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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	R aven 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	T errestrial 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	T he 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:

•	T he 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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•	R eceiving 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:

•	T he vaccine spores in the reservoir of the auto-
matic syringe settle, so some animals get a 
reduced dose.

•	T he reservoir containing the vaccine runs out and 
some animals, although injected, actually receive 
no vaccine. 

•	T he 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.

•	T he 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.

•	R eplies were not received from a number of coun-
tries, so no update was possible (this has been 
indicated where appropriate).

•	O ne 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:

•	T he Research Institute of Microbiology, 610024 
Kirov, Oktyabrskiy Prospect, 119, Russian 
Federation. Tel: +7 (0) 8330 38 15 27.

Annex 5
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Table 18

Manufacturers of livestock anthrax vaccine

Country	Ma nufacturer	D escription	D ose

Argentina	 Instituto Rosenbuch	S train: R	C attle: 2 ml s.c. 
	S an José 1469 – (1136) Buenos Aires
	T el./Fax: +54 11 4304 6922	S train: Sterne	C attle: 1 ml s.c.

	S an Jorge – Bago	S train: Sterne	C attle: 2 ml s.c.
	 9 de Abril 1251 – (1842) 		S  heep: 1 ml s.c.
	M onte Grande 
	P cia. Buenos Aires
	T el. +54 11 4296 2990

	B ayer	S train: Sterne	C attle: 2 ml s.c.
	 R Gutiérrez 3652 – (1605) Munro
	B uenos Aires
	T el./Fax: +54 11 4762 7000

	S anidad Ganadera	S train: Sterne	C attle: 2 ml s.c.
	P erú 1645/55		S  heep: 1 ml s.c.
	B uenos Aires
	T el./Fax: +54 11 4307 9983	S train: Chaco	C attle: 2 ml s.c.

	M erial	S train: Sterne	C attle: 2 ml s.c. 
	 Int. Tomkinson 2054 – (1642) San Isidro		S  heep: 1 ml s.c.
	B uenos Aires
	T el./Fax: +54 11 4732 6700

	 Agreed	S train: Sterne	C attle: 2 ml s.c.
	 Valle Grande 3318 – (1636) Olivos
	B uenos Aires
	T el./Fax: +54 11 4512 1554/5

	 Immunovet	S train: Sterne	C attle: 2 ml s.c.
	 Ruta 36 y Calle 78 – (1901) Olmos-La Plata		S  heep: 1 ml s.c.
	B uenos Aires
	T el./Fax: +54 221 4962 392

	B iogenesis	S train: Sterne	C attle: 2 ml s.c.
	 Ruta Panamericana Km.38.2 – (1619) Garín		S  heep: 1 ml s.c.
	B uenos Aires
	T el.: +54 3327 448 300

Bangladesh	 Animal Husbandry Laboratory
(no update in 2002)	M ohakhali 
	D haka 
	 Animal Husbandry Laboratory 
	C ossilla

Botswana	B otswana Vaccine Institute	S terne/saponin	C attle, sheep and goats: 
	B roadhurst Industrial Site		    10 x 106 s.c. (1ml)
	L ejara Road
	P rivate Bag 0031		  Annual revaccination.
	G aborone
	T el.: +267 3912711
	 Fax: +267 3956798
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Brazil	 IRFA – Química e Biotecnologia 	S terne 34F
2
	C attle: 2 ml s.c. 

	   Industrial Ltda.		S  heep, goats, pigs, horses:
	E strada do Lami, 6133		    1 ml s.c.
	B airro Belém Novo 91780-120		
	P orto Alegre – RS
	T el.: +55 51 258 1333/1241

	L aboratório Hertape SA	S terne 34F
2
	S heep, goats, pigs, cattle:

	 Rod. MG 050 2001  		    0.5 ml s.c.
	CEP  35675-000
	 Juatuba – MG
	T el.: +55 31 3535 8668

	 Vallée SA	S terne 34F
2
	C attle: 2 ml s.c.

	 Av. Hum 1500 – Distrito Industrial		S  heep, goats, pigs: 1 ml s.c.
	CEP  39404-003 
	M ontes Claro – MG
	T el.: +55 38 3229 7000

	L abovet Produtos Veterinários Ltda	S terne 34F
2
	C attle: 1 ml s.c.

	 Av. Banco do Nordeste		S  heep, goats, donkeys, pigs:
	G alpão 22-A		    0.5 ml s.c.
	CEP  44052-510
	 Feira de Santana – BA
	T el.: +55 75 622 3922/5946

	L aboratório Vencofarma do Brasil Ltda	S terne 34F
2
	C attle: 1 ml s.c.

	T rav. Dalva de Oliveira, 237		S  heep, goats, donkeys,
	CEP  86030-380 		    pigs: 0.5 ml s.c.
	L ondrina – PR
	T el.: +55 43 339 1350

	L aboratório Agromédica Ltda	S terne 34F
2
	C attle, horses: 1 ml s.c. 

	 Rua José Maria de Lacerda, 1957 		S  heep, goats, pigs: 
	CEP  32210-120 		    0.5 ml s.c.
	C ontagem – MG
	T el.: +55 31 3333 0755/5223

	L eivas Leite SA – Ind. Químicas e Biológicas	S terne 34F
2
	C attle, horses.: 2 ml s.c.

	 Rua Benjamin Constant 1637 		S  heep, pigs: 1 ml s.c.
	CEP  96010-020 
	P elotas – RS
	T el.: +55 53 225 3666

Cameroon	L anavet	S terne 34F
2
 in saponin	C attle – 107 spores in 1 ml;

	BP  503 Garoua		    0.5 ml for sheep and
	T el.: +237 227 1305	 Freeze-dried	   goats
	 Fax: + 237 227 152	

Chile	 Veterquímica Ltda	S terne	C attle: 1 ml s.c.
	C amino a Melipilla 5641 (Adm. Gral.) 		S  heep: 0.5 ml s.c.
	C amino a Lonquén 10387 (Ventas Maipú)	 1 ml suspension contains	G enerally, only one
	C errillos, Santiago	 10 000 000 	   vaccination a year is
	M etropolitana, 81 Cerrillos	 B. anthracis spores	   necessary, preferably in
	T el.: +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	N ational Control Institute of Veterinary 	 1. Strain: 34F
2
	 1. Small animals: 1 ml

	 B  ioproducts & Pharmaceuticals	   Adjuvant: 20% aluminium	 S  heep, pigs: 2 ml
	M inistry of Agriculture	   hydroxide	 C  attle, horses: 2 ml
	 30 Baishiqiao Road		    (all intracutaneous)
	B eijing 100081		
	T el.: +86 256 8844 ext. 261	 2. “PA vaccine”	 2. All animals 2 ml
	 Fax: +86 831 6545	   Adjuvant: oil-in-water	   intracutaneously	  
		    emulsion

Colombia 	L aboratorios ERMA	S terne, 107 spores/ml	C attle and horses: 2 ml s.c.
(no update for	 Av. El Dorado No. 90-31 	 Adjuvant: saponin	S heep and goats: 1 ml s.c.
any in 2002)	 Apartado Aereo 98835	 50 ml flasks	 Annual revaccination 
	S antafé de Bogotá
	T el./Fax: +57 1 295 0900/410 2410
	E -mail: Laberma@ col.1.telecom.com.co

	L aboratorios Probiol Ltda	S train: 34F
2
	S heep, goats, pigs, cattle,  

	D iagonal 183 N 41-71	 Adjuvant: (contact	 horses: 2 ml 
	 Apartado aereo 8001	 manufacturer) 
	B ogotá  
	T el.: +57 1 671 1023 
	 Fax: +57 1 671 1066

	L AVERLAM	S terne, 107 spores/ml	C attle: 2 ml s.c. 
	C arrera 5 No. 47-165	 Adjuvant: aluminium hydroxide	O ther species: 1 ml s.c. 
	S alomnia Industrial	 50 ml flasks 
	 Apartado aéreo 9985 
	C ali. Valle del Cauca 
	T el./Fax: +57 2 447 4411/447 4409

	L aboratorios V.M.	S terne, 107 spores/ml	C attle and horses: 2 ml s.c.  
	 Autopista Norte kilómetro 19	 Adjuvant: saponin	S heep and goats: 1 ml s.c. 
	 Urbanización Industrial El Pilar	 10, 20, 50 and 100 ml flasks 
	 Apartado aéreo 15453 
	S antafé de Bogotá
	T el./Fax: +57 1 676 0901/676 0823

	 VECOL	S terne, 7–10 x 106 spores per	C attle and horses: 2 ml s.c. 
	 Av. El Dorado No. 82–93	 ml in buffered glycerine	S heep, goats and pigs:  
	 Apartado aéreo 7476		    1 ml s.c. 
	S antafé de Bogotá	 50 ml flasks and box of 
	T el./Fax: +57 1 263 3100/263 8331	 10 x 10ml flasks 
	E -mail: Vecol@insat.net.co

Croatia	 Veterina Ltd.	S train: 34F
2
	 Horses, cattle, sheep, pigs:

	S vetonedeljska 2	 Adjuvant: aluminium	   0.5 ml s.c.
	K alinovica	   hydroxide gel	G oats: 0.2 ml s.c.
	 10436 Rakov Potok	N ame: Antrax vaccine
	T el.: + 385 1 33 88 888	B ottles 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	B ioveta plc	S train: 34F
2
	S heep, goats, pigs, cattle, 

(no update in 2002)	K omenského 212	 Adjuvant: saponin	   horses: 1 ml s.c. 
	 683 23 Ivanovice na Hané	N ame of product: 
	T el.: +42 507 933 21-4	   “Antraxen inj.ad us. vet.” 
	 Fax: +42 507 932 84 (or 94)
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Ethiopia	N ational Veterinary Institute	S terne 34F
2
 in saponin	C attle: 107 spores in 1 ml; 

	PO  Box 19	 Freeze-dried	 0.5 ml for sheep and goats 
	D ebre Zeit 
	T el.:+251 133 8411
	 Fax:+251 133 9300

Ghana	C entral Veterinary Laboratory Pong-Tamale	 Anthrax spore vaccine	C attle, sheep, goats, pigs: 
	PO  Box 97	S terne 34F

2
	   1 ml s.c.

	T amale	 Adjuvant: saponin
	T el./Fax: +233 71 22720	 15–20 million spores per dose	 Annual revaccination

Hungary	P hylaxia-Sanofi Veterinary	S train: 34F
2
	S heep, goats: 0.5 ml

(no update in 2002)	B iologicals Co. Ltd	 Adjuvant: saponin	C attle: 1 ml
	PO  Box 68
	 1475 Budapest
	T el.: +36 1 262 9505 
	 Fax: +36 1 260 3889

India	 Institute of Veterinary Preventive Medicine	S train: 34F
2
	S heep, goats: 1 ml injected

(no update in 2002)	 Ranipet – 632 402	 Adjuvant: none	   s.c. in tail-fold
	N orth Arcot Ambedkar District		C  attle, pigs, horses, camels:
	T amil Nadu		    1 ml s.c.
	T el.: +91 4172 22633		E  lephants: 1 ml s.c. with  
			     second dose of 3 ml after 
			     1 month

Indonesia	P usat Veterinaria Farma	S train: 34F
2
	S heep, goats, pigs: 

(no update in 2002)	 Jalan Jenderal A. Yani 68-70	 Adjuvant: saponin	   0.5 ml s.c. 
	K otak Pos WO.3		C  attle, horses: 1 ml s.c. 
	S urabaya 60231 
	T el.: +62 31 816123 
	 Fax: +62 31 814126

Italy	 Istituto Zooprofilattico  Sperimentale 	S train: Pasteur type 1	G oats, horses: 0.125 ml s.c.
	   della Puglia e della Basilicata	 Adjuvant: saponin	
	 Via Manfredonia 20 
	 I-71100 Foggia	S train: Carbosap	C attle (≥ 6 months): 
	T el: +39 881 786 111/786 300	 Adjuvant: saponin	   0.25 ml s.c.
	 Fax: +39 881 786 362		C  attle (< 6 months), sheep: 
			     0.125 ml s.c.

Japan	C hemo-Sero-Therapeutic 	S train: 34F
2
	C attle and horses only:  

	 Research Institute	 Adjuvant: none	   0.2 ml s.c.
	 6-1 Okubo 1-chome
	K umamoto-shi
	K umamoto-pref.
	 860-8568 
	T el.: +81 96 344 1211 
	 Fax: +81 96 345 1345

Kenya	C ooper Kenya Ltd	S train: 34F
2
	S heep, pigs: 0.5 ml s.c.

(no update in 2002)	W ellcome Centre		C  attle, horses: 1 ml s.c.
	K aptagat Road (off Waiyaki Road)		  (It is recommended that
	PO  Box 40596		  goats should not be 
	N airobi		  vaccinated without first 
	T el.: +254 580612		  consulting veterinary 
	 Fax: +254 632123		  surgeon)
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Mali	L aboratoire Central Vétérinaire (LCV) 	S terne 34F
2
 in saponin	 107 spores in 1 ml for cattle, 

	BP  2295 Bamako		    sheep and goats
	T el.: +223 22 3344
	 Fax: +223 22 9809

Morocco	K m 2 Route de Casablanca	S terne 34F
2
 in saponin	 107 spores per 1 ml for

	BP  4569		    cattle; 0.5 ml for sheep,
	 Rabat		    goats and calves
	T el.: +212 69 0454
	 Fax: +212 69 1689
	E -mail: biopharma_ma@yahoo.fr

Mozambique	N ational Veterinary Research Institute 	S train: 34F
2
	S heep, goats: 0.5 ml s.c.

	   (INIVE)	 Adjuvant: saponin	C attle: 1 ml s.c.
	PO  Box 1922
	M aputo 
	T el.: +258 1 475 170/1
	 Fax: +258 1 475 172
	E -mail: inive@cfmnet.co.mz; 
	 inivei@teledata.mz

Myanmar	L ivestock Breeding and Veterinary Dept.	S train: Sterne 34F
2
 in	E lephants, horses, mules, 

	 Research and Biologics Section	   glycerol saline	   cattle and buffaloes: 
	M ukteswar		    1 ml s.c.

Nepal	B iological Products Division	S train: Sterne in glycerine	 All species: 1 ml s.c.
	D irectorate of Animal Health	 
	 Veterinary Complex
	T ripureswar
	K athmandu
	T el.: +977 1 4252 348

Netherlands	C entral Institute for Animal Disease	S train: 34F
2
 	S mall animals: 0.5 ml s.c.

	 C  ontrol – Lelystad	 Adjuvant: saponin	S heep, goats, pigs, young
	PO  Box 2004 		    foals and calves: 
	 8200 AB Lelystad		    0.5 ml s.c. 
	T el.: +31 320 238 800		  Adult cows, horses: 1 ml s.c. 
	 Fax: +31 320 238 668
	E mail: e.m.kamp@id.dlo.nl; 
	 f.g.vanzijderveld\@id.dlo.nl

Niger	L aboratoire Central de l’Elevage 	S terne 34F
2
	C attle, horses: 1 ml s.c.

	BP  485 Niamey 	 Adjuvant: saponin	S mall ruminants: 0.5 ml s.c.
	T el.: +227 73 20 09/73 80 05 	L yophilized vaccine
	E mail : radiscon@intnet.ne

Pakistan	 Vaccine Production Laboratories	D etails not obtained
(no update in 2002)	B rewery Road
	 Quetta

Philippines	L aboratory Services Division 	S train: 34F
2
	P igs, sheep, goats: 

	B ureau of Animal Industry 	 Adjuvant: saponin	   0.5 ml s.c.
	 Visayas Avenue, Diliman		C  attle, carabao, horses: 
	 Quezon City 		    0.5 ml s.c.
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Republic of Korea 	C hoong Ang Animal Disease Laboratory	S train: 34F
2
	S heep, goats, pigs: 1.0 ml

(no update in 2002)	S eo TaeJeon PO Box 312	 Adjuvant: saponin	C attle, horses: 2.0 ml	
	 408-1 Sa Jung Dong
	C hoong-Ku
	T aeJeon
	T el.: +82 42 581 2991
	 Fax: +82 42 581 5856

Romania	 Institutul National de Medicina	S train: 1190 R –Stamatin	C attle (> 2 months): 
(no update in 2002)	   Veterinara “Pasteur”	 Adjuvant: saponin	   0.5 ml s.c.
	 77826 Sos. Giulesti 333		S  heep, pigs (> 2 months):
	S ector 6		    0.2 ml s.c.
	 R-7000 Bucharest		  Horses (> 6 months): 
	T el.: +40 1 220 6486		    0.2 ml s.c.
	 Fax: +40 1 220 6915		G  oats (> 2 months): 
			     0.1 ml s.c.

Russian Federation	P okrov Biological Plant	S train: 55-VNIIVVM	 Four versions to meet 
	 601121, pos. Volginskiy		  different needs 
	 Vladimirskaya oblast		D  oses vary with different 
	T el.: +7 09243 6-7110		  versions of the vaccine

South Africa 	O nderstepoort Biological Products	S terne 34F
2
, 1 x 106 spores/ml	 All species: 1 ml s.c.

	P rivate Bag X07	 Adjuvant: saponin
	 0110 Onderstepoort
	T el.: +27 12 529 9111
	 Fax: +27 12 546 0216
	E -mail: baty@obpvaccines.co.za

Spain	C alier 	S train: Sterne	 Ruminants: 20 x 106.5

	B arcelonés, 26 – Pol. 	 Adjuvant: saponin	   (1 ml) s.c.
	 Ind. Pla del Ramassa
	 Apdo. 150
	 08520-Les Franqueses del Vallés
	B arcelona
	T el.: +34 93 849 51 33
	 Fax: +34 93 840 13 98

	O vejero	S train: Sterne	C attle: 1 ml
	C tra. León – Vilecha 30		S  heep: 0.5 ml
	 Apdo. Correos 321 		  10 x 106 (1 ml) s.c.
	 24080 León
	T el.: +34 902 235 700	
	 Fax: +34 987 23 47 52

	 Iven 	S train: Sterne	C attle, horses, sheep, goats: 
	L uis I, 56 – 58 – Pol. 	 Adjuvant: saponin	   20 x 106.5 (1 ml) s.c.
	 Ind. de Vallecas
	 28031 Madrid
	T el.: +34 91 380 17 21	
	 Fax: +34 91 380 00 61

	S yva 	S train: Sterne	C attle, horses, sheep, goats,
	 Avda. Párroco Pablo Díez, 49–57	 Adjuvant: saponin	   pigs: 10 x 106 (1 ml) s.c.
	 24010 León
	T el.: +34 987 80 08 00	
	 Fax: +34 987 80 24 52

Syrian Arab Republic	 Animal Health Directorate	S train: 34F
2
 in buffered	S heep, goats: 0.1 ml i.d

	T el.: +963 11 542 2500	   glycerin	C attle, horses: 0.2 ml i.d
	 Fax: +963 11 542 4761

Annex 5
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Turkey	C entral Veterinary Research and Control 	S train: 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
	T el.: +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), 	S heep, 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)
			C   olts, calves (2–6 months 
			     old): 0.5 ml s.c. 
			L   ambs, kids (2–6 months 
			     old): 0.5 ml s.c.

United Kingdom	B iotechnology Department	S train: 34F
2
	S heep, goats, pigs:

	 Veterinary Laboratories Agency	 Adjuvant: saponin	   0.5 ml s.c.
	N ew Haw		C  attle: 1 ml s.c.
	S urrey KT15 3NB 
	T el.: +44 1932 357641 
	 Fax: +44 1932 357701

United States 	C olorado Serum Co.	S train: 34F
2
	 All domestic farm animals: 

of America	 4950 York Street	 Adjuvant: saponin	   1 ml s.c. 
	D enver, CO 80216-0428		B  ooster recommended 
	T el.: +1 303 295 7527		    2–3 weeks after first dose 
	 Fax: +1 303 295 1923		    in heavily contaminated 
			     areas

Uruguay	 Interifa SA, Rhône Mérieux	S train: 34F
2
	S heep, goats, pigs: 1 ml s.c.

(no update in 2002)	 José Ma. Penco 3427	 Adjuvant: saponin	C attle, horses: 2 ml s.c. 
	 11700 Montevideo 
	T el.: +598 29 70 91 
	 Fax: +598 23 78 52

	L aboratorio Prondil S.A 	 Anthrax only	S heep, goats, pigs:  
	B arros Arana 5402 	S train : 34F

2
	   0.5 ml s.c. 

	CP  12200	 Adjuvant: saponin 
	PO  Box 15147 Dto.5	  
	M ontevideo	 “Blanthrax”: combination	C attle, sheep, goats only:	
	T el. : +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)	C attle, sheep, goats only:
		  “Supervax”: combination	 2 ml s.c. 
		  anthrax, blackquarter, 
		  botulism C, D (South African 
		  strains)

Viet Nam	N ational Veterinary Enterprise	S train: 34F
2
	G oats, pigs: 0.5 ml s.c.

	P hung Town	 Adjuvant: saponin	C attle and horses: 
	 Hoai Duc District		    30 x 106 s.c. (1 ml)
	 Ha Tay 
	T el: +84 34 861 337
	 Fax: +84 34 861 779

Zambia	C entral Veterinary Research Institute	S terne 34F
2
, 106 spores/ml	C attle: 1 ml 

	PO  Box 33980, Lusaka	 Adjuvant: saponin	S heep, goats, pigs: 0.5 ml 
	T el.: +260 1 216031
	 Fax: +260 1 2334444/236283
	E -mail: cvri@zamnet.zm

s.c. = subcutaneous; i.d. = intradermal.
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Manufacturers of human anthrax vaccine

Country	Ma nufacturer	D escription	D ose

China 	L anzhou Institute of Biological 	L ive spore suspension of	S ingle dose (approx. 2 x 108 spores) by scarification
	 P  roducts	 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
	L anzhou, Gansu 730046
	T el.: +86 931 834 0311-8621	N o other active 
	 Fax: +86 931 834 3199	 ingredient/adjuvant

Russian 	 Research Institute of	L yophilized live spore	 Initial 2 doses 20–30 days apart and single annual
Federation	 M  icrobiology	 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
	O ktyabrskiy Prospect 119	 Institute), Nikolaiv	 urgent situations, injection s.c. of 0.5 ml (approx. 
	T el.: +7 8330 38 15 27	G insberg 1940	 5 x 107 spores)	  
	 Fax: +7 8332 62 95 98	
		N  o other active 
		  ingredient/adjuvant

United 	 Health Protection Agency	 Alum	 3 primary doses of 0.5 ml i.m. at 3-week intervals
Kingdom	P orton Down	 precipitated filtrate of	 with booster at 32 weeks and thereafter annually 
	S alisbury	 strain 34F

2
 culture

	W iltshire SP4 0JG
	E ngland
	T el: +44 1980 612 100 
	 Fax: +44 1980 611 096

United States 	B ioPort 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,
	B lvd, Lansing	 V770 culture	 at 6, 12, and 18 months. Subsequent booster
	M I 48906		  injections of 0.5 ml annually
	T el.: +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.	T he 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.	T he 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.	O n 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.	I dentify, isolate and remove apparently healthy 
animals, and monitor these carefully for signs of 
illness (see (5) below and section 7.2.1).

2.	D econtaminate 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.	D estroy 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.	T ake 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.	T here 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:

•	T he organisms are in vegetative form.
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•	T he 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.

•	T he pH rapidly falls on standing, increas-
ing the killing effect on any vegetative cells 
present.

•	T he 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.	T here 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:

•	I dentify 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.

•	T ake 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.

•	I f 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.

•	T ake 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 

Annex 6
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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: 

•	E ducate 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.	I f 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).

Annex 6
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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).
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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
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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
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	 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
	T errestrial 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
	T errestrial 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
	T errestrial 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
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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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