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Soil samples were collected from around fresh and year-old bison carcasses and areas not associated with
known carcasses in Wood Buffalo National Park during an active anthrax outbreak in the summer of 2001.
Sample selection with a grid provided the most complete coverage of a site. Soil samples were screened for
viable Bacillus anthracis spores via selective culture, phenotypic analysis, and PCR. Bacillus anthracis spores
were isolated from 28.4% of the samples. The highest concentrations of B. anthracis spores were found directly
adjacent to fresh carcasses and invariably corresponded to locations where the soil had been saturated with
body fluids escaping the carcass through either natural body orifices or holes torn by scavengers. The majority
of positive samples were found within 2 m of both year-old and fresh carcasses and probably originated from
scavengers churning up and spreading the body fluid-saturated soil as they fed. Trails of lesser contamination
radiating from the carcasses probably resulted from spore dissemination through adhesion to scavengers and
through larger scavengers dragging away disarticulated limbs. Comparison of samples from minimally scav-
enged and fully necropsied carcass sites revealed no statistically significant difference in the level of B. anthracis
spore contamination. Therefore, the immediate area around a suspected anthrax carcass should be considered
substantially contaminated regardless of the condition of the carcass.

Sporadic outbreaks of anthrax have occurred in the wild
bison (Bison bison) herds in and around Wood Buffalo Na-
tional Park in northern Canada since at least 1962 and have
resulted in the death of thousands of animals (2). In 2000, a
large anthrax outbreak occurred within the park, resulting in
the death of over 100 bison. The deaths occurred in the Da-
vidson Tower and Lake Claire Delta regions of the park. Be-
cause of the remoteness of the affected regions, a shortage of
resources, and no direct threat to tourist areas, Parks Canada
flew surveillance flights to monitor the situation and determine
the extent of the outbreak but did not attempt any clean-up
operations.

A collaboration was initiated between Defense R&D Can-
ada-Suffield, the U.S. Army Medical Research Institute of In-
fectious Diseases and Parks Canada, whereby in the summer of
2001 the former two agencies would collect samples of envi-
ronmental interest to Parks Canada with which to test their
anthrax detection technologies. Another anthrax outbreak oc-
curred in the park just weeks before the arrival of Defence
R&D Canada-Suffield and U.S. Army Medical Research Insti-
tute of Infectious Diseases personnel, allowing the team the
opportunity to collect soil samples from fresh and year-old
bison carcass sites. The 2001 outbreak was limited to the Lake
Claire Delta region and resulted in the deaths of 92 bison and
one moose. As with the 2000 outbreak, no carcass clean-up
operations were conducted. The untreated carcass sites pro-
vided an ideal setting to investigate the natural dispersion of
anthrax spores.

This paper details the field collection and analysis of soil
samples with selective polymyxin, lysozyme, EDTA, and thal-
lium acetate (PLET) medium (6) combined with phenotypic
analysis and PCR.

MATERIALS AND METHODS

Soil specimens were collected in Wood Buffalo National Park under Parks
Canada research permit WB01-1027. All personnel involved in the collection and
handling of samples were vaccinated with the anthrax vaccine absorbed (Bioport
Corporation). When handling samples, personnel wore protective clothing com-
prising rubber boots, disposable Tyvek overalls, double latex gloves, and full-face
HEPA-filtered powered air-purifying respirators. Afterwards, equipment and
protective clothing were sprayed down with 10% bleach. All disposable materials
were collected and bagged for incineration.

Three different sample selection methods were used: the central peg method,
the transect method, and the grid method. The central peg method involved
placing a metal peg at the center of the carcass remains. Random soil core
samples were collected from around the site, recording the distance and bearing
of each from the peg with a knotted cord and compass (Fig. 1). For the transect
method, a 15-m cord was laid out in a straight line, and its bearing was recorded
with a compass. Surface soil samples were collected every 3 m along the cord
(Fig. 2). For the grid method, a 4-m by 4-m grid of chain was centered over a
carcass. The sides of the grid were aligned with the cardinal compass points, and
four 1-m-wide east-west lanes, marked at 1-m intervals, were formed with cord
within the grid to serve as collection guides. Surface soil samples were collected
from the center of each square meter of the grid. Additional grids were con-
structed adjacent to the faces of the center grid to collect samples at greater
distances from the carcass (Fig. 3).

For surface sampling, disposable plastic scoops were employed, with a new
scoop used every four samples. To collect core samples, a metal core sampler was
used. The core sampler was not cleaned between samples but was cleaned with
10% bleach between sites.

Selective culture of the samples was conducted in the Defence R&D Cana-
da—Suffield biocontainment level 3 laboratories. Samples were extracted via a
high-buoyant-density flotation method detailed previously (4). Representative
colonies displaying a B. anthracis-like morphology on PLET medium were sub-
cultured to sheep blood agar and overlaid with 10-U penicillin disks to check for
hemolysis and penicillin susceptibility, respectively. Identification of B. anthracis

* Corresponding author. Mailing address: Defence R&D Canada—
Suffield, P.O. Box 4000, Station Main, Medicine Hat, Alberta, Canada
T1A 8K6. Phone: (403) 544-4085. Fax: (403) 544-3388. E-mail:
Dan.Dragon@drdc-rddc.gc.ca.

1610



isolates was confirmed by SYBR Green fluorescence-based PCR assays of crude
culture lysates on the Smart Cycler (Cepheid). The PCR primers targeted a
unique sequence in the B. anthracis chromosome and the lethal factor gene (lef)
on the pX01 plasmid.

RESULTS

A total of 250 soil samples were processed and analyzed
(Fig. 4). Colonies displaying B. anthracis-like morphology on
PLET medium were observed in 160 (64.0%) of the soil sam-
ples. One thousand forty-seven B. anthracis-like isolates were
randomly picked for subculture to SBA and overlaid with pen-
icillin disks. Of these isolates, 259 (24.7%) displayed the classic
B. anthracis phenotype (nonhemolytic and penicillin sensitive).
All nonhemolytic, penicillin-susceptible isolates and a limited
number of isolates from the other hemolysis and penicillin
groupings were screened by PCR for confirmatory identifica-
tion. Two hundred two (78.0%) of the nonhemolytic, penicil-
lin-susceptible isolates were PCR positive for the chromosomal
and pX01 targets, while all other isolates were negative for
both targets. The B. anthracis-positive isolates originated from
71 (28.4%) of the soil samples.

Soil cores were collected from around two carcass sites with
the central peg method. Both animals died during the 2000
outbreak in locations where several carcasses had been found
in close proximity. Carcass site 3 was situated in the middle of
a small, flat meadow. Only a few bones remained on the site,

but the dead vegetation and body fluid-darkened soil that had
been under the carcass were still visible. Only one soil sample
on the periphery of the site was positive for anthrax spores,
with an estimated concentration of 40 spores/g. Site 10 was
located in an old bison wallow. Most of the bones remained in
the wallow, but the skull and right rear leg bones had been
dragged from the site in a northwest direction by a large scav-
enger. No soil samples were collected from around the skull or
leg bones. Bacillus anthracis spores were recovered from seven
(35.0%) of the soil samples collected at the site (Fig. 1).

Surface soil samples were collected along transects at a num-
ber of locations. Two transects were set up on one side of the
meadow in which carcass site 3 was located. The transects ran
in parallel across well-trampled and grazed ground. No B.
anthracis spores were recovered along the meadow transects. A
second pair of transects were set up across a winter road creek
crossing close to where several bison had died during the 2000
outbreak. One transect was set up along the center of the road
as it descended to the creek. The second transect ran perpen-
dicular to the road near the bottom of the incline. Three
(25.0%) of the samples collected along the winter road
transects were positive for anthrax spores (Fig. 2). Two
transects were also set up along well-used bison trails leading
to a river crossing near where approximately 20 bison died
during each outbreak. The transects were set up along the
center of the trails and terminated at the muddy shore. No B.

FIG. 1. Distribution of viable B. anthracis spores around carcass site 10 from the 2000 anthrax outbreak. The black circles represent samples
from which no anthrax spores could be isolated, and the white circles represent anthrax spore-positive samples. The numbers beside the white
circles represent the number of viable anthrax spores per gram at that location.
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anthracis spores were recovered from the river-crossing
transects.

Surface soil samples were collected around carcasses 44 and
49 with the grid method. Both animals died during the 2001
outbreak within 5 weeks of sampling. Both carcasses were lying
on level open prairie. The grass around each carcass had been
trampled to a distance of approximately 2 m from the body.
Carcass 44 had been opened for a full necropsy 34 days prior
to sampling. At the time of soil collection, scavenging was well
advanced. Conversely, carcass 49 had not been disarticulated,
and damage from scavengers was minimal, although small
openings were observed at the rump, neck, and belly and the
eye on the exposed side had been removed. Thirty-five (44.3%)
and 25 (26.3%) of the samples collected at carcass 44 (Fig. 3A)
and carcass 49 (Fig. 3B) were positive for B. anthracis, respec-
tively. The distribution of spore concentrations at both sites

failed a normality test, and in a Wilcoxon rank sum test, there
was no significant difference between the distribution of an-
thrax spores found at each site. There was also no significant
difference in the frequency of positive samples obtained from
the two sites according to a Yates corrected chi-squared test.

DISCUSSION

The anthrax spore concentration of each positive sample was
calculated from the number of B. anthracis-like colonies
formed on PLET medium multiplied by the fraction of isolates
screened in confirmatory assays that proved to be B. anthracis.
The theoretical sensitivity limit of the isolation protocol based
on sample dilution was 10 spores/g, but this assumes that the
flotation procedure was able to isolate every spore in a given
sample and that all anthrax spores germinated equally on

FIG. 2. Distribution of viable B. anthracis spores along winter road transects in an area affected by the 2000 anthrax outbreak.
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PLET medium. Both assumptions have been shown to be false
(3). Therefore, the anthrax spore concentrations presented
herein can only be considered rough estimates of the true
concentrations.

It is unlikely that anthrax spores are distributed uniformly
throughout the soil at a given location. Only a portion of the
sample collected was processed for culture on PLET medium.
If viable anthrax spores were heterogeneously distributed in
the sample, they may have been missed or diluted through
sample mixing to a concentration below the sensitivity limit of
the isolation protocol. This was probably the case where core
samples were collected. The cores were placed in tubes that
were slighter wider than the core. By the time the samples were
processed, the cores had collapsed, mixing the top and bottom
strata. Thus, none of the negative samples can be conclusively
declared to be free of B. anthracis spores. However, the results
can still be used to delineate the general distribution of anthrax
spore contamination around the sampled sites.

Of the sample selection methods employed, the grid method
provided the most complete coverage and best illustrated
spore distribution at a site. Coverage with the central peg
method tended to be good near the peg but became patchy
with increasing distance from the center. The transect method
provided the poorest coverage and was insufficient to provide
context to the positive samples obtained.

The highest concentrations of anthrax spores at carcasses 44
and 49 were found directly adjacent to the carcass and invari-
ably corresponded to locations where the soil had been satu-
rated with body fluids escaping the carcass through either the
natural orifices or holes torn by scavengers (Fig. 3). The ma-
jority of positive samples were found within 2 m of both old
and fresh carcasses in the area of the trample zone mentioned
previously and probably originated from scavengers’ churning
and spreading the B. anthracis-infected soil created by the

escaping body fluids as they fed. Although water runoff may
have moved anthrax spores downhill from a carcass site to the
west of the winter road transects (Fig. 2), dispersion of spores
beyond 2 m from a carcass at other sites was probably due to
scavengers. The positive samples on the southwest side of
carcass 49 are in direct line with the closest vegetative cover
and delineate the probable track taken by scavengers if dis-
turbed from the carcass (Fig. 3B). Similarly, the positive sam-
ples in the northwest quadrant of carcass site 10 may reflect the
deposition of spores by the large scavenger that dragged the
head and leg away (Fig. 1). It is interesting that the personnel
who necropsied carcass 44 arrived and departed from the east,
which may explain the extended dissemination of spores in this
direction (Fig. 3A).

In contrast to the necropsy, during environmental sample
collection care was taken to minimize the movement of per-
sonnel over a site. Personnel avoided stepping in any puddles,
mud, viscera, or fecal matter and collected samples as they
moved towards the center of the site. While redistribution of
anthrax spores by environmental sampling personnel remains a
possibility, it does not appear to have confounded the spore
dissemination patterns obtained. There was also some concern
that the reuse of scoops and the core sampler during collection
could result in cross-contamination. However, the order of
samples collected at each site was recorded, and there was no
correlation between the order of collection and anthrax spore
dispersion patterns determined in this analysis.

Based on this study, scavengers are very effective at releasing
and spreading contaminated fluids and viscera around the im-
mediate area of the carcass. Spore dissemination via adherence
to fur and feathers or by dragging of carcass parts by larger
scavengers may contribute to the spread of spores beyond the
carcass, but this route is probably minimal compared to dis-
semination via intestinal carriage and fecal deposition (1, 4, 5).

FIG. 4. Analysis of 2001 Wood Buffalo National Park soil samples for the presence of viable B. anthracis spores.
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Water runoff from a carcass site may carry anthrax spores
away, but the extent of movement remains unknown and would
be dependent on the topography around each site. It appears
that the death sites of animals infected with anthrax remain the
areas of highest anthrax spore contamination in northern Can-
ada and are the most likely sites for future infection and ini-
tiation of subsequent outbreaks.

Although the levels of disarticulation, evisceration, and scav-
enging at carcasses 44 and 49 were very different, there was no
significant difference in the resultant level of anthrax spore
contamination at these sites. It is apparent that even light
scavenging of carcasses is adequate to release sufficient con-
centrations of B. anthracis vegetative cells from the body to
microenvironments conducive to the formation of spores, re-
sulting in substantial contamination of the immediate environ-
ment. Anyone approaching a suspected anthrax-infected car-
cass should consider the area immediately around the carcass
substantially contaminated regardless of the condition of the
carcass and should take appropriate safety precautions.
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