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be desirable. Particularly useful would be a vaccine
thatis unaffected by antibiotics, permitting simulta-
neous treatment and vaccination during outbreaks.

8.6.5 Studies on orally administered live
spore vaccines

As indicated in section 8.6.4.1, the ideal vaccine

would be an oral formulation that:

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

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

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

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

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

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

e would be cheap.

Current anthrax vaccines are administered by
parenteral injection. Claims of immunization with a
level of success by oral delivery of anthrax vaccines
appear to be confined to the reference by Ebedes
(1976) to an oral vaccine that protected guinea-
pigs from repeated challenge with virulent anthrax
spores, the reports of Rengel (1993) and Rengel &
Boehnel (1994, 1995) on the results of feeding Sterne
vaccine strain spores to guinea-pigs, unpublished
claims in Texas of reduced disease in white-tailed
deer given Sterne-strain spores mixed in with their
feed (Hugh-Jones, personal communication, 2004),
and partial protection in challenged mice that had
been immunized with a Salmonella typhimurium con-
struct expressing the B. anthracis protective antigen
(PA) gene (Coulson et al., 1994).

The evidence for Bacillus species being capable
of germinating, colonizing and/or multiplying in
the intestinal tract is tenuous. Granum et al. (1993)
express the opinion that the diarrhoeal syndrome
of B. cereus may result from in situ production of
the enterotoxin within the intestine rather than
from ingestion of preformed toxin, basing this on
the ability of the bacterium to grow anaerobically.

The same group (Andersson et al., 1998) considered
their demonstration of hydrophobic attachment of
the spores of certain strains of B. cereus to monolay-
ers of Caco-2 human epithelial cells to indicate that
such strains might be capable of epithelial adhesion
and colonization within the intestine. Similarities
between B. cereus diarrhoeal-type food poisoning
and food poisoning by Clostridium perfringens, which
is known to colonize the intestine, is another argu-
ment, by analogy, for Bacillus species being able to
colonize, germinate and multiply within the intes-
tine. It is well documented that LD, s and LD, s for
fully virulent B. anthracis by the oral route are enor-
mously high, even in species regarded as highly sus-
ceptible to infection (see section 3.1). Most reports
indicate figures of 10® or higher, although de Vos
(1990) gives an oral LD, of about 1.5 x 10° spores for
impala. This compares with parenteral route LD, s
in the order of tens or hundreds for the same spe-
cies where documented. Illness and recovery follow-
ing oral challenge clearly can occur with non-lethal
doses (Schlingman et al., 1956; Jackson et al., 1957,
Redmond et al.,, 1996a, 1997) followed by serocon-
version (Jackson et al., 1957; Redmond et al., 19963,
1997). To what extent these oral-dose data reflect
some, if limited, colonization or toxin production
within the gut, as opposed to simply reflecting the
points at which a proportion of the very large num-
bers present overcome the natural intestinal barri-
ers (Walker & Owen, 1990), is impossible to say.

The bottom line is that it is not known whether
vaccine strains such as the Sterne strain or recom-
binants, such as B. subtilis WB600 (pPA101), are capa-
ble of producing PA/rPA in situ and, if so, to an extent
where immunity can result. In a study to address
this question (Turnbull et al.,, 2001a), guinea-pigs
were fed by stomach gavage on days 1, 21 and 42
with 1 ml volumes of spore suspensions of B. subtilis
WB600 pPA 101-1, B. anthracis Sterne animal vaccine
and B. globigii (control group), all pre-adjusted to 108
cfu per ml. Faecal samples were collected from each
individual animal before each feeding session for IgA
anti-spore or anti-PA antibody analysis and, after
each feeding session, all faeces were collected to day
6 for determination of numbers of excreted spores.
Following test bleeding, the guinea-pigs were chal-
lenged intramuscularly with 10° cfu of B. anthracis
Vollum strain spores on day 64. In all three groups,
the administered organisms were recovered exclu-
sively in the spore form in the faeces and became
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undetectable by day 6. There was no evidence of
multiplication within the gastrointestinal tracts of
the animals. Increasingly rapid declines in faecal
counts, reflecting accumulating immunity, were not
readily apparent with successive feeding sessions,
and IgG and IgA anti-spore or anti-PA antibodies
were not detected in faecal and/or serum samples.
All the guinea-pigs succumbed to the challenge with
no significant differences in time to death between
the livestock vaccine (B. anthracis) group, the recom-
binant B. subtilis producing PA group and B. globigii
controls. The indications, therefore, were that the
vaccine strains failed to colonize, produce PA and
thereby induce immunity.

Similarly, Hugh-Jones and colleagues (personal
communication, 2005) carried out a field trial in
2004 with 15 goats, feeding them 60 times the pre-
scribed parenteral dose of Sterne vaccine together
with crushed pecan nuts. Just one of the animals
developed a low anti-PA titre.

8.7 Decisions on treatment and/or
vaccination of livestock

While vaccination of livestock is the fundamental
control measure in enzootic areas with seasonal
recurrence of the disease, when an incident occurs
unexpectedly in a non-endemic area, antibiotic
treatment of exposed animals may be preferable to
vaccination - or at least more immediately practical
- as the primary control measure. Vaccination may
be added as an adjunct if prolonged incubation peri-
ods are of concern and there is reason to fear that an
incident is going to develop into an outbreak. In fact,
in temperate climates such as the United States,
where years may elapse between anthrax outbreaks
in a given locality, anecdotal evidence suggests that
significant decreased livestock losses may be associ-
ated with a control programme of first administer-
ing a long-acting antibiotic followed by vaccination
after 7 to 10 days.

The decision on whether to vaccinate should be
made soon after infection with anthrax has been
confirmed. With livestock, when infection has been
confirmed in the first case, immediate vaccination
of all animals thought to have an equal chance of
exposure can be expected to result in no further
cases. On the other hand, where multiple cases have
already occurred, further cases may occur over the
next week or two despite vaccination, presumably in
animals already incubating the disease. In this case,

antibiotic treatment followed by vaccination after
7-10 days is the best control option (Annex 5, sec-
tion 2.2).

Only animals thought to have an equal chance
of exposure need be vaccinated if separation from
other animals can be assured. If separation cannot
be assured and other animals will have access to the
infected group and/or infected site(s), or if multiple
cases have occurred, neighbouring herds and flocks
should be vaccinated. In an outbreak situation ring
vaccination may need to be applied to a distance
of 1 km beyond an infected property. If biting flies
are considered responsible for the spread of the out-
break, the ring should cover an area exceeding the
distance normally travelled by the flies.

All animal vaccines are live vaccines, and their use
requires a withholding period prior to slaughter for
human consumption. This period may be stipulated
on the label of the vaccine or in the accompanying
leaflet, and varies from 3 to 6 weeks. Withholding
periods from slaughter of up to 6 weeks are also
required by some countries for the purposes of trade
in meat products. There is no withholding period for
milk destined for human consumption following vac-
cination of milking animals with Sterne 34F, strain
vaccine. There are no known reports of illness in
humans following the consumption of animal prod-
ucts from animals immunized with that vaccine.

Anthrax vaccines, being living organisms, are
restricted to veterinary use in some countries, and
in some jurisdictions they can only be used with
the approval of the official veterinary service. It is
important that local requirements be met.

8.8 Duration of veterinary vaccination
programmes

Despite the well-known longevity of anthrax spores,
decline in spore numbers, as evidenced by reduced
outbreaks, does occur through decay and/or disper-
sal at contaminated sites (see also sections 2.1.2.4,
2.1.2.6). It was the experience of Max Sterne, and
others since, that pastures associated with anthrax
continued to give rise to cases for up to three years
after the index cases. Therefore, if there has been
an outbreak on a farm, the stock should be revac-
cinated annually for at least three years to prevent
further cases.
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8.9 Intersectoral issues: the question

of eradication

As with any zoonosis, intersectoral cooperation
is essential for effective control of anthrax. Public
health officials should be notified by the veterinary
authorities in the event of outbreaks in livestock so
that they become alert to the possibility of associ-
ated human cases. Likewise, medical authorities
should notify veterinary health officials when a
human case is encountered (see section 9.1.2).

Cooperation between livestock officials and wild-
life managers in enzootic zones is more complex.
While the target of the former is eradication from
the region, the disease is regarded in large game-
management areas where it is not rate-limiting
in any of the species as an integral part of natural
population-control mechanisms. In these, action,
usually vaccination, is often seen as being necessary
only when endangered species are at risk, and is
usually targeted specifically at that species (section
8.3.2.2). Beyond this, control actions are regarded as
constituting unwarranted interference with natu-
ral processes. In this instance, cooperation between
livestock and wildlife management needs to take the

form of joint efforts to minimize mingling of suscep-
tible livestock and wildlife species. Fencing is one
approach, although this interferes with the normal
migrations of several of the susceptible wildlife spe-
cies, and therefore should only be done advisedly.
Annual vaccination of livestock that are likely to be
in regular direct or indirect contact with susceptible
wildlife species is another approach.

Eradication from livestock areas not in contact
with enzootic wildlife is feasible (section 8.8), given
sufficient time together with unremitting efficient
application of the control procedures discussed in
this chapter.

8.10 Control in wildlife

While large national wildlife parks may adopt the
“hands-off” management policies outlined in sec-
tions 8.3.2.2 and 8.9, this may be inappropriate for
commercial or smaller parks or sustainable resource
development management areas that cannot sus-
tain the financial losses resulting from the disease.
Suggested approaches to anthrax control for these
are given in Annex 6, section 5.



9. Anthrax surveillance

9.1 Introduction
9.1.1 Understanding the concept of
surveillance
Surveillance is the collection, collation and analysis
of health data that enables the prompt dissemina-
tion of the information to those who need to know, in
order that appropriate action may be taken. Effective
surveillance is essential to any prevention and con-
trol programme and encompasses the mechanisms
for disease detection, confirmation of diagnosis,
reporting, collation of data and reporting back of the
data to the source. Detection of rare diseases requires
well-trained veterinary or human health-care pro-
viders. Confirmation of reports of suspicious cases
requires appropriate laboratory support. Reporting
requires mechanisms for easy communication of
cases, and also some incentives for reporting or dis-
incentives for not reporting. Many countries rely on
disincentives for not reporting diseases under sur-
veillance (reportable diseases). Regulations exist for
reporting certain diseases (usually of high epidemic
potential or with high morbidity or mortality rates)
in most countries of the world.

Because of its epidemic potential, associated high
morbidity and mortality rates, wide-ranging occur-
rence, and history of threatened use — and now
actual use in the 2001 anthrax letter events — as a
biological terrorist weapon, anthrax in humans or
animals should be included on all national notifia-
ble-disease lists.

Surveillance systems vary widely in objectives
and methodology. The surveillance scheme outlined
below may be adapted to accommodate the local
veterinary and public health systems within a coun-
try. It should be noted that efforts to improve certain
attributes of surveillance, such as specificity, may
detract from other attributes such as timeliness.

9.1.2 Intersectoral cooperation

As with most zoonotic diseases where animals serve
as the primary sources of human infection and epi-
demics (as opposed to zoonoses, where both humans
and animals may be infected from common environ-
mental sources), control of anthrax among humans
depends on the integration of veterinary and human
health surveillance and control programmes.
Routine cross-notification between the veterinary
and human health surveillance systems should be
part of any zoonotic disease prevention and control
programme, and close collaboration between the
two sectors is particularly important during epide-
miological and outbreak investigations.

High-risk areas for human disease may be identi-
fied pre-emptively by review of veterinary surveil-
lance information by veterinary or public health
authorities. Because herbivorous livestock and wild
animals are more susceptible to B. anthracis than
humans, and because in general soil sources do not
represent a threat to humans directly, the poten-
tial threat to human populations is through con-
taminated animal products. The exceptions to this
rule are biological warfare or terrorism, or labora-
tory settings where the spores of B. anthracis may
be manipulated and concentrated in an unnatural
way to represent a direct threat to human health
through respiratory, gastrointestinal or cutaneous
exposure — see also section 4.2.3. However, many
countries rely on detection of human disease as the
alert of anthrax epizootic activity. In these cases,
humans may be considered sentinels (see also sec-
tion 4.1). Ideally, this should not be the case, and
enzootic and epizootic surveillance and reporting
should lead to the implementation of anthrax con-
trol strategies that prevent human cases altogether.
Realistically however, in many countries the support
and infrastructure for human health surveillance
programmes is greater than for veterinary equiva-
lents. In such cases, when detection depends on the
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appearance of a human case, the control of anthrax
among livestock is delayed and the losses suffered
by farmers will be greater than if a functional vet-
erinary surveillance programme is in place. This
is because only a fraction of the livestock cases are
ever identified and the disease goes unreported and
uncontrolled.

9.2 Objectives

The design of a surveillance system for anthrax
depends in part on its objectives. The primary objec-
tives of any anthrax surveillance system are to pre-
vent or reduce livestock losses and to prevent human
disease. To achieve these objectives, the surveillance
system should emphasize education of the produc-
ers and front-line veterinarians in the detection,
confirmation and reporting of cases. This detection,
confirmation and reporting should be followed by a
strong response from the veterinary health system
to control the disease. Prevention of cases among
livestock depends on knowledge of enzootic regions
and on vaccination of livestock in those affected
areas. Gaining knowledge of risk areas is a second-
ary objective of surveillance for the disease.

Identification of the characteristics of the dis-
ease in the affected populations, and evaluation of
prevention and control activities by monitoring the
incidence of the disease in both animal and human
populations, should be among other objectives cho-
sen by the national surveillance programme.

9.3 Surveillance reporting outline
9.3.1 Local level

Animal and human health-care professionals,
with their supporting laboratories, form the front
line of any zoonotic disease surveillance system.
Surveillance begins with the first point of contact by
a veterinarian or clinician in the event of a suspi-
cious case. In an optimal situation, concern over a
suspicious case should result in either contact with
local health authorities (veterinary or human) or the
initiation of a case-reporting form.

Depending on the objectives of the surveillance
system, a case form should be completed on every
suspected or confirmed case. Depending on vet-
erinary or public health resources, this case-report
form may be completed by the local health-care pro-
fessionals attending the suspicious case, or prefera-
bly by health authorities at the local level (municipal
or county).

Figs 11&12 are examples of human and veteri-
nary case-report forms. Minimum data elements for
human case-reporting are:

e case classification (e.g. suspected or confirmed);

e clinical form of the case (cutaneous, gastrointes-
tinal, inhalational, meningeal);

e identifying information, and a unique identifica-
tion code.

Depending on the objectives of the surveillance sys-
tem, other pertinent data might include age, sex,
geographical information, occupation, date of pres-
entation, exposure history, nationality, date of clini-
cal onset, treatment and outcome.

The local level (health-care centre, private clinic
and physician, and other health personnel) is the
first point of official contact with the infected patient
and the point at which surveillance data should first
be collected. Suspected rather than confirmed cases
may be reported from this level to higher levels. The
tasks at this level are diagnosis and case manage-
ment, including treatment and health education
plus, resources permitting, case and outbreak inves-
tigation. The laboratory criteria for the confirmation
of any suspicious case may be included on the same
case-report form, or the form may be simplified to
only include whether the case was confirmed or not.
Local health authorities may be asked to assist in
diagnosis and case management.

Local health authorities are responsible for
reporting to the intermediate level (i.e. state) or to
the central level (i.e. federal), depending on the gov-
ernment structure. Also, local health authorities
will be expected to mount the early epidemiological
investigation targeted at:

e identifying and controlling the source of infection
(including additional case-finding, case-confirma-
tion, identification of source of infection and trac-
ing sources of infection from infected animals or
animal products);

e reducing population morbidity and mortality
through initiation of control measures depending
on the authority, epidemiological situation and
guidelines.

Control measures for anthrax in livestock are given
in chapter 8 and Annex 4. Depending on the epide-
miological details of any human outbreak, control
measures for humans are based on removal of the
source of infection from human contact or separation
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Fig. 11 Sample anthrax case-report form (human)

VY o 1Y o S Confirmed ......cccoerriiciree s [T | » 1
Patient information Anthrax form: ................. Cutaneous, ........cccueeu Inhalational, ................. Gastrointestinal
1. Patient Name: FIrSt ..o LaST e
2. AQE Gender: [] Male [] Female

3. Residence location:

PN (o 4TS

4.  Occupation

5. Patient status 1. O Outpatient 2. [ Inpatient 3. [] Admitted and discharged 4. [] Died
6. Dateofillnessonset ... YA [
7. Date first received antibiotics ... YA YA
8. Dateadmitted L. YA YA
9. Datedied L /o, [
10. Date of autopsy ... [, /oo

Brief history of present iliness (include dates)

Name and route of medication Date started
e ettt ettt e VA VAT
2 ettt ettt ettt ettt ettt n et e VA VA

1. Contact with animals or animal products (e.g. livestock, hair, hides, meat, or other potential animal sources)

[ Yes ] No ] Unknown

If YES, Type of contact Source confirmed
animal or product and location anthrax positive?
L e ettt en eekeeeeeetetes ettt e Rttt E et R et R et e Rt ettt R et ettt ettt ntes eeeteseeeereneaeen (Y, N, U)
2 ettt aeie eseeueeeseeeeEeeeest et et a e hen R et E et e R et e Rt et e At e et E et et et et e e te e e e etee eesesteseaeeeaeees (Y, N, U)
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Laboratory confirmation

Specimen Date collected

Test method

Laboratory

Result

Reporting information

1.

Date reported .......... YA [,

2.

Person reporting case

Name

Title and professional status

Address

Phone #

Other contact method

Patient’s medical professional

Name

Title and professional status

Address

Phone #

Other contact method

Other medical examiner

Name

Professional status

Contact information
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Fig. 12 Sample anthrax case-report form (animal)

VY e 1Y o Confirmed ......cccoerriiciree s [T | » 1
1 SPRAIES oottt 2. No. affected ...c.ccooeveein.
3. Animal IDs (if differ@nt frOM CASE IDS) . ... e et
4. AQE(S) oo 5. Gender(s) [] Males [] Females
6. LOCAtION ... AGAIESS ..o
7. Date of 15t CaSe .oovvivvivreiirecae
8. Brief history of incident/outbreak (with dates)
(continue on back of sheet if more space needed)

9. Information to identify possible sources

Has anthrax occurred in this herd before? [J Yes [ No [] Inthelastyear [ Inthelast 10years [] > 10 years ago

Has anthrax occurred at this site before? [J Yes [ No [] Inthelastyear [ Inthelast 10years [] > 10 years ago

Was the animal/herd in contact with, or located [ Yes [ No [ Details

near another herd/animal with anthrax

Is there any reason to suspect the feed? [J Yes [ No [] Details

Has there been any unusual occurrence or activity [J Yes [ No [] Details

on or near the premises, such as soil disturbance?
10. Vaccination history in this herd or at this site
11. Control measures instituted
12. Laboratory confirmation

Specimen Date collected Test method Laboratory Result

13. Reporting information

Date reported

Person reporting the incident/outbreak (name):

Professional status

Address

Phone/fax/other
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of human populations from the infectious source(s);
however, these control measures may vary widely in
detail and will depend on the particular exposure
situation.

9.3.2 Intermediate level

Depending on the political infrastructure, data from
the report forms may be managed at an intermedi-
ate level such as a state health or veterinary depart-
ment. Here the data may be collated and analysed
for feedback to the local (municipal or county) level.
Usually, the intermediate level collates and analyses
data from local levels. In addition, personnel at this
intermediate level may serve as support to the local
level. The tasks of the intermediate level are:

e aspects of case-confirmation and case-man-
agement that cannot be undertaken at the local
level;

e analysis of data from local levels;

e epidemiological investigations, tracing sources of
infection from infected animals or animal prod-
ucts;

e initiation and monitoring of control measures.

9.3.3 Central level

Reporting of cases should also be transmitted to the
central level. Depending on national resources, the
central level will analyse and report the data back
to the intermediate and local levels. In addition, the
central level may formulate national policies and
allocate resources based on the surveillance infor-
mation. The central level may also provide techni-
cal support (e.g. laboratory or epidemiological) to the
intermediate and local levels as appropriate, and it
is responsible for reporting summary surveillance
information to international authorities such as
WHO and OIE.

9.4 Human surveillance
9.4.1 Case definition

Details of the clinical presentation of anthrax in
humans can be found in chapter 4.

The suggested case definitions below may need
to be adapted to local needs and laboratory capabili-
ties available for confirmation of diagnosis (WHO,
1997b).

9.4.1.1 Clinical criteria

Anthrax is an illness with acute onset characterized
by several clinical forms as described in detail in
chapter 4, especially when supported by a sugges-
tive case history. These could be summarized in a
concise case definition for surveillance purposes as
follows.

Localized form

Cutaneous. Skin lesion evolving over 2-6 days from
a papular through a vesicular stage, to a depressed
black eschar invariably accompanied by oedema
that may be mild to extensive.

Systemic forms
Gastrointestinal. Abdominal distress characterized by
nausea, vomiting, anorexia and followed by fever.

Pulmonary (inhalation). Brief prodrome resembling
acute viral respiratory illness, followed by rapid onset
of hypoxia, dyspnoea and high temperature, with
X-ray evidence of mediastinal widening.

Meningeal. Acute onset of high fever possibly with
convulsions and loss of consciousness, meningeal
signs and symptoms.

9.4.1.2 Laboratory criteria

Several laboratory assays may be considered as sup-
portive diagnostic criteria. The availability or reli-
ability of these assays may vary from location to
location, and therefore the definition of confirmed
and suspected may be modified according to local
laboratory capacity. However, it is thought that every
country should be able to establish the necessary
capabilities within the guidelines given in Annex 1
and meet the following laboratory criteria for diag-
nosis of anthrax:

e isolation and confirmation of B. anthracis from a
clinical specimen collected from an affected tis-
sue or site; or

e other supportive laboratory tests, including:

— evidence in fresh tissue or blood samples with
traditional M'Fadyean (polychrome methylene
blue) stained smears;

— evidence of B. anthracis DNA by PCR from spec-
imens collected from an affected tissue or
site;

— demonstration of B. anthracis in a clinical spec-
imen by immunohistochemical staining; or

— other laboratory tests (e.g. serology).
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9.4.2 Case classification

9.4.2.1 Confirmed case

A confirmed case of anthrax in a human can be
defined as a clinically compatible case of cutaneous,
inhalational or gastrointestinal illness that is labo-
ratory-confirmed by:

e isolation of B. anthracis from an affected tissue or
site; or

e other laboratory evidence of B. anthracis infection
based on at least two supportive laboratory tests.

Note: it may not be possible to demonstrate B. anthra-
cis in clinical specimens if the patient has been
treated with antimicrobial agents.

9.4.2.2 Suspected case

A suspected case of anthrax in a human may be
defined as:

e aclinically-compatible case of illness without iso-
lation of B. anthracis and no alternative diagnosis,
but with laboratory evidence of B. anthracis by one
supportive laboratory test; or

e a clinically-compatible case of anthrax epidemio-
logically linked to a confirmed environmental
exposure (infected animal product, contaminated
fomite, or other source).

9.4.3 Special considerations for human
surveillance

A single case of anthrax in a human population

should result in a report and investigation.

Because the disease is rare in many countries,
continuing education programmes for health-care
providers should include information on recognition
and confirmation of this disease.

Certain at-risk populations may warrant active
surveillance (the implementation of case-finding
activities among a subpopulation) on a regular basis.
One example of such a need was found among hair
and wool industry workers in Europe and the United
States in the 20th century. Because of an especially
high risk, these workers were more intensively
observed for anthrax than the general population
by the occupational health systems and authorities
serving these groups.

9.5 Veterinary surveillance

9.5.1 Case definitions

9.5.1.1 Clinical description

Please refer also to the OIE Code for general guidance
for animal health surveillance!

Details of the clinical presentation of anthrax in
animals can be found in chapter 3. In general in non-
immunized cattle, sheep or goats, anthrax is usually
a peracute disease characterized by septicaemia and
sudden death, frequently (but not universally) with
bleeding from orifices and subcutaneous haemor-
rhages. Other reported symptoms in cattle, horses,
sheep and some wild herbivores consist of fever,
dyspnoea, agitation and convulsions followed by
death. In pigs, carnivores and primates, the main
symptoms are local oedema and swelling of the face
and neck. Failure of the blood to clot, absence of
rigor mortis and the presence of splenomegaly are the
most important necropsy findings (but not necessar-
ily pathognomonic). (See also sections 3.4 and 3.5.)

9.5.1.2 Laboratory criteria for diagnosis
Internationally recognized standard diagnostic
techniques and their interpretation for diagnosis of
anthrax in animals are described in section 3.5 and
Annex 1, as well as in the Manual of standards for diag-
nostic tests and vaccine (OIE, 2008).

9.5.2 Case classification

9.5.2.1 Suspected

A suspected case is a case that is compatible with
the clinical description. In enzootic areas all sudden
deaths should be regarded as suspected anthrax
cases.

9.5.2.2 Confirmed

A confirmed case is a suspected case that is labora-
tory-confirmed. A diagnosis based on clinical signs
may be difficult, especially when the disease occurs
in a new area, and a confirmatory laboratory exami-
nation should be carried out as described in section
3.5 and Annex 1.

1 General guidance for animal health surveillance. In: Terrestrial
Animal Health Code, Appendix 3.8.1. Paris, World Organisa-
tion for Animal Health (OIE), 2007 (http://www.oie.int/eng/
normes/mcode/en_chapitre_3.8.1.htm).
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9.5.3 Special considerations for veterinary

surveillance

e Incountries or areas free of anthrax, the diseaseis
treated as an exotic or foreign disease, and meas-
ures to be adopted are based on primary preven-
tion, mainly the control of imported animals and
animal products (see Annex 4).

e In enzootic countries or areas, whether or not
animal vaccination is carried out, all suspected
sudden deaths in animals should be investigated
as possible cases of anthrax. Flocks or herds in
direct or indirect contact with positive human
cases should be investigated, as the human infec-
tion will have derived from animal cases and
any infected herds or flocks should be identified
and vaccinated. The primary prevention meas-
ures mentioned above should also be in place. In
enzootic countries or areas where animal vacci-
nation has been discontinued, particular empha-
sis should be placed on continued surveillance.

* Because the numbers of animals may be very
large on individual affected properties, the unit
of reporting may in some cases be the property or
farm rather than the animal.

e Whenever possible, global positioning data should
be included in case-reporting to ensure that
affected areas are properly located and recorded.

In general, the occurrence and reporting of anthrax
may cause economic harm to affected animal pro-
ducers. For that reason, it is important that national
programmes for anthrax control include no penalties
for reporting and compensation for additional costs
to the farmer. Anything that discourages reporting
should be avoided, and everything that encourages
reporting should be embraced. Suggested approaches
to ensuring this are:

e Compensation to the owner should be available
for any carcass proven (i) to be a case of anthrax,
and (ii) to have been incinerated or disposed of by
another officially approved method. Ideally, dis-
posal of the carcass should be carried out by the
official veterinary service.

e The initial vaccination of the herd or flock should
be carried out by the official veterinary service.

e Quarantine should be kept as non-onerous as
possible; it need not be longer than 21 days after
vaccination of the affected herd has been carried
out (see section 7.2.1.2); or, if cases continue to
occur after vaccination, 20 days after the last case,

according to the OIE-designated period (Annex 4).

e Animalhealth officers should be properly equipped
with specimen-collection materials, equipment
and materials necessary for disinfection, clean-
up and disposal, and with antibiotics and vaccine
plus syringes and needles. They should also be
appropriately trained (e.g. not to administer vac-
cine and antibiotics simultaneously - see section
7.2.1.3) and, furthermore, should have the nec-
essary transport and suitable office support for
reporting cases.

e The laboratory technician should be supplied
with the appropriate equipment, materials and
training for confirmation of diagnosis.

e Appropriate educational literature for all persons
involved, from the farmer/owner to ministry lev-
els, and information packets for the media should
be produced.

e Every effort should be made to get local under-
standing and popular support for the policy of
carcass destruction and herd vaccination.

e The reporting system should be based more on
incentives than penalties, although penalties for
failure to report may be necessary. The reporting
should not incur cost (e.g. forms, postage, etc.) to
those required to make reports.

e Treatment and vaccination of the remainder of
the herd/flock and the services of the animal
health officers in assisting with cleaning and dis-
infection should be free of charge.

e Affected herds/flocks should be revaccinated
annually for three years (sections 8.8, 8.9).

9.6 Communication of disease data

Maps offer an efficient tool for communicating data
on the prevalence of diseases or the location of at-risk
populations. In order to facilitate disease control and
surveillance, WHO has developed the HealthMapper.
This software is specifically designed for use by pub-
lic health administrators working at national and
district levels. The HealthMapper simplifies the col-
lection, storage, updating, retrieval and analysis
of public health data. Core to the HealthMapper is
the geographical database. This database contains
the standardized data of individual countries with
regard to various features such as administrative
boundaries, population by administrative level,
roads, rivers, forests and elevation. Such data enable
the linkage of disease data such as cases per dis-
trict with background data such as population size
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or environmental factors. Furthermore, standard-
ized data facilitate the assessment of trends over
time and the comparison of disease prevalence
across geographical areas. The geographical data-
base is developed and updated in collaboration with
national ministries of each partner country. The
completeness of these data varies from country to
country. The HealthMapper geographical files may
be used in conjunction with ESRI Inc. products.

In addition to the HealthMapper, WHO has
launched the Global Health Atlas. This is more suit-
able for comparisons across countries than within
countries. The Global Health Atlas is an electronic
platform that builds on the HealthMapper and
brings together standardized databases on infec-
tious diseases and on core health statistics. The
Global Health Atlas contains data on demography,
environmental factors, socioeconomic conditions
and health indicators.?

TABLE 6

9.7 Templates for control programmes

from the Model Country Project
In the third edition of these guidelines (Turnbull et
al., 1998a), Appendix 7 was devoted to the outcome
of, and lessons from, the Model Country Programme
formulated by the WHO anthrax working group
(Editor’s note 1996b). While it was felt that it was
not necessary to include the entire appendix in this
edition, it was considered that the templates drawn
up to assist national authorities to define their prob-
lems in achieving the ideal in regard to surveillance,
reporting and control could still be useful. The tem-
plates were designed to enable a simple comparison
between “textbook” approaches to control and what
actually occurs in reality in any one country. This, in
turn, will make it easier for that country’s national
authorities to develop an action plan to reduce the
discrepancy between the ideal and the reality. These
templates (modified) are reproduced in Tables 6 —11.
Guideline users may compare the situation in their
country (“actual”) to the “ideal” and decide what
action they should take to bring their control pro-
grammes nearer the ideal.

Surveillance

Ideal All unexplained livestock deaths or suspected cases must be investigated with laboratory
support.
Actual To what extent is “all” not achieved?

How can this be improved?

Constraints
(on achieving the ideal) influence be reduced:

e distances involved;

To what extent do the following prevent the ideal being achieved and how can their

e remoteness of affected premises;

e lack of transport;

e delays in specimen delivery to laboratory;
e laboratory materials unavailable.

Importance of surveillance

Confusion as to cause of death is avoided.

Demonstrates that control measures are working.

Note. Every unexpected death in livestock should automatically result in a blood or tissue smear and sample for examination by veterinary authorities
(see Annex 1, sections 8.1 & 9, Table 14) at the earliest opportunity. A person of appropriate standing in each community might be recruited to
implement this; he/she should be given adequate instruction, including on safety issues.

Since it is a frequent experience that smears may fail to reveal anthrax bacilli, especially if the carcass was not fresh at the time of making the smear
(i.e. if the smear is not made within, for example, 48 hours after death), laboratory culture should be regarded as an essential back-up procedure
for diagnosis. This should be made possible by provision of the appropriate equipment, materials and instruction at the district veterinary laboratory

level at least.

! HealthMapper: http://www.who.int/health_mapping/tools/
healthmapper/en/index.html; Global Health Atlas: http:/
www.who.int/health_mapping/tools/globalatlas/en/index.
html; World health statistics: http://www.who.int/statistics.
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TABLE 7
Reporting
Ideal Reporting and information must be efficient, involving:
e keeping good records;
* mandatory reporting of deaths.
Actual Reporting does occur, but to what extent does its efficiency need to improve?

How can this be improved? (e.g. would better cooperation between the local established
social hierarchy and the veterinary public health officials be the way to improve this?)

Constraints
(on achieving the ideal)

To what extent do the following prevent achieving the ideal and how can their influence
be reduced:

e the size of the areas being monitored;

e the remoteness of some of the villages;

e the inaccessibility of many of the communities;

e shortage of basic materials at the veterinary assistant level.

Importance of reporting

The success of control efforts cannot be monitored without good reporting.

Note. A concerted effort should be made to ensure that hospitals and human clinics inform veterinary officials when they see a case of anthrax in a

person.

TABLE 8

Disposal

Ideal After confirmation as being a case of anthrax, a carcass should not be opened and should
be burnt (or, the less preferred option, buried) in situ, or in an incinerator or rendered (see
section 8.2).

Actual Are carcasses butchered and sold for human consumption?

Is the value of the meat and hides seen as outweighing risks of serious illness?
Is burning not feasible owing to shortage of fuel?
Is burial a possible alternative?

Constraints
(on achieving the ideal)

To what extent do the following prevent achieving the ideal and how can their influence

be reduced:

e attitudes of stock owners;

e traditions;

e lack of understanding of why only some of those handling an anthrax carcass or eating
the meat acquire disease.

Importance of disposal

Avoidance of environmental contamination.
Avoidance of spread of anthrax.

Note. Options on the best official approach to dealing with anthrax carcasses in developing country situations range from leaving it unopened for
several days, possibly first wetting with 10% formalin (section 8.3.2.1; Annex 6, section 1), to allow putrefaction to kill the anthrax bacilli within

the carcass, to a mandatory incineration policy, with many other approaches in between. Research is needed to determine practical and effective
procedures appropriate to the local circumstances.
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TABLE 9
Disinfection
Ideal Disinfectants should be held in reasonable quantities at field stations. Veterinary assistants
and stock owners should be trained in their use.
Actual To what extent is this possible?
Constraints To what extent do the following prevent achieving the ideal and how can their influence
(on achieving the ideal) be reduced:
e lack of availability of suitable disinfectants;
® cost;
e hazards posed by the appropriate disinfectants;
e the type of premises where anthrax carcasses are handled.
Importance of disinfection Disinfection is a valuable control measure.

It needs to be included in the control programme wherever possible.

Note. Provision, supply and storage of appropriate types of disinfectants are clearly a problem for developing countries, mainly because these are
imported at a very high cost. Research is needed on the design of disinfection procedures applicable to the economic and other conditions prevailing
in such countries.

TABLE 10
Vaccination
Ideal A vaccine meeting acceptable standards should be available.
Field officers should have the necessary storage facilities to maintain full vaccine viability.
A contingency stock should be readily available.
Vaccination for the exposed animals in the first outbreak should be provided as a control
measure by the official veterinary service.
Actual Is vaccination coverage as it should be or very variable?
Is a ready supply of the vaccine rapidly available?
Are there storage facilities for the vaccine at field level?
Are vaccine campaigns of adequate duration?
Is vaccination supplied and applied by the official veterinary service?
Constraints To what extent do the following prevent achieving the ideal and how can their influence
(on achieving the ideal) be reduced:
e perceived cost to the stock owner;
e perception of failure from the cycle of “free” vaccination — retroactive immunization —
perceived failure — loss of confidence in vaccination on the part of the stock owner.
Importance of vaccination Vaccination and safe disposal of carcasses are the hub of anthrax control in endemic areas.

Note. For maximum success, vaccination as a control measure should be applied together with other control measures and continued for a full speci-
fied period (frequently three years is the period specified in a region with a history of regular or periodic outbreaks). Attention needs to be paid to
problems that may arise if antibiotics are being administered to the animals for any reason (see section 7.2.1.3, Annex 6, section 1.4). It makes sense
in many endemic regions to use combined vaccines, such as BQ/Anthrax vaccine.

Vaccines are generally available (see Annex 5). Problems largely relate to the attitudes of farmers (Dietvorst, 1996a), cost, and logistics of carrying
out and evaluating the effectiveness of vaccination campaigns. Examples of the sort of resistance on the part of farmers to vaccination, and the
rationale for this resistance, are well covered by Dietvorst (1996a). As a first example, vaccination initiated in response to an outbreak has led to
the situation in which the vaccine has been administered to animals already infected and which have died shortly after. This results in, at best, loss
of faith in the vaccine and, at worst, a belief that the vaccine killed the animal(s). A second example is a belief that animals must be rested for two
weeks after vaccination; frequently farmers feel they are unable to cease work for this period. The earliest identification of anthrax infection and
application of annual vaccination of susceptible animals before the anthrax season in endemic areas will overcome most of these negative attitudes.
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TABLE 11

Education

Ideal Educational material on anthrax should be supplied to field or other appropriate stations for
distribution in the affected community.

Actual Have booklets, posters, radio programmes, videos, etc. been prepared?

Have they reached the relevant communities (see Fig. 13)?
Is there a need for continuation, expansion (more issues covered) and extension (more
affected people reached)?

Constraints
(on achieving the ideal)

To what extent do the following prevent achieving the ideal and how can their influence
be reduced:

e distances involved and inaccessibility of some communities;

e printing, paper or production costs;

e dissemination/distribution costs.

Importance of education

The community gains a better understanding of the rationale and the limitations of control
actions.

Note. Inherent in all the control measures is the underlying need for educational programmes and materials. Of foremost importance is education

of the farmer/owner to recognize and report suspected anthrax and take proper action over the disposal of the carcass. Appropriate education
should also be available for instruction of veterinary, medical and other officials in confirmation of diagnosis and correct action thereafter. Finally, the
community itself should understand the rationale as well as the limitations of control actions. The clear need for information broadsheets, manuals,
videos and films for disseminating information at courses, seminars and village meetings has been addressed in an exemplary manner in Zambia
(Dietvorst 1996a), where posters, booklets and a radio play (Dietvorst, 1996b) have been developed (Fig. 13).

Fig. 13 Educational material (opposite)

The pictures are from a book, and also featured on a poster,
conveying the story of the problems the fictional Liseli family
suffered following the death of their cows from anthrax. The
message to farmers/owners of livestock is that they should not
handle and butcher the carcasses of animals that have died
unexpectedly or eat meat from such carcasses, but rather that
they should call a veterinary official to supervise correct dis-
posal of the carcass. (Source: Dietvorst, 1996b.)
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ANNEX 1

Laboratory procedures for diagnosis of anthrax, and
isolation and identification of Bacillus anthracis®

1. Anthrax and the microbiology
laboratory; operational safety
With some country-to-country variation in safety
level definitions and requirements, recommenda-
tions for the manipulation of the causative agent
of anthrax, Bacillus anthracis, generally are that BSL
(biosafety level) 2 practices, containment equipment
and facilities are appropriate for diagnostic tests,
but BSL3 standards should be used when the work
involves:

e producing quantities of the organism,;
e activities with high potential for aerosol produc-
tion.

and possibly also:
e gctivities with antibiotic-resistant strains.

In the case of Member States with limited resources
and unable to operate at BSL3, it is pertinent to
remember that B. anthracis is not highly infectious,
and that humans are moderately resistant (see sec-
tion 4.2.1). For diagnostic test purposes, therefore,
good laboratory practice (Table 12) at all times is the
important factor in carrying out the necessary tests
safely. Large numbers of the organism should not
be generated in uncontained laboratory situations,
and manipulation of liquid cultures or suspensions
should be kept to a minimum. It may be appropri-
ate to distinguish between fully virulent strains
and those lacking virulence factors, such as vaccine
strains.

Only a few confirmatory tests require liquid sus-
pensions, e.g. preparing smears, testing for capsule
production in blood and suspension of the organism
for PCR (polymerase chain reaction). Small volumes
(< 2.5 ml) are needed for these tests.

! Significant use has been made in this annex of the operating
procedures drawn up for the Manual for laboratory diagnosis of
anthrax (WHO, 2003) recently produced by the WHO Regional
Office for South-East Asia.

Work for further tests, such as bacterial counts,
sterility tests, etc. involving liquid cultures should
be done in biological safety cabinets in laboratories
meeting as nearly as is possible the criteria for basic
BSL3, or at least BSL2, laboratories. These criteria are
readily obtained on the Internet.

2. Principal features of good

laboratory practice

1. Use and storage of personal protective equip-
ment (PPE):

e Individuals should wear gowns or laboratory
coats with elastic cuffing, and disposable
gloves.

e Gowns/coats should be hung in a specified
place near the entry to the laboratory and
should be cleaned or disposed of at suitable
intervals or when defective.

e PPE should be removed on leaving the work
area and should not be worn outside the labo-
ratory.

2. The laboratory door should be kept closed.

3. Appropriate disinfectant (usually hypochlorite
solution, 10 000 ppm - see Annex 3, section 4.1)
should be prepared freshly on a regular basis:
¢ this should be available, ready for immediate

use in the event of a spillage;

¢ benches should be wiped down with the disin-
fectant after work is completed.

4. Appropriate containers (generally screw-capped,
non-breakable) should be used for specimens,
cultures, etc., and proper carriers or secondary
containers should be used for moving cultures
around the laboratory.

5. Eating, chewing, drinking, taking medication,
smoking, applying cosmetics and mouth pipet-
ting are strictly prohibited in the laboratory.

6. Storage of contaminated materials should be
done safely:
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TABLE 12

Criteria, equipment and materials for laboratory diagnosis of anthrax

LABORATORY CONDITION EQUIPMENT AND MATERIALS NEEDED

DIAGNOSIS CAPABILITY LEVEL

Suspect Peripheral The smear shows Gram- Specimen transportation kits
Intermediate positive, square-ended rods Sterile swabs
Central/reference in pairs or short chains, Microscope

occasionally singly, in
association with a
suggestive clinical history.

Microscope slides and cover slips

Immersion oil and lens paper

Ethanol (or methanol) = 95%

Stains: polychrome methylene blue stain (quality
controlled by reference laboratory for capsule
staining); Gram stain

Test tubes/screw-capped bottles

Gloves, high quality particle-filtering face masks,
gowns, Bunsen burner or spirit lamp

Disinfectant spray “gun”

Disinfectant: sodium hypochlorite (bleach)

Autoclave (and spore disks/strips)?

Presumptive Intermediate Smear stained with poly-
Central/reference chrome methylene blue
shows dark blue square-
ended rods in pairs or short
chains, occasionally singly,

surrounded by pink capsule.

Primary culture has typical
characteristics.

Other helpful tests or antigen-
detection devices based on
protective antigen are
becoming available.

As above, plus biological safety cabinet preferably
with fumigation capability

Incubator

Centrifuge

Water bath

CO, incubator/candle jar

Equipment for culture: loops, Petri dishes, pipettes
and tips, screw-capped bottles or tubes, flasks,
etc.

Media and reagents

culture media (blood agar, nutrient agar, heart
infusion agar, brain-heart infusion broth, etc.)

PLET agar (and/or other selective agar) ingredients

other stains — spore stain

gamma phage (quality-controlled by reference
laboratory for efficacy)

penicillin discs

defibrinated horse blood (blood from other species
also suitable)

horse serum (serum from other species also suitable)

sodium bicarbonate

Sterne vaccine strain of B. anthracis for controlling
phage and penicillin tests or, if possible, a wild-
type isolate for controlling phage, penicillin and
capsule tests

Further disinfectants

formalin (38%—40% formaldehyde solution) or
paraformaldehyde with neutralizer ammonium
carbonate/bicarbonate

Antigen detection devices if available

Confirmed Intermediate, if Confirmatory tests show
suitably equipped culture is B. anthracis.
Central/reference PCR confirms presence of

toxin and capsule genes.

As above, plus

Hazard-level 3 laboratory® with biological class 3
safety cabinet equipment and materials for PCR
media and materials for antimicrobial
susceptibility testing room fumigation capability
when necessary.

2 The destructive function of the autoclave should not be assumed but should be checked with a spore disc or strip (available commercially).
 The ideal is a BSL (biosafety level) 3 facility containing a class 3 cabinet. In some laboratories, a class 2 cabinet with respirator in a BSL 3 facility or a

class 3 cabinet in a BSL 2 facility, are the less ideal alternatives.
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e “Tools” (pipettes, tips, loops, spreaders, etc.)
should be housed safely after use, awaiting
autoclaving (e.g. in strong autoclavable bags) or
fumigation, or they should be fully immersed
in jars of disinfectant (10% bleach or forma-
lin).

e Contaminated items and materials awaiting
reuse or disposal should be housed in strong
leak-proof containers, preferably within auto-
clavable bags. Spillage within these should be
avoided.

7. Infectious disposable waste (see 6 above) should
be autoclaved, preferably followed by incinera-
tion also. Reusable articles should be autoclaved,
fumigated or otherwise sterilized before clean-
ing.

8. Procedures should be performed so as to mini-
mize production of potentially contaminated
aerosols or dusts.

9. Hands should be thoroughly washed with soap
and water before leaving the facility, using dispos-
able towels or an air drier after washing. (Ideally
a hand-washing basin should be sited by the labo-
ratory door, adjacent to the hooks for laboratory
gowns/coats.)

10. An accident and incident emergency plan should
be in place.

11. Laboratory workers should receive initial and
regular revision training on the above.

3. General bacteriology of anthrax

The basic bacteriology of B. anthracis and its identifi-
cation characteristics have been described in chap-
ter 6. Further practical information is given here.
B. anthracis is a non-fastidious, facultatively anaero-
bic bacterium organism which grows readily on sim-
ple laboratory media. The optimum temperature for
growth is 35-37 °C.

3.1  Nutrient agar

After overnight incubation at 35-37 °C colonies
are large, 2-3 mm in diameter, irregular, raised,
dull, opaque and greyish-white with “frosted glass”
(ground glass) appearance. Occasionally the colo-
nies may have fringed edges or put out curled pro-
trusions (tailing). This is the so-called “Medusa head
appearance” but is not encountered as frequently as
textbooks often suggest, and varies from batch-to-
batch of media. The colony is notably tacky in con-
sistency.

3.2 Blood agar

After overnight incubation at 35-37 °C on horse or
sheep blood agar (BA), colonies of freshly isolated
B. anthracis are white, or grey-white and non-haemo-
lytic, 2-4 mm in diameter, again with a slightly
moist, matt appearance. Fringed edges or tailing is
sometimes seen as with nutrient agar (Fig. 8B).

3.3 Spores

Spores develop at the end of the log phase of multi-
plication. For diagnostic purposes, they can gener-
ally be visualized in smears of standard laboratory
agar plate cultures (e.g. blood agar or nutrient agar)
after 20-24 hours of incubation at 35 °C to 37 °C.
The spores are central/subterminal, ellipsoidal and
do not swell the vegetative cell (Fig. 8C). Strain-to-
strain differences occur (section 6.3.1.1). In Gram-
stained preparations, the developing spores appear
as unstained areas within the cell. With malachite
green/safranin (or malachite green/basic fuchsin)
staining, the spores are stained green and the veg-
etative forms are pink (Fig. 8C). In the Ziehl-Neelsen
staining, spores are pink and the vegetative forms
are blue. When fully mature (dormant), the spores
can also be seen as refractile egg-shaped bodies
under phase contrast. (See also sections 6.3.1.1 and
this annex, sections 9.3.4 & 9.3.5.)

3.4 Capsules

Capsules are not formed during normal aerobic in
vitro culture. They can beinduced either by growth in
bicarbonate agar containing serum under a 5%-20%
carbon dioxide atmosphere, or in defibrinated blood
or in serum (defibrinated horse blood seems to work
best) (see also sections 6.3.1.6 and this annex, sec-
tion 10.7.2).

3.5 Broth cultures

Growth is frequently very floccular, especially in
static cultures, due to the tendency of B. anthracis to
form long chains in vitro (section 6.3.1.1). Being non-
motile, the strands settle as a deposit which comes
up as silky strands on shaking the broth gently.

3.6 Selective agars — PLET and TSPBA

Selective media are needed for the isolation of B.
anthracis from clinical materials or environmental
samples heavily contaminated with other bacteria.
Bowen (1999) concluded that the best selective sys-
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tem was the polymyxin, lysozyme, EDTA and thal-
lous acetate (PLET) agar of Knisely (1966) (Fig. 14).
PLET agar was also chosen as the most selective
and sensitive (3-5 spores per gram of soil) detection
medium for all the work leading up to and follow-
ing decontamination of Gruinard Island (Manchee
et al., 1981, 1983). Dragon & Rennie (2001) recorded
that, compared with blood agar, as few as 33% of the
viable anthrax spores present in a sample germi-
nated and outgrew, but Bowen (1999) and Samaan
& Turnbull (unpublished results) found that losses
on PLET were normally nil. The single exception was
strain LSU 62, a 1962 bovine isolate from Poland,
which, uniquely, did not grow on PLET (Turnbull et
al,, 2004a). Whether this is a laboratory adaptation
phenomenon is not known.

While it would seem that PLET agar, prepared well
(Annex 2), is an excellent selective isolation medium
for B. anthracis, it does generally require at least 36
hours of incubation to read. Its other disadvan-
tage lies in the ingredient, thallous acetate, which
is highly toxic and environmentally unfriendly in
terms of disposal.

After incubation at 37 °C for 36-48 hours, the
colonies of B. anthracis are 2-3 mm, roughly circular,
creamy-white with ground-glass texture. Colonies
are usually smaller in size on this medium com-
pared to those on nutrient or blood agar, and lack
the tackiness. Tailing edges are not seen.

Trimethoprim-sulfamethoxazole agar medium!
has been recommended by some. Polymyxin at the
same concentration as used in PLET may give extra
selective advantage. This medium is referred to here
as TSPBA; instructions for its formulation are given
in Annex 2. B. anthracis colonies are recognizable ear-
lier on TSPBA than PLET and at the same rate as con-
ventional blood agar; being a blood agar, it retains
the value of showing up haemolysis in the case of
any haemolytic species that break through.

B. anthracis growth and colony morphology on
TSPBA are indistinguishable from those on BA (sec-
tions 6.3.1, and this annex, section 3.2; Fig. 8B).

3.7 Bicarbonate agar

Colonies of fully virulentisolates are mucoid in nature
on this medium when incubated overnight under CO,
due to capsule formation. Vaccine strains lacking the
capsule genes, such as the Sterne strain, are rough

1 As found on http://www.ourfood.com/Anthrax.html.

(see this annex, section 10.7.2.2; Fig. 8D). The formula
for bicarbonate agar is given in Annex 2.

4. Special features

4.1 Susceptibility to penicillin G

Fresh isolates of B. anthracis from cases of anthrax
are almost always susceptible to penicillin (see sec-
tion 7.1.2). In its simplest form, this involves spread-
ing a portion of a nutrient or blood agar plate with
the culture under test, and placing a 10U penicillin
disc at some point within the area of spread. The
zone of susceptibility will be visible after overnight
incubation at 35-37 °C (Fig. 8F; see also this annex,
section 10.7.1).

4.2 Susceptibility to the diagnostic
(“gamma”) bacteriophage

The diagnostic (“gamma”) phage has the ability to
lyse B. anthracis grown aerobically on blood or other
nutrient agar and rarely lyses any other Bacillus spe-
cles. Phage-resistant isolates are encountered, but
thisis rare (see section 6.3.1.5). There are a variety of
ways this test can be done, but the simplest is to pick
the suspect colony to a segment of a blood agar plate
with a 1 pl inoculating loop as shown in Fig. 8F and
place a 15 pl drop of phage suspension in the centre
of the area over which the loop has been spread. The
plate is incubated overnight at 35-37 °C (see also this
annex, section 10.8.1).

4.3 Animal pathogenicity test

Definitive identity of a suspect B. anthracis isolate
used to be done by inoculating the organism into a
mouse or a guinea-pig and confirming the cause of
death by smear or isolation. However, for ethical rea-
sons animal inoculations are only done now under
exceptional circumstances (see also this annex, sec-
tion 12).

5. Case definition based on
laboratory findings

For the purposes of investigation and control activi-
ties, the diagnostic definitions in Table 12 are pro-
posed for anthrax. This is based on the model
outlined in the Manual for laboratory diagnosis of
anthrax (WHO, 2003) in which laboratories in any
country can be broadly subdivided on the basis of
their resources and capabilities into: (i) peripheral
(district), able to receive clinical samples and carry
out basic procedures by which to establish initial
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“suspect” diagnosis of anthrax so that immediate
control measures can be instituted; (ii) intermedi-
ate (regional/provincial), which may be equipped to
biosafety level 2; and (iii) central (reference) able to
reconfirm identifications and perform further tests.

6. Sample processing and
containment

6.1 Type of specimen

The approach taken will depend on the type of speci-
men being examined which, for the purposes of
examination, will fall broadly into: (i) fresh specimens
from untreated animals or humans; (ii) specimens
from treated animals or humans; (iii) specimens
from old and decomposed animal carcasses or from
animal products; or (iv) environmental specimens,
including those from suspected deliberate release
events.

6.2 Clinical specimens and materials

Specimens from lesions or from freshly dead humans
or animals may be handled at hazard levels lower
than level 3 (see this annex, section 2) with the fol-
lowing safety precautions:

e use of adequate protective clothing (gloves, gowns
with tight wrists and ties at the back). If the sam-
ples are not being processed in a safety cabinet,
protective eye-shields and good-quality face
masks may be advisable to protect the operator
from other (non-anthrax) infectious agents that
might be present;

e availability of high-quality, properly positioned
facilities for hand-washing;

e careful dressing of skin abrasions.

Old dried-up specimens, such as old hides, that are
liable to give off dust during processing, should be
handled in a biosafety cabinet, preferably class 3.

6.3 Environmental and suspect deliberate
release samples

Environmental samples from sites suspected of
having been contaminated naturally (e.g. carcass
sites) are best handled in a biological safety cabinet.
Samples under suspicion of being artificially con-
taminated must be handled in a biosafety cabinet,
again, preferably a class 3 cabinet. Suspect powders
should strictly be processed in a well-constructed
class 3 safety cabinet. A deliberately contaminated
environmental sample is potentially very dangerous,

and the processing of suspect environmental sam-
ples should be restricted to a proper hazard-level 3
laboratory with the correct facilities, most likely in
the central/reference laboratory.

7. Specimen collection
7.1 Equipment and materials for
specimen collection

7.1.1  All-purpose kit
In the case of human specimens (Table 13), these
must be collected by the attendant medical profes-
sionals.

The following list is for guidance in relation to
specimen collection:

e leak-proof specimen containers, wide-mouth in
the case of environmental samples;

e secondary containers for “double-bagging”;

* secure carrying containers (e.g. good-quality cool
box, metal box, plastic mailing pots, etc.);

e sterile swabs, forceps, scissors, syringes (1 ml) and
needles (approx. 19 gauge), spatulas or spoons;

e sterile water and/or saline;

e microscope slides and slide carriers;

e culture plates and inoculating loops (if appropri-
ate to make primary culture at the site);

e “sharps” disposal containers;

e labels and markers or pens;

e adhesive tape;

e autoclavable discard bags for disposables;

e autoclavable discard bags for tools, clothing,
boots, etc.;

e tock hypochlorite solution and water to make up
working solution (5000-10 000 ppm) and hand-
washing facilities (e.g. large water container and
basin);

e paper towels.

7.1.2 Personal protective equipment

7.1.2.1 Specimen collection from a human or animal

situated indoors

e Laboratory coat, gown or overall, as appropriate
to the situation, should be worn. Sleeves should
be long with elastic cuff.

e Double disposable gloves and (if appropriate, e.g.
large animal dead on floor) overshoes or steriliza-
ble boots should be used. The outer gloves should
be changed as necessary to avoid spreading con-
tamination. Skin should not be exposed between
the gloves and the sleeves.
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TABLE 13

Guidelines on appropriate specimens from humans suspected of being infected with B. anthracis

CLINICAL PICTURE SPECIMEN® QUANTITY ~ CONTAINER OTHER ACTION
Cutaneous anthrax Vesicular fluid 3 Sterile swabs Make a smear with one of the swabs for M'Fadyean
(capsule) test. Use other for culture. Test with
antigen detection device if available.
Inhalational/ Blood 10 ml Blood collection Make a smear with a drop of the blood for
pulmonary anthrax tubes (anticoagulant  M’Fadyean (capsule) test as well as culture. Test with
not needed) antigen detection device if available.
CSF 0.5 ml Sterile screw-capped Make a smear for M'Fadyean (capsule) test as well
container as culture.
Nasal swab 2 Sterile swabs Culture.
Gastrointestinal Blood 10 ml Blood culture bottles Make a smear with a drop of the blood for
anthrax® M‘Fadyean (capsule) test as well as culture. Test with
antigen detection device if available.
Ascitic fluid 2 ml Sterile screw- Make a smear with a drop of the fluid for M'Fadyean
capped container (capsule) test as well as culture. Test with antigen
detection device if available.
Peritoneal fluid 2 ml Sterile screw- Make a smear with a drop of the fluid for M‘Fadyean
capped container (capsule) test as well as culture. Test with antigen
detection device if available.
Anthrax meningitis CSF 0.5 ml Sterile screw- Make a smear for M'Fadyean (capsule) test as well
capped container as culture.
Blood 10 ml Blood culture bottles Make a smear with a drop of the blood for

M’Fadyean (capsule) test as well as culture. Test with
antigen detection device if available.

2 Where possible collect specimen before administration of antibiotics to the patient.
5 |t may be appropriate to investigate suspected oropharyngeal anthrax in the same way as cutaneous anthrax.

e Existing cuts or abrasions should be dressed before
putting on personal protective equipment (PPE).

7.1.2.2 Specimen collection from animals in the field
See Table 14 for guidance on appropriate specimens
to collect.

Preferably a veterinarian or microbiologist trained
in handling disease-causing agents should do the
sample collection. This may not always be possible, or
only possible with a substantial delay, and farmers/
owners/managers may have to collect the samples.
The following advice aims at covering either situa-
tion:

e You will need an apron or coverall if you antici-
pate extensive handling of the carcass.

e You will also need disposable covers for your
hands and feet (see below) and strong bleach solu-
tion (10 000 ppm).

e Dress cuts or abrasions on exposed areas, espe-
cially hands and arms.

e The professional approach is to wear apron or
coverall, disposable gloves and overboots, or
boots that can be disinfected. It may be appropri-
ate to wear two pairs of disposable gloves (double
gloving); the outer gloves can then be changed as
and when needed without exposing the hands.
Minimal alternatives are strong plastic bags as
overboots and, for the hands, evert a plastic bag,
insert the hand that will touch the carcass into
the everted bag and grasp tissue to be sampled;
insert swab, or cut off sample with other hand,
reverse bag over sample or swab and seal and label
the bag. In the case of cutting off a piece of tissue,
insert the cutting implement into another plastic
bag for transport to where it can be disinfected
(strong bleach for 1 hour) or sterilized (boiled for
30 min or pressure cooked for 15-20 min).
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TABLE 14

Guidelines on appropriate specimens from animals suspected of having died from anthrax

CIRCUMSTANCE SPECIMEN CONTAINER OTHER ACTION

Use for smear and culture.
The smear can be prepared on
the spot. Test with antigen

Fresh carcass Small vial, or leave

in syringe.

Blood from vein (0.1 ml) or, if opened (e.g. by
scavengers), blood and fluid from body cavity
or piece of highly vascularized tissue (usually

ear clipping).

detection device if available.

Putrefied carcass

Piece of highly vascularized tissue and swabs
of vascularized regions (nostrils, eye socket,

any bloody material). Bloody soil from under

head or tail.

Swab tubes. For soils,
sealable specimen
container.

Culture animal specimens on BA
(preferably with polymyxin)

and selective agar.

Culture soil on selective agar.

Very old carcass, hides,
bones, soil around/

Swabs of nostrils, eye sockets. Soil from

under carcass, etc.

where body fluids believed to have fallen.

Swab tubes. For soils,
sealable specimen
container.

Culture on selective agar.

2 Smear and culture should be done within hours of collecting blood. Vegetative cells disintegrate in blood held for much more than a day. If a delay

After specimen collection, discard disposable
items into disposal bags for subsequent sterili-
zation or incineration. Similarly, non-disposable
items should be put into discard containers for
subsequent sterilization or disinfection. Care
should be taken to ensure that sharp objects are
in a container they cannot pierce easily. The con-
tainers themselves should be sterilized, inciner-
ated or disinfected.

Wash hands thoroughly with soap and water.

7.1.2.3 Environmental samples

Disposable or reusable apron or coverall (as
appropriate to the potential hazard of the sample)
should be worn.

Where the possibility exists of aerosolizing and
inhaling dust, a respirator is advisable, preferably
a quality assurance tested full-face respirator.
(Caution: the operator should be trained by a qualified
person in correct wearing and use of the respirator.)
For samples related to known or suspected delib-
erate release, a quality assurance tested full-face
respirator should be regarded as mandatory.
(Caution: the operator should be fitted and trained by a
qualified person in correct wearing and use of the respi-
rator.)

Double disposable gloves and overshoes or steri-
lizable boots should be worn. The outer gloves
should be changed as necessary to avoid spread-
ing contamination.

in reaching the laboratory is expected, the smear should be made on a slide immediately after collection and the blood should be collected on a
dry swab. This will encourage sporulation of the B. anthracis on the swab, which is then reliable for culture for long periods.

Existing cuts or abrasions should be dressed
before putting on PPE.

7.2  Safety procedures for specimen

7.2.1

collection

During specimen collection

Before specimen collection, put on the chosen
clothing, including double gloving. Ensure disin-
fectant, disposal bags and hand-washing equip-
ment are ready.

Existing cuts or abrasions should be dressed
before putting on PPE.

After specimen collection, rinse or wipe down
gloved hands with 10% hypochlorite solution and
discard outer gloves.

Discard used PPE into disposal bags, separating
autoclavable and non-autoclavable items. Inner
gloves should be discarded last. Sharps should be
placed in a sharps container.

Wash hands.

7.2.2 Using disinfectants, fumigants, etc.

Prepare hypochlorite solutions (10 000 ppm)
freshly every day. Preferably handle sodium hypo-
chlorite wearing gloves and eye protection. Avoid
spilling it on clothes. Remember it corrodes fer-
rous metals.

Use formalin in well-ventilated areas, wearing
gloves and face shield while handling it. If han-
dling it in an enclosed space with little ventila-
tion, or if large volumes are involved, a full-face
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chemical respirator should be worn (the operator
should be fitted and trained by a qualified person in cor-
rect wearing and use of the respirator). It is injurious
to skin and mucous membranes.

7.3 Labelling

The following information should be recorded:

e a reference code or number marked in indelible
ink on the container;

and, either on the container or on a sample docu-
mentation sheet:

e the date and time of sampling;

e the location of the sampling point;

e the type of sample;

e the reason for sampling;

e the identity of the person taking the sample.

7.4  Collection of human specimens for
anthrax diagnosis

To a great extent, the specimen that can be collected,
or that will yield B. anthracis, will depend on the con-
dition of the patient and stage of the disease. For
example, it may not be possible to isolate B. anthracis
from the vesicular fluid of a cutaneous lesion if the
patient has been treated, and vesicular fluid may no
longer be available if a cutaneous lesion is older than
3-4 days. As another example, it will not be possible
to isolate B. anthracis from blood until the very last
few hours of life. With this proviso, Table 13 provides
guidelines.

7.5 Collection of animal specimens for
anthrax diagnosis

Legislation in most countries forbids postmortem

examination of animals that have died of anthrax.

Animals that have died suddenly and unexpectedly

should not be necropsied unless anthrax has been

ruled out as the cause of death (see section 3.5.2).

7.6  Collection of environmental samples
for examination for B. anthracis

e Exposed surfaces are swabbed with moistened
swabs, which are “double-bagged” (see also this
annex, section 7.7) and sent to the laboratory.

e Water is collected by means of a syringe without
needle and double-bagged.

e Food samples are collected with sterile spoons or
other suitable sterile collecting devices into small
sterile containers and double-bagged.

e Soil samples are collected with sterile spoons or
other suitable sterilized tools into sterile, seala-
ble containers (e.g. specimen cups with screw-on
lids) and double-bagged.

e The cautions outlined in this annex, sections 6.3
and 7.1.2.3, pertain to dust samples, or suspect
powders. For most purposes, swabs or sterile
gauze “wipes”, premoistened with sterile water,
are best. Dry swabs may be used if there is special
reason not to use wet ones, such as not damaging
evidence, but they will only collect small amounts
of sample. The swabs are transferred to an appro-
priate container and double-bagged. It may also
be possible, depending on the circumstances, to
transfer dust to a sterile container with a sterile
spatula; this should obviously be done carefully
S0 as not to create aerosols. If vacuum collectors,
purpose-designed to collect these types of sam-
ple into Hepa filter collectors, are available, then
these should be the method of choice.

7.7  Containment for transport
(“double-bagging”)

e The specimens should be collected into sterile
containers as indicated in Tables 13 &14, using
aseptic techniques.

e The containers should be wiped down with
hypochlorite (10 000 ppm) and, with outer gloves
changed first, put into an outer, secondary con-
tainer (double-bagged). If the secondary container
is a plastic bag, then this should be of good qual-
ity. It should, in turn, be sealed and, for transport,
be put into a good-quality cool box or a strong
plastic or metal container with a lid that can be
made secure.

e The secondary and outer containers should bear
the relevant hazard labels.

Generally, specimens should be stored at 2-8 °C.
Preferably they should be transported in cool boxes,
especially in hot weather and when the time interval
between collection and delivery to the laboratory is
likely to be more than 1-2 hours.

The use of dry swabs for samples which cannot
be examined immediately is covered in this annex,
section 8.1 and Table 14.

For shipping of samples by mail or courier, the
appropriate procedures with relevant paperwork
must be followed.
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7.8 Disinfection, decontamination
and discard
Basically all specimens and used disposables should
be autoclaved when finished with. Whether in the
laboratory or in the field, these should have been col-
lected into autoclavable bags or other suitable con-
tainers which are then autoclaved at 121 °C for = 1
hour, preferably followed by incineration.

Contaminated autoclavable non-disposable items
should also be deposited in autoclavable containers
and ultimately autoclaved.

Microscope slides, coverslips and other sharp items
should be placed in autoclavable sharps containers
and autoclaved, preferably followed by incineration.

There may be circumstances where it is appro-
priate to immerse items in hypochlorite solution
(10 000 ppm) initially and then to autoclave and
incinerate them later.

Disinfect or fumigate non-autoclavable materials
(see Annex 3, section 3.3).

Laboratory clothing should be autoclaved before
being sent to the laundry. Non-disposable boots
should be washed down into an autoclavable basin or
bucket, and the washings autoclaved. The boots then
should be disinfected by immersion in hypochlorite
(10 000 ppm available chlorine) or 10% formalin (see
Annex 3, section 6.5) and allowing them to dry for
about 30 min before reuse.

7.9 Fumigation/UV

Equipment that cannot be autoclaved, boiled or
immersed in disinfectant solutions should be fumi-
gated (see Annex 3, section 3.3). Where fumigation is
not readily achieved and a safety cabinet fitted with a
UV light is being used, this should be utilized apply-
ing the same principles of arranging the items to be
sterilized in such a way as to ensure the UV light
reaches into and around them to maximum extent
(see Annex 3, section 3.3.1). UV should not be relied
on alone for decontamination, but should be used in
conjunction with wiping the items to be decontami-
nated with towelling moistened with hypochlorite or
possibly formalin, paying attention to the cautions
given in Annex 3, section 1.1.

Ideally, cabinets and rooms should be fumigated
when suspected of being contaminated. Where this
is not possible, they should be given a very thorough
floor-to-ceiling wipe-down with hypochlorite solu-
tion (10 000 ppm).

8. Types and conditions of specimens
versus ease of diagnosis

8.1 Fresh specimens from untreated
animals or humans

Few difficulties should be encountered in: (i) iden-
tifying B. anthracis in M'Fadyean capsule-stained
smears of blood, lymph or oedematous fluid from
untreated animals shortly before or within one or
two days after death from anthrax; or (ii) isolating
B. anthracis from these types of specimen. Similarly,
the bacteria should be readily visible in, or isolated
from, vesicular fluid before treatment in humans or,
so long as no treatment was given, from body fluids
near to death or post mortem.

It should be noted, however, as indicated in the
footnote to Table 14, that smears and culture should
be done within hours of collecting blood. Vegetative
cells disintegrate in blood held for much more than a
day. If a delay in reaching the laboratory is expected,
the smear should be made on a slide immediately
after collection, and the blood should be collected on
a dry swab. This will encourage sporulation of the
B. anthracis on the swab, which is then reliable for
culture for long periods

8.2 Specimens from treated animals
and humans

Treatment of an animal suffering from anthrax may
sterilize the blood and tissues even though the ani-
mal may go on to die from the effect of the toxin.
Similarly, cutaneous lesions in humans will be
quickly sterilized by treatment but will continue to
pass through their stages of evolution and resolution
(section 7.3.1.5). ( See also sections 3.5.3 and 4.4.4.2.)

Residual forms of the capsulated bacilli may be
visible in fluid smears from such animals or persons.
Isolation attemptsmaybeunsuccessful. Confirmation
of diagnosis may be possible with a sensitive antigen-
detection device for the toxin. It is hoped this will
become more widely available in the future. In cases
of extreme need to confirm diagnosis, a last-resort
approach may be use of mice or guinea-pigs to iso-
late B. anthracis (this annex, section 12).

8.3 Specimens from old or decomposed
animal specimens, or from animal
products or environmental specimens

The problem likely to be encountered with this group

of specimens is that detection will frequently involve

a search for relatively few B. anthracis among many
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other Bacillus species, particularly B. cereus (section
6.2). The selective approach covered in this annex,
section 10.4 is necessary.

Environmental samples may vary greatly in
their composition (different kinds of soil, water and
wastewater, biowaste, food and feedstuff), in their
content of toxic materials (e.g. organic or inorganic
residuals used in tanneries), and the competing bac-
terial flora. Extensive experience in Germany (B6hm
& Beyer, personal communication, 2005) has shown
that environmental samples may contain substances
which inhibit germination and growth of B. anthra-
cis, and therefore appear negative on culture. Such
conditions may result in false negative results if a
sample-specific positive control is not included.
Therefore in general all sample materials are best
divided into two parts before processing, one being
the true sample and the other used as the spiked
positive control. In order to determine the limit of
detection of the culture procedure, further portions
of the sample may be spiked with tenfold dilutions
of spores. In sufficiently contaminated materials,
the effect of the inhibitor may be eliminated and the
contaminating B. anthracis detected by suitable dilu-
tion of the initial sample suspension.

9. Microscopy for anthrax
9.1 Equipment and materials

The following equipment and materials will be
needed:

e binocular microscope with good oil immersion
lens

e microscope slides and cover slips

e pen/pencil/diamond pen/label as appropriate to
label slides

e sharps container

e wash bottles and water, preferably deionized or
distilled

e alcohol, 95%-100%

e immersion oil

e stain tray with slide holder

e inoculating loops

e Bunsen burner or spirit lamp

e Pasteur pipettes, preferably plastic disposable

e paper towel or other absorbent paper

e plasticine

e lens tissue

e autoclavable discard bag

e stock hypochlorite and working bottle for 10 000
ppm solution, preferably a spray bottle

e stains:
— Gram stain
— polychrome methylene blue (M’Fadyean).

9.2 Safety measures

e Wash the stain off with water into a tray con-
taining hypochlorite solution (10 000 ppm). Leave
overnight before discarding, or autoclave.

e Discard the used slides into the sharps container,
which is autoclaved.

e Incinerate/autoclave or otherwise decontaminate
other used items of equipment.

e Avoid contaminating the microscope, e.g. by
changing outer gloves at appropriate times.

e Decontaminate the safety cabinet after use (see
this annex, section 7.9 and Annex 3, section 3.3)

9.3 Preparation and staining of smears

9.3.1 Clinical (human or animal material)

e Make two thin smears of clinical/animal mate-
rial by rolling over the swabs or spreading a small
drop on a microscope slide, using a coverslip to
do the spreading. The smear should be approxi-
mately 1.5 cm square and should not run to the
edges or either end of the slide. The thinner the
smear, the better (avoid thick smears).

e Air-dry.

e Fix by dippingin 95%-100% alcohol for one minute
and redry.

e Stain one smear with Gram stain (this annex, sec-
tion 9.3.3) and the other with polychrome meth-
ylene blue stain for the demonstration of capsule
(M’Fadyean stain) (this annex, section 9.3.6).

9.3.2 Smears from cultures

e Transfer some growth from the primary isolation
plate to about 0.5 ml of saline and emulsify to
give a slightly cloudy suspension. If the culture is
already in suspension (e.g a broth culture), trans-
fer one or more loopfuls to about 0.5 ml saline,
again to produce a slightly cloudy suspension.

e Using a 1 pl loop, transfer a drop of the suspen-
sion to a microscope slide and spread the drop
well.

e Allow to dry and fix with heat or dipping in
95%-100% ethanol for one minute.

e Allow the ethanol to evaporate off and stain as
required.
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9.3.3 Gram stain

e Follow the standard method, washing off into
hypochlorite solution (10 000 ppm) at each stage.

e Observe the typical morphology of the bacillus:
in clinical material B. anthracis are Gram-positive
thick, long, straight bacilli with square or trun-
cated ends with parallel sides found usually sin-
gle, in pairs or chains of 3 or 4 bacilli. The chain
of bacilli with truncated and swollen ends gives a
characteristic “bamboo stick” appearance. A fur-
ther description is given in section 6.3.1.1.

e Remember this is not a suitable stain for demon-
stration of capsule.

9.3.4 Modified Ziehl-Neelsen stain for spores

e Air-dry and heat or alcohol-fix the smear.

e Cover the smear with carbol fuchsin.

e Heat for 3-5 minutes; do not allow the stain to
boil.

e Wash off stain with water using wash bottle (into
hypochlorite solution).

e Decolourize with alcohol until all traces of red are
removed.

e Wash off stain with water using wash bottle (into
hypochlorite solution).

e Counterstain with methylene blue for 1-2 min-
utes.

e Wash again (into hypochlorite solution) and allow
to dry.

e Observe under oil immersion.

Spores will be stained red and vegetative forms blue.

9.3.5 Malachite green stain for spores
e Dry the films and heat or alcohol fix.

Either:

e place the slide over a beaker of boiling water, rest-
ing it on the rim with the bacterial smear upper-
most;

e cover with 5% aqueous solution of malachite
green;

e stain for 5 minutes, adding more stain solution if
the stain covering the smear starts to dry;

or

e place the slide in a moist chamber (a petri dish
with moistened filter paper will do);

e cover the film with 5% aqueous solution of mala-
chite green,;

e leave to act for 60 minutes.
Then, following either procedure:

e wash off stain with water using wash bottle (into
hypochlorite solution);

e counterstain with 0.5% safranin or 0.05% basic or
carbol fuchsin for 30 seconds;

e wash again (into hypochlorite solution) and allow
to dry.

Spores appear green and the vegetative bacilli red
(Fig. 8C)

9.3.6 Polychrome methylene blue stain for
capsule (M'Fadyean reaction)

This is the ideal method for demonstration of the

capsule:

e Put alarge drop of polychrome methylene blue on
the smear to cover it completely.

e Leave for 30-60 seconds.

e Wash off stain with water using wash bottle (into
hypochlorite solution, 10 000 ppm) and allow to
dry.

e When dry, examine under the 10x lens. The
anthrax bacilli can be seen as tiny short threads.
Switch to oil immersion and look for the capsule,
which is seen clearly as pink amorphous material
surrounding the blue-black bacilli (Fig. 8A).

A positive and negative control should be included
with every test. The positive control will require a
wild-type isolate, which should be securely stored,
or conceivably the Pasteur (pXO1/2*) if this can be
acquired. The Sterne vaccine strain is a good nega-
tive control.

9.3.7
This is not a true staining method but highlights the
capsule as a transparent halo around the bacillus.
It is satisfactory with good capsule preparations,
such as blood from a freshly dead animal or smears
of bacilli from mucoid colonies on bicarbonate agar
grown under CO, (see this annex, section 10.7.2.2).
It may be less sensitive when smaller numbers of
anthrax bacilli are present, or when the bacilli are
dead and disintegrating as may be the case in speci-
mens from old carcasses, or from animals/humans
that were treated before the specimens were col-
lected.

India ink method for capsule visualization
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Procedure

Premix a loopful of the blood or other tissue fluid
with a small drop of India ink on a clean slide such
that a thin layer results when a cover slip is placed
on top and pressed down lightly. If the India ink is
too dark, dilute appropriately with water. One labo-
ratory supplier of India ink for this purpose is Becton
Dickinson Microbiology Systems, Maryland, USA
(ref. 261194).

As before, the bacteria can be found by scanning
under low power (10x objective) and then examined
under oil immersion (100x) for the presence of the
capsule.

As with polychrome methylene blue staining,
a positive and negative control should be included
with every test.

9.3.8 Fluorescent antibody staining for capsule
Mention should be made of the fluorescein-labelled
anticapsule system developed by Ezzell & Abshire
(1996). This now forms the basis of the capsule visu-
alization tests used by the United States Laboratory
Response Network.

10. Bacteriological confirmation
10.1 Equipment and materials

The following equipment and materials will be
needed:

e binocular microscope with good oil immersion
lens

e microscope slides and cover slips

e pen/pencil/diamond pen/label as appropriate to
label slides

e sharps container

e wash bottles and water, preferably deionized or
distilled

e alcohol, 95%-100%

e immersion oil

e stain tray with slide holder

e inoculating loops

e Bunsen burner or spirit lamp

e Pasteur pipettes, preferably plastic disposable

e paper towel or other absorbent paper

e plasticine (modelling clay)

e lens tissue

e autoclavable discard bags

e stock hypochlorite and working bottle for 10 000
ppm solution, preferably a spray bottle

e stains:
— Gram stain
— polychrome methylene blue (M'Fadyean)

(quality controlled by reference laboratory for
capsule staining), or other capsule stain

— malachite green stain, or other spore stain

e culture media (blood agar, nutrient agar, heart
infusion agar, brain-heart infusion broth, etc.)

e PLET agar and/or TSPBA ingredients (Annex 2)

e gamma phage (quality controlled by reference
laboratory for efficacy)

e penicillin discs

e defribinated horse blood (blood from other spe-
cies may also be used)

e horse serum (serum from other species may also
be used)

e sodium bicarbonate

* incubator (with CO, facility ideally)

e water bath

e candlejar

e PCR equipment and reagents if appropriate.

10.2 Safety measures

e Place petri dishes (or other culture containers)
in a purpose-designed carrier or secondary con-
tainer, such as a sandwich box, for movement
around the laboratory. The carrier or container
should be labelled with the agent, the operator’s
ID and date.

e Discard the plates/tubes into autoclave bags.
Autoclave, preferably followed by incineration.

e Discard used slides and other sharp items into the
sharps container which is autoclaved and then,
preferably, incinerated also.

e Incinerate/autoclave other used disposable items
of equipment.

e Autoclave recyclable item.

e Fumigate or otherwise decontaminate non-
disposable items of equipment which cannot be
autoclaved.

e Decontaminate the safety cabinet after use (see
this annex, section 7.9 and Annex 3, section 3.3).

10.3 Fresh human/animal materials

10.3.1 Smears

e Prepare two smears.
Gram-stain one (this annex, section 9.3.3), stain
the other with polychrome methylene blue (this
annex, section 9.3.6) or other appropriate capsule
stain.
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Gram-positive bacilli in short chains, square-
ended and, in the polychrome methylene blue-stained
smears exhibiting capsules (Fig. 8A), are definitive.
Culture is necessary for further characterization.

10.3.2 Culture

e Inoculate on blood agar (BA).

e Incubate plates at 37 °C for 18-24 hours.
e Read the plates for colony characters.

After overnight incubation, B. anthracis colonies
are white with frosted glass appearance and non-
haemolytic. They may exhibit some or extensive
tailing and are exceptionally tenaceous when teased
with an inoculating loop. These can now be tested
and checked for penicillin and phage-sensitivity,
capsule production confirmed and, where facilities
are available, checked by PCR for the presence of
toxin and capsule genes.

10.4 Old animal specimens, animal
products, environmental samples
Caution: if the sample is associated with suspected delib-
erate release, the testing should be done by appropriately
equipped and trained personnel at the relevant reference

laboratory.

Old animal specimens, animal products and envi-
ronmental samples differ from fresh specimens in
that large numbers of other environmental bacteria,
especially other Bacillus species, will be present and
will outgrow and mask any B. anthracis that may be
present, especially if it is present in low numbers.
In this case, a selective medium is needed (see this
annex, section 3.6 and Annex 2). The procedures
given below are summarized in Fig. 15.

It should be noted that opinions differ as to the
merit of centrifuging the suspended samples with a
view to concentrating any anthrax spores present.
Frequently this simply results in the concentration
of the competing organisms. Depending on the type
of sample, dilution may be more effective in reveal-
ing the presence of B. anthracis than concentration.

As pointed out in this annex, section 8.3, inhibi-
tory substances may be present in some environ-
mental samples which could prevent germination
and growth of B. anthracis, and lead to false-negative
results on culture. Appropriate controls are therefore
needed. For example, a portion of the sample may be
spiked with approximately 500-1000 cfu of spores of
the Sterne 34F, vaccine strain of B. anthracis.

Fundamental to the search for B. anthracis in envi-
ronmental samplesis a heating phase. Thisserves the
dual purpose of killing non-sporing organisms that
are present and heat-activating (heat-shocking) the
B. anthracis spores, rendering them more predisposed
to germination. Time/temperature combinations for
B. anthracis spores found in many publications over
the past 60 years range from 60 °C for <90 min to
80 °C for <30 min, but appear to have been invari-
ably chosen arbitrarily. A recent study by Turnbull
et al. (2006), aimed at determining the limits of flex-
ibility that may be assumed in choosing a time/tem-
perature combination for heat-treating B. anthracis
spores, indicated that temperatures are best kept
to =70 °C with no obvious reason for holding times
> 15-30 minutes. Turnbull (Turnbull, 1996; Turnbull
et al,, 1998a) has normally opted for the conserva-
tive combination of 62-63 °C for 15-20 minutes, the
time depending on the size of container or volume of
liquid that has to be brought up to temperature, and
the caution based on fear of losing spores in routine
samples with low levels of contamination.

10.4.1 Examination of soil, material collected on a

swab or filter, etc.

e Dependingon type and quantity of sample and how
collected, make an appropriate w/v suspension of
the sample in sterile deionized water (SDW), e.g.
1 g of soil in 10 ml SDW, 10 g soil in 100 ml SDW,
1 ml SDW suspension from a swab sample, a mem-
brane filter suspended in 5-10 ml SDW, etc.

e The same is done in parallel for the artificially-
contaminated control.

e Both samples are shaken at 4 °C for several hours.
If the samples contain a lot of insoluble matter (e.g.
soil samples), they may then be filtered through a
plug of gauze and the filtrate processed.

e Make 1:10, 1:100 and possibly 1:1000 dilutions by
transferring 1 ml volumes to 9 ml SDW.

e Place in a 62-65 °C water bath for 15-20 minutes
to kill all vegetative forms, and heat-shock any
spores present.

e Spread 100-200pl volumes of undiluted and
diluted suspensions on 3 plates of predried blood
agar or TSPBA plates and 250 pl volumes on 3 pre-
dried PLET agar plates.

e Incubate blood agar and TSPBA overnight and
PLET agar for 36-48 hours at 37 °C. The suspected
colonies are further isolated and identified (see
this annex, section 10.3.2).
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Fig. 15 Flow diagram of suggested procedures for isolation and identification of B. anthracis and
confirmation of identity

HUMAN SPECIMEN ANIMAL SPECIMEN/MATERIAL ENVIRONMENTAL SAMPLE
‘ (Include a spiked positive control
¢ L to check for growth inhibitors)
Fresh specimen from Old/decomposed specimens
animal with suggestive or processed materials (wool,
clinical signs or history hides, bonemeal, etc.)

Toxin antigen
“» detection test

if available
Blend in 2 volumes of sterile distilled/deionized water
(buffered if specimen is likely to have very low/high pH)
L Decant £10 ml into a tube/bottle
M'Fadyean stain Direct plate $
on smear of on blood Place in water bath at 62—-63 °C for 15-20 min

blood, vesicular agar (BA)

or other tissue #

fluid, or tissue

. ; Prepare £10 ml volumes of 1:10 and 1:100 dilutions of
impression smear

the suspension in sterile distilled/deionized water

v

Spread 100 pl of each dilution on plates of pre-dried TSPBA if
available and 200-250 pl on pre-dried PLET

v

Incubate TSPBA overnight at 35-37 °C and PLET for 36 h at 35-37 °C

v

L e Test suspect colonies for lack of haemolysis, lack of
motlility, sensitivity to diagnostic “gamma” phage and penicillin

|
Transfer pinhead quantity of growth from
suspect colony to £2.5 ml blood (defibrinated
horse blood best) [horse serum also works]. (SPECIALIST LABORATORY)
Include positive and negative controls

Incubate at 35-37 °C for 5 h to overnight Carry out PCR for pag and cap genes

v

Make smear and stain with polychrome
methylene blue (M'Fadyean stain)

|

v

Presence of capsulated bacilli (pink capsule surrounding
dark blue bacilli, often square-ended, singly or in short chains)
is definitive for Bacillus anthracis. Likely to be fully virulent, but

presence of pag and cap genes confirms this
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10.4.2 Muddy/polluted water

If the water sample is highly particulate, treat as a
suspension of soil (Fig. 15).

e Place approximately 10 ml of the suspended sam-
ple in a 62-65 °C water bath for 15-20 minutes
to kill all vegetative forms and heat-shock any
spores present.

e Spread 100 pl volumes on 3 plates of blood agar or
TSPBA plates and 250 pl volumes on 3 PLET agar
plates.

e Incubate blood agar and TSPBA overnight and
PLET agar for 36-48 hours at 37 °C. The suspected
colonies are further isolated and identified (see
this annex, section 10.3.2).

e Include a spiked control as mentioned in this
annex, section 10.4.1 if considered advisable.

10.4.3 Drinking-water or apparently clear water
Procedures that have been laid down formally in
water quality and public health regulations for
enteric pathogens (Anon., 2002b) have not been
tested for B. anthracis. However, there is no reason
to believe that the membrane filtration methods
detailed in Anon. (2002b, parts 3, 8-10) would not be
applicable to a search for B. anthracis in water. The
suggested procedure based on this would be:

e Pass a known volume up to 100 ml of the sample
through a 0.45 pm membrane filter (typically 47
mm in a sterile filter unit).

e Remove the filter unit funnel and transfer the fil-
ter to 10 ml of sterile distilled/deionized water and
agitate firmly to resuspend organisms trapped by
the filter.

e Place the suspension in a water bath at 62-65 °C
for 20 minutes.

e Spread 100-200 pl volumes on 3 plates of predried
blood agar or TSPBA and 250 ul volumes on 3 pre-
dried PLET agar plates. Incubate blood agar over-
night and PLET agar for 36-48 hours at 37 °C.

e Look for typical B. anthracis colonies.

Alternatively:

e Bring two volumes of up to 100 ml of the sample
to 62-65 °C and hold them at that temperature for
15-20 minutes.

e Pass each 100 ml through a 0.45 pm membrane
filter (typically 47 mm in a sterile filter unit);
remove the filter unit funnels and transfer one fil-
ter to a blood agar or TSPBA plate and the other to
a PLET agar plate.

e Incubate the blood agar or TSPBA overnight and
PLET agar for 36-48 hours at 37 °C.

e Look for typical B. anthracis colonies growing on
the filters.

10.5 Examination of food

Food should be treated as environmental samples
(this annex, section 10.4.1).

10.6 Examination of dusts and powders
associated with suspected deliberate
release

In a class 3 safety cabinet (see this annex, sec-

tion 6.3), a sample of the dust or powder should be

transferred by means of a dry swab (dry so as not
to damage the evidence if follow-up is necessary) to
approximately 0.5 ml of buffered saline. This should
then be subcultured before and after heat treatment

(62-65 °C for 20 minutes) on/in blood agar and other

solid and/or broth media as considered appropriate

to the circumstances.

In the event of a powder in an envelope or equiva-
lent, the swab should be inserted through a corner of
the envelope without opening the envelope wide at
its top to minimize unwanted release of the sample.

10.7 Confirmatory tests

10.7.1 Phage and penicillin sensitivity

These tests can be done together in the simple man-
ner illustrated in Fig. 8F. Up to six tests can be done
on a BA plate. A control strain should be included in
each batch of tests (the Sterne 34F, vaccine strain, or
equivalent, would be suitable).

The colony to be tested is spread over a segment
of the plate, right down to the centre. A penicillin
disk (2 or 10 U) is placed at the centre of the plate.
A 10-15 pl drop of phage suspension is placed in the
middle of the spread and allowed to dry in. The plate
is incubated at 37 °C.

Phage and penicillin susceptibility can be read
from about 6 hours to overnight. Haemolysis can
also be checked.

Comments on phage titres and interpretation of
zones in section 6.3.1.5 should be noted.

10.7.2 Induction of capsule formation

10.7.2.1 In blood

e Transfer a pinhead quantity of growth from a sus-
pect colony to 2.5 ml defibrinated sheep or horse
blood in a sterile test tube or small bottle.
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e Incubate 5-18 hours at 35-37 °C.

e Transfer a drop with a 1 pl loop immersed to the
bottom of the unshaken bottle or tube to a micro-
scope slide and make a thin smear.

e Stain and examine as described in 9.3.6 above.

e A positive control strain should be included. This
could be the Pasteur strain or equivalent if avail-
able, but may have to be a virulent wild-type iso-
late maintained for this purpose.

10.7.2.2 On bicarbonate agar plates

e Plate the suspect colony onto bicarbonate/serum
agar (Annex 2).

e Incubate overnight at 35-37 °C under a 10%-20%
CO, atmosphere (or in a candle jar).

e Capsulating B. anthracis appears as mucoid colo-
nies (Fig. 8D). Make smears, stain and examine
as described in 9.3.6 above. Although the capsule
stains well when produced by this method, it does
not appear so well circumscribed as when pro-
duced in vivo or in blood as described in 10.7.2.1
above.

10.7.3 Motility

B. anthracis is non-motile. Any of the established
tests for motility can be used to check this with an
isolate.

10.7.4 PCR

10.7.4.1 Introduction

The section on PCR in the third edition of these
guidelines (Turnbull et al,, 1998a) was the subject
of some criticism. It is known that a number of
defence-related laboratories in several countries
have designed primers and PCR systems that have
a high degree of reliability, but these are generally
unavailable to the wider community.

The following protocols are kindly supplied by
W. Beyer.! The methods were also provided in writ-
ten form to the participants of the Anthrax Wetlab
Workshop.?

10.7.4.2 Primers and protocols of choice

Of the primer systems described in the literature,
only primers for the protective antigen (pag) and the

! Institute for Environmental and Animal Health, University
of Hohenheim, Stuttgart, Germany (initially published in
Tierdrztliche Umschau, 58:653-62).

2 Global Health Security Action Group (GHSAG) Laboratory
Network, 2004, HPA, Porton Down, United Kingdom.

lethal factor gene (lef) have not yet been shown to
cause nonspecific results. Many primers described
for the capB and capC genes and currently published
primers targeting the chromosome of B. anthracis
were shown to produce false positive results with
the indigenous soil flora (Ramisse et al., 1999; Beyer
et al., 1999; Ellerbrok et al., 2002).

10.7.4.3 DNA preparation

When PCR is simply being used to confirm suspi-
cious colonies, short boiling of resuspended vegeta-
tive bacteria in PCR buffer is sufficient to extract
DNA. If it is necessary to ensure that there are no
viable spores in the DNA preparation, autoclaving of
the culture material will also provide DNA suitable
for the PCR protocols described here.

To prepare DNA from a non-selective enrichment
culture or germinated spore suspensions, a DNA
preparation kit is recommended. Depending on the
target sequence of the PCR, the DNA preparation
should either enrich for plasmid DNA or genomic
DNA. In the former, the procedure should be able to
isolate large, low copy number plasmids.

For the isolation of PCR compatible DNA from
environmental samples, the procedure should also
be able to remove polymerase inhibitors. The DNA
preparation kits NucleoSpin® Plasmid (Macherey
Nagel) and DNeasy Plant (Quiagen) can be used
successfully for environmental samples. The
DNeasyPlant-Kit of Quiagen is used according to the
manufacturer’s recommendations with the follow-
ing modifications:

e The pellet from 1 ml of the non-selective enrich-
ment broth or germinated spore suspension is
used as starting material, resuspended in 400 pl
buffer AP1in the kit.

e After the second washing of the spin column with
buffer AW, an additional washing with 500 pl pure
ethanol is done. Be sure no residual ethanol is left
after the subsequent centrifugation.

e The DNA is eluted in 1 x 50 pl of buffer AE, pre-
warmed to 70 °C.

10.7.4.4 Controls to be included in the diagnostic PCR

The following controls should be included in order to
verify diagnostic findings:

e DNA prepared from an aliquot, or aliquots, of
the original sample material spiked with known
concentration(s) of a control strain of B. anthracis.
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This/these positive control(s) will provide infor-
mation about any inhibition of germination or
growth of B. anthracis during the preculture of the
sample materials. Additionally it will provide an
indication as to the sensitivity of the diagnostic
procedure.

e Addition of 1 pg to 1 ng of purified genomic DNA
of B. anthracis to the DNA prepared from the origi-
nal sample material. This will reveal any inhibi-
tion effect that may be occurring on the PCR by
polymerase inhibitors. Furthermore, it indicates
the sensitivity of the PCR with the particular
sample material being tested.

e Purified DNA (1 pg and 1 ng) of a pure culture of B.
anthracis. This reaction serves as a positive control
for the PCR. In a block cycler PCR, the amplicon
should be visible for 1 ng of input DNA after the
first round of amplifications, whereas 1 pg of DNA
would be detectable after the nested PCR step
only. In real-time PCR, 1 pg DNA or less should
give a clear signal.

e DNA derived from the “negative in-process” con-
trol, e.g. E. coli cells. This control is handled and
prepared simultaneously with both the original
and the spiked sample materials, and serves as
a negative control for contamination occurring
throughout the entire process of culture, DNA
isolation, and PCR.

e PCR premix without DNA. This reaction serves as
a negative control for contamination during the
preparation of the PCR premixes only.

10.7.4.5 Protocol for PCR in a block cycler instrument to
detect the pag or the cap genes

Prepare a premix consisting of a volume of 50 pl per

reaction containing 200 pmol/l dNTPs, 1.5 mmol/l

MgCl,, 1 umol/l of each primer, and 2.5 U polymer-

ase.

Add 1pgof T4 gene32 protein (Roche) to the stand-
ard premix during the first PCR. This single-strand
binding protein enhances the efficacy of PCRs by a
factor of 100 if the reaction is influenced by polymer-
ase inhibitors (Beyer et al., 1995).

The use of a “hot start” protocol is advisable.
Running a second PCR (nested PCR) is necessary: (i)
if there is only a weak positive result with the first
PCRrun, e.g. due to inhibition of growth in the spiked
control culture; or (ii) as a control reaction to verify
the specificity of a positive result after the first PCR
run. The nested PCR step may be omitted if the first

PCR yields a negative result for the sample and the
inhibition control, and the corresponding positive
controls are positive.

The PCR conditions for a thermal block cycler
running under block control are:

e 94 °C (83 °C for detection of pag) - 4 min

e 25 cycles (1st PCR); 30 cycles (nested PCR):
— 94 °C (83 °C for detection of pag) - 1 min
— 55°C-1.5min
— 73°C-15min

e 72°C-9min

e hold at 8 °C.

Primers used in the diagnostic PCR are shown in
Table 15. Additional primer systems are provided in
Table 16.

10.7.4.6 Protocols for real-time PCR in a LightCycler
instrument

The LightCycler (LC) instrument (Roche) is designed
for high-speed thermal cycling using air instead
of thermal blocks. A capillary sample tube system
ensures efficient heat transfer to the PCR samples.
As a result, the time needed for each PCR cycle,
including measurement of the sample fluorescence,
is minimized to approximately 15-20 seconds. A
30-40 cycle PCR run can be completed within 20-30
minutes. The formation of amplification products
can be monitored in real time.

The hybridization probe format is used for DNA
detection and quantification. Two specially designed,
sequence-specific oligonucleotides labelled with flu-
orescent dyes are applied for this detection method.
This allows highly specific detection of the ampli-
fication product. Oligo 1 carries a fluorescein label
at its 3’ end, whereas oligo 2 carries another label
(LC Red 640) at its 5" end. The sequences of the two
oligonucleotides are selected so that they hybrid-
ize to the amplified DNA fragment in a head-to-tail
arrangement. When the oligonucleotides hybridize
in this orientation, the two fluorescence dyes are
positioned in close proximity to each other. The first
dye (fluorescein) is excited by the LightCycler’s LED
(light emitting diode) filtered light source, and emits
green fluorescent light at a slightly longer wave-
length. When the two dyes are in close proximity,
the emitted energy excites the LC Red 640 attached
to the second hybridization probe that subsequently
emits red fluorescent light at an even longer wave-
length. This energy transfer, referred to as FRET
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TABLE 15

Primers for nested PCR to detect the pag-gene

PRIMERA SEQUENCE (5-3) REFERENCE BINDING SITE GENE ANNEALING
PAS tcctaacactaacgaagtcg Beyer et al. (1995) 2452-24712 pag 55°C
PA8 gaggtagaaggatatacggt Beyer et al. (1995) 3048-3029° pag 55° C
PAG accaatatcaaagaacgacgc Beyer et al. (1995) 2631-26512 pag 55 °C
PA7 atcaccagaggcaagacaccc Beyer et al. (1995) 2841-2821° pag 55 °C
2 Primer pairs are: PA5/PA8 for the first round of amplifications and PA6/PA7 for the nested PCR.

TABLE 16

Additional published primer systems

PRIMER SEQUENCE (5-3) REFERENCE BINDING SITE GENE ANNEALING
MO19 gctgatcttgactatgtgggtg Makino et al. (1993) 2452-24732 capA 65 °C
MO2¢ ggcttcctgtctaggactcgg Makino et al. (1993) 2739-27192 capA 65 °C
BACATFI acaactggtacatctgcgeg Reif et al. (1994) 470-489° capB 55 °C
BACAGRI" gatgagggatcattcgctgc Reif et al. (1994) 1073-10922 capB 55 °C
CAPE tactgacgaggagcaaccga Beyer et al. (1995) 506-525° capB 55 °C
CAP103! ggctcagtgtaactcctaat Beyer et al. (1995) 1541-1522° capB 55 °C
CAP9* atgtatggcagttcaacccg Beyer et al. (1995) 617-636° capB 55 °C
CAP102¢ acccactccatatacaatcc Beyer et al. (1995) 1394-13752 capB 55 °C
BA17° gaaatagttattgcgattgg Sjostedt et al. (1995) 1230-1249° capB, capC 54 °C
BA20° ggtgctactgcttctgtacg Sjostedt et al. (1995) 210-2083° capC, capA 62 °C
BAS57° actcgtttttaatcagcecg Sjostedt et al. (1997) 1603-1622° capC 52 °C
BA58® tggtaacccttgtctttgaat Sjostedt et al. (1997) 1867-1847° capC 52 °C
57¢ actcgtttttaatcagcecg Ramisse et al. (1996) 1603-1622° capC 57 °C
58¢ ggtaacccttgtctttgaat Ramisse et al. (1996) 186-1847° capC 57 °C
67° cagaatcaagttcccagggg Ramisse et al. (1996) 1925-19442 pag 64 °C
68¢ tcggataagctgccacaagg Ramisse et al. (1996) 2652-2671° pag 46 °C
25¢ ggtttagtaccagaacatgc Ramisse et al. (1996) 1459-14782 cya 59 °C
26¢ cggcttcaagacccc Ramisse et al. (1996) 1990-20042 cya 59 °C
3¢ cttttgcatattatatcgagc Ramisse et al. (1996) 1238-1258° lef 54 °C
4¢ gaatcacgaatatcaatttgtagc Ramisse et al. (1996) 1599-16222 lef 54 °C
Cvid cactcgtttttaatcagccc Beyer et al. (1999) 1602-16212 capC 55 °C
Crid cctggaacaataactccaatacc Beyer et al. (1999) 1808-1830° capC 55 °C
PA-Se cggatcaagtatatgggaatatagcaa  Ellerbrok et al. (2002) 3245-3271 pag 60 °C
PA-Re ccggtttagtegtttctaatggat Ellerbrok et al. (2002) 3448-3425 pag 60 °C
Cap-$f acgtatggtgtttcaagattcatg Ellerbrok et al. (2002) 1673-1696 capC 60 °C
Cap-Rf attttcgtctcattctacctcacc Ellerbrok et al. (2002) 1993-1940 capC 60 °C

@ Positions derived from Makino et al. (1989) and Welkos et al. (1988).
5 BA17/BA20 and BA57/BA58 were used as primer pairs in different trials.
< Primer pairs 3/4, 25/26, 57/58, and 67/68 were used in multiplexing.
4k Given primers were used as pairs.
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(fluorescence resonance energy transfer) is highly
dependent on the spacing between the two dye mol-
ecules. Only if the molecules are in close proxim-
ity (a distance between 1 and 5 nucleotides) is the
energy transferred at high efficiency. The intensity
of the light emitted by the LightCycler Red 640 is fil-
tered and measured by the LightCycler instrument's
optics. The increasing amount of measured fluores-
cence is proportional to the increasing amount of
DNA generated during the ongoing PCR process.

(a) Detection of the pag gene
The premix (20 ul) consists of:

* 4mM MgCl,
e 0.5 uM of each primer (Ellerbrok et al., 2002):
— BAPA-S:
5-CGGATCAAGTATATGGGAATATAGCAA-3’
— BAPA-R:
5-CCGGTTTAGTCGTTTCTAATGGAT-3’
e 0.2 pM of probe
— BAPA-FL: 5-TGCGGTAACACTTCACTCCAGTT
CGA-X
e 0.2 pM of probe BAPA-LCRed 640
5-CCTGTATCCACCCTCACTCTTCCATTTTC-P
e 1/10 vol. of FastStart mastermix (Roche)
¢ 5l DNA.

(b) Detection of the capC gene
The premix (20 pl) consists of:

* 4mM MgCl,
e 0.5 uM of each primer:
— CapS: 5-ACGTATGGTGTTTCAAGATTCATG-3’
(Ellerbrok et al., 2002)
— CapA*™: 5-GATTGCAAATGTTGCACCACTTA-3
e 0.2 pM of probe
— CapC-FL+: 5-TATTGTTATCCTGTTATGCCATT
TGAGATTTTT-X
e 0.2 pM of probe
— CapC-LC Red640: 5'-AATTCCGTGGTATTGGAG
TTATTGTTCC-P
e 1/10 vol. of FastStart mastermix
¢ 5plDNA.

(c) Experimental protocol

1. Pre-incubation step: 95 °C for 10 min, slope at
20 °C/sec.

2.
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Amplification (45 cycles): 95 °C for 10 sec; 55 °C
for 20 sec; 72 °C for 30 sec, slope 20 °C/sec; one
single signal acquisition at the end of annealing.
Denaturation: 95 °C for 0sec, slope 20 °C/sec;
40 °C for 30 sec, slope 20 °C/sec; 80 °C for O sec,
slope 0.1 °C/sec with continuous acquisition of
the signal.

4. Cooling to 40 °C for 30 sec, slope 20 °C/sec.

10.7.4.7 Real-time PCR protocol for the specific detection

of B. anthracis chromosome

(a) Sequence alignment and PCR design

The sequences of the B-type sasp gene of B. cereus (Gene
bank No. M16813, gi: 143507) and of B. anthracis, (NCBI
Ref. Seq. NC003995, Gene bank: AAAC01000001), con-
tributed by TIGR, were aligned by the appropriate tool
of the NTI8 software package.!

The PCR reaction mixture of 20 pl consists of:

4 mM MgCl,

0.5 puM of each primer

— ANT-F: 5-GCTAGTTATGGTACAGAGTTTGCG
AC-3’

— ANT-Amt: 5-CCATAACTGACATTTGTGCTTT
GAAT-3

0.2 uM of probe

— ANT-FL: 5-CAAGCAAACGCACAATCAGAAG
CTAA G-X

0.2 uM of probe

— ANT-LC: Red640: 5-GCGCAAGCTTCTGGTGC
TAGC-P

1/10 vol. of FastStart mastermix

5 ul DNA.

(b) Experimental protocol

1.

1

Pre-incubation step: 95 °C for 10 min, slope at
20 v°C/sec.

Amplification (45 cycles): 95 °C for 10 sec; 57 °C
for 20 sec; 72 °C for 30 sec, slope 20 °C/sec; one
single signal acquisition at the end of annealing.
Denaturation: 95 v°C for 0 sec, slope 20 °C/sec;
40 °C for 30 sec, slope 20 °C/sec; 80 °C for 0 sec,
slope 0.1 °C/sec with continuous acquisition of
the signal.

Cooling to 40 °C for 30 sec, slope 20 °C/sec.

Informax, Inc. Bethesda, United States. Primers and probes
synthesized by TIB MolBiol, Berlin, Germany.
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10.7.4.8 Commercial kit

The LightCycler Bacillus anthracis Detection Kit for
the detection of capsule (capB) and PA (pagA) genes is
available commercially from Roche Applied Sciences
for the detection of both virulence plasmids of
B. anthracis. Kits for a range of sample types, both
clinical and environmental, are now available, for
instance, from Idaho Technology.!

11. Antigen detection tests
11.1 Ascoli precipitin test (thermostable
antigen test)
The purpose of this very old test dating from 1911
(Ascoli, 1911) is to supply rapid retrospective evi-
dence of anthrax infection in an animal. It was
designed to detect B. anthracis antigens in the tissues
of animals being utilized in animal by-products, and
thereby to reveal when these products contained
ingredients originating from animals that had died
of anthrax. Over the years, it has been one of the
most valuable tools for controlling anthrax in most
European countries and it remains in use, particu-
larly in eastern Europe. Regular or occasional use
of the test was indicated on returns of a survey by
OIE in 2002 from Croatia, Germany, the Philippines,
the Republic of Moldova and The former Yugoslav
Republic of Macedonia. There may be other coun-
tries that use the test but did not reply.

It needs to be borne in mind that this test is not
rigorously specific for B. anthracis. The thermosta-
ble antigens involved are common to other Bacillus
species so the test depends on the fact that the
only Bacillus likely to have proliferated within and
throughout an animal depositing extensive precipi-
tating antigens in the tissues is B. anthracis.

The test is not suitable for detection of B. anthra-
cis in environmental specimens; numerous other
Bacillus species can be expected to occur in these. It
is hoped that immunochromatographic, on-site tests
(6.2) will become widely available as the replace-
ments of the future.

11.1.1 Procedure

e Chop or slice the specimen into fine pieces or
strips.

e Boil approximately 2 g of the specimen for 5 min-
utes in 5 ml saline containing 1:100 (final concen-
tration) acetic acid. Alternatively, soak in saline

! www.idahotech.com/reagents/it123dnakit.html.

containing 0.5% phenol for 24-48 hours in a
refrigerator.

e After cooling, filter through filter paper until com-
pletely clear.

e Insert a few drops of antiserum (11.1.2 below)
in the bottom of a small test-tube and carefully
add some of the filtrate down the side of the tube
to form a layer of antigen above the antiserum.
(As an alternative to using a test-tube, and more
economical on the antisera, capillary tubes can
be used as in the Lancefield test for streptococcal
grouping.)

e Include appropriate positive and negative speci-
men controls.

11.1.2 Antiserum for the Ascoli test
Commercially prepared serum is available from:

e Bioveta plc, Komenského 212, 683 23 Ivanovice na
Hané, Czech Republic; fax +42 507 932 84

e The National Institute of Animal Health, 3-1
Kannondai 3-chome, Tsukuba-shi, Ibaraki-pref,
305-0856 Japan; tel: +81 298 38 7713; fax: +81 298
38 7880

e DD “Vet Zavod Zemun’, Batajnicki drum 4,
Belgrade, Serbia

e National AnthraxReference Laboratory, Friedrich-
Loeffler-Institut, Bundesforschungsinstitut fur
Tiergesundheit, InstitutfurBakterielleInfektionen
und Zoonosen, Nationales Referenzlaboratorium
fir Milzbrand, Naumburger Strafle 96a, D-07743
Jena, Germany; tel. +49 3641 804-0; fax +49
3641 804-228; web site: http:/www.fli.bund.
de/66+M52087573ab0.html

e C-CPro: Gesellschaft fir Herstellung und Vertrieb
von Produkten fir Cellculturen GmbH, Am
Bahnhof 1, D-99986 Oberdorla; tel. +49 (700) 22 77
63 66; fax. +49 (700) 22 77 63 29; web site: http://
WWW.C-C-pro.com/

It should be recalled that the following procedure was
designed decades before the current era of fear of bio-
terrorism and associated strict control in many devel-
oped countries on access to virulent B. anthracis.

On days 1 and 14, rabbits are inoculated subcuta-
neously with animal anthrax vaccine (Sterne strain
34F,) (Annex 5, section 2). On days 28 and 35, further
subcutaneous injections of 0.05 ml of a suspension
in physiological saline of a mixture of several strains
of virulent B. anthracis are administered. The viable
count of this suspension should not exceed 100 000
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colony-forming units/ml. After a further 10 days, a
test-bleed will reveal the activity of the antiserum;
if not adequate, further injections of the virulent
B. anthracis suspension should be administered at
7-10 day intervals.

If considerations of safety prevent the use of live
virulent B. anthracis, the mixture of several strains
of B. anthracis can be suspended to a final count of
10%-10°/ml in physiological saline containing 0.2%
formalin. This is held until sterile (at least 2 weeks).
After the vaccine strain inoculations on days 1 and
14 as before, increasing doses 0f 0.1, 0.5, 1 and 2 ml of
the killed suspension should be administered intra-
venously at approximately 4-5 day intervals. A test
bleed should be done 10 days after the last injection.
Further 2 ml doses can be administered if the titreis
not adequate initially.

11.3 Other antigen detection tests

The rapid, hand-held, on-site, immunochromato-
graphic detection devices that have been developed
in recent years are discussed in section 6.2.

12. Isolation in animals

On account of increasing concern to eliminate the
use of laboratory animals wherever possible, and of
the increasing reliability and sophistication of alter-
native in vitro methods, the use of animals for iso-
lation or confirmation of identity of B. anthracis can
and should generally be avoided. It should be noted
that EC Directive 86/609/EEC relating to protection
of animals used for experimental and other scien-
tific purposes pertains to members of the European
Union. Several other countries have strict laws
which make ad hoc use of an animal for isolation or
confirmation of identification of B. anthracis virtually
impossible nowadays.

There still are occasions, however, such as those
where potential legal disputes may be involved, when
confirmation of the presence or the virulence of
B. anthracis is necessary. In the absence of a selective
enrichment system (see section 6.2), inoculation of
mice or guinea-pigs, essentially as done more than a
century ago by Pasteur, is still the most sensitive iso-
lation method. Pending the development of equally
sensitive conventional immunological or DNA-based
techniques, animal tests may offer the only chance
of (i) confirmation of diagnosis in certain situations
such asin the case of individuals or animals that were
treated before specimens were taken, or (ii) detection

of the organism when present in very low numbers
in environmental samples, or in environmental sam-
ples containing sporostatic chemicals.

Confirmation ofidentity orof virulence canbe done
by injecting light suspensions (approximately 10 000
colony-forming units/ml) into mice (0.05-0.1 ml sub-
cutaneously) or guinea-pigs (0.1-0.2 ml intramuscu-
larly). Virulent B. anthracis will kill the animals after
about 42-48 hours; M'Fadyean-stained blood smears
examined at death will reveal large numbers of the
capsulated bacilli which can also be isolated and
confirmed bacteriologically.

In the rare situation in which it is necessary to
use animals to isolate B. anthracis from soil or other
environmental samples, the animals should be
inoculated the day before with subcutaneous doses
of mixed gas-gangrene antisera (extremely difficult
to obtain, however) and antitetanus serum. Heated
(62 °C to 65 °C for 15-20 min) soil extracts, as pre-
pared for plating on selective or non-selective agar
(see 10.4 above; Fig. 15), are then injected (0.05-0.1 ml
subcutaneously in a mouse or up to 0.4 ml intramus-
cularly in a guinea-pig—0.2 ml in each thigh muscle).
M'Fadyean-stained blood smears from any animals
that die are examined for the presence of the typi-
cal capsulated B. anthracis which can also be isolated
and confirmed bacteriologically.

13. Retrospective confirmation;
serology and delayed type
hypersensitivity testing

Effective serological enzyme immunoassays (EIA) for

confirmation of the diagnosis of anthrax have been

designed and have proved to be useful diagnostic,
epidemiological and research aids (Turnbull et al,,
1992a; Quinn et al,, 2004) (see section 4.4.2.2). The
usual provisos for any serological confirmatory test
apply, namely that: (i) two or more serum samples
taken 2-4 weeks apart will give greater diagnostic
reliability; (ii) if only one serum sample is collected,
it will be of greater diagnostic value if collected more
than a week after onset of symptoms; and (iii) neg-
ative or weak results be interpreted in the light of
treatment the patient or animal may have received
early on in the course of the infection. The last is par-
ticularly important in anthrax since antibiotic ther-
apy rapidly kills infecting B. anthracis and, if carried
out early enough in an infected individual, may pre-

vent the elaboration of sufficient antigen to induce a

detectable immune response (section 4.4.2.2).
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Available immunoassays for anthrax are mostly
based on antibodies to the toxin antigens, primarily
the protective antigen component of the toxin (see
section 5.5.3). Although not difficult to perform (any
standardized EIA methodology may be used), they
are, at present, confined to a few specialist labora-
tories capable of preparing the necessary purified
toxin antigens or with the resources to purchase
them.!

The Anthraxin™ delayed type hypersensitivity test
is described in section 4.4.2.2 and involves intrader-

T www.listlabs.com.

mal injection of 0.1 ml of Anthraxin'. A positive test
is defined as erythema of = 8 mm with induration
persisting for 48 hours.

An immunochromatographic assay for detecting
anti-PA antibody, analagous to the assay for detect-
ing PA (section 6.2), might be valuable for retrospec-
tive confirmation of diagnosis.

The value of immunohistochemical staining of
tissues for retrospective confirmation in the anthrax
letter events in the USA is discussed in section
44472,
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Media, diagnostic phage and stains

1. Media
1.1 Polymyxin-lysozyme-EDTA-thallous
acetate agar (1 litre)
Polymyxin-lysozyme-EDTA-thallous acetate (PLET)
(Knisely, 1966) is the best selective agar currently
available for isolation of B. anthracis from old, decom-
posed or processed animal specimens, or environ-
mental or food samples contaminated with other
organisms including other Bacillus species. But its
performance is heavily dependent on it being made
well, with particular attention to the heart infu-
sion agar being used and to adequate cooling of the
molten agar before addition of lysozyme and poly-
myxin.

Difco heart infusion agar (or Difco heart infu-
sion broth with agar base)! is made up according to
the manufacturer’s instructions with added EDTA
(0.3 g/l) and thallous acetate (0.04 g/l — see below).
Heartinfusion agars of other manufacturers or other
nutrient bases, such as brain-heart infusion, can be
made to work, but the optimal concentrations need
to be determined; the concentrations recommended
for normal use may not be optimal for use in PLET. A
starting point for determination of optimal concen-
tration is 25 g/1 of dehydrated broth plus agar at the
manufacturer’s recommended concentration.

After autoclaving, the agar is cooled to 50 °C and
polymyxin (30 000 units/l) and lysozyme (300 000
units/l — see below) added. It is important that the
agar is left at 50 °C for long enough to ensure that
this temperature has been reached throughout the
medium before the polymyxin and lysozyme are
added. After swirling to ensure even suspension of
the ingredients, the agar is poured into petri dishes.

1.1.1  Thallous acetate, polymyxin and lysozyme

(Caution: thallous acetate is poisonous and should be han-
dled with care; avoid skin contact or inhalation of the pow-

t Difco Laboratories, Detroit, Michigan 48232-7058, USA.

der while weighing out. Store solutions in a well-labelled
tube marked “Poison”.) Make a stock solution of thal-
lous acetate based on the ratio of 0.1 g of thallous
acetate dissolved in 2.5 ml deionized water. Addition
of 1 ml of this to 1 litre of agar base gives a final con-
centration of 0.04 g/1.

Different lots of polymyxin and lysozyme will
have different numbers of units/mg (U/mg). Adjust
the following examples according to the activity of
the lot being used. Aliquot and store in the -20 °C.
Stability seems to be indefinite at -20 °C and freezing
and thawing does not seem to harm them. However,
it is better to aliquot and store in 0.25 or 0.5 ml vol-
umes.

If, for example, the potency of the polymyxin
as received from the supplier is 6000 U/mg, a con-
venient target concentration for a stock solution is
60 000 U in 0.5 ml (if the supplier does not indicate
the potency, assume it is 6000 U/mg ):

— this = 10 mg in 0.5 ml (sterile deionized water
- SDW)

— weigh out, say, 200 mg into 10 ml SDW

— aliquot 0.5ml or 0.25 ml volumes and put in
-20 °C freezer.

When making PLET, thaw out and add 0.25 ml per
litre to give a final concentration of 30 000 U/litre.

Similarly for lysozyme, if, for example, the lot as
received from the supplier is 46 000 U/mg:

— 46000U=0.001g

— 600000U =[0.001 +46 000] x 600 000 =0.6 + 46
=0013 g

— weigh 20 x 0.013 g into 20 x 0.5 ml SDW =
0.261 g into 10 ml SDW

— again aliquot 0.5 ml or 0.25 ml volumes and
put in -20 °C.

When making PLET, thaw out and add 0.25 ml per
litre to give final concentration of 300 000 U/litre.
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1.2 TSPBA (120 ml)

Formula
Mueller-Hinton agar for 120 ml supplemented with:

— peptone from beef 0.54 g
— yeastextract 0.54 g
— NaCl06g.

Weigh out the supplemented Mueller-Hinton agar
base for 120 ml, but only make it up to 110 ml with
distilled/deionized water. Dissolve thoroughly on a
hot plate with magnetic stirrer. Autoclave and cool to
50 °C. Also warm up 6 ml blood (5%) and 2 ml each of
the trimethoprim and sulphamethoxazole solutions,
prepared as instructed below, to 50 °C. Add all these
to the molten agar base plus 25 ul of polymyxin as
made for PLET (above), swirl to mix without frothing
and pour plates.

1.2.1 Preparation of trimethoprim and

sulphamethoxazole solutions
The final concentrations of the trimethoprim in
TSPBA should be 13-26 pg/ml, and the sulpham-
ethoxazole 20-40 pg/ml with the polymyxin at the
same concentration as for PLET.

Use trimethoprim lactate (the most soluble form
of this drug). Dissolve 0.15 g trimethoprim lactate
in 100 ml sterile distilled/deionized water (= 1.5 mg/
ml). It takes about 5 min for this to dissolve at
30-37 °C with magnetic stirring. Store as 2 ml alig-
uots at -20 °C. The final 1:60 dilution results in 25 pg/
ml of trimethoprim in the agar.

Add 0.12 g sulphamethoxazole to 50 ml sterile dis-
tilled/deionized water, and add 300 pl of 10% NaOH.
Bring the temperature to 80 °C on a stirring hot plate
with a magnetic stirrer. The sulfamethoxazole dis-
solves in about 1 min (= 2.4 mg/ml). Store as 2 ml
aliquots at room temperature. The final 1:60 dilution
will result in 40 pg/ml sulphamethoxazole in the
agar.

When B. cereus is present, the B. anthracis is readily
apparent as compared to normal blood agar where
the B. anthracis are totally overgrown. While PLET is
more selective, TSPBA plates can be read after over-
nightincubation as compared with 36-48 hours with
PLET.

1.3 Sporulation agar

There are numerous alternative formulas for sporu-
lation agar but the following, which are also prob-
ably the simplest, work well for B. anthracis.

Formula 1
— peptone 150¢g
— yeast extract 30¢g
— NacCl 60g
— dextrose l6g
— agar 120¢g
— manganous sulphate 01lg
— deionized/distilled water 1000 ml

Sterilize at 121 °C for 20 minutes, cool to 50 °C, and
dispense into the appropriate containers (bottles,
petri dishes, tubes for slants, etc.) to set.

Formula 2
— nutrient agar 23¢g
— MnSO,.H,0 0025¢g
— KH,PO, 025g
— deionized/distilled water 1000 ml

Sterilize at 121 °C for 20 minutes, cool to 50 °C, and
dispense into the appropriate containers (bottles,
petri dishes, tubes for slants, etc.) to set.

1.4 Capsule agar

Weigh out the number of grams necessary to make
100 ml of nutrient agar as determined from the man-
ufacturer’s instructions and dissolve in 83 ml deion-
ized or distilled water. Autoclave and cool to 50 °C
in a water bath. Prewarm 10 ml of a filter-sterilized
aqueous solution of 7% sodium bicarbonate and 7 ml
of horse serum (filter-sterilized if necessary) to 50 °C
and add these to the molten agar. Mix well and pour
into petri dishes. The horse serum seems helpful but
may not be essential. Serum from other species may
be used but horse serum seems to be best.

The source of the nutrient agar may be important.
If capsule formation is not obtained (see Annex 1,
section 10.7.2.2), agar from another source should
be tried. It is also best not to dry the plates before
use, although excess liquid of condensation should
be removed. Incubation under 10% to 15% CO, is rec-
ommended, although capsule may be apparent with
a CO, level of 5%.
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2. Diagnostic “gamma” phage

The background to the diagnostic phage is given in
section 6.3.1.5. Phage suspensions may be obtained
from central veterinary laboratories or central pub-
lic health laboratories. The phage may be propagated
as follows:

Stage 1

1. Prepare a culture (approximately 10 ml) of the
Sterne vaccine 34F, strain of B. anthracis in nutri-
ent broth until cloudy (+ 10® cfu/ml). (Any nutri-
ent broth will do.)

2. With a spreader, spread 75-100 pl of the culture
on 3 predried blood or nutrient agar plates and
allow to dry in. Keep the broth culture in the
refrigerator; it will be needed in step 11 below
and may be needed in step 8.

3. With a spreader, spread 50-100 ul of the phage
suspension to be amplified over the same plates.
Incubate at 37 °C overnight.

4. The growth on the plates should look “ropey”
from the extensive lysis that occurred during
growth. Harvest the phage-lysed growth on the
agar plates in 5 ml of nutrient broth (i.e. suspend
the growth with the help of a spreader and, with
a pipette, transfer from the first plate to the sec-
ond, and then to the third plate, and then to a
tube) followed by a second “wash” of 5 ml nutri-
ent broth. Make the final volume up to 10 ml with
nutrient broth. Incubate at 37 °C, in a shaking
incubator if possible (if not, shake regularly dur-
ing the incubation), for 4-5 hours. (Note: there
will be enough unlysed growth in and at the edge
of the lysis zone to support more infection and
lysis during the broth culture stage. So there is
no need to add more bacteria at this point.)

5. Centrifuge at 2500 rpm for 30 minutes (prefer-
ably in a refrigerated centrifuge). Filter (0.45 or
0.2 um). Label this “Stage 1” filtrate.

Stage 2

This is essentially the same procedure as Stage 1,
only using the filtrate from step 5 to harvest the
phage from the plates, i.e.:

6. Prepare Sterne strain lawns on 3 blood or nutri-
ent agar, as in step 2.

7. Spread 100 pl filtrate from the Stage 1 filtrate of
step 5 on each plate. Incubate at 37 °C overnight.

8. Harvest the phage-lysed growth on the plates
from step 7 with 5 ml of the Stage 1 filtrate from
step 5), followed by a second 5 ml wash with the
rest of the Stage 1 filtrate. Again, there should be
some growth in and at the edge of the lysis zone
and enough to support more infection and lysis
during the broth culture stage. So there should
be no need to add more bacteria at this point. In
the unlikely event of complete lysis - i.e. totally
clear plates —add 0.5 ml of the nutrient broth cul-
ture from step 2.

The result will be approximately 7 ml of har-
vested material. Make this up to 9 ml with nutri-
ent broth.

9. Add 1 ml of 10x concentrated nutrient broth.

10. Incubate, on a shaker if possible (if not possi-
ble, shake at frequent intervals during incuba-
tion), at 37 °C for 4-6 hours. Centrifuge and filter
(0.22 pm).

11. Check theresulting filtrate for sterility and titrate

by spreading tenfold dilutions of the phage prepa-
ration on Sterne strain lawns prepared as in step
2 to determine the concentration of the phage.
This should be of the order of 10%-10° plaque-
forming units per ml. Keep refrigerated at a tem-
perature of between 2 °C and 8 °C. Freezing is
probably unwise although the phage will survive
it.
Theoretically, any phage-sensitive strain of
B. anthracis may be used for propagation and titra-
tion but, generally speaking, it is preferable for
safety reasons to use the Sterne (34F,) avirulent
vaccine strain. The strain chosen should not be
heavily infected with its own lysogenic phage.

3. Staining theory

Polychrome methylene blue is a complex mixture of
methylene blue and substantial amounts of other
homologs, primarily azure A and azure B, which are
produced by oxidation (“ripening”) that takes place
in methylene blue solution upon standing. Natural
ripening takes a year or more to complete but can be
hastened by addition of 1% K,CO, to Loeffler’s alka-
line methylene blue.

Two alternative formulae (others probably exist)
for Loeffler's alkaline methylene blue are given in
Table 17.

After addition of X,CO, to 1% final concentration,
distribute the stain in bottles to half full. Shake at
intervals to aerate the contents. Test periodically for
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TABLE 17

Alternative formulae for Loeffler’s alkaline methylene blue

AGENT FORMULA A FORMULA B
Methylene blue 03¢ 159
95% ethanol 30 ml 100 ml

Dissolve the methylene blue in the ethanol.

KOH

100 ml of a 0.01% solution

3.3 ml of a 1% solution

Distilled/deionized water

- 330 ml

capsule staining ability. Quality control is not com-
plete, however, until the stain has been validated on
specimens from anthrax cases in the field.
Polychrome methylene blue is an ingredient of
Wright's and Leishmann’s stains. Both these are
methanol solutions of a water-insoluble precipitate
formed when eosin is added to a methylene blue
solution. In Wright’s stain, the methylene blue solu-
tion contains NaHCO, and is steamed before the
eosin is added; in Leishmann’s stain, the methylene
blue solution is held for 12 hours at 65 °C followed by
standing for 10 days. Giemsa stain is a deliberately
formulated cocktail of the eosinates of methylene
blue with prepurified azure A and azure B.
Romanowski in 1891 was the first to combine
eosin with methylene blue so Wright’s, Leishmann’s
and Giemsa stains are referred to as Romanowski
stains. In theory these stains, in having the ingredi-
ents of polychrome methylene blue, should be usable
for M'’Fadyean reaction staining; in practice, reports
suggest that Giemsa stains give variable results,
possibly reflecting the variable presence of certain

active but undefined impurities present in true poly-
chrome methylene blue.

It is proposed that the best stain to use for normal
diagnostic purposes in sudden-death cases is true
polychrome methylene blue —i.e. the non-eosinated
ripened Loeffler's methylene blue. However, in the
extensive experience of Sterne (1959), confirmed
by Lindeque in the Etosha National Park, Namibia
(Turnbull, 1998a), the capsule loses its affinity for
methylene blue during putrefaction and may no
longer be visible with M'Fadyean’s stain. Lindeque
(personal communication, 1995) found that the
Glemsa-type stains show up the characteristic
square-ended shape of the anthrax bacillus better
than M'Fadyean’s stain, and this becomes advanta-
geous in partially decomposed carcasses as encoun-
tered frequently in the wildlife situation.

Commercially produced M'Fadyean’s stain is
becoming difficult to obtain. In the experience of
Lindeque & Turnbull, a particularly reliable stain is
the blue stain of the CAM’s Quick-stain kit.!

1 CA Milsch [Pty] Ltd, PO Box 943, Krugersdorp, 1740, South
Africa.
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Disinfection, decontamination, fumigation, incineration

1. Introduction

This annex is concerned with control of anthrax
through targeting the reservoirs of B. anthracis, tak-
ing into account the chemical and physical decon-
tamination procedures to which it is susceptible, and
detailing the practical details of these procedures.

1.1  Cautions

Bacterial spores are designed by nature to survive
in the face of adverse conditions (i.e. levels of heat,
radiation, desiccation, acidity, alkalinity and other
chemical and physical conditions) that would rap-
idly kill other forms of life. It follows, therefore, that
chemicals and procedures which can kill spores are
necessarily highly lethal to less hardy cells, includ-
ing those in human, animal and plant tissues.

The most widely used sporicides are chlorine (as
in hypochlorite solutions or “bleach”) and formalde-
hyde, with some use being made of hydrogen perox-
ide and other oxidizing agents, or glutaraldehyde. At
the concentrations necessary to be effective as spo-
ricides, these are potentially hazardous to human
health if handled incorrectly.

Precautions, therefore, should be taken not to get
these on skin or into the eyes or, especially with the
aldehydes, not to inhale them. In the case of fumiga-
tion, the work should only be carried out by trained
professionals with appropriate protective clothing
and breathing apparatus.

Attention is drawn to the importance of handling
the concentrated liquid disinfectants referred to
with caution, using gloves and aprons or overalls and
goggles or eye shields to prevent contact with skin
or eyes. Clean water should be at hand for immedi-
ate washing or showering in the event of an accident
while handling concentrated disinfectants. All con-
tainers of disinfectants should be properly and accu-
rately labelled as to their contents. Peroxides may be
explosive under certain circumstances.

Appropriate (chemical) respirators should be

worn by personnel disinfecting or fumigating closed
spaces (rooms, stables, etc.) and when opening up
such places to ventilate them at the end of the disin-
fection or fumigation procedure. Respirators should
be fitted and tested by qualified personnel, and users
of respirators should be trained in their correct use
by qualified personnel.

Irradiation by gamma ray or particle bombard-
ment should only be done by properly trained persons
in properly monitored facilities. In the case of UV irra-
diation, care should be taken to protect the eyes and
not to expose eyes or skin to direct UV light sources.

Further cautions are given as appropriate in the
sections that follow.

1.2  Choice of disinfectants, fumigants
or procedures

Probably because B. anthracis is essentially an obli-
gate pathogen and depends for the continued exist-
ence of the species on the survival of the spores in
the environment between infections of successive
hosts, it appears to produce particularly tenaceous
spores. The results are that (i) only a few fairly for-
midable chemicals and procedures are capable of
reliably killing anthrax spores, and (ii) information
on the sporicidal activities of disinfectants, fumi-
gants, and disinfection and fumigation procedures
based on other Bacillus species should be viewed with
caution.

If heat treatment or incineration of the contami-
nated material is possible, this should be done in pref-
erence to chemical decontamination and disinfection.
For certain materials or animal by-products, irradia-
tion with gamma rays or particle bombardment may
be appropriate (see 6.6 below). As noted in Annex 1,
section 7.9, UV irradiation should not be relied on
alone for decontamination, but should be used in
conjunction with wiping down items to be decontam-
inated with hypochlorite or possibly formalin.
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1.2.1 Disinfectants

Lists of approved disinfectants published periodically
in some countries may be misleading when select-
ing the sporicidal disinfectant to use for B. anthracis,
and procedures that are both practical and effective
have yet to be worked out for numerous situations.

The principal disinfecting agents for destruction
of anthrax spores are formaldehyde, glutaraldehyde
(at pH 8.0-8.5), hydrogen peroxide and peracetic acid
(Dietz & Bohm, 1980; Bohm, 1990). Chlorine dioxide
was the alternative chosen in the USA for decontam-
ination of rooms following the anthrax letter events
of 2001. Hypochlorites are sporicidal but are rapidly
neutralized by organic matter and, therefore, while
good for items like laboratory surfaces (not wooden
ones) or glassware, or for water treatment, are
unsuitable for disinfecting most environmental sites
or materials. Hydrogen peroxide and peracetic acid
are not appropriate if blood is present. The agents
should have been tested for their sporicidal activ-
ity according to the recommendations below, and
validity test results of two independent laboratories
should be included on the manufacturer’s product
information sheet.

For environmental protection, and human and
animal health hazard reasons, alternatives to for-
maldehyde as the recommended general purpose
disinfectant have been sought (see 1.2.2 below) The
information in this annex should be updated in the
future when and if satisfactory alternatives have
been identified.

1.2.2 Fumigants

The theoretical options for sporicidal fumigants
are formaldehyde, ethylene oxide, methyl bromide,
hydrogen peroxide vapour and chlorine dioxide.
Formaldehyde and ethylene oxide have been labelled
carcinogenic in some countries, and methyl bromide
is scheduled to be eliminated for most uses under
the Montreal Protocol on Substances That Deplete
the Ozone Layer. Hydrogen peroxide, while being
the most acceptable in environmental terms (see 3.3
below), requires elaborate apparatus and procedures
and has other hazard factors, especially danger of
explosion, that need to be borne in mind.

2. Efficacy tests for sporicidal
disinfectants

Useful information on the sporicidal efficacies of
disinfectant solutions may be obtained from the

Kelsey-Sykes capacity test (Kelsey & Sykes, 1969),
which is now published as a British Standard, BS
6905:1987 (Estimation of the Concentration of
Disinfectants Used in “Dirty” Conditions in Hospitals
by the Modified Kelsey-Sykes Test). However, it is
officially concerned with the bactericidal, rather
than the sporicidal, efficacy of a product. A United
States Association of Official Analytical Chemists
method (AOAC Official Method 966.04: Sporicidal
Activity of Disinfectants) uses surgical silk sutures
and porcelain “penicylinders”. At present there is no
European standard method for sporicidal efficacy
testing. A procedure based on the methods accepted
and used in Germany (German Society of Hygiene
and Microbiology, 1972; German Veterinary Medical
Society, 1976), also aimed at testing sporicidal effi-
cacy on surfaces rather than in liquid suspensions,
was detailed in an earlier version of this publication
(Turnbull et al., 1998a).

2.1 Titration of available chlorine in
hypochlorite solutions

Hypochlorite is a strong oxidizing agent and will oxi-
dize iodide ions to form elemental iodine. The iodine
so formed may be titrated with standard sodium thi-
osulphate using starch solution as an indicator. The
starch solution can be made by making a paste of
0.1 g of soluble starch with a little water and trans-
ferring the paste to 100 ml of boiling water. Boil for
one minute. Allow the solution to cool and add 2-3 g
of potassium iodide. The solution should be kept in a
stoppered bottle.

1. The chlorine solution to be tested should be
diluted to an estimated 10 000 ppm.

2. Fill a clean 50 ml burette with 0.1M sodium thio-
sulphate solution.

3. Accurately pipette 5 ml of the solution being
tested into a clean flask and acidify with 5 ml of
glacial acetic acid. Then add approximately 0.2 to
0.3 g of potassium iodide to the solution which
now becomes orange in colour.

4. Titrate the mixture by adding the sodium thio-
sulphate from the burette until the colour is pale
yellow.

5. Add 5 drops of the starch solution and continue
the titration until the blue colour of the starch is
just detectable (it will look slightly pink now).

6. Note theburettereading and then continue to add
the sodium thiosulphate dropwise. The burette
reading immediately preceding the observation
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of a colourless solution is the end point. Note the
volume of sodium thiosulphate added from the
burette and calculate the available chlorine in
the test solution from the expression:

1 ml 0.1M sodium thiosulphate = 0.00355 g chlo-
rine.

Correcting for the original dilution of the concen-
trated sample and converting to a percentage:

Available chlorine (%w/v) = Titre x 0.00355 x 10 x
20 = Titre x 0.71.

3. Rooms, laboratories, animal
houses, vehicles, etc.

3.1 Fumigation of rooms

(Caution: this should only be done by trained professionals
using PPE that includes a full-face respirator, fitted with a
chemical filter and pretested for effectiveness. A formalde-
hyde dosimeter should be available also.)

Note: formaldehyde is a gas which is soluble in water.
The solution of formaldehyde in water is named
“formalin”. Fully saturated (100%) formalin has a
concentration of approximately 37% formaldehyde.
For simplicity, concentrations of formalin are used
where possible below. So, for example, 10% formalin
would be a 3.7% formaldehyde solution.

Rooms where surfaces cannot be cleared before
decontamination and disinfection, such as laborato-
ries, can be fumigated by boiling off (for rooms up to
25-30 m?) 4 litres of 10% formalin in an electric ket-
tle (fitted with a timing or other device to cut off the
electricity when the fluid level has reached the ele-
ment) and leaving overnight (or no less than 4 hours
from the point in time when the boiling process has
been completed) before venting.

Alternatively, paraformaldehyde can be vapor-
ized in a pan on an electric element on the basis of
12 g per m® with simultaneous evaporation of 4 litres
of water to supply the necessary humidity. For for-
maldehyde fumigation, room temperature should be
> 15 °C.

(Caution: vaporization of formalin or paraformaldehyde
should not be done with gas or other naked flame heaters;
formaldehyde is flammable. Avoid skin contact with for-
maldehyde solution or inhalation of formaldehyde vapour.)

Neutralization of formaldehyde can be carried out
by vaporizing 15.5 g of ammonium bicarbonate per
m? or 13 g of ammonium carbonate per m?® in a sec-

ond pan on an electrically heated element. An elec-
tric fan will assist in circulating the ammonia, but
it may still be 24-48 hours before the room can be
entered without a respirator.

(Note: ammonium carbonate and bicarbonate are hygro-
scopic. If they have become damp, greater weights than
those given above should be vaporized to compensate.)

The presence of absorbent material in the room
(paper, cardboard, fabric, etc.) reduces the rate of
clearance and, indeed, can reduce the effectiveness
of the fumigation process. Where there is extensive
absorbent material present, the exposure time and
possibly the starting concentration of the formalin
or paraformaldehyde should be raised to compen-
sate.

Before fumigation commences, all windows, doors
and other vents to the outside should be sealed with
heavy adhesive tape. Hazard warning notices should
be posted on the door(s) and, if appropriate, win-
dows. To ensure complete access of the fumigant,
items of equipment should be held above bench
or floor surfaces by racks or by tilting to allow the
fumigant to penetrate underneath. Proper chemical
respirators should be on hand and at least one nitro-
cellulose disk or filter paper which has, beforehand,
been dipped in a spore suspension and dried should
be placed at some point in the room distant from the
kettle. Preferably the spore preparation should be
an accepted standard, such as B. subtilis var globigii
(NCTC 10073) or B. cereus (ATCC 12826), but failing
the availability of these, the spores of the Sterne vac-
cine strain (34F,) of B. anthracis would do.

At the end of the fumigation, the spore disc(s)
should be retrieved into a sterile petri dish and the
windows or vents to the outside air should be opened
up. (Caution: a chemical respirator should be used for this.
Respirators should be fitted and tested by qualified person-
nel and users of respirators should be trained in their cor-
rect use by qualified personnel.)

A fan, or fans, assists the extraction. Doors into
the room should be kept closed and other person-
nel prevented from passing near or through them
until venting is complete. If a formaldehyde meter is
available, venting should not be considered complete
until levels of less than 2 ppm have been reached. In
the absence of a meter, the odour of formaldehyde
should have become almost undetectable before
entry into the room without a respirator is allowed.

The effectiveness of the fumigation procedure
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is checked by placing the spore disc(s) on plates of
nutrient agar. In the case of formaldehyde fumiga-
tion, the nutrient agar should contain 0.1% histidine
final concentration and be added as a filter-sterilized
solution after the agar has been autoclaved and
cooled to 50 °C. After overnight incubation at 37 °C,
if fumigation was properly effective, the discs should
show no bacterial growth.

Formaldehyde is becoming regarded as unaccept-
able in some places, at least for fumigation of large
spaces, in particularin the USA on the basis of poten-
tial carcinogenicity. Following a peer-review proc-
ess involving representatives of industry, academia
and government, chlorine dioxide gas was identi-
fied by the United States Environmental Protection
Agency as the best option for fumigation of build-
ings contaminated by the deliberate release events
of October-November 2001 in the USA.

This requires the mixture of two solid precur-
sor chemicals, sodium chlorite (NaClO) and sodium
chlorate (NaClO,), to produce chlorine dioxide (ClO,)
gas. The gasis an unstable compound and potentially
explosive in air concentrations > 10 % v/v. It should
therefore only be used as a fumigant by qualified
personnel using the appropriate personal protective
equipment, and generating equipment and a method
based on liquid starting chemicals which cannot
generate explosive concentrations (> 10% v/v).

Of the other effective sporicidal fumigants
(vaporized hydrogen peroxide, methyl bromide,
ethylene oxide), probably only vaporized hydrogen
peroxide would be appropriate for attempts at room
fumigation. It is by far the most ecologically accept-
able, with the degradation products being oxygen
and water. However it can be anticipated that more
than one fumigation session may be needed before
spore-strip tests pass completely. The process again
requires the appropriate generating and personal
protective equipment and should only be carried out
by professionally qualified personnel.

3.2 Disinfection in rooms, animal houses,
vehicles, etc.

Where fumigation is not an option, or following
fumigation of a facility, such as an animal room,
containing extensive soiled matter, disinfection
should be carried out in a three-step process aimed
at (i) preliminary disinfection, (ii) cleaning, and (iii)
final disinfection. (Caution: protective clothing, including
eye cover and, at least with formalin, a combination chemi-

cal and biological respirator should be worn. Respirators
should be fitted and tested by qualified personnel and users
of respirators should be trained in their correct use by
qualified personnel. Skin and eye contact with the disinfect-
ants listed below or inhalation of their vapours should be
avoided.)

Stage 1: preliminary disinfection

One of the following disinfectants may be used in
amounts of 1-1.5 litres per square metre for an expo-
sure time of 2 hours:

e hypochlorite solution containing 10000 ppm
active chlorine (note: chlorine is rapidly neutral-
ized by organic matter; if this is present, it should
be washed down first with water and collected
into suitable containers for autoclaving or alde-
hyde disinfection);

e 10% formalin (temperature should be = 15 °C);

* 3% hydrogen peroxide solution.

Stage 2: cleaning

Where practical, cleaning of all surfaces should be
done by straightforward washing and scrubbing
using ample hot water or mild hypochlorite solu-
tion (5000 ppm active chlorine). The operator should
wear protective clothing, face and hands included.
Cleaning should be continued until the original col-
ours and surfaces are restored and the wastewater
is free of dirt particles. At the end of the process,
residual water should be removed and disinfected
and the surfaces dried.

Stage 3: final disinfection

For final disinfection, one of the following disinfect-
ants should be applied at a rate of 0.4 litres per square
metre for an exposure time of at least 2 hours:

e hypochlorite solution (10 000 ppm available chlo-
rine)

e 10% formalin (temperature should be = 15 °C)

* 3% hydrogen peroxide solution.

After the final disinfection, closed spaces such as
rooms or animal houses should be well ventilated
before recommissioning.

The effectiveness of the disinfection procedure
cannot be assumed, and attempts should be made
to confirm that it has been adequate by means of
swabs and culture.
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In the case of surfaces within a room, it may be
considered appropriate to finish the disinfection
process by fumigating the room itself as described
in section 3.1 above.

3.3 Fumigation of safety cabinets;
fumigation chambers

(Caution: a full-face respirator fitted with a chemical filter

and a formaldehyde dosimeter should be on hand for this

procedure. Respirators should be fitted and tested by quali-

fied personnel and users of respirators should be trained in

their correct use by qualified personnel.)

3.3.1
Prior to fumigation, items to be fumigated within
the cabinet should be raised or angled in such a way
as to ensure as near to all-round exposure as pos-
sible. Equipment can be placed on wire racks, boxes
of tips placed at an angle, pipettors stood up in racks
and so on.

Biosafety cabinets (volume 1-3 m®) may be fumi-
gated by boiling to dryness 25-50 ml of 40% formalin
prepared by adding 1 part of undiluted formalin to 1.5
parts of water. Alternatively, paraformaldehyde may
be vaporized in a pan on an electric element on the
basis of 12 g per m® with simultaneous evaporation
of 25-50 ml of water to supply the necessary humid-
ity. The temperature should be ambient (> 15 °C) and
exposure time at least 4 hours (often overnight is con-
venient). The cabinet can then be vented to the exte-
rior (preferably directly to the exterior of the building)
or neutralization of formaldehyde can first be carried
out by vaporizing 15.5 g of ammonium bicarbonate
per m® or 13 g of ammonium carbonate per m® in a
second pan on an electrically-heated element. To
ensure good mixing of the ammonia and formalde-
hyde, the cabinet blower, or a fan, should be switched
on for about 10 seconds when between one third and
two thirds of the ammonium bicarbonate/carbonate
has vaporized. Allow 1 hour after the ammonium
bicarbonate/carbonate has been fully vaporized for
neutralization to be completed. If only venting to the
room is possible, extraction fans from the room to the
exterior should be switched on and at least 2 hours
allowed before work is carried out in the room.

(Caution: vaporization of formalin or paraformaldehyde
should not be done with gas or other naked flame heaters:
formaldehyde is flammable. Skin contact with formalde-
hyde solution or inhalation of formaldehyde vapour should
be avoided.)

Formaldehyde fumigation

Note: ammonium carbonate and bicarbonate
are hygroscopic. If they have become damp, greater
weights than those given above should be vaporized
to compensate.

3.3.2 Other fumigants and procedures

Other oxidizing agent fumigants — hydrogen perox-
ide, ethylene oxide, chlorine dioxide, methyl bromide,
etc. — are also effective. Hydrogen peroxide is espe-
cially appealing in that its degradation products are
oxygen and water. However, the equipment needed
for hydrogen peroxide fumigation is, at present,
cumbersome, elaborate and expensive and is not
universally available. It would not lend itself to rou-
tine fumigation of safety cabinets after every use. It
is also reported to be readily neutralized by organic
matter, including paper and cardboard (Rupert, per-
sonal communication, 2004). Ethylene oxide and
methyl bromide are acutely toxic at concentrations
of > 50 ppm and may cause skin burns and blister-
ing; ethylene oxide is also explosive under alkaline
conditions or if exposed to certain other chemicals.
Although highly effective, ethylene oxide, methyl
bromide and chlorine dioxide are really only to be
recommended where the correct equipment and
expertise in its use are available. Chlorine dioxide
may cause discoloration.

Fumigation chambers should be properly con-
structed, airtight with a system of venting to the
outside away from places of human or animal move-
ment at the end of the fumigation procedure. The rel-
ative humidity within the chamber should be > 90%
during the fumigation procedure (> 70% is adequate
for ClO, —Rupert, personal communication, 2004).

Where fumigation is not possible or feasible, reli-
ance for decontamination will probably depend on
thorough hypochlorite wipe-down, possibly with UV
support (Annex 1, section 7.9).

4. Chemical decontamination of
materials contaminated with
B. anthracis

4.1 Chlorine solutions

Commercially-prepared hypochlorite as supplied to
laboratories, hospitals, etc. frequently takes the form
of stock solutions having approximately 10% avail-
able chlorine (100 000 ppm). Thus, what is familiarly
referred toin laboratories as “10% hypochlorite solu-
tions” is a 1:10 dilution of the stock solution contain-
ing 10 000 ppm available chlorine. (Note: “bleach” as
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sold in stores and supermarkets is frequently less
concentrated, usually with 3%-5% available chlo-
rine. This needs to be taken into account when mak-
ing up daily working solutions.) If solid precursors
of hypochlorous acid is available, stock solutions
containing 100 000 ppm available chlorine should
be prepared and the required dilutions made from
this.

Unless a stabilizer such as 0.1% sodium carbonate
is included, chlorine solutions are not highly stable
and stock solutions should be titrated periodically
to ensure that the correct level of available chlorine
is present (see 2.1 above). Since stability is affected
by concentration (and also by temperature and pH),
subsequent dilutions should be made only as needed
and these solutions should be changed frequently
(preferably each day, but at least weekly). It should
be remembered that chlorine solutions corrode met-
als and perish rubber, and that chlorine is rapidly
neutralized by organic materials, including wood (as
in wooden benches), soil, or specimens of blood or
tissues.

Simple chlorine solutions are slow to kill spores
(Jones & Turnbull, 1996). The sporicidal rate can
be increased by using 50% methanol or ethanol to
make the dilutions of the stock solution. However,
the stability of these mixtures has not been estab-
lished and, if used, these solutions should be made
up fresh each day.

Simple garden-type spray bottles can be used for
delivering hypochlorite solutions to surfaces prior
to wiping down, although the chlorine will cor-
rode the spring mechanism quite quickly and these
spray bottles will need to be acquired and used on a
semidisposable basis.

4.2 Rapid turnover items

Pipettes, disposable loops, microscope slides, sam-
pling spoons, etc. may be immersed overnight in
hypochlorite solutions with 10 000 ppm available
chlorine. Small plastic items (loops, spoons, etc.)
should then be transferred to an autoclave bin or bag
for autoclaving, or to a bag for incineration. Glass
items should be transferred to a sharps container for
autoclaving and/or incineration. It is recommended
that long plastic pipettes (1, 5, 10, 25 ml, etc.) are also
discarded into sharps containers since they readily
perforate autoclave bags.

4.3 Benches

Benches should be wiped down after use with
hypochlorite solutions containing 10 000 ppm avail-
able chlorine. Because of their neutralizing effect
on chlorine, wooden benches should be replaced by
more suitable materials or covered with plastic or
laminated sheeting, or with a proprietary covering
designed for the purpose, such as Benchcote™

4.4 Spills and splashes on surfaces

Some thought should be given to the nature of the
material spilled. For example, freshly growing B.
anthracis cultures will have few, if any, spores and
these will be incompletely dormant and more sus-
ceptible to disinfection procedures than, at the
opposite extreme, purposely prepared spore suspen-
sions.

In general, spills and splashes of cultures, or of
materials known to be, or suspected of being con-
taminated with B. anthracis on floor, bench or appa-
ratus should be covered with towelling and the
towelling saturated with a hypochlorite solution
containing 10 000 ppm available chlorine. The towel-
ling should be left in place for at least 30 min before
being transferred to an autoclave bin or bag and
autoclaved, or to a bag for incineration. Vertical sur-
faces should be washed or wiped down thoroughly
with cloths soaked in this solution. (Caution: the oper-
ator should wear gloves and safety spectacles or goggles
while doing this.) In the event of substantial spills or
splashes of spore suspensions, fumigation would be
advisable after the initial hypochlorite decontami-
nation. This would apply to the safety cabinet if the
accident occurred within the cabinet, or the room if
the accident occurred outside the cabinet.

Solutions of 10% formalin, 4% glutaraldehyde, 3%
hydrogen peroxide or 1% peracetic acid are possible
alternatives to hypochlorite, but the choice must
be weighed against the greater personal protection
needed when using these.

4.5 Biosafety cabinets

Decontamination of cabinets has been covered in
Annex 1, section 7.9 and in section 3.3 above.

! Whatman International Ltd, Maidstone, United Kingdom.
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5. Personal exposure
5.1  Spills and splashes on clothing

Rear-fastening laboratory gowns (surgical type) are
the best type of overclothes to wear in laboratories
working with B. anthracis, and disposable versions are
available. In their absence, a plastic apron should be
worn over the laboratory coat. Contaminated gowns/
aprons/coats should be removed immediately and
placed in autoclave bins or bags and autoclaved.
Personal clothing that may still be contaminated —
shoes, socks/stockings/upper garments if sleeves or
collars are contaminated — should be removed as soon
as possible and, if possible, autoclaved. Alternatively,
they may be fumigated in a cabinet or fumigation
chamber (section 3.3.2 above). Ideally, there should
be an emergency shower and emergency clothing in
the exit area that will allow the individual to put the
contaminated clothes into an autoclave bag or bin,
shower and dress to leave the area.

5.2  Spills and splashes on skin or in eyes

In case of contact (biological or chemical agents)
with eyes, the eyes must be flushed out with copious
quantities of water immediately for at least one full
minute, preferably with running water. Ideally an
eye-wash station should be included in the labora-
tory design. Avoid rubbing the eyes. The appropriate
medical officer should be informed and the affected
person kept under observation for at least a week.

In case of skin contact, the gross contamination
should be washed off with water into a bowl and
the washings subsequently neutralized by adding
bleach and autoclaving. The skin should then receive
a thorough soap and water wash (at least 2 minutes).
The value of washing the skin itself with bleach is
debatable since the contact time is too short to be
effective. Bleach certainly should not be used on bro-
ken skin as it is likely to do more harm than good.
Where the skin is broken (including needle-stick
punctures), bleeding should be encouraged and the
injury washed with copious amounts of water. The
appropriate medical officer should be informed and
the affected person kept under observation for at
least a week.

5.3 Contamination in the mouth

Atthe outset, laboratory workers should be reminded
that mouth pipetting in a microbiology laboratory is
unacceptable. For contamination of the mouth with

known or possible anthrax organisms, the mouth
contents should be immediately spat out followed by
thorough mouth washes with water. The appropriate
physician should again be informed and the affected
person be kept under observation for a week.

5.4 Suspected inhalation

In the event of suspected inhalational exposure,
exhalation should be performed as hard as possible.
Others present in the laboratory should be informed
and, if necessary advised to evacuate the laboratory.
The appropriate supervisor, safety officer and medi-
cal officer must be notified immediately and deci-
sions on actions made without delay.

5.5 Exposure through sharps accidents

For sharps punctures (e.g. broken glass), gloves
should be peeled off immediately and the wound
encouraged to bleed under running tap water for
2-5 minutes followed by a thorough soap and water
wash (washing wounds with disinfectant is not rec-
ommended). See also section 5.2 above.

6. Decontamination of animal
products, environmental
materials, etc.

6.1 Manure, dung, bedding, feed, etc.

Where possible, anthrax-contaminated materials to
be disposed of, such as bedding, feedstuffs, manure,
etc., should be incinerated or autoclaved (121 °C core
temperature for 60 minutes). Immersion in 10% for-
malin for > 12 hours is an alternative, but full pen-
etration of the fluids must be ensured and natural
degradation of the fumigant to the point at which the
material can be handled in some way will be slow (at
least several weeks). Probably a way of neutralizing
and degassing the fumigant should be worked out in
advance of taking this route. (Caution: avoid skin con-
tact with formaldehyde solutions or inhalation of formalde-
hyde vapour. See cautions in section 1.1 above.)

Slurry from livestock suffering outbreaks of
anthrax may be also disinfected with formaldehyde
by adding undiluted formalin with thorough stir-
ring until a final concentration of 10% formalin is
reached. The mixture should be left a minimum of
four days with stirring for at least one hour each
day before being further processed (Williams et al,,
1992). (Caution: avoid skin contact with formaldehyde
solution or inhalation of formaldehyde vapour. See cautions
in section 1.1 above.)
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Formalin degrades naturally to formic acid
and thence to carbon dioxide and water (Goring &
Hamaker, 1972). It is photooxidized by sunlight to car-
bon dioxide, and it reacts with nitrogen compounds
in the air or soil to form formic acid which, in turn,
degrades to carbon dioxide. Its half-life in air is gener-
ally less than one hour (WHO, 1991). Certain bacteria
and yeast are also able to bring about this degrada-
tion by means of dehydrogenases. An alkaline pH
neutralizes the formic acid and thereby increases
the rate of degradation by pulling the equilibrium in
that direction. Decomposition is most rapid at pH 7-8
and with added nitrogen (e.g. in ammonium carbon-
ate). Buffering or addition of lime, to counteract the
lowered pH as formic acid is produced, will aid degra-
dation. The treated slurry can be spread on unculti-
vated land and ploughed in or otherwise buried.

6.2 Sewage sludge

Sewage sludge containing effluents from tanneries
that process hides from enzootic areas may con-
tain anthrax spores. Dewatered sewage sludge up
to a dry-matter content of 8% should be disinfected
by bringing to 10 % formalin and retaining for 10
hours or 3% peracetic acid for 30 minutes. The dis-
infection process is not affected by polyelectrolytes
and may be enhanced by lime added for dewatering
the sludge (Lindner et al,, 1987). Formalin degrades
fairly rapidly naturally (6.1 above); degradation in
sewage sludge specifically is covered by Dickerson et
al. (1954). (Caution: avoid skin contact with formaldehyde
or peracetic acid solutions or inhalation of their vapours.
See cautions in section 1.1 above.)

6.3 Water

It is difficult to give general advice on treatment of
water. The approach chosen depends on what type
of body of water is to be treated, the likely extent
of the anthrax spore contamination, what volumes
are involved and where the water is to go, and what
it may be used for after treatment. However, the
choices are much the same as with other materials
covered within this annex.

Autoclaving is the surest way of killing spores
but is only applicable to fairly small volumes of
water. Boiling for 20-30 minutes is a generally effec-
tive option. As reviewed by Rice et al. (2004), many
experimenters have concluded that boiling inacti-
vates B. anthracis spores with the outside time in the
order of 12 minutes. Rice et al. found that there was

a critical difference in the effectiveness of boiling
when there was a lid on the container in which the
water was boiled.

Treatment by bringing to a concentration of 10%
formalin and retaining for at least 10 hours is fea-
sible for volumes up to about 100 000 litres, as may
result from industrial wastes, but holding tanks
must be available and methods of neutralization and
discharge without danger to the environment must
be established. The necessary safety cautions will
apply (see cautions in section 1.1 above). Cost is a major
factor in this approach also.

The merits of chlorination are debatable; the lev-
els of chlorine necessary to ensure effective killing
of spores may be hard to attain in large volumes and,
if the body of water is on open ground, it is likely
to contain organic matter which rapidly neutralizes
the chlorine.

Filtration, as for water treatment, is probably
effective as far as the emerging water is concerned,
but leaves unsolved the problem of contaminated fil-
ter beds.

In general, each situation should be considered on
an individual basis and the best solution worked out
for the particular circumstances that exist.

6.4 Soil

If possible, soil at the site of an anthrax carcass
should be removed up to a depth of 20 cm and incin-
erated or heat-treated (121 °C throughout for 60 min-
utes). If this is not possible, it should be disinfected
with 10% formalin at 50 litres per m? Where it is
necessary to decontaminate soil to greater depths,
such as burial sites of anthrax carcasses, 10% forma-
lin should be injected below the soil surface at a rate
of 30 ml for every 10 cm of depth at 0.5 m horizon-
tal intervals across the contaminated area. (Caution:
avoid skin contact with formaldehyde solution or inhalation
of the vapour. See cautions in section 1.1 above.)

It is sometimes not possible to achieve sufficient
penetration of even small clods of soil by formalde-
hyde or other sporicide solutions to result in com-
plete kill of anthrax spores (Turnbull et al.,, 1996),
especially in the case of water-saturated or heavy
soils. Decontamination failure may result when
attempting chemical disinfection, and the effective-
ness of any such attempt should be checked by sub-
sequent culture.

The decision on the best approach to making a
contaminated site safe depends substantially on
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what the site is to be used for in the future. Where it
is not feasible to incinerate or chemically decontam-
inate the soil or to remove it to an incinerator, the
alternative is to close or seal off the site. Covering
with concrete or tarmac for, say, a car park, is an
alternative used in industrialized countries; plant-
ing with thorny bushes surrounded by a secure fence
can be an aesthetic approach.

Further guidelines are
(Turnbull, 1996).

supplied elsewhere

6.5 Other materials - clothing, tools, etc.

Where possible, contaminated materials should be
incinerated or autoclaved at 121 °C for 60 minutes.
In the case of nondisposable items such as clothing,
boots, tools, etc., excess dirt should be scraped off
into incineration or autoclave bags and the items
themselves should be soaked overnight (at least 8
hours) in 10% formalin. (Caution: avoid skin contact
with formaldehyde or glutaraldehyde solutions or inhala-
tion of their vapours.) Bleach is a possible alternative
if discoloration or corrosion is not of consequence,
and there is little organic material left on the items
after scraping.

Decontamination and disposal procedures follow-
ing collection and examination of clinical specimens
are covered in Annex 1, sections 7.7 & 7.8.

6.6 Wool, hair or bristles

Disinfection stations exist in a number of countries
which import wool, hair or bristles from endemic
regions, and the names and addresses of these may
be obtained from the relevant veterinary authorities
that control imports and exports of animal prod-
ucts. The requirements of an importing country will
be specified as part of the approval process for get-
ting a permit. One established disinfecting protocol
is the Duckering process. This involves five stages,
each of 10 minutes duration at 40.5 °C: (i) immersion
in 0.25%-0.3% soda liquor; (ii) immersion in soap lig-
uor; (iii) two immersions in 2% formaldehyde solu-
tion (5% formalin); (iv) rinsing in water; and (v) the
wool or hair is finally dried in hot air and baled.

In countries where irradiation facilities are avail-
able, the preferred approach is to test samples of
wool and hair from a consignment and, if positive
for B. anthracis, to sterilize the consignment by irra-
diation. The dose needed to guarantee freedom from
viable spores in a contaminated lot is very high; the
D,,, in spore suspensions of 10 to 10 per ml have

been found to exceed 40 kGy (4 MRad) (Bowen et al.,
1996). Calculations of exposure times need to take
into account the size and density of the bales being
irradiated.

6.7 Hides and skins

No hazard need be expected in situations where
hides come from properly supervised slaughter-
ing. Dry hides of uncertain origin within enzootic
countries should, on the other hand, be regarded as
being of high risk in terms of anthrax. Where pos-
sible these should be decontaminated by fumigation
(formaldehyde or ethylene oxide) or by irradiation
prior to processing. It is considered by some tannery
experts, however, that no preprocessing disinfec-
tion protocol has been devised for hides and skins
that does not damage them (Anon., 1959). However
the dehairing stage, which involves sodium sulphide
liming with a mixture of sodium sulphide and cal-
cium hydroxide, exposes the skins to a significant
level of sodium hydroxide at high pH which probably
kills any B. anthracis spores present (Robertson, 1948;
Lindner & Bohm, 1985).

Control processes in tanneries should therefore
be primarily targeted at stages before dehairing,
particularly dust control and treatment of effluent
from initial washing and rehydrating stages. In tan-
neries processing raw hides from anthrax-endemic
areas, these effluents should be treated by bring-
ing to 10% formalin and holding for 10 hours, with
adequate time being allowed for natural degradation
of the formaldehyde before discharging to sewerage.
Peracetic acid (3%) for > 30 minutes is an alternative
but more expensive treatment.

Precautions should be taken to avoid cross-
contamination of hides and skins pre- and post-treat-
ment through appropriate controls on movement of
personnel, equipment and the hides themselves.

6.8 Bone, bonemeal, hoof and horn

Feed ingredients of bone, hoof and horn origin
imported from endemic countries are still the cause
of incidents among livestock in nonendemic import-
ing countries. Similarly, bonemeal in fertilizers is
periodically suspected of being the source of anthrax
infection in humans and animals. However, in many
developed countries anthrax is becoming very infre-
quent and there has been a significant decline in the
occurrence of anthrax from feed contamination fol-
lowing the BSE (bovine spongiform encephalopathy)
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restrictions on the feeding of animal or ruminant
materials to ruminants.

It is considered in most importing countries that
mandatory requirements for sterilization of prod-
ucts of animal origin for international commerce
would raise the costs of these products dispropor-
tionately to the human and animal health risks
involved. Consequently few such countries have
statutory requirements of this nature. However,
some manufacturers consider it standard good prac-
tice to sterilize such products before placing them
on the market, and this is certainly to be encour-
aged, particularly if they are to be used as fertilizers
on land on which animals will subsequently graze.
Similarly it should be a reasonable policy aim in any
country to collect and process separately those raw
bone, hoof and horn products obtained from regu-
lar and supervised slaughtering and those obtained
from sources of uncertain origin, which present a
higher risk in terms of anthrax.

Long-term control will be dependent on improved
and effective control measures in the exporting
countries. In the interim, control should depend
on close adherence to the Terrestial Animal Health
Code (Annex 4).

7. Guidelines on incineration of
carcasses

The underlying physical principle that should be
addressed in designing an efficient incineration
procedure is that material underneath a flame can
remain cool so that contaminated materials (ground,
soil, carcass remains, etc.) that remain below the
flames during incineration will remain contami-
nated. A number of approaches may be taken to
ensure that incineration is fully effective, and the
one of choice depends on available resources and
other circumstances. Portable incinerators with gas-
fired jets at base level and 0.25 m above base level,
or flame guns which direct the flames downwards,
are available in some countries (Fig. 10). These pro-
vide a good way of ensuring complete and effective
incineration.

The following suggestions are offered to cover the
different circumstances that may be encountered.
It should be pointed out that all the procedures
described below take many hours for a large domes-
tic animal, such as a cow.

7.1 In-place incineration

7.1.1  Pit method'

For a large animal, a pit about 0.5 m deep and
exceeding the length and breadth of the carcass by
about 0.25 m on each side should be dug. A trench
approximately 0.25 m wide by 0.25 m deep should be
dug along the length of the centre of the pit extend-
ing beyond the ends by about 0.75 m; this serves the
purpose of allowing air for the fire under the carcass.
The bottom of the pit and the trench should be cov-
ered with straw which is then soaked in kerosene.

Above the kerosene-soaked straw, place a few
pleces of heavy timber (or other type of beams
which will hold the carcass well above the bottom of
the pit) across the pit and then scatter thin pieces of
wood over beams and straw. Then add larger pieces
of wood and if available, coal, until the pit is filled to
ground level. Saturate all the fuel with kerosene.

The carcass can then be drawn on to the pyre,
preferably propped up so that it is lying on its back.
Further kerosene should be poured over the carcass.
The fire is started at either end of the longitudinal
trench. Once the incineration is well under way
(probably after about the first hour), the pyre should
be covered with corrugated iron or other metal
sheeting in such a way as to reduce heat loss without
cutting off ventilation.

The approximate quantities of fuel that will be
needed for a large domestic animal are 20 kg of
straw, 10 litres of kerosene, and either 2 tonnes of
wood or 0.5 tonnes of wood and 0.5 tonnes of coal.
Note: it will be necessary to decontaminate the
ground where the carcass lay and also the ground,
equipment, etc. contaminated during the movement
of the carcass (see section 6.4 above).

7.1.2  Pyre?

A pyre may be built up around the carcass so that
it is incinerated precisely in the position in which it
was found. Despite its reduced effectiveness com-
pared to pit and raised incinerations which allow air
to circulate underneath the carcass, a pyre may be
the only cremation method available in remote areas
where machinery necessary to position the carcass
is unavailable or with large animals such as bison,
elephant, giraffe and hippopotamus. After the ini-
tial burn, the ash and remains must be turned over

1 Based on MAFF, 1992.
2 Kindly supplied by D.C. Dragon and J.S. Nishi.
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and burnt a second time. During carcass incinera-
tion trials in northern Canada during summer 2001,
researchers regularly observed unburnt hair, hide,
rumen, stomach lining and flesh beneath the ash
after a single pyre incineration of bison carcasses.
It was necessary to lift these remains from beneath
the ashes and reburn them.

For a bovine-sized carcass, approximately 200
litres of a kerosene-based fuel and either 1 tonne
of wood, or 300 kg of wood and 600 kg of coal, are
needed. The wood should be in the form of 2 m
length logs. The wood and coal should be piled
around and on top of the carcass, and the pyre dosed
with fuel and lit. When the primary incineration is
complete, the ashes are allowed to cool. Personnel in
appropriate protective gear (coverall, gloves, boots
and respirator) should turn over the ashes and repile
unburnt carcass remains with wooden poles. The
poles are left with the remains and the pile reburned
with further fuel. Consideration may be given to
damping down or disinfecting the unburnt remains
with 10% formalin prior to turning over the ashes,
to minimize the chances of aerosolizing surviving
spores (see Annex 6, section 1).

In the Canadian experience following outbreaks of
anthrax in bison, the combination of in-place incin-
eration and formalin treatment had an unforeseen
benefit (Dragon et al,, 2001). The combination of ash
from the fire and formaldehyde-fixed organic mat-
ter changed the nutrient profile of the soil, and the
carcass sites were recolonized by herbaceous, leafy
plants such as yarrow, wild mint and lamb’s quar-
ter rather than the grass and sedge that grew previ-
ously. None of these plants are feed items for bison,
and their size and density discouraged bison from
wallowing at the carcass sites. Thus, the bison were
kept spatially separated from any viable infectious
anthrax spores remaining at the old carcass sites.

7.1.3 Raised carcass method'

This method may be appropriate when labour is
scarce or the ground is unsuitable for the construc-
tion of a pit.

Place straw over a 2 m by 1.5 m area. Place two
wooden beams (approximately 2 m lengths of small
tree trunks, railway sleepers, etc.) over the straw
parallel to each other, about 1.25 m apart and
aligned with the direction of the prevailing wind.

1 Based on MAFF, 1992.

Soak the straw with kerosene and cover with thin
and thick pieces of wood and coal if available. Place
further stout cross-pieces of wood or other material
across the two main beams to support the carcass.
The fuel (wood or coal) is banked up on either side of
the carcass (but not at the ends, where the air should
be allowed to enter under the carcass), and the solid
fuel and carcass are further doused with kerosene.

The fire can then be started and as before, when
well under way, it should be covered with metal
sheeting to retain heat but without inhibiting ven-
tilation. Further fuel should be added if and when
necessary.

Rather more fuel may be required than with the
pit method. For a large domestic animal, an estimate
is 0.75 tonnes coal + 0.5 tonnes wood or, if coal is
unavailable, approximately 3 tonnes of wood, plus
20 kg straw and 20 litres of kerosene.

As with other approaches, it will be necessary to
decontaminate the site where the carcass lay before
incineration, and the ground and equipment con-
taminated while moving it from there to the crema-
tion bed.

7.1.4 Gelled fuel

Anderson, Nevada Department of Agriculture,
Animal Disease Laboratory (personal communica-
tion, 2000), described a gelled fuel terra torch sys-
tem that was used to cremate bovine carcasses in a
United States anthrax outbreak. SureFire - a pow-
dered gelling agent designed to thicken fuels used in
prescribed burning - was mixed into a recirculating
tank containing a fuel mixture of diesel and regular
gasoline. The thickened fuel was applied with a terra
torch system and gave a hotter and more lasting fire
than with fuel alone. The technique appeared to be
an efficient method for the disposal of animal mor-
talities during emergencies. For example, an adult
cow was reduced to ashes in about an hour using
the powder in a 70/30 mixture of diesel and leaded
gasoline. However, subsequent application of a simi-
lar formulation for gelled fuel in northern Canada
failed to achieve adequate incineration of bison car-
casses during an anthrax outbreak in the Slave River
Lowlands (Nishi, Resources, Wildlife and Economic
Development, Northwest Territories, personal com-
munication, 2000). Possibly the difference was due
to cooler temperatures and higher humidity in
northern Canada compared to the affected United
States region, or to a lower fat content in wild bison
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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 (34F,)
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 Indicator! and Chemiclave®
spore strips.2 Again, an unautoclaved control should
be included when incubating a spore strip used to
check an autoclave cycle.

! Barnstead/Thermolyne, PO Box 797, Dubuque, lowa 52004—
0797, USA.

2 Raven Biological Laboratories, Inc.,, Omaha Nebraska, USA;
www.ravenlabs.com.
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Terrestrial Animal Health Code!

Chapter 2.2.1 Anthrax

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.

1 Terrestrial Animal Health Code. Paris, World Organisation
for Animal Health (OIE), 2007 (http://www.oie.int/eng/
normes/mcode/en_chapitre_2.2.1. htm#rubrique_anthrax).

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.
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Article 2.2.1.5

Veterinary
require:

authorities of importing countries should

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 sera!

1. General
1.1 Vaccines

Thehistoryand theoryof anthrax vaccinesis 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.?

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 34F, “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,

t The lists provided in this annex are supplied for the benefit
of users of these guidelines, but do not represent endorse-
ment of the products by the World Health Organization
(WHO). While every attempt has been made to ensure that
the data are correct, WHO does not guarantee the accuracy
of the information supplied in these lists. For confirmation of
the data and for further information about the products, the
reader should contact the relevant manufacturer direct.

2 WHO invites any manufacturer not listed to notify Dr
Ottorino Cosivi (at cosivio@who.int). Manufacturers are
requested to inform WHO of any information that is not cor-
rect. Any corrections will be published in subsequent sup-
plements or revisions of these guidelines.

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
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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 should be made through an area of clean
dry skin.

Injection

2.7 Pregnant and lactating animals

The Sterne strain 34F, 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 LD, 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-
ingimmunization. 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.”

Inone anthrax outbreakin the United Statesin 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:

e The antibody response in different individuals
may vary. Variable antibody titres are a feature in
animals receiving a particular dose of a live spore
vaccine.
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e Receiving the correct dose is important. Very
marked differences in titres are seen in groups
receiving 1 million and 10 million spores in a
dose.

e 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:

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

e Thereservoir containing the vaccine runs out and
some animals, although injected, actually receive
no vaccine.

e The needle gets blocked, or the needles blunted,
resulting in a reduced dose or no vaccine being
administered.

e Some of the animals are fairly wild and move vio-
lently before delivery of the vaccine is complete.

e The animals were too young at vaccination, per se
or because the vaccine effect was neutralized by
maternal antibody.

Enzyme immunoassay studies on cattle vaccinated
in response to the 1994 anthrax outbreak in west-
ern Australia (Forshaw et al. 1996) revealed a great
variability in titres among animals with similar vac-
cination records; a few even exhibited low or nega-
tive titres despite multiple boosters (Ellard, Ellis &
Turnbull, unpublished results). The reasons for this
variability were not identified. It was not possible
to establish a correlation, or lack of it, between low
titre and succumbing to anthrax as the outbreak was
brought under control. However, the observation
underscores the need for care to ensure all animals
receive the correct dose in a vaccination campaign,
and also that all other conditions are favourable
to optimal vaccine performance at the time of the
campaign.

2.11.2 Vaccine potency

Another possible reason that should be considered
in the event of vaccine failures is that the potency of
the vaccine itself has fallen for reasons beyond the
control of the person or team carrying out the vac-
cination.

2.11.3 Interference by maternal antibody
Questions arising following the vaccine campaign in
response to the 1994 anthrax outbreak in western
Australia (Forshaw et al., 1996) led to a study aimed
at determining whether maternal antibody inter-
fered with the response to anthrax vaccine in calves
(Ellard, Ellis & Turnbull, unpublished results). Titres
to the anthrax protective antigen in 13 calves from
vaccinated dams were compared with those in 12
calves from unvaccinated dams. The calves received
dose 1 of the live spore 34F, 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:

e A number of manufacturers listed in the 1998
guidelines have ceased production and have been
removed from the list.

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

e One country indicated that it imports its vaccine
from Madagascar, but there was no return from
Madagascar itself to include in the list.

3. Human vaccines

Thebackground 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:

e 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:

e 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:

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

161



ANTHRAX IN HUMANS AND ANIMALS

162

TABLE 18

Manufacturers of livestock anthrax vaccine

COUNTRY MANUFACTURER DESCRIPTION DOSE

Argentina Instituto Rosenbuch Strain: R Cattle: 2 ml s.c.
San José 1469 — (1136) Buenos Aires
Tel./Fax: +54 11 4304 6922 Strain: Sterne Cattle: T mls.c.
San Jorge — Bago Strain: Sterne Cattle: 2 ml s.c.
9 de Abril 1251 - (1842) Sheep: 1 mls.c.
Monte Grande
Pcia. Buenos Aires
Tel. +54 11 4296 2990
Bayer Strain: Sterne Cattle: 2 ml s.c.
R Gutiérrez 3652 — (1605) Munro
Buenos Aires
Tel./Fax: +54 11 4762 7000
Sanidad Ganadera Strain: Sterne Cattle: 2 mls.c.
Perti 1645/55 Sheep: 1 mls.c.
Buenos Aires
Tel./Fax: +54 11 4307 9983 Strain: Chaco Cattle: 2 mls.c.
Merial Strain: Sterne Cattle: 2 ml s.c.
Int. Tomkinson 2054 — (1642) San Isidro Sheep: 1 mls.c.
Buenos Aires
Tel./Fax: +54 11 4732 6700
Agreed Strain: Sterne Cattle: 2 mls.c.
Valle Grande 3318 — (1636) Olivos
Buenos Aires
Tel./Fax: +54 11 4512 1554/5
Immunovet Strain: Sterne Cattle: 2 mls.c.
Ruta 36y Calle 78 - (1901) Olmos-La Plata Sheep: 1 mls.c.
Buenos Aires
Tel./Fax: +54 221 4962 392
Biogenesis Strain: Sterne Cattle: 2 ml s.c.
Ruta Panamericana Km.38.2 — (1619) Garin Sheep: 1 mls.c.
Buenos Aires
Tel.: +54 3327 448 300

Bangladesh Animal Husbandry Laboratory

(no update in 2002)

Mohakhali

Dhaka

Animal Husbandry Laboratory
Cossilla

Botswana

Botswana Vaccine Institute
Broadhurst Industrial Site
Lejara Road

Private Bag 0031
Gaborone

Tel.: +267 3912711

Fax: +267 3956798

Sterne/saponin

Cattle, sheep and goats:
10 x 10°s.c. (Tml)

Annual revaccination.
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COUNTRY MANUFACTURER DESCRIPTION DOSE
Brazil IRFA — Quimica e Biotecnologia Sterne 34F, Cattle: 2 ml s.c.
Industrial Ltda. Sheep, goats, pigs, horses:
Estrada do Lami, 6133 1mls.c
Bairro Belém Novo 91780-120
Porto Alegre — RS
Tel.: +55 51 258 1333/1241
Laboratério Hertape SA Sterne 34F, Sheep, goats, pigs, cattle:
Rod. MG 050 2001 0.5mls.c.
CEP 35675-000
Juatuba - MG
Tel.: +55 31 3535 8668
Vallée SA Sterne 34F, Cattle: 2 ml s.c.
Av. Hum 1500 — Distrito Industrial Sheep, goats, pigs: 1 mls.c.
CEP 39404-003
Montes Claro — MG
Tel.: +55 38 3229 7000
Labovet Produtos Veterinarios Ltda Sterne 34F, Cattle: 1 mls.c.
Av. Banco do Nordeste Sheep, goats, donkeys, pigs:
Galpéo 22-A 0.5 mls.c.
CEP 44052-510
Feira de Santana — BA
Tel.: +55 75 622 3922/5946
Laboratério Vencofarma do Brasil Ltda Sterne 34F, Cattle: 1 mls.c.
Trav. Dalva de Oliveira, 237 Sheep, goats, donkeys,
CEP 86030-380 pigs: 0.5 mls.c.
Londrina — PR
Tel.: +55 43 339 1350
Laboratério Agromédica Ltda Sterne 34F, Cattle, horses: 1 ml s.c.
Rua José Maria de Lacerda, 1957 Sheep, goats, pigs:
CEP 32210-120 0.5 mls.c.
Contagem - MG
Tel.: +55 31 3333 0755/5223
Leivas Leite SA - Ind. Quimicas e Biologicas ~ Sterne 34F, Cattle, horses.: 2 ml s.c.
Rua Benjamin Constant 1637 Sheep, pigs: 1 mls.c.
CEP 96010-020
Pelotas — RS
Tel.: +55 53 225 3666
Cameroon Lanavet Sterne 34F, in saponin Cattle — 107 spores in 1 ml;
BP 503 Garoua 0.5 ml for sheep and
Tel.: +237 227 1305 Freeze-dried goats
Fax: + 237 227 152
Chile Veterquimica Ltda Sterne Cattle: 1 mls.c.

Camino a Melipilla 5641 (Adm. Gral.)
Camino a Lonquén 10387 (Ventas Maipu)
Cerrillos, Santiago

Metropolitana, 81 Cerrillos

Tel.: +56 2 557 1222

Fax: +56 2 557 0774

E-mail: veter\@terra.cl

1 ml suspension contains
10 000 000
B. anthracis spores

Sheep: 0.5 ml s.c.

Generally, only one
vaccination a year is
necessary, preferably in
spring. In high-risk zones,
two vaccinations are
recommended (in spring
and autumn).

First vaccination at
6 months.
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TABLE 18 CONTINUED

COUNTRY MANUFACTURER DESCRIPTION DOSE
China National Control Institute of Veterinary 1. Strain: 34F, 1. Small animals: 1 ml
Bioproducts & Pharmaceuticals Adjuvant: 20% aluminium Sheep, pigs: 2 ml
Ministry of Agriculture hydroxide Cattle, horses: 2 ml
30 Baishigiao Road (all intracutaneous)
Beijing 100081
Tel.: +86 256 8844 ext. 261 2. "PA vaccine” 2. All animals 2 ml
Fax: +86 831 6545 Adjuvant: oil-in-water intracutaneously
emulsion
Colombia Laboratorios ERMA Sterne, 107 spores/ml Cattle and horses: 2 ml s.c.
(no update for Av. El Dorado No. 90-31 Adjuvant: saponin Sheep and goats: 1 ml s.c.
any in 2002) Apartado Aereo 98835 50 ml flasks Annual revaccination
Santafé de Bogota
Tel./Fax: +57 1 295 0900/410 2410
E-mail: Laberma@ col.1.telecom.com.co
Laboratorios Probiol Ltda Strain: 34F, Sheep, goats, pigs, cattle,
Diagonal 183 N 41-71 Adjuvant: (contact horses: 2 ml
Apartado aereo 8001 manufacturer)
Bogota
Tel.: +57 1 671 1023
Fax: +57 1 671 1066
LAVERLAM Sterne, 107 spores/ml Cattle: 2 ml s.c.
Carrera 5 No. 47-165 Adjuvant: aluminium hydroxide Other species: 1 ml s.c.
Salomnia Industrial 50 ml flasks
Apartado aéreo 9985
Cali. Valle del Cauca
Tel./Fax: +57 2 447 4411/447 4409
Laboratorios V.M. Sterne, 107 spores/ml Cattle and horses: 2 ml s.c.
Autopista Norte kilbmetro 19 Adjuvant: saponin Sheep and goats: 1 mls.c.
Urbanizacion Industrial El Pilar 10, 20, 50 and 100 ml flasks
Apartado aéreo 15453
Santafé de Bogota
Tel./Fax: +57 1 676 0901/676 0823
VECOL Sterne, 7-10 x 10° spores per Cattle and horses: 2 ml s.c.
Av. El Dorado No. 82-93 ml in buffered glycerine Sheep, goats and pigs:
Apartado aéreo 7476 1mls.c.
Santafé de Bogota 50 ml flasks and box of
Tel./Fax: +57 1 263 3100/263 8331 10 x 10ml flasks
E-mail: Vecol@insat.net.co
Croatia Veterina Ltd. Strain: 34F, Horses, cattle, sheep, pigs:
Svetonedeljska 2 Adjuvant: aluminium 0.5 mls.c.
Kalinovica hydroxide gel Goats: 0.2 ml s.c.

10436 Rakov Potok
Tel.: + 385 1 33 88 888
E-mail: veterina-info@pliva.hr

Name: Antrax vaccine
Bottles with 10 ml of vaccine

Annual revaccination. In
anthrax-infested areas twice
a year at 6 months intervals

Czech Republic
(no update in 2002)

Bioveta plc

Komenského 212

683 23 Ivanovice na Hané
Tel.: +42 507 933 21-4

Fax: +42 507 932 84 (or 94)

Strain: 34F,

Adjuvant: saponin

Name of product:
“Antraxen inj.ad us. vet.”

Sheep, goats, pigs, cattle,
horses: 1 mls.c.
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COUNTRY MANUFACTURER DESCRIPTION DOSE
Ethiopia National Veterinary Institute Sterne 34F, in saponin Cattle: 107 spores in 1 ml;
PO Box 19 Freeze-dried 0.5 ml for sheep and goats
Debre Zeit
Tel.:+251 133 8411
Fax:+251 133 9300
Ghana Central Veterinary Laboratory Pong-Tamale  Anthrax spore vaccine Cattle, sheep, goats, pigs:
PO Box 97 Sterne 34F, 1mls.c.
Tamale Adjuvant: saponin
Tel./Fax: +233 71 22720 15-20 million spores per dose  Annual revaccination
Hungary Phylaxia-Sanofi Veterinary Strain: 34F, Sheep, goats: 0.5 ml

(no update in 2002)

Biologicals Co. Ltd
PO Box 68

1475 Budapest

Tel.: +36 1 262 9505
Fax: +36 1 260 3889

Adjuvant: saponin

Cattle: 1 ml

India
(no update in 2002)

Institute of Veterinary Preventive Medicine
Ranipet — 632 402

North Arcot Ambedkar District

Tamil Nadu

Tel.: +91 4172 22633

Strain: 34F,
Adjuvant: none

Sheep, goats: 1 ml injected
s.c. in tail-fold

Cattle, pigs, horses, camels:
1mls.c

Elephants: 1 mls.c. with
second dose of 3 ml after
1 month

Indonesia
(no update in 2002)

Pusat Veterinaria Farma
Jalan Jenderal A. Yani 68-70
Kotak Pos WO.3

Surabaya 60231

Tel.: +62 31 816123

Fax: +62 31 814126

Strain: 34F,
Adjuvant: saponin

Sheep, goats, pigs:
0.5mls.c.
Cattle, horses: 1 ml s.c.

Italy Istituto Zooprofilattico Sperimentale Strain: Pasteur type 1 Goats, horses: 0.125 ml s.c.
della Puglia e della Basilicata Adjuvant: saponin
Via Manfredonia 20
171100 Foggia Strain: Carbosap Cattle (= 6 months):
Tel: +39 881 786 111/786 300 Adjuvant: saponin 0.25 mls.c.
Fax: +39 881 786 362 Cattle (< 6 months), sheep:
0.125 ml s.c.
Japan Chemo-Sero-Therapeutic Strain: 34F, Cattle and horses only:
Research Institute Adjuvant: none 0.2 mls.c.
6-1 Okubo 1-chome
Kumamoto-shi
Kumamoto-pref.
860-8568
Tel.: +81 96 344 1211
Fax: +81 96 345 1345
Kenya Cooper Kenya Ltd Strain: 34F, Sheep, pigs: 0.5 ml s.c.

(no update in 2002)

Wellcome Centre

Kaptagat Road (off Waiyaki Road)
PO Box 40596

Nairobi

Tel.: +254 580612

Fax: +254 632123

Cattle, horses: 1 mls.c.
(It is recommended that
goats should not be
vaccinated without first
consulting veterinary
surgeon)




ANTHRAX IN HUMANS AND ANIMALS

166

TABLE 18 CONTINUED

COUNTRY

MANUFACTURER

DESCRIPTION

DOSE

Mali

Laboratoire Central Vétérinaire (LCV)
BP 2295 Bamako

Tel.: +223 22 3344

Fax: +223 22 9809

Sterne 34F, in saponin

107 spores in 1 ml for cattle,
sheep and goats

Morocco

Km 2 Route de Casablanca

BP 4569

Rabat

Tel.: +212 69 0454

Fax: +212 69 1689

E-mail: biopharma_ma@yahoo.fr

Sterne 34F, in saponin

107 spores per 1 ml for
cattle; 0.5 ml for sheep,
goats and calves

Mozambique

National Veterinary Research Institute
(INIVE)

PO Box 1922

Maputo

Tel.: +258 1 475 170/1

Fax: +258 1 475 172

E-mail: inive@cfmnet.co.mz;

inivei@teledata.mz

Strain: 34F,
Adjuvant: saponin

Sheep, goats: 0.5 ml s.c.
Cattle: 1 mls.c.

Myanmar

Livestock Breeding and Veterinary Dept.

Research and Biologics Section
Mukteswar

Strain: Sterne 34F, in
glycerol saline

Elephants, horses, mules,
cattle and buffaloes:
1mls.c.

Nepal

Biological Products Division
Directorate of Animal Health
Veterinary Complex
Tripureswar

Kathmandu

Tel.: +977 1 4252 348

Strain: Sterne in glycerine

All species: 1 mls.c.

Netherlands

Central Institute for Animal Disease
Control — Lelystad

PO Box 2004

8200 AB Lelystad

Tel.: +31 320 238 800

Fax: +31 320 238 668

Email: e.m.kamp@id.dlo.nl;

f.g.vanzijderveld\@id.dlo.nl

Strain: 34F,
Adjuvant: saponin

Small animals: 0.5 ml s.c.

Sheep, goats, pigs, young
foals and calves:
0.5mls.c.

Adult cows, horses: 1 mls.c.

Niger

Laboratoire Central de I'Elevage
BP 485 Niamey

Tel.: +227 73 20 09/73 80 05
Email : radiscon@intnet.ne

Sterne 34F,
Adjuvant: saponin
Lyophilized vaccine

Cattle, horses: 1 mls.c.
Small ruminants: 0.5 ml s.c.

Pakistan
(no update in 2002)

Vaccine Production Laboratories
Brewery Road
Quetta

Details not obtained

Philippines

Laboratory Services Division
Bureau of Animal Industry
Visayas Avenue, Diliman
Quezon City

Strain: 34F,
Adjuvant: saponin

Pigs, sheep, goats:
0.5mls.c.

Cattle, carabao, horses:
0.5mls.c.
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COUNTRY

MANUFACTURER

DESCRIPTION

DOSE

Republic of Korea
(no update in 2002)

Choong Ang Animal Disease Laboratory

Seo Taeleon PO Box 312
408-1 Sa Jung Dong
Choong-Ku

Taeleon

Tel.: +82 42 581 2991
Fax: +82 42 581 5856

Strain: 34F,
Adjuvant: saponin

Sheep, goats, pigs: 1.0 ml
Cattle, horses: 2.0 ml

Romania
(no update in 2002)

Institutul National de Medicina
Veterinara “Pasteur”

77826 Sos. Giulesti 333

Sector 6

R-7000 Bucharest

Tel.: +40 1 220 6486

Fax: +40 1 220 6915

Strain: 1190 R —Stamatin
Adjuvant: saponin

Cattle (> 2 months):
0.5mls.c.

Sheep, pigs (> 2 months):
0.2 mls.c.

Horses (> 6 months):
0.2 mls.c.

Goats (> 2 months):
0.1 mls.c.

Russian Federation

Pokrov Biological Plant
601121, pos. Volginskiy
Vladimirskaya oblast
Tel.: +7 09243 6-7110

Strain: 55-VNIIVVM

Four versions to meet
different needs

Doses vary with different
versions of the vaccine

South Africa

Onderstepoort Biological Products
Private Bag X07

0110 Onderstepoort

Tel.: +27 12 529 9111

Fax: 427 12 546 0216

E-mail: baty@obpvaccines.co.za

Sterne 34F,, 1 x 10° spores/ml
Adjuvant: saponin

All species: 1 ml s.c.

Spain

Calier

Barcelonés, 26 — Pol.

Ind. Pla del Ramassa

Apdo. 150

08520-Les Franqueses del Vallés
Barcelona

Tel.: +34 93 849 51 33

Fax: +34 93 840 13 98

Strain: Sterne
Adjuvant: saponin

Ruminants: 20 x 108
(1 ml)s.c.

Ovejero

Ctra. Ledn - Vilecha 30
Apdo. Correos 321
24080 Ledn

Tel.: +34 902 235 700
Fax: +34 987 2347 52

Strain: Sterne

Cattle: 1 ml
Sheep: 0.5 ml
10 x 108 (1 ml) s.c.

Iven

Luis I, 56 — 58 — Pol.
Ind. de Vallecas
28031 Madrid

Tel.: +34 91 380 17 21
Fax: +34 91 380 00 61

Strain: Sterne
Adjuvant: saponin

Cattle, horses, sheep, goats:
20 x 10%° (1 ml) s.c.

Syva

Avda. Parroco Pablo Diez, 49-57
24010 Leodn

Tel.: +34 987 80 08 00

Fax: +34 987 80 24 52

Strain: Sterne
Adjuvant: saponin

Cattle, horses, sheep, goats,
pigs: 10 x 108 (1 ml) s.c.

Syrian Arab Republic

Animal Health Directorate
Tel.: +963 11 542 2500
Fax: +963 11 542 4761

Strain: 34F, in buffered
glycerin

Sheep, goats: 0.1 mli.d
Cattle, horses: 0.2 mli.d
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COUNTRY

MANUFACTURER

DESCRIPTION

DOSE

Turkey

Central Veterinary Research and Control
Institute

06020 Ankara

Tel.: +90 312 322 48 64/325 52 41

Fax: +90 312 321 17 55/325 52 41

E-mail: ehh.o@tr.net

Strain: 34F,, 107 spores/ml

Adjuvant: saponin

Vaccine composition:

50% glycerol (v/v), 50%
physiological saline (v/v),
0.05-0.1% saponin

Horses, cattle, camels,
buffaloes: 1 mls.c.
(into side of the neck or
behind the shoulder)
Sheep, goats, pigs:
0.5 ml s.c. (for sheep, into
inside of a back leg; for
goats, under the tail; for
pigs, behind the ear)
Colts, calves (2-6 months
old): 0.5 mls.c.
Lambs, kids (2-6 months
old): 0.5 mls.c.

United Kingdom

Biotechnology Department
Veterinary Laboratories Agency
New Haw

Surrey KT15 3NB

Tel.: +44 1932 357641

Fax: +44 1932 357701

Strain: 34F,
Adjuvant: saponin

Sheep, goats, pigs:
0.5 mls.c.
Cattle: 1 mls.c.

United States

Colorado Serum Co.

Strain: 34F,

All domestic farm animals:

of America 4950 York Street Adjuvant: saponin 1mls.c
Denver, CO 80216-0428 Booster recommended
Tel.: +1 303 295 7527 2-3 weeks after first dose
Fax: +1 303 295 1923 in heavily contaminated
areas
Uruguay Interifa SA, Rhéne Mérieux Strain: 34F, Sheep, goats, pigs: 1 mls.c.

(no update in 2002)

José Ma. Penco 3427
11700 Montevideo
Tel.: +598 29 70 91
Fax: +598 23 78 52

Adjuvant: saponin

Cattle, horses: 2 ml s.c.

Laboratorio Prondil S.A
Barros Arana 5402

CP 12200

PO Box 15147 Dto.5
Montevideo

Tel. : +598 25 13 32 54

Fax: +598 25 13 32 52
E-mail: pron@netgate.com.uy

Anthrax only
Strain : 34F,
Adjuvant: saponin

“Blanthrax”: combination
anthrax and blackquarter

(pending registration)
“Supervax”: combination
anthrax, blackquarter,
botulism C, D (South African
strains)

Sheep, goats, pigs:
0.5 mls.c.

Cattle, sheep, goats only:
2 mls.c

Cattle, sheep, goats only:
2 mls.c

Viet Nam National Veterinary Enterprise Strain: 34F, Goats, pigs: 0.5 ml s.c.
Phung Town Adjuvant: saponin Cattle and horses:
Hoai Duc District 30 x 10%s.c. (1 ml)
Ha Tay
Tel: +84 34 861 337
Fax: +84 34 861 779

Zambia Central Veterinary Research Institute Sterne 34F,, 106 spores/ml Cattle: 1 ml

PO Box 33980, Lusaka

Tel.: +260 1 216031

Fax: +260 1 2334444/236283
E-mail: cvri@zamnet.zm

Adjuvant: saponin

Sheep, goats, pigs: 0.5 ml

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

COUNTRY MANUFACTURER DESCRIPTION DOSE
China Lanzhou Institute of Biological Live spore suspension of Single dose (approx. 2 x 108 spores) by scarification
Products strain A16R in 50% of 50 plin two spots on the skin with single booster
178 Yanchang Road glycerol and distilled water after 6 or 12 months and annual boosters thereafter
Lanzhou, Gansu 730046
Tel.: +86 931 834 0311-8621  No other active
Fax: +86 931 834 3199 ingredient/adjuvant
Russian Research Institute of Lyophilized live spore Initial 2 doses 20—30 days apart and single annual
Federation Microbiology suspension of strain STI-1  booster doses. Administered by scarification of
610024 Kirov (Sanitary Technical 0.05 ml into the skin (approx. 5 x 108 spores), or, in
Oktyabrskiy Prospect 119 Institute), Nikolaiv urgent situations, injection s.c. of 0.5 ml (approx.
Tel.: +7 8330 38 15 27 Ginsberg 1940 5 x 107 spores)
Fax: +7 8332 62 95 98
No other active
ingredient/adjuvant
United Health Protection Agency Alum 3 primary doses of 0.5 mli.m. at 3-week intervals
Kingdom Porton Down precipitated filtrate of with booster at 32 weeks and thereafter annually

Salisbury

Wiltshire SP4 0JG
England

Tel: +44 1980 612 100
Fax: +44 1980 611 096

strain 34F, culture

United States
of America

BioPort Corp

3500 N. Martin Luther King Jr
Blvd, Lansing

MI 48906

Tel.: +1 517 327 1500

Fax: +1 517 327 1501

Aluminium hydroxide-
adsorbed filtrate of strain
V770 culture

3 s.c. doses, 0.5 ml each, given 2 weeks apart
followed by 3 additional s.c. injections, 0.5 ml each,
at 6, 12, and 18 months. Subsequent booster
injections of 0.5 ml annually

s.c. = subcutaneous; i.m. = intramuscular.
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ANNEX 6

Contingency plan for the prevention

and control of anthrax

1.  Action in the event of an outbreak
of anthrax in livestock

The control programme, instituted by the Depart-
ment of Natural Resources and Environment,
Victoria, Australia, in response to an outbreak of
anthrax in cattle affecting some 83 farms during the
first half of 1997, was subsequently established as
an Australian standard and serves well as a global
model for anthrax control. The following summary,
based on the report by Turner (unpublished, 1997),
Chief Veterinary Officer, Victoria, is included here by
kind permission.

On each affected farm, the following measures
should be applied:

1. Quarantine should be imposed on the flocks
and herds in which anthrax has occurred. The
quarantine should comprise limiting: (i) con-
tact between infected and non-exposed herds/
flocks; and (ii) the access of susceptible animals
to infected sites until at least 14 days, and prefer-
ably 20 days (OIE incubation period), after they
have been vaccinated.

2. The carcasses of infected animals should (see
section 8.3) either be burnt at the site of death
and the ashes buried deeply, or wrapped in
double-thickness plastic, to prevent spilling of
body fluids, and removed to a more suitable site
(e.g. a quarry) to be burnt and the ashes buried.
(Consideration may be given to removing the
carcasses to suitable commercial incinerators or
rendering plants.)

3. The site where the animal died should, where
possible, be thoroughly scorched with a down-
directed flame and/or disinfected with 10%
formalin after disposal of the carcass. (Caution:
formalin should be handled with the appropriate cau-
tions as indicated in Annex 3 and more specifically in
its section 1.1.)

4. On moving the herd out of the contaminated
area/field/pasture, Hugh-Jones (personal com-

munication, 2002) recommends that all animals
be treated with a suitable long-acting antibiotic
to abort covert incubating infections. If they are
to be returned to the contaminated area, they
should be vaccinated after the antibiotic has
cleared (see section 7.2.1.3).

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.

. 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.

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.)

People entering infected properties should wear
protective clothing and footwear which can be
disinfected or bagged for incineration before
leaving the property.

All animals within a buffer zone, a few to sev-
eral kilometres (1-3 properties) wide, around the
infected property (-ies) should also be vaccinated
and quarantined with the same post-vaccination
holding conditions described under (5) above (see
also section 8.7).
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10. Milk from herds may not need to be destroyed
(see section 3 below).

2. Other actions in the event of
a case, or cases, of anthrax in
livestock
The appearance of anthrax in animals from a previ-
ously uninfected premise may be dealt with in the
following ways:

1. Identify, isolate and remove apparently healthy
animals, and monitor these carefully for signs of
illness (see (5) below and section 7.2.1).

2. Decontaminate soil, bedding, unused feed,
manure, etc.,, or disinfect premises that may
have become contaminated by exudations from
the dying or dead animals (see Annex 3, sections
3.1,32 &6.1).

3. Avoid any unnecessary ante- and postmortem
operation in animals on the premises (see sec-
tion 3.5.2).

4. Destroy carcasses and their parts by burning,
removal for rendering or, as a last resort, deep
burial after disinfection, preferably with 10% for-
malin (see section 8.3 and Annex 3, section 7). If
carcass disposal has to be delayed, the carcass
and surrounding ground should be disinfected
with 10% formalin and the carcass covered with
strong plastic to prevent access of scavengers.
The apparent failure of formalin to seriously
deter scavengers and flies has been referred to in
section 8.3.2.1.

5. Asoutlinedin sections 8.6.2 & 8.7, and in Annex 5,
section 2.2, vaccinate or monitor and treat other
members of the herd or flock if there is reason
to believe that they continue to be exposed to
the source of the incident. It should be remem-
bered that antibiotics and vaccine should not be
administered simultaneously (see section 8.7
and Annex 5, section 2.2).

6. Control scavengers and minimize possible vec-
tors such as flies, rodents and birds.

7. Carry out an epidemiological investigation to
detect the source of infection (history of site,
feed, disturbance of the environment, etc.) to
identify the source of the incident (see section
9.3).

8. Take proper measures to avoid the contamina-
tion of water and soil and to prevent the spread of
the infection to other farms and environments.
Disturbed soil thought to be related to the inci-

dent should be fenced off and, ideally, not used
for grazing again, at least until it has become
well overgrown with vegetation, preferably of the
type that inhibits access by susceptible animals
(see section 8.3.2.1).

9. Alert public health authorities (see section
9.1.2).

3. Guidance on actions relating to
milk from herds/flocks in which
anthrax has occurred

Action to be taken on milk from a herd or flock expe-

riencing cases of anthrax infection occasionally

presents a dilemma for health authorities. Wasteful
destruction of large quantities of milk, and conse-
quent financial losses, may be avoided by consider-
ing the following points. OIE now recommends that,
in the first place, only milk from healthy animals
should be regarded as acceptable but, in the case of
herds or flocks experiencing anthrax, milk should be
pasteurized before being processed into products for
human consumption.

It is accepted that milk from healthy animals in
anthrax outbreaks does not pose a risk to humans
for the following reasons:

1. Animals with anthrax do not usually discharge
the infecting organism in their milk before death,
although there have been occasional exceptions
(see (2) below; sections 3.3.8 & 3.5.2; Annex 5,
section 2.7). Secretion of milk would normally
be expected to cease with onset of bacteraemia
and illness. The organism would normally only
gain entry to the milk-secreting glands through
breakdown of blood-vessel walls at terminal
stages of the disease, long after secretion of milk
had stopped (M’'Fadyean, 1909). Milk from other
healthy animals in the herd/flock poses no risk
of carrying anthrax organisms.

2. There are rare exceptions where the veg-
etative forms are excreted in milk (Weidlich,
1935). B. anthracis strain ASC 65 (from Baptista,
Department of Agriculture, South Rio Grande
State, Brazil) was chronically secreted in the milk
from four cows and was isolated during routine
mastitis-screening tests on milk samples in 1983.
Two cows subsequently died. The two that sur-
vived had been vaccinated. In such an event it
should be borne in mind that:

e The organisms are in vegetative form.
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e The organisms are unable to sporulate (Bowen
& Turnbull, 1992) as a result of having mini-
mal aeration and, where commercial process-
ing follows, of rapid cooling to refrigeration
temperatures.

e The pH rapidly falls on standing, increas-
ing the killing effect on any vegetative cells
present.

e The vegetative forms die quite rapidly in the
milk (Bowen & Turnbull, 1992) and will be
killed immediately by pasteurization (72-73 °C
for 16 seconds, or HTST (high temperature
short time) at 80-82 °C for 19-20 seconds).

e Any anthrax organisms reaching the bulked
milk will have been considerably diluted; the
infectivity of anthrax organisms for humans
by the oral route is very low and vegetative
forms will be killed by the gastric juices.

3. There appear to be no instances on record of
human anthrax cases resulting from handling
or consumption of milk from herds/flocks expe-
riencing anthrax and processed dairy products
have never been associated with human anthrax.
Action on the part of farmers/owners and public
health authorities aimed at reducing the mini-
mal risk to zero risk should consist of:

e 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;

e 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;

e 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;

e pasteurizing of all milk before processing for
human or animal consumption.

If the veterinary inspector is satisfied that these
requirements have been met, milk from healthy ani-
mals in herds/flocks in which cases of anthrax have
occurred need not be excluded from processing, and
bulked milk containing such milk need not be con-
demned.

4. Deliberate release into animal
populations

Bioaggression scenarios involving the use of anthrax
and targeted at animal populations are conceiv-
able, and could take the form of airborne infection
or deliberate infection of animal feeds or water with
virulent spores. Reference is readily found on the
Internet to declassified Second World War records
of British retaliatory preparedness to respond to
an anticipated biological attack from Germany, and
in which several million cattle-cakes injected with
anthrax spores were made ready for aerial drops
over grazing areas in Germany. The cakes were
never used and were destroyed by incineration after
the war.

The response required to such an event would
still involve the control principles outlined in sec-
tions 1 & 2 above. Infected and exposed animals
would be defined by determining the source of infec-
tion and the nature of the release, and thereby the
likely exposed population. Priorities could then be
assigned to ensure that vaccination is carried out
first in those herds and flocks believed to have high-
est exposure.

It is essential that all the other control proce-
dures described in section 1 above are applied, along
with vaccination, if further occurrence of disease is
to be minimized in animals and humans. It will be
important to safely dispose of carcasses to reduce
environmental contamination as a further source
of infection. It would be an essential extra task to
develop appropriate press releases and to establish
an education programme for the public about the
disease and the control measures being applied, to
prevent local panic.

5. Outbreaks in wildlife
5.1 Proaction plans and control actions

When it comes to wildlife, circumstances are likely
to be very varied, and it is difficult to cover all even-
tualities within this section. Sporadic cases in large
game-management areas (GMA) are likely to be seen
as being of consequence only if livestock are at risk.
Even with bigger outbreaks, in those large wildlife
national parks from which livestock are excluded
and which have “hands off” management policies
for all but emergency situations, control actions may
be regarded as interference with natural processes.
This is discussed in sections 8.9 and 8.10. Each GMA
that encounters anthrax, or knows it is at risk of
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encountering anthrax, should have an action plan in
place in line with its management policies and par-
ticular needs (Clegg et al. 2006a). For smaller com-
mercial or sustainable GMAs, a proaction plan is
advisable with prevention as the primary aim. The
essence of this is to:

ensure that risk factors and warning signs are
recognized, for example, awareness of cases of
anthrax in livestock in areas around the GMA,;
have surveillance in place which ensures that
unexpected deaths are observed and diagnosed
promptly and correctly;

have good links with veterinary and public health
services and good relations with surrounding
communities;

have an action plan in place;

undertake relevant training of rangers and scouts
on the nature of the disease, and prepare action
plans and possibly educational material for sur-
rounding communities;

prevent the development of overdense popula-
tions of susceptible species in any part of the
GMA,;

keep strategic stocks of vaccine and other items
needed to implement the action plan as soon as
an outbreak occurs;

prepare information sheets for staff and tourists
in case of an outbreak;

make appropriate budgetary provision for the
eventuality of an outbreak and the actions to
be taken, e.g. for the extra personnel, vehicles,
machinery, fuel, insecticides, disinfectants, pro-
tective clothing, veterinary and medical services,
vaccine, information sheets, etc., that will be
involved.

Where action is seen to be necessary, the following
suggestions are offered:

Identify if possible the source of the outbreak and
isolate it, for example, by veld burning, or vulture
decoys with uncontaminated meat.

Liaise with veterinary and public health services
and inform local communities, tourists, etc., by
issuing information sheets.

Take measures to prevent the infection being
transmitted from the dead animals to live ones,
e.g. covering carcasses to prevent access by scav-
engers, fly control, ring vaccination, etc. The prob-
lem is likely to be that it will not be possible to
dispose of carcasses promptly or easily while the

outbreak is active. In this event, the aim should
be to keep carcasses unopened and intact for as
long as possible to minimize the development of
contamination; the quickest and most effective
way may be to cover carcasses with tarpaulins
or thick plastic, possibly wetting the carcass (and
surrounding soil) with 10% formalin first. (Caution:
formalin should be handled with the appropriate cau-
tions as indicated in Annex 3 and more specifically in
its section 1.1.) As mentioned in section 8.3.2.1 and
section 1 above, this will help keep the skin intact
and kill anthrax organisms. The apparent failure
of formalin per se to seriously deter scavengers
and flies has been referred to in section 8.3.2.1.
Opened carcasses may also be treated with
10% formalin and covered until proper disposal
actions can be implemented.

If possible, capture and vaccinate at least a core of
endangered or otherwise precious species, possibly
restricting them to a fenced-off enclosure or other
confined area. For maximum protection, it may be
advisable to revaccinate after about 4 weeks.

Take actions to encourage animals to move away
from the area, e.g. close off or empty artificial
waterholes.

Set up monitoring to detect cases that might occur
in the animals that have moved away but which
might have been already infected.

Before access to the affected area is reopened, all
carcasses are best burnt but, if this is impracti-
cal, they should be buried, preferably disinfect-
ing them first with 10% formalin (section 8.3 and
section 2 above). (Caution: formalin should be handled
with the appropriate cautions as indicated in Annex 3
and more specifically in its section 1.1.)

Consider the possibility of disinfecting artificial
water holes where this is feasible. Heavy chlo-
rination (final concentration at least 5000 ppm) is
probably the only practical approach available, at
least for small holes, but its limitations should be
appreciated (Annex 3, section 1.2.1). Whether it is
necessary or feasible to treat large bodies of water,
especially when extensive amounts of organic
matter are present, and how to do so if it is deemed
necessary, are topics needing research. Control
may depend more on the water holes not playing a
major role in maintenance of the outbreak than on
the effectiveness of disinfection attempts.

It is difficult to advise on the value and cost-effec-
tiveness of these suggested actions. History shows
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that an explosive outbreak in a particular location
is generally not followed by another one at the same
location for several to many years. However, logic
suggests that future outbreaks, even many years
later, are less likely if measures are taken to mini-
mize the residual environmental contamination
resulting from an outbreak occurring today.

5.2 Models for answering frequently asked
questions

Question. In an outbreak situation, should we put

staff involved in burning or burying carcasses onto

long-term antibiotic prophylaxis?

Answer. No. Prolonged antibiotic prophylaxis has only
been a recommendation for persons known to have
been, or strongly suspected of having been, exposed
to very substantial doses of aerosolized spores in a
deliberate release scenario. Antibiotics should not be
administered in that way for other situations; they
cause side-effects and there is the risk of produc-
ing resistant strains of other (unrelated) organisms
which then do not respond if a person subsequently
suffers another infection. Antibiotics should only be
used for treatment, not prophylaxis, unless there is
a real danger (see also section 7.3.2.3). There have
been many epizootics of anthrax in African wild-
life, but reports of cases in the humans dealing
with these are exceedingly few in number (section
4.2.1.2), giving plenty of circumstantial evidence
that the category of danger for staff is not very high.
The appropriate approach is:

e Educate staff about the disease, including about
not butchering and eating meat from the car-
casses, and leaving the disposal of these to veteri-
nary or other trained personnel.

e 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).

e Make sure that if any person develops a spot/pim-
ple/boil-like lesion, especially on exposed areas,
or flulike illness, he/she reports to the doctor,
who can then give them penicillin or other cho-
sen antibiotic(s) for 3-7 days (spots, etc.) or 10-14
days (flulike illness) (see section 4.4).

To avoid creating dust, objects should be dampened
down, preferably with 10% formalin if they are likely
to be contaminated. Clothing should be sterilized or,
if disposable, burned after use. Everyone involved
should be advised to be careful with formalin: it is
effective for killing spores, and for the same reason
it can damage human tissues.

Question. What are the environmental impact con-
siderations when it comes to using formalin?

Answer. As first applied in a 10% solution, it will kill
any living thing — microbe, plant, animal. However,
it degrades readily through natural processes (see
Annex 3, section 6.1).

Question. Can we expect naturally acquired immu-
nity resulting from the outbreak, or vaccine-induced
immunity to prevent a repeat outbreak?

Answer. The immunity from first-time vaccination
may not be very long-lasting, It is better after anam-
nestic (the immune system’s memory) responses
following subsequent boosters. The pattern of his-
tory is that another large outbreak in the near future
is unlikely, but whether it is the result of acquired
immunity or not is not known. Tests have not con-
firmed or refuted it. Seasonal sporadic cases may be
expected every year.

Question. Should the chlorine level be raised in the
local water supply?

Answer. No. Filters and other water purification sys-
tems may be usefully checked, but chlorine needs to
be at a very high concentration (approximately 5000
to 10 000 ppm) to be effectively sporicidal. If there
is serious reason to fear the water, boiling for 20-30
minutes is probably the only option available (Annex
3, section 6.3).

Question. Can fish be carriers of anthrax? A number
of animals dying from anthrax have done so in the
dam. People catch fish from this for consumption.
Is there a possibility that they could be infected
through eating these fish? Some of the fish will have
fed on the carcasses.

Answer. The following is a working model to build
on:

1. If the fish was caught within a few hours of eat-
ing anthrax meat, and was opened up and fil-
leted before eating, and was eaten uncooked,
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the risk would be a little less than for a person
handling and eating the meat itself. There is a
chance, probably in the order of 1:20 to 1:50, of
contracting cutaneous anthrax from handling
the opened fish, and probably around a 1:100 to
1:1000 chance of ingestion anthrax.

2. Asin (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. Asin (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. Asin (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. Asin (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:

e avoid all blood-spilling operations (slaughtering
included) on infected or suspect animals/car-
casses;

e 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);

e 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);

e report to a physician any suspect symptoms
appearing after contact with infected animals or
materials;

e where there is a risk of aerosolization of spores,
consider further precautions, such as damping
down the material, possibly with 10% formalin.
(Caution: formalin should be handled with the appropri-
ate cautions as indicated in Annex 3 and more specifi-
cally in its section 1.1.)

As noted in section 8.6.3 and Annex 5, section 3,
anthrax vaccines for humans are mostly unavail-
able outside certain countries and circumstances.
If available, they should be considered for persons
likely to have repeated exposure to animals infected
with anthrax or animal products from such ani-
mals, or to B. anthracis itself. However, even when
available, such vaccines require several doses over
an extended time period to be effective, and the best
approach is to use proper personal protection meth-
ods (Annex 1, section 7.1.2). Antibiotic prophylaxis is
generally not to be recommended (section 7.3.2.3).
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ANNEX 7

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:

e 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;

e moderate levels: = 5 colony-forming units on the
100-fold and/or 10-fold dilution subculture plates
(expressed as < 100 spores/g);

e higher levels: a clear dilution pattern is obtained
making it possible to roughly quantitate the
number of spores/g of sample.



ANNEX 7

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:

e 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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e 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);

e 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 2m
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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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 vaccination 95, 99, 158
room/vehicle disinfection 146 good laboratory practice 117-119
specimen collection 123-124 grain 22
vaporization 145, 147 Gram stain 127
fresh human/animal samples grazers 14-15, 21, 28
collection from animal carcass 33-34, 123 Gruinard Island 13, 14
detection and isolation 61 guinea-pigs 18-19
diagnostic testing 128-129, 130 diagnosis 33
ease of diagnosis 125 inoculation tests 67, 120, 137
handling 121 pathogenesis/pathology of disease 53
see also clinical samples transmission to 24
fumigants 123-124, 143-144 vaccination 98-99
fumigation 93, 125, 143-154
cautions 143 haemolysis 64
chambers 147 haemorrhage
hides and skins 151 gastrointestinal 47, 50, 54
rooms 145-146 internal organs 31, 34, 50
safety cabinets 147 pathogenesis 59
terminal exudate 30, 32, 59, Fig. 2
game-management areas (GMA) 172-173 hair, animal 14, 22, 151
see also wildlife parks and reserves hand-washing 119
gamma irradiation 143 hay 21, 22
gamma phage health authorities 102
procedure 141 HealthMapper software 108-109
sensitivity 64-65, 120, 131, Fig. 8 heat activation/shock 129, 131
therapeutic potential 88 heat treatment see autoclaving; incineration; rendering
gastrointestinal anthrax 47-48 herbivores 8, 27-28
antibiotic therapy 80, 82 hides and skins, animal 22, 36
case definition 106 decontamination 93, 151
diagnosis 50 Terrestrial Animal Health Code (OIE) 156
differential diagnosis 48 high-economy countries, treatment of humans 84-88
specimen collection 122 hippopotami 24, 33, 38
surgical management 84 history, anomalies of 17
versus inhalational anthrax 50 holding periods see vaccination
see also ingestion anthrax hoof 151-152
gelled fuel terra torch system 153-154 hormones 25
gender differences 25-26, 37 horn 151-152
genome, Bacillus anthracis 67 horseflies (tabanid flies) 16, 23-24, 28-29
gentamicin 74 horse hair 14
geographical distribution 20-21 horses
germination 68 clinical manifestations 30
in environment 9-13 infectious dose 19
factors affecting 11-13, 15 Terrestrial Animal Health Code (OIE) 155, 156
within host 54, 55 transmission to 24
subsidiary cycles 10-11 vaccination 158
germination-specific cortex-lytic enzyme (GSLE) 9 host range 8, 18-20
gerX operon 60 houseflies 24
Giemsa stain 142 human activities, seasonality and 16
Global Health Atlas 109 human anthrax 36-52
global positioning data 108 antibiotic therapy 80-84, 86
gloving, double 121, 122, 123 case definitions 106
glutaraldehyde 144 case-reporting 102-106
glycerine 94 classification 41-42
goat-hair processing mills 37, 39 clinical manifestations 43-52
goats epidemiology and transmission 41-43
clinical manifestations 30 immunotherapy 86-88, 161
diagnosis 33 incidence 36-37
prolonged incubation 26 infection control 92-93
susceptibility 27, 28 infectious dose 38-41

transmission to 24 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
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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
LD, 39
LD,, 18-19, 39, 40
lecithinase 64
Leishmann's stain 142
Lethal Factor (LF) 58, 59
serology 35
susceptibility studies 18
as therapeutic target 88, 94, 97
lethal toxin 18, 55, 58, 59
levofloxacin 74, 80
LF see Lethal Factor
LightCycler detection system 133-135, 136
lime 12,91
lions 32,79
livestock
control of cases 171
countries prohibiting treatment 79
disposal of carcasses 89-90
movement 78, 158, 170
outbreak control guidance 170-171
postexposure antibiotic therapy 78, 99
vaccination 95, 99, 157-161
vaccine failures 159-161
wildlife management issues 100
see also cattle; goats; pigs; sheep
llamas 158
Loeffler’s alkaline methylene blue 141-142
long-term effects 51
lymph nodes
enlargement 44, 47, 48
pathology 53, 54
samples 34
lymphatic system 48-49, 53
lysozyme 139

M cells 54

macrophages 54-55, 59

Malachite green stain 127

mannitol 84

manufacturers
therapeutic sera 161
vaccine 161, 162-169

manure, decontamination 149-150

maternal antibody, interference with vaccination 95,

160-161

meat
consumption by animals 22, 30, 31, 32
human consumption 36, 38, 42
Terrestrial Animal Health Code (OIE) 155
see also carcasses, anthrax

media (culture) 119
preparation 139-140
selective 61, 119-120
mediastinal anthrax 48-49, 50
mediastinal widening 48, 49
“Medusa head appearance” 119
membrane filtration 131
meningitis (meningoencephalitis), anthrax 44, 51
antibiotic therapy 80, 83-84
case definition 106
specimen collection 122
methicillin 74
methyl bromide 144, 147
methylene blue 127, 141-142
M’Fadyean reaction (polychrome methylene blue stain)
127, 141-142
mice 18-19
diagnosis 33
inoculation tests 67, 120, 137
pathogenesis/pathology of disease 53
microscopy 126-128
milk (and milk products) 34, 99, 156, 171-172
minimum infectious dose (MID) 19, 38-39, 40
minimum inhibitory concentrations (MICs) 71-76
mixed infections 20
Model Country Project, templates from 109-112
molecular diagnosis 35
monkeys see rhesus monkeys
monoclonal antibodies, therapeutic 87, 88
moose 32
mortality rates 38, 43-44
mosquitoes 24
motility, bacterial 64, 132
mouth, contamination 149
movement, livestock 78, 158, 170
multilocus variable number tandem repeat analysis
(MLVA) 16

nasal swabs 49, 122

natural disease 8

necropsy see postmortem examination
needle-stick injuries 149, 159
neutrophils 55

nitrate reduction 66

non-industrial anthrax 41, 42

nursing mothers 85

occupational anthrax 36, 37-38

oedema
animal anthrax 30, 31, 32
human anthrax 44, 51, Fig. 4
“malignant” 45
pathogenesis 53, 58
treatment 80, 84

Oedema Factor (EF) 58, 88, 94

oedema toxin 55, 58, 59

old animal specimens 121, 123
detection of bacilli 61
diagnostic testing 129, 130
ease of diagnosis 125-126
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oral route anthrax see ingestion anthrax
oral route of exposure
animals 18, 19
humans 38, 40
pathological events after 54
postexposure prophylaxis 86, 149
vaccines using 97-99
oropharyngeal anthrax 47, 48
ostriches 31
outbreaks
frequently asked questions 174-175
in humans 38
predominance of one species 27-28
response to 77-79, 95, 170-175
role of soil disturbance 13, 20
seasonality 14-16
source see source of infection

PA see Protective Antigen
pagA gene 56
PCR detection 132, 133, 134, 135, 136
Pangonia spp. flies 24
paraformaldehyde 145, 147
parenteral route of exposure 18-19
Pasteur, Louis 17, 31
Pasteur-type vaccines 20, 56, 94, 157
pathogenesis and pathology 53-60
PCR see polymerase chain reaction
penicillin 70
alternatives 82-83
animal anthrax 78-79
human anthrax 80-82, 83
minimum inhibitory concentrations 75
“resistance” 70-77
susceptibility 63, 120, 131, Fig. 8
penicillin/streptomycin 78, 79, 80-81, 82
penicillinase 70-77
peracetic acid 144, 150, 151
percutaneous exposure see subcutaneous exposure
peritoneal fluid 122
personal protective equipment (PPE)
decontamination 125, 149
disinfection/fumigation procedures 143, 145, 146,
147
incineration 153
laboratory workers 117, 121
outbreak management 170
specimen collection 121-122, 123,178
wildlife workers 174
workers handling animals 86, 175
personnel see animal handlers; health workers;
industrial workers; laboratory workers; wildlife
workers
Peyer’s patches 54
PH, sporulation and germination 11-13
phage
diagnostic 64-65, 120, 131, 141
therapy 88
see also gamma phage
phagocytosis 54-55
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pharyngeal form, porcine anthrax 30-31, 40, 54
phenylalanine deamination 63, 66
pigs 19
chronic infections 26
clinical manifestations 30-31
diagnosis 33, 34
incubation period 29
pathogenesis/pathology 54
Terrestrial Animal Health Code (OIE) 155, 156
pit incineration 152
plasmids 56-57
PIcR 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



ANTHRAX IN HUMANS AND ANIMALS

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
pX02 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 34F, 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
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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
34F, strain vaccine see Sterne strain 34F, 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 (TEMS8) 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 (a,) 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
z0oos 29, 32
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