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ABSTRACT: Blood samples were collected from 2,635 caribou (Rangifer tarandus), 1,238 grizzly
bears (Ursus arctos), and 930 wolves (Canis lupus) from throughout mainland Alaska during 1975–
98. Sera were tested for evidence of exposure to Brucella spp. Serum antibody prevalences were
highest in the northwestern region of the state. In any specific area, antibody prevalences for
caribou and wolves were of a similar magnitude, whereas antibody prevalence for bears in these
same areas were two to three times higher.
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INTRODUCTION

Caribou (Rangifer tarandus) are widely
distributed throughout mainland Alaska
(Valkenburg, 1998). They live in herds that
range in size from a few hundred animals
to a few hundred thousand (Valkenburg et
al., 1996). Size of individual herds can vary
considerably due to the effects of pre-
dation, quantity and quality of available
food, and weather (Adams and Dale,
1998). Infectious and parasitic diseases
also play a role in population dynamics
(Dieterich, 1980).

Wolves (Canis lupus) and grizzly bears
(Ursus arctos) are the two primary terres-
trial predator species in Alaska. Both
species prey extensively on caribou where
they are sympatric (Valkenburg et al.,
1996). The predation process provides
ample opportunity for transmission of
diseases and parasites from caribou to
predators (Neiland, 1970).

Brucellosis is a bacterial disease with
a worldwide distribution (Tessaro, 1986).
Several species comprise the genus Bru-
cella, and each species has a preferred host
range (Witter, 1981). Reindeer and caribou
are the primary hosts for Brucella suis IV
(Forbes, 1991). Infection localizes primar-
ily in joints and the reproductive tract
(Dieterich and Morton, 1987), but other
tissues also can be infected (Tessaro and

Forbes, 1986). Clinical signs of disease
include orchitis in males, abortion in
females, and bursitis in both sexes (Forbes,
1991). Prevalence of antibody to B. suis IV
in caribou herds varies from year to year,
but temporal patterns were not reported
for the period 1975–99 (Zarnke, 2000).

Isolations of B. suis IV have been
reported from caribou, wolves, and grizzly
bears in Alaska on numerous occasions
(Neiland et al., 1968; Neiland, 1970,
1975); other Brucella spp. have not been
isolated from these species. Unfortunately,
the number of isolations has not been
adequate to determine whether geograph-
ic patterns of infection exist. The objective
of the current study was to use a large
collection of sera that were available for
caribou, wolves, and grizzly bears in
Alaska to determine whether Brucella sp.
antibody prevalences for these species
were spatially dependent.

MATERIALS AND METHODS

Caribou, wolves, and grizzly bears were
captured by personnel of the Alaska De-
partment of Fish and Game, US Fish and
Wildlife Service, and National Park Service.
Several individual bears were captured more
than once. For the purpose of this study, only
the blood sample from the first capture was
used. Blood samples were collected and stored
at either ambient or refrigerated temperatures
for 12–36 hr. Sera were removed and stored
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temporarily at 215 C. Long-term storage was
at 255 C for 1–10 yr until the time of testing.

Before 1990, tests were conducted at the US
Department of Agriculture’s National Veteri-
nary Services Laboratory in Ames, Iowa, USA.
The preliminary test method was the buffered
Brucella antigen (BBA) test (Angus and
Barton, 1983). Samples testing positive were
also tested by standard tube test (STT) (Alton
and Jones, 1967). After 1990, sera were tested
with the standard plate test (SPT) (US De-
partment of Agriculture, undated) and card
test (CAR) (Alton and Jones, 1967) at the
University of Alaska’s Institute of Arctic Bi-
ology, Fairbanks, Alaska, USA. All tests used
B. abortus as antigen. Sera that caused
agglutination in the SPT or STT at a serum
dilution ($1:50) were considered antibody
positive. This is one dilution higher than the
standard threshold titer (25) for both the SPT
and STT (Alton and Jones, 1967). This higher
positive threshold was selected to increase test
specificity. The BBA and CAR tests were
reported as either positive or negative.

If the BBA test result was negative, the
sample was not tested using the STT. This
result was interpreted as a B. suis IV negative.
If positive by BBA, a sample was classified as
positive only if the STT titer was $50. The
BBA-positive samples with STT titers ,50
were considered negative. Likewise, a CAR
positive was classified as positive only if a titer
of $50 was detected by SPT. Finally, a sample
was considered positive if it tested negative on
CAR but had an SPT titer $50.

To aid in managing wildlife, the landmass of
Alaska is divided into 26 Game Management
Units (GMUs). These areas are based on
major physiographic features such as moun-
tain ranges and major river drainages. Hunting
seasons and bag limits are based on the
number and distribution of animals within
a GMU. Several of the larger GMUs are
further divided into subunits.

Statistical methods for disease mapping
(Lawson, 2001; Lawson and Williams, 2001)
were used to analyze the data. Because low
sample sizes in some GMUs may have reduced
the reliability of individual GMU prevalence
estimates, a statistical model was developed to
‘‘smooth’’ prevalences (Lawson and Williams,
2001). In this model, sample sizes and rates
from nearby GMUs affect estimated preva-
lences. This model also assumed that the
underlying pattern of smoothed prevalence
was shared by caribou, wolves, and bears. The
estimated prevalence for each species was
a multiplicative factor of the smoothed un-
derlying rate, with an additional random
component for each species. This model

allowed mapping of the smoothed antibody
prevalence and comparison of the relative
overall prevalences for each species. Details of
the model are described below.

A Bayesian hierarchical model (Clayton and
Kaldor, 1987; Devine et al., 1994; Bernardi-
nelli et al., 1995; Waller et al., 1997; Xia et al.,
1997) was used to estimate area-specific
prevalences for all three species. Let Nij be
the number of samples from the ith area (for
all GMUs listed in Table 1); i 5 1, 2, …, 26,
for the jth species; j 5 1 (caribou), 2 (wolf), or
3 (grizzly bear). Let xij be the number of
positives in the ith area. Assume that positives
are binomially distributed,

xijjpij, Nij*Bin(Nij, pij) ,

where

logit(pij) ~ m z aj z bi z eij :

This is the usual logistic regression situation,
except that bi is a random effect that is
spatially autocorrelated with its neighbors
and eij is an independent random effect. For
the fixed effects, a1 was assigned a value of 0.
A normal distribution aj,N(0, 10000) was
used for j 5 2, 3. An improper flat prior was
given to m. The independent random errors
were given a normal distribution with a separate
variance for each species, eij*N(0, s2

j ), and the
variance parameter was given a gamma distri-
bution, s2

j *Gam(0:001, 0:001). The autocor-
relation among the {bi} followed a conditional
autoregressive model (see Cressie, 1993,
p. 407). Any two GMUs that shared a border
were defined as neighbors. A normally dis-
tributed conditional autoregressive model is
defined where bijbi, w, ni is normally distrib-
uted N(bi, w=ni), where bi is the mean of the
neighboring values for the ith GMU and ni is
the number of neighbors (Besag et al., 1991).
The variance parameter was given a gamma
distribution, w,Gam(0.001, 0.001).

The statistical software package WinBUGS
was used to obtain a sample from the posterior
distribution for w, bi, aj, and m, and functions
of these parameters. For example, the poste-
rior distribution of

100 | exp (m z ai z bj)=½1 z exp (m z ai z bj)�

provides an estimate of the prevalences (in %)
in the jth GMU for the ith species. These
values are known as ‘‘smoothed’’ rates. The
mean of the sample from the posterior distri-
bution was used to estimate the smoothed
rates, and the standard deviation of the sample
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gives the standard error of the smoothed rates
(Besag et al., 1991; Besag and Kooperberg,
1995). The posterior sample was obtained using
Markov Chain Monte Carlo methods, with
a ‘‘burn-in’’ of 4,000 iterations. The sample was
drawn from the next 50,000 iterations.

RESULTS

For GMUs with samples sizes .1,
observed antibody prevalences ranged
from 0% to 9% for caribou, from 0% to
25% for wolves, and from 0% to 24% for
bears. Prevalences for all three species
were highest in the northern portion of
the state (Table 1). Within any particular
GMU, the relative magnitude of observed
prevalences for caribou and wolves were
similar. Prevalences for bears were often
higher than for the other two species. The
model predicts that antibody prevalence
for wolves would be approximately three
times higher than for caribou. For bears,
antibody prevalence would be approxi-
mately 11 times higher than for caribou.
The spatial model produced estimates of
Brucella sp. antibody prevalence for car-
ibou, wolves, and grizzly bears. Graphic
representations of these estimates are
shown in Figure 1.

DISCUSSION

For Brucella sp. antibody testing, in-
dividual samples are often tested by four
or more serologic test methods. The
University of Alaska laboratory, which
provided diagnostic support for this sur-
vey, conducts serologic tests specifically
for B. suis IV. Laboratory personnel have
selected BBA and SPT as the most
convenient and reliable serologic methods
for assessing previous exposure to this
agent. Testing the current collection of
sera by means of additional methods may
have produced slightly different results for
a few samples. However, the pattern
reported here is believed to accurately
reflect actual prevalences in the respective
geographic areas.

Estimates produced by the spatial

model (Fig. 1) confirm that antibody
prevalences for all three species are high-
est in the northwest portion of the state. In
some cases, the raw rates for an individual
species may provide a somewhat biased
picture of geographic distribution. Ani-
mals captured on the boundary of GMU
‘‘A’’ may actually spend most of their time
in adjacent GMU ‘‘B.’’ In addition, only
a few animals of this species may have
been captured in GMU ‘‘A.’’ Therefore,
these few animals have a large influence
on the overall prevalence attributed to
GMU ‘‘A.’’ The best examples of this
phenomenon in the current study are
1) the 100% prevalence (1/1) for caribou
in GMU 20F and 2) the 40% prevalence
(2/5) for bears in GMU 25 (Table 1).

Therefore, the model estimates of
antibody prevalence provide a better over-
all representation of the geographic dis-
tribution of Brucella sp. exposure. Multi-
ple samples from a few animals may have
exerted a small bias on the reported
prevalence.

For most GMUs, antibody prevalences
for bears were higher than prevalences for
caribou and wolves (Table 1). Bears and
wolves are exposed to B. suis IV while
preying on infected caribou (Neiland,
1975; Neiland and Miller, 1981). Hypo-
thetically, antibody prevalence should be
directly related to the number of caribou
killed by wolves and bears. However, for
GMU 20E in eastern Alaska, an average
wolf killed approximately four times as
many caribou (all ages) as an average
grizzly during 1994–97 (Boertje and
Gardner, 2000). Thus, the hypothesized
direct relationship between kill rate and
antibody prevalence was not valid for this
geographic area. Comparable data was not
available for other areas.

Transmission of Brucella spp. is typically
higher during the calving period (Forbes,
1991). Perhaps, bears have a higher level
of predation during the period surround-
ing calving. Hypothetically, higher kill
totals at this time of year could account
for higher antibody prevalences in bears.
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However, this hypothesis is not supported
by data. The average wolf killed twice the
number of caribou calves as the average
bear during the summer months in GMU
20E (Boertje and Gardner, 2000). Thus,
even when bears are out of hibernation,

wolves have a higher kill total and pre-
sumably higher opportunity for exposure
to B. suis IV.

Perhaps bears scavenge more aborted
fetuses, placentae, and cows that die as
a result of brucellosis after birth. These

FIGURE 1. Location of Game Management Units in Alaska and model estimates of Brucella sp. serum
antibody prevalence in caribou (Rangifer tarandus), wolves (Canis lupus), and grizzly bears (Ursus arctos). (A)
Game Management Unit boundaries. (B) Antibody prevalence (%) for caribou. (C) Antibody prevalence (%)
for wolves. (D) Antibody prevalence (%) for grizzly bears. Note that the scale is different for each species.
Circle size is inversely proportional to standard errors. Lines connecting circles represent neighboring
populations used in the spatial statistical model.
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would be prime sources of B. suis IV
exposure for scavengers. There is no data to
address this latter hypothesis.

Serum antibody prevalence for many
agents in many host species is directly
related to age (Zarnke and Evans, 1989;
Zarnke et al., 1997, 2001). The average age
of the grizzly bears sampled in this survey
is probably higher than the average age of
the entire population. Cubs (,1 yr old)
are only occasionally captured during
normal field studies. Thus, the cub cohort
is underrepresented in the sample. Con-
versely, the average age of the wolves
sampled is probably similar to the age
profile of wolf population. Wolf pups
(,1 yr old) are routinely caught during
field studies. Perhaps, the deviation from
the perceived normal age distribution for
bears was partially responsible for the
higher than expected antibody prevalence
for B. suis IV.

Historically, brucellosis has been con-
sidered to be present in caribou herds
throughout Alaska (Neiland et al., 1968).
The observed serum antibody prevalence
for caribou from the southern half of the
state is essentially 0% (Table 1). One
interpretation of these data is that the
disease is absent from this region. Ob-
served prevalences for bears from all
regions (including the southern half of
the state) are higher than prevalences for
caribou. These data indicate that bears are
being exposed to Brucella sp. in the
southern portion of the state. Presumably,
the source of that exposure would be
infected caribou. No other species serve as
an effective large-scale reservoir for trans-
mission to predators and scavengers.
Perhaps the disease is indeed present in
most (if not all) caribou herds, but at very
low levels in the southern portion of the
state. Perhaps sampling intensity was
simply incapable of detecting this very
low frequency of infection in these south-
erly herds. A second potential explanation
is that bears are exposed to Brucella sp. by
scavenging on infected marine mammal
carcasses (Zarnke et al., 2006) that wash

up on the beach. A third alternative
explanation would be that the disease
does not occur in caribou herds from the
southern portion of the state, and the
positive serologic test results for bears and
wolves from this region are incorrect.
There is a fourth potential explanation
for the presence of positive bears in
regions of the state where no positive
caribou were found. Perhaps, positive
bears make long-range movements from
the northwestern region to other areas of
the state. However, movements of this
magnitude are inconsistent with data
collected during long-term studies. Juve-
nile female bears typically establish home
ranges near their mother’s home range.
Juvenile male bears may establish home
ranges ,75 mi from their mothers. Move-
ment .100 mi has been observed once
during radiotelemetry studies of .500
bears (Reynolds, pers. comm.).

Numerous free-ranging, semidomestic
reindeer herds live in GMU 22 on the
Seward Peninsula (Fig. 1). Brucellosis is
enzootic in these herds (Dieterich and
Morton, 1987). The Western Arctic cari-
bou herd has a large home range, covering
portions of GMUs 21, 22, 23, and 26A
(Fig. 1). During the winter, the Western
Arctic Herd migrates to the southwestern
portion of its range. At that time, there is
often opportunity for contact between
Seward Peninsula reindeer and caribou
from the Western Arctic Herd. Reindeer
may have been the original reservoir for
transmission of brucellosis to other arctic
species (Davydov, 1965). Alternatively,
perhaps the disease has always been
enzootic in free-ranging caribou (Huntley
et al., 1963). The current study provides
no evidence to confirm or refute either
theory.

Brucellosis has two major impacts on
caribou: 1) abortion in pregnant females
and 2) lameness in both sexes (Forbes,
1991). The lameness can result in animals
becoming more susceptible to predation.
In addition to the deaths of individual
animals, presumably both conditions (es-
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pecially abortion) have a negative impact
on population dynamics of the herd.
Presumably, the impact of abortion on
wolf and bear population dynamics is
similar (Neiland and Miller, 1981). How-
ever, populations of all three species can
thrive even when the disease is present.
Thus, mortality caused by B. suis IV may
be compensatory, rather than additive.

A vaccine is available that significantly
reduces the prevalence of the disease in
semidomestic reindeer (Dieterich and
Morton, 1987). Theoretically, the vaccine
could have a similar positive benefit for
caribou herds. However, human control or
eradication of the disease in free-ranging
caribou is not presently feasible. The large
number of animals (,1,000,000) spread
over a vast and remote landscape pre-
cludes efficient intervention. Therefore,
management implications of the vaccine
for caribou are minimal. Wildlife biologists
are limited to advising hunters regarding
potential risk of exposure and how to avoid
contracting the disease. In addition, trans-
location of caribou from the northern part
of Alaska should be avoided.
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