Isolation of

Bacillus anthracis,

the agent of anthrax,
in the

Etosha National Park

by

P.C.B. Turnbull,” JM. Hofmeyr,?
AMT. McGetrick," and B.A. Oppenheim!

Emergent Pathogen Research Unit, South African Medical Research
Council, Sthool of Pathology, University of the Witwatersrand and
South African Instituie for Medical Research, Johannesburg,' and
the Etosha Ecological Institule, Department of Agriculture and Na-
ture Conservation, SWA /Namibia Windhoek.”

* Present address: Vaccine Research & Production Laboralory,
PHLS Cenire for Applied Microbiclogy and Research, Porton
Down, Salisbury, Wilts SP4 OIG, UK.

“* Present address: Depariment of Microbiology, University Col-
lege, Cork, Lire.

MADOQUA, VOL. 14, KO 4, 1986 (321--331) 321

CONTENTS
Introduction. . ....... .. o 321
2 MethoGs .. . e 322
2.0 Media ... . 2
2.2 Development of the TCB medium ... 322
2.3 Field bacteriology a¢ Etosha ........ 322
3 Results ... .. 325
3.1 Laboratory trials on selective media . 323
3.2 General bacteriology and use of selec-
tive media in the field .. ........... 325
3.3 pH and bacterial counts. ......... .. 327
4 DISCUSSION ... .. iet ity 328
S Conclusion ......... ..., 330
6 SUMIMATY ..ot e ae e eaan 330
7 Acknowledgments.............. .. ...... kX))
8 Dedicanion . ..., .. ... i 331
9 References .......... ..., 331

I INTRODUCTION

Anthrax has long been enzootic in South West Afri-
ca/Namibia. While vaccination has reduced the inci-
dence in domestic animals, the disease has remained
widely prevalent in wildlife. Ebedes (1976) reported
thai anthrax was responsibie for >50% of the total
recorded deaths in the Etosha National Park and, be-
tween 1966 and 1974, 1635 animals from 10 different
species (cheetah, cland, elephant, gemsbok, giraffe,
kudu, ostrich, springbok, wildebeest and zebra) were
recorded as dying from anthrax. Wildebeest and zebra
were the most severly affected. The disease is, in fact,
capable of affecting a wider spectrum of species and
records show that, between the Etosha and the Kruger
National Parks, it has been reported in 27 species
(Ebedes, 1981).

Mortalities in the Etosha National Park continue to
occur annually (Table 1) and constitute a major
problem in terms of both undesired mortalities and
the pressures that monitoring the disease, disposal of
carcasses and other control measures place on severely
limited staffing resources. In terms of undesired mor-
talities, the decline of the Blue Wildebeest to danger-
cusly low numbers is of particular significance. Herds
estimated at some 25,000 in 1953 numbered approxi-
mately one-tenth of that in 1978, anthrax being
regarded as responsible for a major portion of this
fall.

Ecological studies in the Etosha National Park — that
is, studies relating the incidence of the diseasé in de-
fined areas 10 conditions characteristic of or peculiar
10 those areas — have led to the belief that gravel pits
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TABLE 1: Mortalities due to anthrax® in the Etosha National Park 1975~1984

Year Zebra Wildebeest Springbok Elephant Gemsbok Rhinoceros Kudu Giraffe
1975 9 1

1976 21 9 1

1977 12 17 9

1978 45 10 13 2

1979 39 18 16 2 I

1980 13 I 2 1

1981 2 i 70 t
1982 2 I 8 4 7

1983 2 4

1984 87 48 2 |

* Confirmed by M'Fadyean-stained blood smears

resulting from excavations of gravel for roads are relat-
ed in a major way to the incidence of anthrax (Ebedes,
1976; Berry, 1981). Bacteriological support for this
theory was supplied in the finding that, during the
rainy season of 1969, 16 of 23 gravel pits (70%%) as
compared with 11 of 24 (46%) natural pans were con-
taminated with Bacillus anthracis (Ebedes, 1976). In a
repeat study in 1971, 85% of the gravel pits and 80%
of the natural pans were recorded as positive for this
agent. Berry (1981) suggests the gravel pits act as
“favourable incubator areas for sporulation”.

Nevertheless, the microbiological reasons for an as-
sociation between gravel pits and the incidence of an-
thrax have not been properly elucidated and the
microecology of B anthracis in these artificial water
holes, natural water holes and the soils of the Park is
almost totally unknown. Furthermore, attempts 10
control anthrax empirically by approaches such as
chlorination of the artificial holes have met with little
success; the disease continues to be a major problem
in the Etosha National Park. Because of this, bacterio-
logical and serological studies were initiated with a
view to attaining a better understanding of the cycle of
the disease in the Park, thereby hopefully pointing the
way to more effective control measures.

2 METHODS
2.1 Media

The selective polymyxin-lysozyme-EDTA-thallous ace-
tate (PLET) agar of Knisely (1966), a trimethoprim-
colistin bloed (TCB) agar developed specially in
response to the need in the Etosha situation for a
selective medium which would be easier to prepare and
use than PLET (Oppenheim and Koornhof, 1980,
McGetrick et al.,, 1982) and plain 5% horse blood agar
were used and compared in attempts to isolate B an-
thracis from water hole samples and from carcasses of
animals that had died or were suspected of having died
of anthrax.

The formula for the PLET medium was as recom-
mended by Knisely (1966) and contained 30 units/m!
polymyxin, 40 pg/ml lysozyme (Merck 5282), 300

pe/ml disodium EDTA and 40 pg/ml thallous acetate
added to molten autoclaved heart infusion agar (Dif-
co} cooled to 50°C before the additions were made.
The pH was adjusted to 7.3. The TCB medium con-
sisted of Oxoid DST agar base containing 5% horse
blood, 7.5 upg/ml colistin (polymyxin E) and 175
ug/ml trimethoprim.

The trimethoprim being somewhat insoluble was first
dissolved in 2-—3 ml of dimethylsulfoxide (DMSQO)
and added at the same time as the blood and polymyx-
in; the polymyxin was also pre-dissolved in a little
sterile distilled water. The purpose of the polymyxin in
both media is to supress growth of gram negative
bacteria.

2.2 Development of the TCB medium

Preliminary tests by Oppenheim and Koornhof (1980)
led to their observation that trimethoprim incorporat-
ed into blood agar resulted in a medium which allowed
B. anthracis to grow while partially or completely sup-
pressing B cereus, B subtilis, B. megaterium and B,
polymyxa. McGetrick er al. (1982) tested this medium
more extensively in the laboratory using vegetative and
spore preparations from 12 unrelated strains of B, an-
thracis, 46 strains of B cereus and 8 strains of B
thuringiensis and trimethoprim levels of 100, 150, 200
and 250 pg/ml.

Starting with suspensions of 10° to 107 vegetative
bacilli or spores per ml, 10-fold dilutions were pre-
pared and inoculated onto TCB, PLET and blood
agar by a modification (ICMSF, 1978) of the drop
count method of Miles and Misra (1938). Percentage
inhibition on the selective TCB and PLET agars as
compared with the plain blood agar were calculated.

2.3 Field bacteriology at Etosha
2.3.1  Water and soil examination

During a 4-week period from mid-March to mid-April
1983, a total of 45 sets of or pooled water and solil
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overnight. Where appropriate, repeated subculture was
carried out until pure cultures were obrained.

Attempts were made to produce an ad hoc enrichment
broth to retard the growth of B. cereus and other Bacil-
fus species in favour of any B. anthracis present using
brain-heart infusion broth containing trimethoprim
and colistin at the same concentrations as used in TCB
agar, Freshly collected zebra blood with and without
added trimethoprim was also used in an attempt to
selectively enrich for B anthracis in soil and water
samples.

In the attempted enrichments of water samples, 5 ml
of the supplemented brain-heart infusion broth, zebra
blood or supplemented zebra blood were added to
both heated (70°C for 10 minutes) and unheated
pellets obtained by centrifuging 10 ml volumes of the
water samples at approximately 2500 x g for 30
minutes. In the case of the soil samples, duplicate sus-
pensions of 25 g of sample in 25 mi of brain-heart in-
fusion broth were prepared and one of the suspensions
was heated to 70°C for 10 minutes; trimethoprim and
colistin were added to final concentrations of 173
ng/ml and 7.5 pg/mli respectively. For zebra blood en-
richment attempts, 5 ml of freshly collected blood
were added to approximately 5 g of heated and un-
heated soil sample pre-wet with buffered saline. The
enrichment cultures were held 8—10 hours at 37°C
and then subcultured onto the three plating agars.

PLATE 1: Taking culwures from LA} on site.

2.3.2 Specimens from carcasses

During the 5-week period of the field study, five an-
mimals — three elephant and two zebra — were found
to have died of anthrax. The locations of the carcasses
when found are shown on the map (Fig. 1). In all
cases, the carcasses had been opened in two to several
places by lions and one of the elephants (LA3) was es-
timated to have been dead for five days at the time of
discovery.

Swabs applied to the opened sites were plated on site
(Plate 1) onto the three agar media in the case of the
two zebra and one of the elephants. Swabs of ear clip-
pings from all the animals taken for standard
M’Fadyean smears were also cultured. Soil specimens
which had been clearly wet by urine and an oozing le-
sion behind the 1ail of LAl were taken for culture
(Plate 2).

The ad hoc enrichment broths were also assessed with
the specimens obtained from and around these dead
animals. Swabs of ear clippings were transferred to
test-tubes containing 5§ ml of enrichment broth or
fresh zebra blood with and without trimethoprim;
these were incubated for 8 hours at 37°C {ollowed by
plating onto blood agar and TCB. The contaminated
soils from under LAl and EBI were suspended in the
trimethoprim-colistin enrichment broth and fresh
zebra blood and incubated for 8—10 hours at 37°C
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part, to the abnormally low rainfall in that particular-
ly dry year (March/April, 1983).

Biting insects are believed to transmit anthrax (Van
Ness, 1971; Davies, 1983; Parry ef a/, 1983); increased
insect densities associated with the wet season may
contribute further to the peak incidence of the disease
at this time of the year.

it is more difficult to offer a plausible explanation for
the differential association of anthrax in the Etosha
National Park (Ebedes, 1976) with artificial water
holes. The simple parameters of pH and aerobic bac-
terial counts (Table 4) did not reveal marked differ-
ences that could readily account for any such differen-
tial association although the generally higher aerobic
counts in natural fountain water reflected, as expected,
the higher organic content of this water type than
gravel pit water.

[n a water quality survey undertaken in the Etosha Na-
tional Park between 1974 and 1979, Winter (1985) ana-
lysed water samples from fountains and boreholes
(but not gravel pits apparently) for 17 chemical
parameters, bacterial levels and quantitative isolation
of B. anthracis bacteriophage. No significant differ-
ences were found between concentrations of the 17
parameters in water holes in anthrax and non-anthrax
areas during comparable seasons. Althoguh his total
viable counts were somewhat lower than those record-
ed here, he confirmed the absence of a significant
difference in the bacterial levels in water samples from
the two areas.

In agreement with the findings presented here, Winter
concluded that sclective isolation of B. anthracis by
available procedures, including the use of PLET, was
not possible and that the isolation plates were always
overgrown by related organisms. He did note, however,
an inverse relationship between presence of B. anthra-
cis bacteriophage and the occurrence of anthrax; an-
thraphage was isolated mainly in non-anthrax areas
and also in greater frequency during the dry season
than during the wet season. It is conceivable that
higher phage levels may result in lower B. anthracis
numbers and thereby contribute to the lower incidence
of the disease in the non-enzootic areas,

5 CONCLUSIONS

The failure in this study to isolate B. anthracis from
water and soil samples collected from natural foun-
taing, natural pans and gravel pits may be attributable
to a number of factors: (i) the abnormally low rainfall
and the consequent failure of a postulated ecological
anthrax cycle; (i1) insufficiently sensitive methods and
media for detection of low numbers of B. anthracis,
(iii) insufficiently selective media for inhibiting the
large numbers of non-anthrax Bacillus species, partic-
ularly B. cereus, present in all samples.

As judged by positive isolations {rom the five animals
found dead of anthrax and positive soils under two of
these, the inhibitory media used were helpful for
purifying the isolates but not adequate for primary
isolation purposes despite promising results in labora-
tory tests. Apparent ecological associations between
anthrax and artificial water holes are not readily at-
tributable to pH or other chemical differences or
diffcrences in concentrations of other aerobic bac-
teria.

It is hoped that the opportunity will arise in the near
future to re-attempt to isolate B anthracis from these
different sites using improved methods and media and
at a time when rainfall is refatively high. Studies on the
growth or decline of the organism in samples of water
from the different sources following inoculation with
appropriate spore suspensions are envisaged and may
throw light on differences with respect to anthrax be-
tween artificial and natural water holes.

In addition, work is underway to develop sensitive
methods of detecting immunity to anthrax in man and
animals and it is intended that these should be used as
soon as is feasible to determine whether natural anti-
body can be detected in any of the suspectible species.
A plan of appropriate core vaccination programmes
and a suitable vaccination schedule can then be drawn
up for species in danger.

6 SUMMARY

During a four week period from mid-March to mid-
April 1983, 45 sets of pooled water and soil samples
were collected from the circumferences of 12 gravel
pits, 16 natural fountains and 3 natural pans in the
Etosha National Park. The gravel pits and natural
pans all lay in a broadly defined “anthrax enzootic”
region. B. anthracis was not isolated from any of these
samples. It was, however, isolated from five animals
found dead of anthrax and from contaminated soil
beneath two of these. The positive animal and soil
samples were used to assess under field conditions a
newly developed selective agar (TCB agar) containing
175 pe/ml trimethoprim and 7.5 pg/ml colistin and to
compare it with an existing selective polymyxin-
lysozyme-EDTA-thallous  acetate (PLET) agar
Despite promising results in forerunning laboratory
trials, neither media were sufficiently inhibitory to ef-
fectively prevent growth on primary culture of non-
anthrax bacilli, particularly B cereus, under the
challenge posed by the Etosha samples. On the other
hand, they were of value in secondary purification of
positive isolates. Ad hoc selective enrichment attempts
using brain-heart infusion broth with trimethoprim at
the same level as in TCB and freshly collected zebra
blood did not result in better isolations. The aetiologi-
cal association between anthrax and artificial water
holes could not be readily attributed to pH differences
or related to marked differences in aerobic bacterial
counts in the two types of water. Negalive isolations








