA, Kadanali S (2003). Anthrax 
during pregnancy: case reports and review. Clinical 
Infectious Diseases, 36:1343–1346.

Kanafani ZA et al. (2003). endemic gastrointestinal 
anthrax in 1960s Lebanon: clinical manifestations and 
surgical findings. Emerging Infectious Diseases, 9:520–524.

Kanungo r et al. (2002). Problem of timely diagnosis in 
anthrax meningitis. Journal of the Association of Physicians 
of India, 50:913–915.

Kaufmann AF (1990). observations on the occurrence 
of anthrax as related to soil type and rainfall. Salisbury 
Medical Bulletin, 68S:16–17.

Kaufmann AF, dannenberg AL (2002). Age as a risk fac-
tor for cutaneous human anthrax: evidence from haiti, 
1973–1974. Emerging Infectious Diseases, 8:874–875.

Keim P, Smith KL (2002). Bacillus anthracis evolution and 
epidemiology. in: Koehler tM, ed. Anthrax. Current Topics 
in Microbiology and Immunology, 271:23–32.

Keim P et al. (1997). Molecular evolution and diversity 
in Bacillus anthracis as detected by amplified fragment 
length polymorphism markers. Journal of Bacteriology, 
179:818–824.

Keim P et al. (2000). Multiple-locus variable-number tan-
dem repeat analysis reveals genetic relationships within 
Bacillus anthracis. Journal of Bacteriology, 182:2928–2936. 

Kelsey JC, Sykes G (1969). A new test for the assessment 
of disinfectants with particular reference to their use in 
hospitals. Pharmacology Journal, 202:607–609.



AntHRAX In HUmAns And AnImAls

188

Keppie J, Smith A, harris-Smith PW (1955). the chemi-
cal basis of the virulence of Bacillus anthracis 3: the role 
of the terminal bacteraemia in death of guinea-pigs 
from anthrax. British Journal of Experimental Pathology, 
36:315–322. 

Keymer iF (1972). diseases of birds of prey. Veterinary 
Record, 90:579–594.

Khanne n, Gokul Bn, ravikumar r (1989). Successfully 
treated primary anthrax meningitis. Indian Journal of 
Pathology and Microbiology, 32:315–317.

Kiel JL et al. (2000). rapid recovery and identification 
of anthrax bacteria from the environment. Tropical 
Veterinary Diseases, 916:240–252.

Kirby Je (2004). Anthrax lethal toxin induces human 
endothelial cell apoptosis. Infection and Immunity, 72: 
430–439.

Klein F et al. (1962). Anthrax toxin: causative agent in 
the death of rhesus monkeys. Science, 138:1331–1333.

Klemm dM, Klemm Wr (1959). A history of anthrax. 
Journal of the American Veterinary Medical Association, 135: 
458–462.

Klichko Vi et al. (2003). Anaerobic induction of Bacillus 
anthracis hemolytic activity. Biochemical and Biophysical 
Research Communications, 303:855–862.

Klietmann WF, ruoff KL (2001). Bioterrorism: implica-
tions for the clinical microbiologist. Clinical Microbiology 
Reviews, 14:364–381.

Knight BC, Proom h (1950). A comparative survey of the 
nutrition and physiology of mesophilic species in the 
genus Bacillus. Journal of General Microbiology, 4:508–538.

Knisely rF (1966). Selective medium for Bacillus anthra-
cis. Journal of Bacteriology, 92:784–786.

Kobuch We et al. (1990). A clinical and epidemio-
logical study of 621 patients with anthrax in western 
Zimbabwe. Salisbury Medical Bulletin, 68S:34–38.

Koehler tM (2002). Bacillus anthracis genetics and viru-
lence gene regulation. in: Koehler tM, ed. Anthrax. 
Current Topics in Microbiology and Immunology, 271: 
143–164.

Koshi G et al. (1981). Anthrax meningitis: a rare clini-
cal entity. Journal of the Association of Physicians of India, 
29:59–62.

Kozel tr et al. (2004). mAbs to Bacillus anthracis capsular 
antigen for immunoprotection in anthrax and detec-
tion of antigenemia. Proceedings of the National Academy 
of Sciences, 101:5042–5047.

Kraneveld FC, djaenoedin r (1940). [test on the dis-
semination of anthrax by Tabanus rubidus, in horses 
and buffalo]. Overgedrukt uit de Nederlands-Indische Bladen 
Voor Diergeneeskunde, 52:339–380. (in dutch, summary in 
english.)

Kraneveld FC, Mansjoer M (1939). [Anthrax bacilli in 
the digestive tract of Tabanus rubidus]. Overgedrukt uit de 
Nederlands-Indische Bladen Voor Diergeneeskunde, 51:62–75. 
(in dutch, summary in english.)

Kraneveld FC, Mansjoer M (1941). [the spread of anthrax 
by carrion eaters]. Overgedrukt uit de Nederlands-Indische 
Bladen Voor Diergeneeskunde, 53:313–340. (in dutch, sum-
mary in english.)

Lacy dB, Collier rJ (2002). Structure and function of 
anthrax toxin. in: Koehler tM, ed. Anthrax. Current Topics 
in Microbiology and Immunology, 271:61–85.

Lalitha MK et al. (1988). Primary anthrax presenting 
as an injection “abscess”. Indian Journal of Pathology and 
Microbiology, 31:254–256.

Lalitha MK et al. (1990). unusual forms of anthrax – a 
clinical problem. Salisbury Medical Bulletin, 68S:38–40.

Lalitha MK et al. (1996). Anthrax – a continuing problem 
in Southern india. Salisbury Medical Bulletin, 87S:14–15.

Lanska d (2002). Anthrax meningoencephalitis. 
Neurology, 59:327–334.

Lebedinski VA (1971). [the inhalation (aerosol) method 
of vaccination]. Moscow, Meditsina. (in russian; english 
translation published by Boston Spa, West Yorkshire.)

Lee LA, Kidd Ar, Sterne M (1961). Antibiotic treatment 
and its effect on anthrax immunization. Veterinary 
Record, 73:1426.

Leendertz Fh et al. (2004). Anthrax kills wild chimpan-
zees in a tropical rainforest. Nature, 430:451–452.

Leonard CG, housewright rd (1963). Polyglutamic acid 
synthesis by cell-free extracts of Bacillus licheniformis. 
Biochimica et Biophysica Acta, 73:530–532.

Leppla Sh (1991). the anthrax toxin complex. in: Alouf 
Je, Freer Jh, eds. Sourcebook of bacterial protein toxins. new 
York, Academic Press (277–302). 

Leppla Sh, ivins Be, ezzell JW (1985). Anthrax toxin. 
in: Loretta L, ed. Microbiology – 1985. Washington, d.C., 
American Society for Microbiology (63–66).

Levy LM et al. (1981). Anthrax meningitis in Zimbabwe. 
Central African Journal of Medicine, 27:101–104.

Lewis-Jones MS et al. (1993). Cowpox can mimic anthrax. 
British Journal of Dermatology, 129:625–627.

Liang X, Yu d (1999). identification of Bacillus anthra-
cis strains in China. Journal of Applied Microbiology, 87: 
200–203.

Lightfoot nF, Scott rJ, turnbull PC (1990). Antimicrobial 
susceptibility of Bacillus anthracis. Salisbury Medical 
Bulletin, 68S:95–98.

Lim n-K et al. (2005). An anthrax lethal factor-neutraliz-
ing monoclonal antibody protects rats before and after 
challenge with anthrax toxin. Infection and Immunity, 
73:6547–6551.  



189

ReFeRences

Lincoln re et al. (1961). Pathogenesis as related to physi-
ological state of anthrax spore and cell. in: halvorson 
ho, ed. Spores II. Minneapolis, Burgess Publishing (255– 
273).

Lincoln re et al. (1964). Successful treatment of rhesus 
monkeys for septicemic anthrax. Antimicrobial Agents 
and Chemotherapy, 4:759–763.

Lincoln re et al. (1967). Value of field data for extrapola-
tion in anthrax. Federation Proceedings, 26:1558–1562.

Lindeque PM, turnbull PC (1994). ecology and epidemi-
ology of anthrax in the etosha national Park, namibia. 
Onderstepoort Journal of Veterinary Research, 61:71–83.

Lindeque PM, Brain C, turnbull PC (1996a). A review of 
anthrax in the etosha national Park. Salisbury Medical 
Bulletin, 87S:24–26.

Lindeque PM et al. (1996b). Anthrax vaccine-induced 
seroconversion in zebra and elephant in the etosha 
national Park, namibia. Salisbury Medical Bulletin, 
87S:113–115.

Lindeque PM et al. (1998). Anthrax in wild cheetahs in the 
Etosha National Park, Namibia. Proceedings of the ArC–
onderstepoort international congress on anthrax, bru-
cellosis, CBPP, clostridial and mycobacterial diseases, 
Kruger national Park, South Africa, 9–15 August 1998 
(9–15).

Lindley eP (1955). Anthrax – the carrier state. British 
Veterinary Journal, 111:215–217.

Lindner F, Böhm r (1985). effect of lime on spores of 
B.  anthracis in the sludge of a treatment plant con-
nected with some tanneries. in: Strauch d, havelaar 
Ah, hermite PL, eds. Inactivation of microorganisms in 
sewage sludge by stabilisation processes. London, elsevier 
Applied Science Publications (113–117). 

Lindner F, Böhm r, Strauch d (1987). [Chemical pro-
cedures for killing anthrax spores in sewage sludge]. 
Forum Stadte-Hygiene, 38:306–312. (in German.)

Little SF et al. (1997). Passive protection by polyclonal 
antibodies against Bacillus anthracis infection in guinea-
pigs. Infection and Immunity, 65:5171–5175.

Liu h et al. (2004). Formation and composition of the 
Bacillus anthracis endospore. Journal of Bacteriology, 186: 
164–178.

Logan nA, Berkeley rC (1981). Classification and identi-
fication of members of the genus Bacillus using APi tests. 
in: Berkeley rC, Goodfellow M, eds. The aerobic endospore-
forming bacteria: classification and identification. London, 
Academic Press (105–140).

Logan nA, Berkeley rC (1984). identification of 
Bacillus strains using the APi system. Journal of General 
Microbiology, 130:1871–1882.

Logan nA et al. (1985). identification of Bacillus anthracis 
by APi tests. Journal of Medical Microbiology, 20:75–85.

Lyon dG (1973). An outbreak of anthrax at the Chester 
Zoological Gardens. Veterinary Record, 92:334–337.

MAFF (1992). Anthrax. (Chapter 2, appendix 2). 
instruction to the Ministry of Agriculture, Fisheries 
and Food veterinary staff (united Kingdom). London, 
department for environment, Food and rural Affairs 
(unpublished document).

Makino S et al. (1989). Molecular characterization and 
protein analysis of the cap region, which is essential for 
encapsulation in Bacillus anthracis. Journal of Bacteriology, 
171:722–730.

Makino S-i et al. (1993). direct detection of Bacillus 
anthracis dnA in animals by polymerase chain reaction. 
Journal of Clinical Microbiology, 31:547–551.

Manchee rJ et al. (1981). Bacillus anthracis on Gruinard 
island. Nature, 294:254–255.

Manchee rJ et al. (1983). decontamination of Bacillus 
anthracis on Gruinard island? Nature, 303:239–240.

Manchee rJ et al. (1990). out of Gruinard island. Salisbury 
Medical Bulletin, 68S:17–18.

Manchee rJ et al. (1994). Formaldehyde solution effec-
tively inactivates spores of Bacillus anthracis on the 
Scottish island of Gruinard. Applied and Environmental 
Microbiology, 60:4167–4171.

Mangold BL, Aldrich JA, nelson WM (2005). Generation 
of spore-specific and vegetative-specific murine monoclonal 
antibodies highly restricted to Bacillus anthracis. Abstracts 
of the Bacillus ACGt Conference, Santa Fe, n.M., uSA, 
25–29 September 2005, abstract o12.

Marano n et al. ( 2005). Interim analysis of anthrax vac-
cine human reactogenicity and immunogenicity clinical trial. 
Abstracts of the Bacillus ACGt Conference, Santa Fe, 
n.M., uSA, 25–29 September 2005, abstract o51.

Marburger rG, thomas JW (1965). A die-off in white-
tailed deer of the central mineral region of texas. Journal 
of Wildlife Management, 29:706–716.

Marchette nJ, Lundgren dL, Smart KL (1957). intra-
cutaneous anthrax infection in wild rodents. Journal of 
Infectious Diseases, 101:148–153.

Martin d (1993). The use of poison and biological weap-
ons in the Rhodesian war. transcript of a lecture for the 
War and Strategic Studies Seminar Series, university 
of Zimbabwe, 7 July 1993. harare, Southern African 
research and documentation Centre.

Martin Gh (1975). Cutaneous anthrax in rural Ethiopia. A 
study of one hundred consecutive cases; their clinical features 
and epidemiology [Md thesis]. dundee, university of 
dundee.

Maynard JA et al. (2002). Protection against anthrax 
toxin by recombinant antibody fragments correlates 
with antigen affinity. Nature Biotechnology, 20:597–601.



AntHRAX In HUmAns And AnImAls

190

McBride BW et al. (1998). Protective efficacy of a recom-
binant protective antigen against Bacillus anthracis 
challenge and assessment of immunological markers. 
Vaccine, 16:810–817.

McCann KP et al. (1996). Alanine germination recep-
tors of Bacillus subtilis. Letters in Applied Microbiology, 
23:290–294.

McCloy eW (1951). Studies on a lysogenic Bacillus strain. 
1. A bacteriophage specific for Bacillus anthracis. Journal of 
Hygiene, 49: 114–125.

McCloy eW (1958). Lysogenicity and immunity to Bacillus 
phage W. Journal of General Microbiology, 18:198–220.

McCulloch B (1961). Pulmonary anthrax in cattle. 
Veterinary Record, 73:805.

McGaughey CA, Chu hP (1948). the egg-yolk reaction 
of aerobic sporing bacilli. Journal of General Microbiology, 
2:334–340.

McKendrick dr (1980). Anthrax and its transmission to 
humans. Central African Journal of Medicine, 26:126–129.

Meselson M et al. (1994). the Sverdlovsk anthrax out-
break of 1979. Science, 266:1202–1208.

Mesnage S et al. (1999). the S-layer homology domain as 
a means for anchoring heterologous proteins on the cell 
surface of Bacillus anthracis. Journal of Applied Microbiology, 
87:256–260.

Meynell eW (1963). reverting and non-reverting rough 
variants of Bacillus anthracis. Journal of General Microbiology, 
32:55–60.

Meynell e, Meynell GG (1964). the roles of serum and 
carbon dioxide in capsule formation by Bacillus anthracis. 
Journal of General Microbiology, 34:153–164.

Meynell GG, Lawn AM (1965). inheritance of capsule 
and the manner of cell-wall formation in Bacillus anthra-
cis. Journal of General Microbiology, 39:423–427.

Meynell GG, Meynell e (1966). the biosynthesis of poly-
d-glutamic acid, the capsular material of Bacillus anthra-
cis. Journal of General Microbiology, 43:119–138.

M’Fadyean J (1903). A further note with regard to the 
staining reaction of anthrax blood with methylene blue. 
Journal of Comparative Pathology, 16:360–361. 

M’Fadyean J (1909). Anthrax bacilli in milk. Journal of 
Comparative Pathology, 22:148–149.

Mignot t, Mock M, Fouet A (2003). A plasmid-encoded 
regulator couples the synthesis of toxins and surface 
structures in Bacillus anthracis. Molecular Microbiology, 
47:917–927.

Mignot t et al. (2001). the incompatibility between the 
Plcr- and AtxA-controlled regulons may have selected 
a nonsense mutation in Bacillus anthracis. Molecular 
Microbiology, 42:1189–1198.

Minett FC (1950). Sporulation and viability of B. anthracis 
in relation to environmental temperature and humid-
ity. Journal of Comparative Pathology and Therapeutics, 
60:161–176.

Minett FC (1951). the use of climatological data for 
assessing the regional distribution of anthrax in india. 
Bulletin de l’ Office International des Epizooties, 35:266–295.

Minett FC (1952). the annual and seasonal incidence 
of anthrax in various countries. Climatic effects and 
sources of infection. Bulletin de l’Office International des 
Epizooties, 37:238–301.

Minett FC, dhanda Mr (1941). Multiplication of B. 
anthracis and Cl. chauvoei in soil and water. Indian Journal 
of Veterinary Science and Animal Husbandry, 11:308–321.

Moayeri M, Leppla Sh (2004). the roles of anthrax toxin 
in pathogenesis. Current Opinion in Microbiology, 7:19–24.

Moayeri M et al. (2003). Bacillus anthracis lethal toxin 
induces tnF-alpha-independent hypoxia-mediated tox-
icity in mice. Journal of Clinical Investigation, 112:670–682.

Mohamed n et al. (2005). A high-affinity monoclonal 
antibody to anthrax protective antigen passively pro-
tects rabbits before and after aerosolized Bacillus anthra-
cis spore challenge. Infection and Immunity, 73:795–802.

Mohammed MJ et al. (2002). Antimicrobial susceptibil-
ity testing of Bacillus anthracis: comparison of results 
obtained using the national Committee for Clinical 
Laboratory Standards broth microdilution reference 
and etest agar gradient diffusion methods. Journal of 
Clinical Microbiology, 40:1902–1907.

Morris h (1918). Anthrax: transmission of infection by 
non-biting flies. Bulletin of the Louisiana State University, 
Agriculture Experiment Station, 163:3–15.

Morris h (1919). Blood-sucking insects as transmit-
ters of anthrax or charbon. Bulletin of the Louisiana State 
University, Agriculture Experiment Station, 168:3–12. 

Morris h (1920). Some carriers of anthrax infection. 
Journal of the American Veterinary Medical Association, 
56:606–608.

Mosser e et al. (2005). Effects of the Bacillus anthracis 
toxin anthrolysin O – a toll like receptor 4 (TLR4) agonist – 
on human neutrophil and macrophage function. Abstracts 
of the Bacillus ACGt Conference, Santa Fe, n.M., uSA, 
25–29 September 2005, abstract o39.

Moynihan WA. (1963). Anthrax in Canada. Canadian 
Veterinary Journal, 4:283–287.

Muller Jd et al. (2004). Specificity of an immunochroma-
tographic test for anthrax. Australian Veterinary Journal, 
82:220–222.

Musa Mt et al. (1993). Anthrax in humans and cam-
els in the Sudan with reference to the disease in the 
country. Revue d’Elevage et de Médecine Vétérinaire des Pays 
Tropicaux, 46:438–439. 



191

ReFeRences

nalin dr et al. (1977). Survival of a patient with intesti-
nal anthrax. American Journal of Medicine, 62:130–132.

nass M (1992). Anthrax epizootic in Zimbabwe, 
1978–1980: due to deliberate spread? Physicians for Social 
Responsibility Quarterly, 2:198–209.

navacharoen n et al. (1985). oropharyngeal anthrax. 
Journal of Laryngology and Otology, 99:1293–1295.

ndyabahinduka dG et al. (1984). An outbreak of human 
gastrointestinal anthrax. Annali dell’Istituto Superiore di 
Sanità, 20:205–208.

nicholson WL, Setlow P (1990). Sporulation, germina-
tion and outgrowth. in: harwood Cr, Cutting SM, eds. 
Molecular biological methods for Bacillus. Chichester, John 
Wiley and Sons (391–450). 

nieberle K, Cohrs P (1967). Textbook of the special patho-
logical anatomy of domestic animals. new York, Pergamon 
Press.

norman PS et al. (1960). Serologic testing for anthrax 
antibodies in workers in a goat hair processing mill. 
American Journal of Hygiene, 72:32–37.

o’Brien J et al. (1985). effects of anthrax toxin compo-
nents on human neutrophils. Infection and Immunity, 
47:306–310.

odendaal MW et al. (1991). the antibiotic sensitivity 
patterns of Bacillus anthracis isolated from the Kruger 
national Park. Onderstepoort Journal of Veterinary Research, 
58:17–19.

ogarkov Ve, Gapochko KG (1975). [Aerosol infection]. 
Moscow, Meditsina. (in russian.)

oh hB, Park KS, Park Kd (1996). Serological detection 
of human anthrax in Korean outbreaks 1992–1995. 
Salisbury Medical Bulletin, 87S:19–20.

oie (2007). Terrestrial Animal Health Code. Paris, World 
organisation for Animal health (oie).

oie (2008). Manual of diagnostic tests and vaccines for ter-
restrial animals. Paris, World organisation for Animal 
health (oie).

onerci M, ergin nt (1993). [oropharyngeal anthrax]. 
Laryngo-Rhino-Otologie, 72:350–351. (in German, sum-
mary in english.)

orr JP, Johnston WG, Morrison Jr (1978). Anthrax lesions 
in a zoo cat. Veterinary Record, 102:312–313.

Pannifer Ad et al. (2001). Crystal structure of the 
anthrax lethal factor. Nature, 414: 229–233. 

Park YM, Seong WK, oh hB (1998). Monoclonal anti-
body against spore surface antigen of B. anthracis. third 
international Conference on Anthrax, university of 
Plymouth, united Kingdom. Abstract P30.

Parry JM, turnbull PC, Gibson Jr (1983). A colour atlas 
of Bacillus species. Wolfe Medical Atlases Series no. 19. 
London, Wolfe Publishing Ltd.

Patra G et al. (1996a). Specific oligonucleotide prim-
ers for rapid identification of Bacillus anthracis strains. 
Salisbury Medical Bulletin, 87S:45–46.

Patra G et al. (1996b). isolation of a specific chromosomic 
dnA sequence of Bacillus anthracis and its possible use 
in diagnosis. FEMS Immunology and Medical Microbiology, 
672:1–8.

Peterson JW et al. (2006). human monoclonal anti-pro-
tective antigen antibody completely protects rabbits 
and is synergistic with ciprofloxacin in protecting mice 
and guinea-pigs against inhalation anthrax. Infection 
and Immunity, 74:1016–1024.

Petosa C et al. (1997).Crystal structure of the anthrax 
toxin protective antigen. Nature, 385:833–838.

Pezard C, Berche P, Mock M (1991). Contribution of indi-
vidual toxin components to virulence of Bacillus anthra-
cis. Infection and Immunity, 59:3472–3477.

Pfisterer rM (1990). retrospective verification of the 
diagnosis of anthrax by means of the intracutaneous 
skin test with the russian allergen “Anthraxin” in a 
recent epidemic in Switzerland. Salisbury Medical Bulletin, 
68S:80.

Phillips AP, Campbell AM, Quinn r (1988). Monoclonal 
antibodies against spore antigens of Bacillus anthracis. 
FEMS Microbiology and Immunology, 47:169–178.

Phillips M et al. (2003). Cutaneous anthrax associated with 
bioterrorism, United States, 2001. Proceedings of 52nd 
epidemic intelligence Service Conference.

Pienaar u de V (1961). A second outbreak of anthrax 
amongst game animals in the Kruger national Park 5th 
June to 11th october, 1960. Koedoe, 4:4–14.

Pienaar u de V (1967). epidemiology of anthrax in 
wild animals and the control of anthrax epizootics 
in the Kruger national Park, South Africa. Federation 
Proceedings, 26:1496–1502.

Pike rM, Sulkin Se, Schulze ML (1965). Continuing 
importance of laboratory-acquired infections. American 
Journal of Public Health, 55:190–199. 

Piris-Giminez A et al. (2004). high bactericidal efficiency 
of type iiA phospholipase A2 against Bacillus anthracis 
and inhibition of its secretion by the lethal toxin. Journal 
of Immunology, 173: 521–530.

Plotkin SA et al. (1960). An epidemic of inhalation 
anthrax, the first in the twentieth century. American 
Journal of Medicine, 29:992–1001.

Pomerantsev AP et al. (1996). Anthrax prophylaxis 
by antibiotic resistant Sti-Ar in combination with 
urgent antibiotic therapy. Salisbury Medical Bulletin, 
87S:131–132.



AntHRAX In HUmAns And AnImAls

192

Popov SG et al. (2004). Hemorrhagic and haemolytic anthrax 
pathogenic factors. Abstract of the ASM Biodefense 
research Meeting, Baltimore, M.d., uSA, 7–10 March 
2004, abstract 220.

Price BM et al. (2001). Protection against anthrax lethal 
toxin challenge by genetic immunization with a plas-
mid encoding the lethal factor protein. Infection and 
Immunity, 69:4509–4515.

Provost A, trouette M (1957). [Latent anthrax in cattle]. 
Revue d’Elevage et de Médecine Vétérinaire des Pays Tropicaux, 
10:25–26. (in French.)

Pugh Ao, davies JC (1990). human anthrax in Zimbabwe. 
Salisbury Medical Bulletin, 68S:32–33.

Punskii ee, Zheglova dV (1958). on the role of camels 
in the epidemiology of anthrax. Journal of Microbiology, 
Epidemiology and Immunobiology, 29:78–82.

Pyper JF, Willoughby L (1964). An anthrax outbreak 
affecting man and buffalo in the northwest territories. 
Medical Services Journal, Canada, 20:531–540.

Quesnel-hellman A et al. Anthrax edema toxin: does it play 
a role in immune evasion? Abstracts of the Bacillus ACGt 
Conference, Santa Fe, n.M., uSA, 25–29 September 2005, 
abstract P100. 

Quinn CP, turnbull PC (1998). Anthrax. in: Collier L et 
al., eds. Topley and Wilson’s microbiology and microbial infec-
tions. ninth ed. Vol. 3. London, Arnold (799–818).

Quinn CP et al. (2002). Specific, sensitive, and quanti-
tative enzyme-linked immunosorbent assay for human 
immunoglobulin G antibodies to anthrax toxin protec-
tive antigen. Emerging Infectious Diseases, 8:1103–1110.

Quinn CP et al. (2004). immune responses to Bacillus 
anthracis protective antigen in individuals with bioter-
rorism-associated cutaneous and inhalation anthrax. 
Journal of Infectious Diseases, 190:1228–1236.

ramisse V et al. (1996). identification and characteri-
zation of Bacillus anthracis by multiplex PCr analysis of 
sequences on plasmids pXo1 and pXo2 and chromo-
somal dnA. FEMS Microbiology Letters, 145:9–16.

ramisse V et al. (1999). the Ba813 chromosomal dnA 
sequence effectively traces the whole Bacillus anthracis 
community. Journal of Applied Microbiology, 87:224–228.

rao nS, Mohiyudeen S (1958). tabanus flies as trans-
mitters of anthrax – a field experience. Indian Veterinary 
Journal, 35:348–353.

read td et al. (2003). the genome sequence of Bacillus 
anthracis Ames and comparison to closely related bacte-
ria. Nature, 423:81–86. 

redmond C et al. (1996a). Bacteriology, serology and 
pathology of experimental anthrax in pigs. Salisbury 
Medical Bulletin, 87S:79–82.

redmond C et al. (1996b). Phage from different strains 
of Bacillus anthracis. Salisbury Medical Bulletin, 87S:60–63.

redmond C et al. (1997). experimentally assessed public 
health risks associated with pigs from farms experienc-
ing anthrax. Veterinary Record, 141:244–247.

redmond C et al. (2004). identification of proteins in 
the exosporium of Bacillus anthracis. Microbiology, 150: 
355–363.

reif tC et al. (1994). identification of capsule-forming 
Bacillus anthracis spores with the PCr and a novel dual-
probe hybridization format. Applied and Environmental 
Microbiology, 6:1622–1625.

reissman dB et al. (2004). one-year health assessment 
of adult survivors of Bacillus anthracis infection. Journal of 
the American Medical Association, 291:1994–1998.

rengel J (1993). [investigations on oral immunization 
with Bacillus anthracis strain 34F2 (Sterne)]. Göttinger 
Beiträge zur Land- und Forstwirtschaft in den Tropen und 
Subtropen, 77. (in German.)

rengel J, Böhnel h (1994). [Preliminary trials of oral 
immunization of wildlife against anthrax]. Berliner und 
Münchener Tieträrztliche Wochenschrift, 107:145–149. (in 
German, summary in english.)

rengel J, Böhnel h (1995). Preliminary experiments in 
oral immunization of wildlife against anthrax. Animal 
Research and Development, 41:101–111.

rice eW et al. (2004). Boiling and Bacillus spores. Emerging 
Infectious Diseases, 10:1887–1888.

riedinger o (1980). [Computation for the sterilization 
process in rendering plants]. Zentralblatt für Bakteriologie 
i Abt Originale B Hygiene, 170:287–296. (in German, sum-
mary in english.)

riedinger o, Strauch d, Böhm r (1975). [the destruction 
of pathogenic and non-pathogenic spore-formers by 
heat sterilization of slaughterhouse waste]. Zentralblatt 
für Veterinarmedizin Medizin Reihe B, 22:860–865. (in 
German, summary in english.)

robertson Me (1948). Micro-organisms infective to 
workers in tanneries. in: Progress in leather science 
1920–1945. London, British Leather Manufacturer’s 
research Association (117–121).

ross JM (1957). the pathogenesis of anthrax following 
the administration of spores by the respiratory route. 
Journal of Pathology and Bacteriology, 73:485–494.

Saile e, Koehler tM (2005). Bacillus anthracis multiplica-
tion, persistence and genetic exchange in the rhizosphere of 
grass plants. Abstracts of the Bacillus ACGt Conference, 
Santa Fe, n.M., uSA, 25-29 September 2005, abstract 
o7.

Salmon dd, Ferrier Gr (1992). Post-vaccination occur-
rence of anthrax in cattle. Veterinary Record, 130: 
140–141.



193

ReFeRences

Salmon de (1896). Anthrax. in: Special report on diseases of 
the horse. Washington,d.C., Government Printing office 
(526–530).

Sarac MS et al. (2004). Protection against anthrax tox-
emia by hexa-d-arginine in vitro and in vivo. Infection 
and Immunity, 72:602–605.

Sawada-hirai r et al. (2004). human anti-anthrax pro-
tective antigen neutralizing monoclonal antibodies 
derived from donors vaccinated with anthrax vaccine 
adsorbed. Journal of Immune Based Therapies and Vaccines, 
2:5–20. 

Schlingman AS et al. (1956). immunizing activity of 
alum-precipitated protective antigen of Bacillus anthracis 
in cattle, sheep and swine. American Journal of Veterinary 
Research, 17:256–261.

Schneerson r et al. (2003). Poly(gamma-d-glutamic 
acid) protein conjugates induce igG antibodies in mice 
to the capsule of Bacillus anthracis: a potential addition to 
the anthrax vaccine. Proceedings of the National Academy 
of Sciences, 100:8945–8950.

Schuch r, nelson d, Fischetti VA (2002). A bacteriolytic 
agent that detects and kills Bacillus anthracis. Nature, 
418:884–889.

Scobie hM et al. (2003). human capillary morphogen-
esis protein 2 functions as an anthrax toxin recep-
tor. Proceedings of the National Academy of Sciences, 100: 
5170–5174.

Sejvar JJ, tenover FC, Stephens dS (2005). Management of 
anthrax meningitis. Lancet Infectious Diseases, 5:287–295. 

Seddon hr (1953). Anthrax. in: Diseases of domestic ani-
mals in Australia. Part 5. Vol. 1. Canberra, department of 
health (8–40).

Sen SK, Minett FC (1944). experiments on the transmis-
sion of anthrax through flies. Indian Journal of Veterinary 
Science and Animal Husbandry, 14:149–159.

Shannon JG et al. (2003). Characterization of anthrolysin 
o, the Bacillus anthracis cholesterol-dependent cytolysin. 
Infection and Immunity, 71:3183–3189.

Shaw A, Moss r, Boughey Fd (1963). Anthrax. State 
Veterinary Journal, 18:64.

Shen Y et al. (2004). Selective inhibition of anthrax 
edema factor by adefovir, a drug for chronic hepatitis 
B virus infection. Proceedings of the National Academy of 
Sciences, 101:3242–3247.

Shepard CW et al. (2002). Antimicrobial postexposure 
prophylaxis for anthrax: adverse events and adherence. 
Emerging Infectious Diseases, 8:1124–1132.

Shieh WJ et al. (2003). the critical role of pathology 
in the investigation of bioterrorism-related cutaneous 
anthrax. American Journal of Pathology, 163:1901–1910.

Shlyakhov en (1953). Zhurnal Mikrobiologii, Epidemiologii i 
Immunobiologii, 28:7–48. (in russian, cited without title 
by Klein et al., 1962.)

Shlyakhov en (1996). Second attacks. Salisbury Medical 
Bulletin, 87S:139.

Shlyakhov en, rubinstein e (1994). human live anthrax 
vaccine in the former uSSr. Vaccine, 12:727–730.

Shlyakhov e, rubinstein e, novikov i (1997). Anthrax 
post-vaccinal cell-mediated immunity in humans: 
kinetics pattern. Vaccine, 15:631–636.

Sinderson hC (1933). recurrence of malignant pustule. 
British Medical Journal, 1:612.

Singh Y, Chaudhary VK, Leppla Sh (1989). A deleted var-
iant of Bacillus anthracis protective antigen is non-toxic 
and blocks anthrax toxin. Journal of Biological Chemistry, 
264:19103–19107.

Sirisanthana t, Brown Ae (2002). Anthrax of the gastro-
intestinal tract. Emerging Infectious Diseases, 8:649–651.

Sirisanthana t et al. (1984). outbreak of oral-oropha-
ryngeal anthrax: an unusual manifestation of human 
infection with Bacillus anthracis. American Journal of 
Tropical Medicine and Hygiene, 33:144–150.

Sirisanthana t et al. (1988). Serological studies of 
patients with cutaneous and oral-oropharyngeal 
anthrax from northern thailand. American Journal of 
Tropical Medicine and Hygiene, 39:575–581.

Sjöstedt A et al. (1996). detection of the vegetative 
form of Bacillus anthracis in soil by PCr. Salisbury Medical 
Bulletin, 87S:50.

Sjöstedt A et al. (1997). detection of Bacillus anthra-
cis spores in soil by PCr. FEMS Microbiological Ecology, 
23:159–168.

Slater C, Spitta eJ (1898). Bacillus anthracis. in: An atlas of 
bacteriology. London, Scientific Press Ltd (24–31).

Smith h, Keppie J (1954). observations on experimental 
anthrax: demonstration of a specific lethal factor pro-
duced in vivo by Bacillus anthracis. Nature, 173:869–871.

Smith h, Zwartouw ht (1956). the polysaccharide 
from Bacillus anthracis grown in vivo. Biochemical Journal, 
63:447–453. 

Smith KL et al. (2000). Bacillus anthracis diversity in 
Kruger national Park. Journal of Clinical Microbiology, 
38:3780–3784.

Smith nr, Gordon re, Clark Fe (1952). Aerobic sporeform-
ing bacteria. united States department of Agriculture, 
Agriculture Monograph 16. Washington, d.C., united 
States Government Printing office.

Smyth hF (1924). Anthrax – a continuing and probably 
increasing hazard of industry. American Journal of Public 
Health, 14:920–924.



AntHRAX In HUmAns And AnImAls

194

Smyth hF et al. (1926). industrial anthrax. American 
Journal of Public Health, 16:42–44.

Snoeyenbos Gh (1965). Brucellosis, anthrax, pseudo-
tuberculosis, tetanus, vibrio infection, avian vibrionic 
hepatitis, and spirochetosis. in: Biester he, Schwarte 
Lh, eds. Diseases of poultry. Fifth ed. Ames, iowa State 
university Press (427–450).

Somers F (1911). Anthrax amongst wild animals in cap-
tivity. Veterinary Record, 23:543–544.

Spears hn (1955). the potency of anti-anthrax serum. 
British Veterinary Journal, 111:535–537.

Sporn C et al. (2002). A survey of use of the emergency 
department during a local public health crisis. research 
Forum Abstracts. Annals of Emergency Medicine, 40:S62.

St John-Brooks r (1930). the non-pathogenic spore-
bearing aerobic bacteria. in: Bulloch W et al., eds. A sys-
tem of bacteriology in relation to medicine. Vol. 5. London, 
hMSo (479–487).

Steele Jh (1954). Comments. Proceedings of the sympo-
sium on anthrax in man, university of Pennsylvania, 
Philadelphia, P.A., 8 october 1954 (32).

Steichen C et al. (2003). identification of the immunodo-
minant protein and other proteins of the Bacillus anthra-
cis exosporium. Journal of Bacteriology, 185:1903–1910.

Stepanov AS, Mikshis ni, Bolotnikova MF (1996). role of 
chromosomally-encoded factors in virulence of Bacillus 
anthracis for mice and guinea-pigs. Salisbury Medical 
Bulletin, 87S:86–87.

Stepanov AS et al. (1999). [Contribution of determinants, 
located in the Bacillus anthracis chromosome, in realizing 
the pathogenic properties of the pathogen]. Molecular 
General Mikrobiology Virusology, 1:20–23. (in russian.)

Stepanov AV et al. (1996). development of novel vac-
cines against anthrax in man. Journal of Biotechnology, 
44:155–160.

Sterne M (1937a). Variation in Bacillus anthracis. 
Onderstepoort Journal of Veterinary Science and Animal 
Industry, 8:271–349.

Sterne M (1937b). the effects of different carbon diox-
ide concentrations on the growth of virulent anthrax 
strains. Pathogenicity and immunity tests on guinea-
pigs and sheep with anthrax variants derived from 
virulent strains. Onderstepoort Journal of Veterinary Science 
and Animal Industry, 9:49–67.

Sterne M (1939). the use of anthrax vaccines prepared 
from avirulent (uncapsulated) variants of Bacillus anthra-
cis. Onderstepoort Journal of Veterinary Science and Animal 
Industry, 13:307–312.

Sterne M (1946). Avirulent anthrax vaccine. Onderstepoort 
Journal of Veterinary Science and Animal Industry, 21:41–43.

Sterne M (1959). Anthrax. in: Stableforth AW, Galloway 
iA , eds. Infectious diseases of animals. Vol. 1. diseases due 
to bacteria. London, Butterworths (16–52).

Sterne M (1966). Anthrax. in: dalling t et al., eds. 
International encyclopaedia of veterinary medicine. edinburgh, 
W. Green and Son Ltd (221–230).

Sterne M, Proom h (1957). induction of motility and 
capsulation in Bacillus anthracis. Journal of Bacteriology, 
74:541–542.

Sterne M, robinson eM, nicol J (1939). the use of 
saponin spore vaccine for inoculation against anthrax 
in South Africa. Onderstepoort Journal of Veterinary Science 
and Animal Industry, 12:279–302.

Stiles GW (1944). isolation of the Bacillus anthracis from 
spinose ear ticks Ornithodorus megnini. American Journal of 
Veterinary Research, 5:318–319.

Stockman S (1911). the epizootiology of anthrax. Journal 
of Comparative Pathology and Therapeutics, 24:97–108.

Strauch von d (1991).[elimination of animal carcasses 
– a persistent health challenge]. Wiener Tierärztliche 
Monatsschrift, 78:217–233. (in German.)

Sumerkan B et al. (1996). Antimicrobial susceptibility 
of Bacillus anthracis against macrolides. Salisbury Medical 
Bulletin, 87S:138.

Sussman AS, halvorson ho (1966). Spores. Their dormancy 
and germination. new York, harper and row (132–140 & 
193–212).

Sylvestre P, Couture-tosi e, Mock M (2002). A collagen-
like surface glycoprotein is a structural component of 
the Bacillus anthracis exosporium. Molecular Microbiology, 
45:169–178.

tanner WB et al. (1978). Public health aspects of anthrax 
vaccination of dairy cattle. Journal of the American 
Veterinary Medical Association, 173:1465–1466.

tasyaran MS, erol S (2002). Penicillin therapy for 
anthrax: a reply to torres-tortosa et al. European Journal 
of Clinical Microbiology and Infectious Diseases, 21:697.

thomason B, dixon tC, hanna PC (2005). Anthrolysin O: 
the cholesterol-dependent cytolysin of Bacillus anthracis.  
Abstracts of the Bacillus ACGt Conference, Santa Fe, 
n.M., uSA, 25–29 September 2005, abstract P75. 

thorne CB (1956). Capsule formation and glutamyl poly-
peptide synthesis by Bacillus anthracis and Bacillus sub-
tilis. in: Spooner et, Stocker BA, eds. Bacterial anatomy. 
Cambridge, Cambridge university Press (68–80).

titball rW, Manchee rJ (1987). Factors affecting the ger-
mination of spores of Bacillus anthracis. Journal of Applied 
Bacteriology, 62:269–273.

titball rW, turnbull PC, hutson rA (1991). the moni-
toring and detection of Bacillus anthracis in the environ-
ment. Society for Applied Bacteriology Symposium Series, 
20:9S–18S.



195

ReFeRences

todd SJ et al. (2003). Genes of Bacillus cereus and Bacillus 
anthracis encoding proteins of the exosporium. Journal of 
Bacteriology, 185:3373–3378.

tomaso h et al. (2006). Growth characteristics of Bacillus 
anthracis compared to other Bacillus spp. on the selective 
nutrient media Anthrax Blood Agar® and Cereus ident 
Agar®. Systematic and Applied Microbiology, 29:24-28.

tomcsik J, ivanovics G (1938). [the protective action of 
anthrax anticapsular immune substance to anthrax 
infection]. Zeitschrift für Immunitätsforschung, 94:28–44. 
(in German.)

tonello F et al. (2005). Anthrax toxins inhibit peripheral 
blood lymphocytes. Another immune system cell targeted by 
anthrax and a reevaluatoin of the role of anthrax edema factor. 
Abstracts of the Bacillus ACGt Conference, Santa Fe, 
n.M., uSA, 25–29 September 2005, abstract o38.

trnka Z et al. (1958). [experimental contributions to the 
lymphatic pathogenesis of anthrax infection]. Cesko-
slovenska Mikrobiologie, 5:82–91. (in Czech.) (Cited by 
Lincoln et al., 1961.)

tsurkan AP, Shoismatulloev BS, Vermul MS (1980). 
[Case of recurrent human anthrax occurring several 
weeks after the primary disease]. Zhurnal Mikrobiologii, 
Epidemiologii i Immunobiologii, 11:105–107. (in russian, 
summary in english.)

tubbesing uh (1997). An outbreak of anthrax amongst wild 
carnivore species held in captivity. Proceedings of a sym-
posium on lions and leopards as game ranch animals. 
onderstepoort, South Africa, october 1997 (163–167).

turell MJ, Knudson GB (1987). Mechanical transmission 
of Bacillus anthracis by stable flies (Stomoxys calcitrans) 
and mosquitoes (Aedes aegypti and Aedes taeniorhynchus). 
Infection and Immunity, 55:1859–1861.

turnbull P (1990a). Anthrax. in: Smith Gr, easmon Cr, 
eds. Topley and Wilson’s principles of bacteriology, virol-
ogy and immunity. eighth ed. Vol. 3. Sevenoaks, edward 
Arnold (365–379). 

turnbull PC (1990b).terminal bacterial and toxin levels 
in the blood of guinea-pigs dying of anthrax. Salisbury 
Medical Bulletin, 68S:53–55.

turnbull PC (1991). Anthrax vaccines: past, present and 
future. Vaccine, 9:533–539.

turnbull PC (1996). Guidance on environments known 
to be or suspected of being contaminated with anthrax 
spores. Land Contamination and Reclamation, 4:37–45.

turnbull PC (2000). Current status of immunization 
against anthrax: old vaccines may be here to stay for a 
while. Current Opinion in Infectious Diseases, 13:113–120.

turnbull PC, Kramer JM (1991). Bacillus. in: Balows 
A et al., eds. Manual of clinical microbiology. Fifth ed. 
Washington, d.C., American Society for Microbiology 
(296–303).

turnbull PC, Kramer JM (1995). Bacillus. in: Murray 
Pr et al., eds. Manual of clinical microbiology. Sixth ed. 
Washington, d.C., American Society for Microbiology 
(349–356).

turnbull P, Bowen J, Mann J (1996). Stubborn con-
tamination with anthrax spores. Environmental Health, 
104:171–173.

turnbull PC, Fowler K, Baillie L (2001a). Orally administered 
live spore vaccines fail to induce immunity against anthrax. 
Abstracts of the Fourth international Conference on 
Anthrax, St John’s College, Annapolis, M.d., uSA, 10-13 
June 2001 (25).

turnbull PC, Frawley dA, Bull rL (2006) heat activa-
tion/shock temperatures for Bacillus anthracis spores and 
the issue of spore plate counts versus true numbers of 
spores. Journal of Microbiological Methods, 68:353–357.

turnbull PC, Kramer JM, Melling J (1990a). Bacillus. in: 
Parker Mt, duerden Bi, eds. Topley and Wilson’s principles 
of bacteriology, virology and immunity. eighth ed. Vol. 2. 
Sevenoaks, edward Arnold (187–210). 

turnbull PC et al. (1986). development of antibodies 
to protective antigen and lethal factor components of 
anthrax toxin in humans and guinea-pigs and their rel-
evance to protective immunity. Infection and Immunity, 
52:356–363.

turnbull PC et al. (1988). Antibodies to anthrax toxin 
in humans and guinea-pigs and their relevance to pro-
tective immunity. Medical Microbiology and Immunology, 
177:293–303.

turnbull PC et al. (1990b). Protection conferred by 
microbially-supplemented uK and purified PA vaccines. 
Salisbury Medical Bulletin, 68S:89–91.

turnbull PC et al. (1991). Anthrax in wildlife in the 
Luangwa Valley, Zambia. Veterinary Record, 128: 
399–403.

turnbull PC et al. (1992a). Serology and anthrax in 
humans, livestock and etosha national Park wildlife. 
Epidemiology and Infection, 108:299–313.

turnbull PC et al. (1992b). Bacillus anthracis but not 
always anthrax. Journal of Applied Bacteriology, 72: 21–28.

turnbull PC et al. (1998a). Guidelines on surveillance and 
control of anthrax in humans and animals. Geneva, World 
health organization (Who/eMC/Zdi/98.6). 

turnbull PC et al. (1998b). Airborne movement of anthrax 
spores from carcass sites in the etosha national Park, 
namibia. Journal of Applied Microbiology, 84:667–676.

turnbull PC et al. (2001b). Seroconversion in bison (Bison 
bison) in northwest Canada experiencing sporadic and epi-
zootic anthrax. Abstracts of the Fourth international 
Conference on Anthrax, St John’s College, Annapolis, 
M.d., uSA, 10–13 June 2001 (18).



AntHRAX In HUmAns And AnImAls

196

turnbull PC et al. (2004a). MiCs of selected antibiotics 
for Bacillus anthracis, Bacillus cereus, Bacillus thuringiensis 
and Bacillus mycoides from a range of clinical and envi-
ronmental sources as determined by the etest. Journal of 
Clinical Microbiology, 42:3626–3634.

turnbull PC et al. (2004b). Vaccine-induced protection 
against anthrax in cheetah (Acinonyx jubatus) and 
black rhinoceros (Diceros bicornis). Vaccine, 22:3340–3347.

turnbull W, Abhayaratne P (2002). WMD terrorism chro-
nology: incidents involving subnational actors and chemical, 
biological, radiological, and nuclear materials (http://cns.
miis.edu/research/terror.htm).

turner M (1980). Anthrax in humans in Zimbabwe. 
Central African Journal of Medicine, 26:160–161.

Vallery-radot r (1923). The life of Pasteur. new York, 
doubleday.

Van den Bosch C (1996). recalling an outbreak of gas-
trointestinal anthrax in northern Kenya, 1966. Salisbury 
Medical Bulletin, 87S:139.

Van ness GB (1971). ecology of anthrax. Science, 172: 
1303–1307.

Van ness G, Stein Cd (1956). Soils of the united States 
favorable for anthrax. Journal of the American Veterinary 
Medicine Association, 128:7–10.

Viljoen Pr, Curson hh, Fourie PJ (1928). Anthrax in 
South Africa. 13th and 14th reports of the director of 
Veterinary education and research. Pretoria, union 
department of Agriculture (431–528).

Vitale G et al. (1998). Anthrax lethal factor cleaves the 
n-terminus of MAPKKs and induces tyrosine/threo-
nine phosphorylation of MAPKs in cultured macro-
phages. Biochimica Biophysica Research Communications, 
248:706–711.

Vitale G et al. (2000). Susceptibility of mitogen-activated 
protein kinase kinase family members to proteolysis by 
anthrax lethal factor. Biochemical Journal, 352:739–745. 

Wade Bh et al. (1985). Anthrax toxin components stim-
ulate chemotaxis of human polymorphonuclear neu-
trophils. Proceedings of the Society for Experimental Biology 
and Medicine, 179:159–162.

Walker JS et al. (1967). A unique defense mechanism 
against anthrax demonstrated in dwarf swine. Journal of 
Bacteriology, 93:2031–2032.

Walker ri, owen rL (1990). intestinal barriers to bacteria 
and their toxins. Annual Review of Medicine, 41:393–400.

Wang tt, Lucas Ah (2004). the capsule of Bacillus anthra-
cis behaves as a thymus-independent type-2 antigen. 
Infection and Immunity, 72:5460–5463.

Wang tt et al. (2004). induction of opsonic antibodies to 
the gamma-d-glutamic acid capsule of Bacillus anthracis 
by immunization with a synthetic peptide-carrier pro-
tein conjugate. FEMS Immunology and Medical Microbiology, 
40:231–237.

Warfel JM, Steele Ad, d’Agnillo F (2005). Endothelial 
responses to anthrax lethal toxin. Abstracts of the Bacillus 
ACGt Conference, Santa Fe, n.M., uSA, 25–29 September 
2005, abstract o14.

Watson A, Keir d (1994). information on which to base 
assessments of risk from environments contaminated 
with anthrax spores. Epidemiology and Infection, 113: 
479–490.

Webster A (1973). inhibiting effect of antibiotics on 
anthrax vaccination. Australian Veterinary Journal, 49: 
545.

Weidlich n (1935). Prolonged colonization of the udder 
of a cow by anthrax bacilli. Veterinary Record, 15:404.

Weinstein L (1938). the prophylaxis of experimental 
anthrax infection with various hormone preparations. 
Yale Journal of Biology and Medicine, 11:369–392.

Weis CP et al. (2002). Secondary aerosolization of 
viable Bacillus anthracis spores in a contaminated uS 
Senate office. Journal of the American Medical Association, 
288:2853–2858.

Welkos SL (1991). Plasmid-associated virulence fac-
tors of non-toxigenic (pX01-) Bacillus anthracis. Microbial 
Pathogenesis, 10:183–198.

Welkos SL, Keener tJ, Gibbs Ph (1986). differences in 
susceptibility of inbred mice to Bacillus anthracis. Infection 
and Immunity, 51:795–800.

Welkos SL et al. (1989). resistance to the Sterne strain 
of B. anthracis: phagocytic cell responses of resistant and 
susceptible mice. Microbial Pathogenesis, 7:15–35.

Welkos SL et al. (1990). Pathogenesis and host resistance 
to Bacillus anthracis: a mouse model. Salisbury Medical 
Bulletin, 68S:49–52.

Welkos S et al. (2002). in-vitro characterization of the 
phagocytosis and fate of anthrax spores in macro-
phages and the effects of anti-PA antibody. Journal of 
Medical Microbiology, 51:821–831.

Wheelis M (1999). Biological sabotage in World War i. 
in: Geissler e, van Courtland Moon Je, eds. Biological and 
toxin weapons: research, development and use from the Middle 
Ages to 1945. SiPri Chemical and Biological Warfare 
Studies, 18. oxford, oxford university Press (35–62).

Whitby Le (1928). Anthrax. in: Medical bacteriology, descrip-
tive and applied. London, J & A Churchill (134–137).

Whitford hW (1979). Anthrax. in: Steele Jh, ed. CRC 
handbook series in zoonoses, Section A. Bacterial, rickett-
sial and mycotic diseases. Vol. 1. Boca raton, CrC Press 
(31–66).



197

ReFeRences

Whitworth Sh (1924). The influence of hydrogen ion con-
centration on the biology of the anthrax organism. [thesis]. 
Zurich, university of Zurich. (Cited by Van ness, 1971.)

Who (1967). Requirements for anthrax spore vaccine (live – 
for veterinary use) (requirements for biological substances 13). 
Geneva, World health organization (Who technical 
report Series no. 361).

Who (1991). Formaldehyde health and safety guide. Geneva, 
World health organization (health and Safety Guide 
57).

Who (1997a). Disease outbreak in Kenya: WHO does not 
recommend travel restrictions. Press release Who/101, 30 
december 1997.

Who (1997b). WHO recommended surveillance stand-
ards. Geneva, World health organization (Who/eMC/
diS/97.1).

Who (2003). Manual for laboratory diagnosis of anthrax. new 
delhi, Who regional office for South-east Asia (SeA-
hLM-371).

Who (2004). The public health response to biological and 
chemical weapons. Geneva, World health organization.

Who (2007). Guidance on regulations for the transport of 
infectious substances 2007–2008. Geneva, World health 
organization (Who/CdS/ePr/2007.2).

Widdicombe JG, hughes r, May AJ (1956). the role of 
the lymphatic system in the pathogenesis of anthrax. 
British Journal of Experimental Pathology, 37:343–349.

Wild MA et al. (2003). human antibodies from immu-
nized donors are protective against anthrax toxin in 
vivo. Nature Biotechnology, 21:1305–1306. 

Williams dd, turnbough CL (2004). Surface layer pro-
tein eA1 is not a component of Bacillus anthracis spores 
but is a persistent contaminant in spore preparations. 
Journal of Bacteriology, 186: 566–569. 

Williams dr, rees GB, rogers Me (1992). observations 
on an outbreak of anthrax in pigs in north Wales. 
Veterinary Record, 131:363–366.

Williams JL et al. (2002). Anthrax postexposure prophy-
laxis in postal workers, Connecticut, 2001. Emerging 
Infectious Diseases, 8:1133–1137.

Williams nF (1932). Anthrax. Journal of the American 
Veterinary Medical Association, 81:9–25.

Wilson JB, russell Ke (1964). isolation of Bacillus anthra-
cis from soil stored 60 years. Journal of Bacteriology, 
87:237–238.

Wilson dC, Stevens C (1981). Problems arising from the 
redevelopment of gas works and similar sites. Aere harwell 
report r-10366. London, hMSo. 

Wise GA, Kennedy dJ (1980). Anthrax in south-western 
nSW. New South Wales Veterinary Proceedings, 16:55–59.

Witzmann C, Böhm r (1990). Specificity of monoclonal 
antibodies against vegetative cells of Bacillus anthracis. 
Salisbury Medical Bulletin, 68S:25–26.

Young GA, Zelle Mr, Lincoln re (1946). respiratory 
pathogenicity of Bacillus anthracis spores. 1. Methods 
of study and observations on pathogenesis. Journal of 
Infectious Diseases, 79:233–271.

Young Se, healing td (1995). infection in the deceased: 
a survey of management. PHLS Communicable Disease 
Report, 5: r69–r73.

Yu L et al. (2002). PHPS efforts associated with an anthrax 
epizootic in Texas, 2001. Proceedings of the annual meet-
ing of the Public health Prevention Service, 2002.

Zaucha GM et al. (1998). the pathology of experimen-
tal anthrax in rabbits exposed by inhalation and sub-
cutaneous inoculation. Archives of Pathological Laboratory 
Medicine, 122:982–992.

Zenewicz L, Atherly L, Shen h (2005). Early innate response 
following intranasal immunization with spores of Bacillus 
anthracis Sterne vaccine. Abstracts of the Bacillus ACGt 
Conference, Santa Fe, n.M., uSA, 25–29 September 2005, 
abstract o48.

Zwartouw ht, Smith h (1956a). Polyglutamic acid from 
Bacillus anthracis grown in vivo: structure and aggressin 
activity. Biochemical Journal, 63:437–442.

Zwartouw ht, Smith h (1956b). non-identity of the 
phospholipase of Bacillus anthracis with the anthrax 
toxin. Journal of General Microbiology, 15:261–265. 



Index

AntHRAX In HUmAns And AnImAls

198

acp genes  56
adefovir diphosphate  88
adherence, postexposure prophylaxis  85–86
adjuvants  97
aerosols  22–23, 43
age-related differences  25–26, 37
airborne transmission  22–23, 39–40, 91–92
airway obstruction  44, 47, 80
alimentary tract anthrax see intestion anthrax
amoxicillin  71, 78, 80, 85
amoxicillin/clavulanic acid  71
amphibians  8, 33
ampicillin  71, 81
ampicillin/sulbactam  71
animal anthrax  18–35
 age and sex variations  25–26
 antibiotic therapy  78–79
 case classification  107
 case definitions  107
 case-reporting  102–106
 clinical manifestations  29–33
 diagnosis  33–35
 epidemiology  21–29
 hyperimmune serum therapy  79, 161
 incidence  20–21
 response to outbreaks  77–79, 95, 170–175
 specimen collection  121–123, 124
 supportive therapy  79
 surveillance  107–108
 transmission  21–25
animal handlers, precautions for exposed  175
animal houses, disinfection  145–147
animal pathogenicity tests  67, 120, 137
animal products
 decontamination  149–152
 detection of bacilli  61
 diagnostic testing  129, 130
 ease of diagnosis  125–126
 importation regulations  93
 sample handling  121
 specimen collection  123
 terrestrial Animal health Code (oie)  155–156
 transmission via  22, 23
 vaccination of workers processing  96
animals
 deliberate release targeting  172
 susceptibility and infectious dose  8, 18–20, 32–33
 vaccination  78, 95, 108

 see also laboratory animals; livestock; wildlife
anthrax letter events, uSA (2001)  8, 28
 analysis of strain used  16
 antibiotic therapy  40–41, 52, 70, 82
 clinical manifestations  48, 51
 diagnostic tests  46, 49–50
 incubation period  44
 infectious dose  38, 39–40
 postexposure prophylaxis  85–86
 supportive care  77
 transmission risk  43
anthrax vaccine adsorbed (AVA)  96
Anthraxint skin test  46, 50, 138
anthrolysin o  60, 64
antibiotics  70
 animal anthrax  78–79
 combination therapy  80–81, 82
 diagnosis after treatment  34, 125
 duration of therapy  82
 guidance  170, 174
 human anthrax  80–84, 86
 intravenous  80, 82
 minimum inhibitory concentrations (MiCs)  71–76
 postexposure prophylaxis see postexposure 
prophylaxis
 vaccine interactions  78, 85, 157–158
antibody response
 animals  26, 32
 capsule antigens  57
 humans  45–46, 50
 vaccines  94, 95, 157–158, 159–160
 see also serology
antigen detection tests  34–35, 136–137
antisera, therapeutic see sera, therapeutic
APi 50ChB identification system  62–63
ascites  47, 50, 84, 122
Ascoli precipitin test  34–35, 136–137
atxA gene  56, 60, 67
autoclaving  154
 animal products  149
 clothing  149, 151
 environmental materials  150
 laboratory items  119, 125, 148

Bacillus anthracis  61–69
 blood counts at death  33
 detection and isolation  61–62, 117–138
 identification and confirmation  62–67, 117–138



199

 molecular composition  67
 morphology  61, 127
 spores see spores
 strains  16–17
 surface antigens  68
 transport of samples  69, 124
 vegetative forms see vegetative forms
Bacillus cereus group  98
 differentiation from  62–67
 evolutionary relationship  67
Bacillus subtilis WB600 pPA101 recombinant vaccine   
  98–99
bacteraemia
 human anthrax  47, 49
 terminal  18, 33, 53
bacteriology  61–69, 119–120
barn anthrax  21
BclA  94
β-lactamases  70–77
bicarbonate agar  120, 132
bicarbonate ion (hCo3-)  56–58, 61
bioaggression (deliberate release)  8
 into animal populations  172
 infectious dose  40, 41
 postexposure prophylaxis  84–85
 rapid spore-detection tests  68
 response to incidents  84–86
 samples see deliberate release samples
 transmission via  28–29, 42–43
biological warfare  28
biosafety, laboratory  117
biosafety cabinets  117, 121
 fumigation  147
birds  25, 31
bison  15, 25
 anti-anthrax antibodies  26
 clinical manifestations  31–32
 disposal of carcasses  37–38, 91, 153–154
bleach see hypochlorite solutions
bleeding see haemorrhage
blood
 capsule formation  131–132
 sample collection  33, 122, 123
blood agar  119
 colonial morphology  62, Fig. 8
 haemolysis  64
blood cultures  33–34, 49, 122
blood smears  61, Fig. 8
 dead animals  33–34
 diagnostic value  33
 sample collection  33, 122, 123
blow-torches, down-directed  91, 154, Fig. 10
blowflies  24, 28
body bags, human  93
body fluids
 collection  34, 49, 122, 123
 smears  61
boiling of water  150
bones/bonemeal  22, 30, 151–152

bovines  30
 see also bison; cattle
breastfeeding mothers  85
bristles, animal  151
broth cultures  119
browsers  28
burial
 animal carcasses  89, 91
 human anthrax cases  93
 old sites  13, 22, 91
burning see incineration

calcium  11–13
calves, vaccination  95, 160–161
cap genes, PCr detection  132, 133, 134, 135, 136
capBCAD operon  56
capillary morphogenesis protein 2 (CMG2)  58
capsule  56, 57–58
 ability to produce  63, 65–66
 gene detection using PCr  56
 induction in laboratory  61, 119, 131–132, Fig. 8
 monoclonal antibodies targeting  87, 88
 protective role  55, 57
 staining methods  127–128
capsule agar  140
captive animals  29, 32
carbon dioxide (Co2)  56–58, 61, Fig. 8
Carbosap vaccine  157
carbuncular lesions  30, 31
carcass sites, contaminated  13
 decontamination  78, 90, 91, 150–151, 170, Fig. 10
 human exposure  39, 41
 multiplication cycles  11
carcasses, anthrax (animal)  22
 burial sites  13, 22
 disposal  89–92, 110, 170, 171
 flies feeding on  24, 28
 incineration see incineration
 ingestion by other animals  30, 31, 32
 postexposure prophylaxis  86
 risks to humans handling  37–38, 42
 specimen collection  33–34, 121–123
 wildlife parks and reserves  90–91, 173
 see also meat
“cardinal’s cap”  51
carnivores  18, 32–33
carrier state  26–27
carrion eaters  25
case
 classification  107
 definitions  106, 107, 120–121
 management in livestock  171
 reporting  101, 102–106
casein hydrolysis  66
cats  31
cattle
 age and gender variations  25–26
 antibiotic therapy  78
 chronic infections  26
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 clinical manifestations  30
 incubation period  29
 pathogenesis/pathology  53, 54
 susceptibility  18, 19, 27
 transmission to  21, 22, 24, 28–29
 vaccination  95, 157–159
 vaccine failure  159–161
 see also milk
cattle drives/trails  24–25
cellular immunity  94, 96–97
cephalosporinase  77
certificate, international veterinary  155, 156
chains, bacilli  61, 63–64, 119, Fig. 8
cheetah  32, 33, 95
“chernozem concept”  12
chest X-rays  48, 49
children
 antibiotic therapy  80–81, 82–83
 postexposure prophylaxis  85
chimpanzees  33
chloramphenicol  70, 72, 83–84
chlorination, water  150, 173, 174
chlorine dioxide  144, 146, 147
chlorine solutions see hypochlorite solutions
chromosome, Bacillus anthracis  67, 135
chronic infections  26–27
ciprofloxacin  73
 human anthrax  80, 81, 82
 postexposure prophylaxis  84–85
 pregnant women  83
citrate utilization  63, 66
clarithromycin  73, 80, 81
cleaning  146
climate  14–15
clindamycin  73, 80
clinical manifestations
 animal anthrax  29–33
 human anthrax  43–52
clinical samples
 handling  121
 smear preparation  126
 transport  69
 see also fresh human/animal samples; specimens
clothing
 decontamination  125, 149, 151
 protective see personal protective equipment
colonies, Bacillus anthracis  61, 62, 119, Fig. 8, Fig. 14
communication, disease data  108–109
compensation, to owners  108
computed tomography (Ct) scans  49
concentrator hypothesis see incubator area/  
  concentrator hypothesis
confirmation of diagnosis
 bacteriological  62–67, 128–136
 human anthrax  48, 49–50
 laboratory equipment and materials  118, 120–121
 retrospective  137–138
 test procedures  131–136
confirmed case  107, 118
conjunctival route of exposure  18

contaminated sites
 risk considerations  178
 sampling plans  176–178
 trigger concentrations  178
 see also carcass sites, contaminated; soil
contingency plans  170–175
control measures  89–100
 contingency plan  170–175
 templates  109–113
corticosteroids  84
cotrimoxazole  73
cough  48
cremation  93
 see also incineration
crops, transmission via  21, 22
CSF samples  122
culture  61, 119
 animal carcasses  33–34
 confirmation of diagnosis  129
 media see media
 smear preparation  126
 specimen collection  33, 122, 123
 spills and splashes  148
cutaneous anthrax  44–46
 animals  29
 antibiotic therapy  80, 82
 case definition  106
 clinical manifestations  44–45, Fig. 4, Fig. 5
 diagnostic tests  45–46
 differential diagnosis  45
 incidence  36
 infection control  92–93
 infectious dose  39
 long-term effects  51
 pathogenesis/pathology  53–54
 precautions  46
 prognosis  43
 second/subsequent attacks  51–52, 88
 specimen collection  122, 124
 transmission  41, 42
 treatability  41
 see also subcutaneous exposure
cycle of infection  9, 10
 breaking  89, 90
 subsidiary (environmental)  10–11

dead animals see carcasses
death, cause of  59
deaths, sudden  29, 32, Fig. 2
decomposed animal specimens
 collection  34, 121, 123
 detection of bacilli  61
 diagnostic testing  130
 ease of diagnosis  125–126
decontamination  93, 143–154
 animal products/environmental materials  149–152
 carcass site  78, 90, 91, 150–151, 170, Fig. 10
 choice of procedures  143–144
 laboratory materials  125, 147–148
 personal exposures  149
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 see also disinfection; fumigation; incineration
deer, white-tailed  28, 31–32, 33
delayed type hypersensitivity testing  46, 137–138
deliberate release see bioaggression
deliberate release samples
 collection  121, 123
 diagnostic testing  129, 131
 see also bioaggression
developed countries, treatment of humans  84–88
developing countries
 disposal of anthrax carcasses  90
 treatment of humans  80–84
diagnosis
 animal anthrax  33–35
 antigen tests  34–35
 bacteriological  62–67
 confirmation of see confirmation of diagnosis
 confirmed  107, 118
 cutaneous anthrax  45–46
 dead animals  33–34
 differential  35, 45, 48, 50
 ease of, by specimen type  125–126
 ingestion anthrax  47, 48, 49–50
 inhalational anthrax  46, 49–50
 laboratory criteria  33–35, 106, 107
 laboratory procedures  117–138
 moleculares  35
 presumptive  118, 120–121
 retrospective  35, 45–46, 51, 137–138
 suspect  118, 120–121
 treated cases  34, 125
differential diagnosis  35, 45, 48
disinfectants  117, 123–124
 cautions  143
 choice  143–144
 efficacy tests  144–145
disinfection  93, 111, 143–154
 animal products, environmental materials, etc.   
  149–152
 laboratory materials  125, 147–148
 rooms, animal houses, vehicles  146–147
dismunity  65
disposal
 carcasses  89–92, 110, 170, 171
 laboratory materials  119, 123, 125
 vaccine and equipment  159
dnA vaccine  97
dogs  19, 31, 54, 91
double-bagging  124
doxycycline  73
 adverse effects  86
 human anthrax  81, 82, 84
 postexposure prophylaxis  84–85
dry climates  14, 15
dry swabs see swabs, dry
duckering process  151
dung, decontamination  149–150
dusts/powders
 diagnostic testing  131
 samples  123, 124

eA1 protein  59, 68
ecoepidemiology  16–17
ecology  9–17
educational materials  108, 112–113
eF see oedema Factor
egg yolk agar  64
elephants  33, 161
eLiSA  35
endemic areas  20–21
endothelial damage  59
enteric anthrax see ingestion anthrax
environment
 persistence of spores  13–14
 sporulation and germination  9–13
 see also contaminated sites
environmental materials, decontamination  149–152
environmental samples  121
 collection  123, 124, 178
 ease of diagnosis  125–126
 laboratory examination  61–62, 129–131, 176–177
 quantitation of results  176–177
 sampling plans  177–178
 transport/shipment  69, 178
enzootic areas/countries  8, 20, 21
 surveillance  108
enzyme immunoassays (eiA)  137–138
epidemics  38
epitopes, anthrax-specific  68
equines
 terrestrial Animal health Code (oie)  155, 156
 vaccination  158
 see also horses; zebra
eradication, disease  99–100
erythromycin  73, 81, 82
eschar, anthrax  44, Fig. 5
ethylene oxide  144, 147
etiology  9–17
exosporium  60
eyes
 exposure  18, 149
 protection  143, 146

family contacts  93
feedstuffs
 decontamination  149–150
 transmission via  21, 22
fertilizers  151–152
fish  174–175
flies  16, 23–24
fluorescent antibody stain  128
fluoroquinolones  80, 83
food samples  124, 131
formaldehyde  144
 cautions  143
 fumigation  145–146, 147
 solution see formalin
formalin
 animal products  149–150, 151
 carcasses/carcass sites  89, 90, 91, 92, 150, 173
 decomposition  150
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 environmental implications  174
 room/vehicle disinfection  146
 specimen collection  123–124
 vaporization  145, 147
fresh human/animal samples
 collection from animal carcass  33–34, 123
 detection and isolation  61
 diagnostic testing  128–129, 130
 ease of diagnosis  125
 handling  121
 see also clinical samples
fumigants  123–124, 143–144
fumigation  93, 125, 143–154
 cautions  143
 chambers  147
 hides and skins  151
 rooms  145–146
 safety cabinets  147

game-management areas (GMA)  172–173
 see also wildlife parks and reserves
gamma irradiation  143
gamma phage
 procedure  141
 sensitivity  64–65, 120, 131, Fig. 8
 therapeutic potential  88
gastrointestinal anthrax  47–48
 antibiotic therapy  80, 82
 case definition  106
 diagnosis  50
 differential diagnosis  48
 specimen collection  122
 surgical management  84
 versus inhalational anthrax  50
 see also ingestion anthrax
gelled fuel terra torch system  153–154
gender differences  25–26, 37
genome, Bacillus anthracis  67
gentamicin  74
geographical distribution  20–21
germination  68
 in environment  9–13
 factors affecting  11–13, 15
 within host  54, 55
 subsidiary cycles  10–11
germination-specific cortex-lytic enzyme (GSLe)  9
gerX operon  60
Giemsa stain  142
Global health Atlas  109
global positioning data  108
gloving, double  121, 122, 123
glutaraldehyde  144
glycerine  94
goat-hair processing mills  37, 39
goats
 clinical manifestations  30
 diagnosis  33
 prolonged incubation  26
 susceptibility  27, 28
 transmission to  24

 vaccination  95, 99, 158
good laboratory practice  117–119
grain  22
Gram stain  127
grazers  14–15, 21, 28
Gruinard island  13, 14
guinea-pigs  18–19
 diagnosis  33
 inoculation tests  67, 120, 137
 pathogenesis/pathology of disease  53
 transmission to  24
 vaccination  98–99

haemolysis  64
haemorrhage
 gastrointestinal  47, 50, 54
 internal organs  31, 34, 50
 pathogenesis  59
 terminal exudate  30, 32, 59, Fig. 2
hair, animal  14, 22, 151
hand-washing  119
hay  21, 22
health authorities  102
healthMapper software  108–109
heat activation/shock  129, 131
heat treatment see autoclaving; incineration; rendering
herbivores  8, 27–28
hides and skins, animal  22, 36
 decontamination  93, 151
 terrestrial Animal health Code (oie)  156
high-economy countries, treatment of humans  84–88
hippopotami  24, 33, 38
history, anomalies of  17
holding periods see vaccination
hoof  151–152
hormones  25
horn  151–152
horseflies (tabanid flies)  16, 23–24, 28–29
horse hair  14
horses
 clinical manifestations  30
 infectious dose  19
 terrestrial Animal health Code (oie)  155, 156
 transmission to  24
 vaccination  158
host range  8, 18–20
houseflies  24
human activities, seasonality and  16
human anthrax  36–52
 antibiotic therapy  80–84, 86
 case definitions  106
 case-reporting  102–106
 classification  41–42
 clinical manifestations  43–52
 epidemiology and transmission  41–43
 immunotherapy  86–88, 161
 incidence  36–37
 infection control  92–93
 infectious dose  38–41
 long-term effects  51
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 postexposure prophylaxis see postexposure  
  prophylaxis
 samples see clinical samples; fresh human/animal  
  samples
 second/subsequent infections  51–52, 88
 specimen collection  121–122, 124
 supportive care  77, 84
 surveillance  106–107
 susceptibility and risk assessment  37–41
 treatment  80–88
human:animal case ratios  36, 37
humoral immunity see antibody response
hydrocortisone  84
hydrogen peroxide  143, 144
 fumigation  146, 147
 room/vehicle disinfection  146
hyperimmune serum therapy  79, 86–87
hypochlorite (bleach) solutions  144
 cautions  143
 laboratory materials  125, 147–148
 room/vehicle disinfection  146
 skin decontamination  149
 specimen collection  121, 122, 123, 124
 titration of available chlorine  144–145
hypoxia  56, 61

identification  62–67
immune response
 anthrax  54–55, 93–94
 vaccines  95, 97, 157–158, 174
 see also antibody response
immunoassays  62, 137–138
immunochromatographic assays  45, 62, 138
immunocompromised individuals  84
immunoglobulins, therapeutic  87, 161
immunohistochemistry  34, 46, 50, 138
immunological tests  45–46
immunotherapy  79, 86–88, 161
incidence
 age and gender differences  25–26, 37
 animal anthrax  20–21
 human anthrax  36–37
incineration  91–92, 152–154, Fig. 10
 clothing, tools etc.  151
 gelled fuel system  153–154
 livestock  89, 90
 pit method  152
 pyre  152–153
 raised carcass method  153
incinerators, commercial
 centralized  154
 portable  91, 152, 154, Fig. 10
incubation
 periods  29, 44, 47, 48
 prolonged  26–27
incubator area/concentrator hypothesis  11, 12, 13
india ink  127–128
industrial anthrax  36, 37, 41, 42
industrial workers  96, 107
infection control measures  46, 92–93

infectious dose  18–20, 38–41
ingestion anthrax  46–48
 clinical manifestations  46–48
 diagnosis  47, 48, 49–50
 differential diagnosis  48
 incidence  36
 infectious dose  40
 mortality  43–44
 pathogenesis/pathology  54
 transmission  41–42
 see also gastrointestinal anthrax
inhalational anthrax  48–51
 antibiotic therapy  80
 case definition  106
 diagnosis  46, 49–50
 differential diagnosis  50
 infectious dose  39–40
 mortality  43–44
 pathogenesis/pathology  54
 specimen collection  122
 transmission  42
 treatability  40–41, 50
 versus gastrointestinal anthrax  50
inhalational route
 infectious dose  18, 19, 38, 39–40
 pathological events after entry  54
 postexposure actions  84–85, 149
 transmission to animals  21, 22–23
 vaccination  95–96
inoculation injuries  149, 159
insects  16, 23–24, 42
intensive care  77
interferon  88
international veterinary certificate  155, 156
intersectoral cooperation  99–100, 101–102
intestinal anthrax
 humans  36, 47–48
 pigs  30–31
 see also gastrointestinal anthrax and ingestion  
  anthraz
irradiation  143, 151
isolation of bacteria  61–62, 137

Japanese Second World War experiments  38, 40

kangaroo rats  19
kudu  28, 79

labelling, specimen  124
laboratory
 fumigation  145–146
 good practice  117–119
 operational safety  117
 procedures  117–138
 resources and facilities  118, 120–121
laboratory-acquired anthrax  42
laboratory animals  18–19
 incubation period  29
 inoculation tests  67, 120, 137
 see also guinea-pigs; mice
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laboratory equipment
 decontamination  125, 147–148
 requirements  118, 120–121
laboratory workers
 personal exposure  149
 personal protective equipment  117, 121
lactating animals  79, 158–159
 see also milk
lactating women  85
latent infections  26–27
Ld2  39
Ld50  18–19, 39, 40
lecithinase  64
Leishmann’s stain  142
Lethal Factor (LF)  58, 59
 serology  35
 susceptibility studies  18
 as therapeutic target  88, 94, 97
lethal toxin  18, 55, 58, 59
levofloxacin  74, 80
LF see Lethal Factor
LightCycler detection system  133–135, 136
lime  12, 91
lions  32, 79
livestock
 control of cases  171
 countries prohibiting treatment  79
 disposal of carcasses  89–90
 movement  78, 158, 170
 outbreak control guidance  170–171
 postexposure antibiotic therapy  78, 99
 vaccination  95, 99, 157–161
 vaccine failures  159–161
 wildlife management issues  100
 see also cattle; goats; pigs; sheep
llamas  158
Loeffler’s alkaline methylene blue  141–142
long-term effects  51
lymph nodes
 enlargement  44, 47, 48
 pathology  53, 54
 samples  34
lymphatic system  48–49, 53
lysozyme  139

M cells  54
macrophages  54–55, 59
Malachite green stain  127
mannitol  84
manufacturers
 therapeutic sera  161
 vaccine  161, 162–169
manure, decontamination  149–150
maternal antibody, interference with vaccination  95,  
  160–161
meat
 consumption by animals  22, 30, 31, 32
 human consumption  36, 38, 42
 terrestrial Animal health Code (oie)  155
 see also carcasses, anthrax

media (culture)  119
 preparation  139–140
 selective  61, 119–120
mediastinal anthrax  48–49, 50
mediastinal widening  48, 49
“Medusa head appearance”  119
membrane filtration  131
meningitis (meningoencephalitis), anthrax  44, 51
 antibiotic therapy  80, 83–84
 case definition  106
 specimen collection  122
methicillin  74
methyl bromide  144, 147
methylene blue  127, 141–142
M’Fadyean reaction (polychrome methylene blue stain) 
  127, 141–142
mice  18–19
 diagnosis  33
 inoculation tests  67, 120, 137
 pathogenesis/pathology of disease  53
microscopy  126–128
milk (and milk products)  34, 99, 156, 171–172
minimum infectious dose (Mid)  19, 38–39, 40
minimum inhibitory concentrations (MiCs)  71–76
mixed infections  20
Model Country Project, templates from  109–112
molecular diagnosis  35
monkeys see rhesus monkeys
monoclonal antibodies, therapeutic  87, 88
moose  32
mortality rates  38, 43–44
mosquitoes  24
motility, bacterial  64, 132
mouth, contamination  149
movement, livestock  78, 158, 170
multilocus variable number tandem repeat analysis  
  (MLVA)  16

nasal swabs  49, 122
natural disease  8
necropsy see postmortem examination
needle-stick injuries  149, 159
neutrophils  55
nitrate reduction  66
non-industrial anthrax  41, 42
nursing mothers  85

occupational anthrax  36, 37–38
oedema
 animal anthrax  30, 31, 32
 human anthrax  44, 51, Fig. 4
 “malignant”  45
 pathogenesis  53, 58
 treatment  80, 84
oedema Factor (eF)  58, 88, 94
oedema toxin  55, 58, 59
old animal specimens  121, 123
 detection of bacilli  61
 diagnostic testing  129, 130
 ease of diagnosis  125–126
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oral route anthrax see ingestion anthrax
oral route of exposure
 animals  18, 19
 humans  38, 40
 pathological events after  54
 postexposure prophylaxis  86, 149
 vaccines using  97–99
oropharyngeal anthrax  47, 48
ostriches  31
outbreaks
 frequently asked questions  174–175
 in humans  38
 predominance of one species  27–28
 response to  77–79, 95, 170–175
 role of soil disturbance  13, 20
 seasonality  14–16
 source see source of infection

PA see Protective Antigen
pagA gene  56
 PCr detection  132, 133, 134, 135, 136
Pangonia spp. flies  24
paraformaldehyde  145, 147
parenteral route of exposure  18–19
Pasteur, Louis  17, 31
Pasteur-type vaccines  20, 56, 94, 157
pathogenesis and pathology  53–60
PCr see polymerase chain reaction
penicillin  70
 alternatives  82–83
 animal anthrax  78–79
 human anthrax  80–82, 83
 minimum inhibitory concentrations  75
 “resistance”  70–77
 susceptibility  63, 120, 131, Fig. 8
penicillin/streptomycin  78, 79, 80–81, 82
penicillinase  70–77
peracetic acid  144, 150, 151
percutaneous exposure see subcutaneous exposure
peritoneal fluid  122
personal protective equipment (PPe)
 decontamination  125, 149
 disinfection/fumigation procedures  143, 145, 146,  
  147
 incineration  153
 laboratory workers  117, 121
 outbreak management  170
 specimen collection  121–122, 123, 178
 wildlife workers  174
 workers handling animals  86, 175
personnel see animal handlers; health workers;  
  industrial workers; laboratory workers; wildlife  
  workers
Peyer’s patches  54
ph, sporulation and germination  11–13
phage
 diagnostic  64–65, 120, 131, 141
 therapy  88
 see also gamma phage
phagocytosis  54–55
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pharyngeal form, porcine anthrax  30–31, 40, 54
phenylalanine deamination  63, 66
pigs  19
 chronic infections  26
 clinical manifestations  30–31
 diagnosis  33, 34
 incubation period  29
 pathogenesis/pathology  54
 terrestrial Animal health Code (oie)  155, 156
pit incineration  152
plasmids  56–57
PlcR gene  67
PLet see polymyxin-lysozyme-edtA-thallous acetate
pleural effusion  48, 49
point-source infections  27
poly-d-glutamic acid  57
polychrome methylene blue stain (M’Fadyean reaction) 
  127, 141–142
polymerase chain reaction (PCr)  61–62, 132–136
 commercial kit  136
 confirmation of diagnosis  35, 46, 50
 protocols  132–135
 virulence factor genes  56, 67
polymorphonuclear leukocytes  55
polymyxin-lysozyme-edtA-thallous acetate (PLet)  
  agar  61, 119–120, 139, Fig. 8, Fig. 14
polysaccharide  58
postexposure prophylaxis  84–86
 adherence and adverse events  85–86
 animal handlers  175
 bioterrorism incidents  84–85
 children  85
 laboratory workers  149
 natural anthrax  86
 pregnant women  83, 85
 vaccination  85, 96
 wildlife workers  174
postmortem examination
 animal cases  34, 89, 124
 human cases  93
 risks to humans  37–38
powders, deliberate release see deliberate release  
  samples
pregnant animals, vaccination  158–159
pregnant women
 antibiotic therapy  83
 postexposure prophylaxis  83, 85
presumptive diagnosis  118, 120–121
prevention see prophylaxis
primates, non-human  33, 39
 see also rhesus monkeys
primers, PCr  132, 134
prophylaxis  70–88, 93–99
 contingency planning  170–175
 see also postexposure prophylaxis; vaccination
propionate utilization  63, 66–67
Protective Antigen (PA)  58
 antibodies  35, 46, 94
 immune response  93–94
 immunoassays  62
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 monoclonal antibodies targeting  88
 purified recombinant vaccine  97
 susceptibility studies  18
protective clothing see personal protective equipment
pulmonary anthrax see inhalational anthrax
putrefaction  34, 89, 90
 see also decomposed animal specimens
pXo1  56–57, 60, 65–66, 67
pXo2  56–57, 65–66, 67
pyre incineration  152–153
pyrexia  30

quarantine  78, 108, 170

rabbits  19, 33, 53
rainfall  14
rats  18–19, 33, 53
recurrent infections  51–52, 88
relative humidity (rh)  11, 15
rendering  89, 92
reporting
 case  101, 102–106
 incentives/penalties  108
 template  110
 see also surveillance, anthrax
reptiles  8, 33
respirators
 room disinfection/fumigation  143, 145, 146
 safety cabinet fumigation  147
 specimen collection  123, 124
rhesus monkeys  19, 29, 33, 53, 54
rifampin (rifampicin)  75, 80–81, 83
rift Valley Fever  35, 45
risk
 assessment, human anthrax  37–41
 communication  43
 utilizing contaminated sites  178
rodents, wild  19, 32
romanowski stains  142
rooms
 disinfection  146–147
 fumigation  145–146
routes of exposure  18–19, 38–40
ruminants, terrestrial Animal health Code (oie)  155,  
  156

S-layer  59–60, 94
safety
 bacteriological confirmation  128
 handling sporicides  143
 microscopy  126
 operational laboratory  117
 sample processing  121
 specimen collection  123–124
safety cabinets see biosafety cabinets
salt, 5% and 7%  63, 66
samples see specimens
sampling plans, contaminated sites  176–178
Sap protein  59
saponin  94

seasonality  14–16
second infections  51–52, 88
Second World War  14, 22, 28, 38, 40, 172
sepsis, anthrax  47, 48, 51, 80
septicaemia  18, 48, 49, 53, 54
sera, therapeutic  79, 86–87, 157, 161
serology  35, 45–46, 137–138
sewage sludge  91, 150
sharps accidents  149, 159
sharps disposal  123, 125, 148
sheep  15
 clinical manifestations  30
 diagnosis  33
 incidence of anthrax  20
 pathogenesis/pathology  53, 54
 susceptibility  19, 27, 28
shock  47, 48, 51, 80
signs see clnical manifestations
skin
 abrasions and cuts  44, 121, 122
 protection from sporicides  143
 spills and splashes on  149
 see also cutaneous anthrax; subcutaneous exposure
skins, animal see hides and skins, animal
slaughter  79, 99, 158
slurry, decontamination  149–150
small acid-soluble proteins (SASPs)  9
smears  61, Fig. 8
 confirmation of diagnosis  128–129
 dead animals  33–34
 preparation and staining  126–128
 specimen collection  33, 122, 123
sodium chloride (naCl), 5% and 7%  63, 66
soil
 conditions/characteristics  12–13
 decontamination  150–151
 distribution of bacteria  177
 disturbance  13, 20, 22, 29, 91, 171
 ingestion  21, 28
 laboratory examination  129, 176–177
 multiplication cycles in  11
 sample collection  124, 177–178
 spore motility  13
 see also carcass sites, contaminated
source of infection  27
 discontinuation  89, 90
 investigation  102, 171
 see also cycle of infection; transmission
specimens
 collection  121–125
 containment  121, 124
 decomposed animal see decomposed animal 
specimens
 decontamination and disposal  125
 fresh see fresh human/animal samples
 labelling  124
 old animal see old animal specimens
 processing and containment  121
 storage  124
 transport  69, 124
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 treated cases  34, 125–126
 type/condition and ease of diagnosis  125–126
spills and splashes  148, 149
spleen  34, 53, 54
spore discs/strips  145–146, 154
spores  9–14, 67–68
 aerosolized, bioaggression events  43
 antigenicity  94
 composition  9
 description  61
 exosporium  60
 germination see germination
 heat treatment  129, 131
 laboratory media  63–64, 119, Fig. 8
 mechanisms of exposure  21, 22–23
 persistence  13–14
 physical movement  13
 rapid detection methods  68
 relative infectivity  40
 spills and splashes  148
 staining methods  127
sporicides
 cautions  143
 choice  143–144
 efficacy tests  144–145
 see also disinfectants; fumigants
“sporulate or die” theory  10–11
sporulation  67–68
 in environment  9–13
 factors influencing  11–13, 15
 laboratory conditions  63–64, 119, Fig. 8
 survival and  9–10
 temperature  11–12
sporulation agar  140
springbok  33
sputum collection  49
stable flies  24
staining  127–128, 141–142
standard precautions  46
starch hydrolysis  66
Sterne strain 34F2 vaccine  94–95, 157
 horses and goats  158
 manufacturers  162–168
 oral administration  98
 pregnant and lactating animals  158–159
steroids  84
Sti-1 strain vaccine  95–96, 169
strains  16–17
streptomycin  75, 78, 80, 81
 see also penicillin/streptomycin
stress  15
subcutaneous exposure
 actions taken after  149
 infectious dose  18, 38
 pathological events after  53–54
sulphamethoxazole  75, 140
supportive care  77, 79, 84
surfaces, spills and splashes on  148
surgery
 cutaneous  45

 gastrointestinal anthrax  84
surveillance, anthrax  101–113
 data communication  108–109
 human  106–107
 intersectoral cooperation  101–102
 objectives  102
 reporting outline  102–106
 templates  109–112
 veterinary  107–108
survival, environmental  9–10
susceptibility
 animals  8, 18–20
 humans  37–41
suspect diagnosis  118, 120–121
suspected case  107
Sverdlovsk accidental release incident (1979)
 animal anthrax  23, 26, 29
 anthrax meningitis  51
 human anthrax  37, 38, 39, 40, 48
swabs, dry  125
 diagnostic testing  129
 taking  33, 122, 123, 124
swine see pigs
symptoms see clnical manifestations

tabanid flies  16, 23–24, 28–29
tanneries  13, 22, 91, 150, 151
temperature
 carcass disposal  92
 climate  15
 germination  11–12, 68
 growth in laboratory  119
 sporulation  11
terrestrial Animal health Code (oie)  155–156
tetracycline  75, 78, 81, 82
thallous acetate  139
thermostable antigen test (Ascoli)  34–35, 136–137
34F2 strain vaccine see Sterne strain 34F2 vaccine
ticks  24
tissue specimens  34, 61, 123
tonsils  47
tools, decontamination  151
tosufloxacin  75
toxaemia  47, 48, 49, 51
toxin complex, anthrax  56, 58–59, Fig. 7
 detection  50, 56
 immune responses  93–94
 immunotherapies targeting  88
 susceptibility studies  18
 terminal haemorrhage and  59
 see also specific toxins
tracheal obstruction see airway obstruction
trade, animal products  22, 23, 158
transmission
 airborne  22–23, 39–40, 91–92
 animal anthrax  21–25
 by deliberate release  28–29, 42–43
 human anthrax  41–43
 mechanical  23–25, 42
 person-to-person  42
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 via animal products  22, 23
 via feedstuffs  21, 22
 via insects  23–24, 42
 see also source of infection
transport
 anthrax carcasses  90
 specimen  69, 124
treatability  40–41
treatment  70–88
trimethoprim  76
trimethoprim/sulfamethoxazole  76
trimethoprim-sulfamethoxazole blood agar (tSPBA)   
  61, 120, 140
tumour endothelial marker 8 (teM8)  58

ultraviolet (uV) irradiation  125, 143
united nations Model regulations (unMr)  69
urease  63

vaccination  20, 111
 animals  78, 95, 108, 157–161
 duration of veterinary programmes  99
 failure in livestock  159–161
 guidance  170, 171
 holding period (withholding period)  78, 99, 158
 maternal antibody interference  95, 160–161
 postexposure  85, 96
 slaughter after  99, 158
 wildlife  95, 161, 173
 withholding period  78, 99, 158
vaccines  77, 93–99, 157–161
 accidental operator inoculation  159
 animal (veterinary)  94–95, 97, 157–161
 antibiotic interactions  78, 157–158
 candidate antigens  56, 57, 93–94, 97
 and equipment, disposal  159
 human  95–97, 161
 injection  158
 manufacturers  161, 162–169
 orally administered live spore  97–99
 potency  160
 prospective new  96–97
 storage  157

vancomycin  76, 80–81, 83
variable number tandem repeat (Vntr)  16
vegetative forms  9–14, 40
 in milk  171–172
 morphology  61, 63–64, Fig. 8
 sporulation see sporulation
 survival within host  55
vehicles  145–147, 170
vesicles  44
vesicular fluid  44, 122, 124
veterinarians, lack of experience  20
veterinary surveillance  107–108
virulence factors  56–60
Voges-Proskauer reaction  63, 66
Vollum strain  12, 19, 24, 98
vultures  25, 31

water
 bacterial growth/survival  12, 13
 diagnostic testing  131
 sample collection  124
 treatment  150, 173, 174
water activity (aw)  11–13, 15
wildebeest, blue  33
wildlife
 antibiotic therapy  79
 clinical manifestations  31–33
 management of carcasses  90–91, 173
 vaccination  95, 161, 173
wildlife parks and reserves  13, 20
 livestock issues  100
 outbreak control  100, 172–175
wildlife workers  37–38, 174
wind  22–23
withholding period see vaccination
wool  22, 151, 156
Wright’s stain  142

zebra  28, 33, 158
Ziehl-neelsen stain, modified  119, 127
Zimbabwe pandemic (1979–1980)  28–29, 38
zoos  29, 32
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