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ABSTRACT: Two groups of six, non-brucellosis vaccinated, brucellosis seronegative pregnant Amer-
ican bison (Bison bison) were individually challenged with 1 x 107 colony forming units (CFU)
of Brucella abortus strain 2308. Three days after challenge, each bison group was placed in a
common paddock with six non-vaccinated, brucellosis susceptible, pregnant domestic heifers. In
a parallel study, two groups of six susceptible, pregnant cattle were simultaneously challenged
with the identical dose as the bison and each group was placed with six susceptible cattle in order
to compare bison to cattle transmission to that observed in cattle to cattle transmission. Blood
samples were collected from bison and cattle weekly for at least 1 mo prior to exposure to B.
abortus and for 180 days post-exposure (PE). Sera from the bison and cattle were evaluated by
the Card, rivanol precipitation, standard plate agglutination, standard tube agglutination, cold
complement fixation tube, warm complement fixation tube, buffered acidified plate antigen, rapid
screening, bovine conjugated enzyme linked immunosorbent assay, bison or bovine conjugated
enzyme linked immunosorbent assay, and the hemolysis-in-gel techniques for the presence of
antibodies to Brucella spp. At the termination of pregnancy by abortion or birth of a live-calf,
quarter milk samples, vaginal swabs, and placenta were collected from the dam. Rectal swabs
were collected from live calves, and mediastinal lymph nodes, abomasal contents and lung were
taken at necropsy from aborted fetuses for culture of Brucella spp. These tissues and swabs were
cultured on restrictive media for the isolation and identification of Brucella spp. Pathogenesis of
brucellosis in bison was studied in an additional group of six pregnant bison which were challenged
with 1 x 10" CFU of B. abortus strain 2308. One animal was euthanatized each week PE. Tissues
were collected at necropsy and later examined bacteriologically and histologically. Lesions of
brucellosis in bison did not significantly differ grossly or histologically from those in cattle. There
were six abortions and two nonviable calves in the bison group, as compared to nine abortions in
the 12 similarly inoculated cattle. As determined by bacterial isolations, transmission of B. abortus
from bison to cattle (five of 12 susceptible cattle became infected) did not differ statistically from
cattle to cattle transmission (six of 12 susceptible cattle became infected) under identical conditions.
No single serologic test was consistently reliable in diagnosing B. abortus infected bison for 8 wk
PE. Multiple testing periods in which the Card test was used in combination with the bison
conjugated enzyme linked immunosorbent assay and the hemolysis-in-gel proved to be a useful
battery of serologic techniques to diagnose brucellosis in bison after the initial 8 wk PE.

Key words: Bison, Bison bison, brucellosis, serologic tests, pathogenicity, interspecific trans-
mission, Brucella abortus, experimental study.

INTRODUCTION from Yellowstone National Park, Wyo-

The occurrence of Brucella abortus in  ming, two of which had aborted. In 1930,

American bison (Bison bison) was first
documented in 1930 when the bacterium
was isolated from the testicle of a bison
killed on the National Bison Range, Moiese,
Montana (Creech, 1930). Serologic evi-
dence of brucellosis was reported earlier
by Mohler (1917) as positive agglutination
reactions in sera from three bison cows

Rush (1932) found that three of five bison
serum samples from the Yellowstone Na-
tional Park herd were seroreactive for bru-
cellosis. Later testing by Tunnicliff and
Marsh (1935) on bison sera collected over
several years from the National Bison
Range and Yellowstone National Park in-
dicated >60% (305/484) reactor rate. Sera
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from 350 bison collected in 1956 from Elk
Island National Park, Alberta, Canada re-
acted to a Brucella spp. agglutination test
at a rate of 42% (Corner and Connell, 1958).
Six of six bison from Utah contained ag-
glutinins reacting with B. abortus tube ag-
glutination antigen at titers of =20 (Thorpe
et al., 1965). Serum samples from 2,365
free-ranging bison in Wood Buffalo Na-
tional Park, Alberta and Northwest Ter-
ritories, Canada during 1959 to 1974 were
tested for brucellosis and 31% reacted pos-
itively to the tube agglutination test (Cho-
quette et al., 1978).

Private ownership of bison has become
widespread in the United States and Can-
ada. The American Bison Association and
The National Buffalo Association report
that 80,000-100,000 bison are privately
owned and their popularity is increasing
due to the favorable market for bison meat
and by-products. Many federal and state
parks annually auction excess bison to pri-
vate owners. All privately owned bison in
the United States are presently under the
same United States Department of Agri-
culture/Animal and Plant Health Inspec-
tion Service/Veterinary Services (USDA/
APHIS/VS) regulations for Brucella spp.
testing prior to movement as those for do-
mestic cattle and are listed in the Uniform
Method and Rules, Brucellosis Eradication
1984. Although brucellosis in cattle has
been extensively studied, prior to this study
no documentation existed on the suscep-
tibility, precise host response, or transmis-
sion potential of B. abortus from bison un-
der controlled experimental conditions.
The objectives of the study were to: (1)
document the serologic response to non-
brucellosis vaccinated, pregnant bison af-
ter challenge with a standard bovine in-
fective dose of B. abortus strain 2308 by
11 diagnostic techniques, (2) compare the
susceptibility of bison and cattle to B. abor-
tus infection, (3) determine the pathogen-
esis of B. abortus in bison, and (4) deter-
mine the potential for transmission of B.
abortus infected pregnant bison to suscep-
tible pregnant cattle as compared with B.
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abortus between cattle under identical ex-
perimental conditions.

MATERIALS AND METHODS

The 18 bison and 36 cattle utilized in the
experiments were all non-brucellosis vaccinated
and seronegative for Brucella spp. for at least
30 days prior to challenge as determined by the
buffered Brucella spp. antigen (Card), rivanol
precipitation (RIV), standard tube agglutination
(STA) (National Animal Disease Laboratory,
Diagnostic Reagents Manual 65 E and F, Ames,
Iowa 50010, USA); cold complement fixation
tube (CCFT) (Jones et al., 1963); and the he-
molysis-in-gel (Nielsen et al., 1983). In addition,
the cattle and bison were tested with a bovine
conjugated enzyme linked immunosorbent as-
say (BovELISA) (Heck et al., 1980) and a bison
conjugated enzyme linked immunoassay
(BisELISA), respectively. The BisELISA was
identical to the BovELISA procedure with the
exception that bison antisera were substituted
in place of cattle antisera. All were in the second
trimester of pregnancy, all the cattle were first
calf heifers, and originated from brucellosis-free
herds. On 4 February 1986, six bison and six
cattle were exposed to a standard bovine chal-
lenge dose (Davies et al., 1973) of 1 x 107 colony
forming units (CFU) of B. abortus strain 2308
by bilateral conjunctival inoculation. After 3
days, the six inoculated bison were placed in a
1.1 ha paddock with six brucellosis susceptible
cattle, and the six B. abortus inoculated cattle
were placed in a 1.2 ha paddock with an ad-
ditional six brucellosis susceptible cattle. On 19
February 1987, the entire B. abortus 2308 ex-
posure was repeated in additional bison and cat-
tle. Blood samples were collected via jugular
venapuncture from all bison and cattle on the
day of inoculation and weekly thereafter for 180
days, and from the dam at the termination of
pregnancy by abortion or live birth. Live calves
were also bled at birth.

Sera were harvested from blood samples and
stored at —70 C. Subsequently, sera were thawed
and evaluated for the presence of Brucella spp.
specific antibodies by the Card, RIV, STA, HIG,
standard plate agglutination (SPA), buffered
acidified plate antigen (BAPA), rapid screening
(RS) (National Animal Disease Laboratory, un-
dated), CCFT, warm complement fixation tube
(WCEFT) (Jones et al., 1963), and BovELISA or
BisELISA. Minimum criteria for a diagnosti-
cally positive serologic reaction for cattle to the
various tests are listed in the United States De-
partment of Agriculture/Animal and Plant
Health Inspection Service/Veterinary Service
(1984). There are no such established diagnostic
criteria for bison.

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 14 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use



362 JOURNAL OF WILDLIFE DISEASES, VOL. 26, NO. 3, JULY 1990
TaBLE 1. Tissues collected from adult female bison exposed to Brucella abortus via bilateral conjunctival
inoculation.
Weeks postexposure
Tissue 1 2 3 4 5 6
Head
Parotid lymph nodes (right and left) - + + + + +
Mandibular lymph nodes (right and left) - - + + + -
Atlantal lymph nodes (right and left) - - + + + +
Suprapharyngeal lymph nodes (right and left) - - + + + +
Thorax
Prescapular lymph nodes (right and left) - - + + + +
Lung - - - - - +
Thymus - - - - - -
Mediastinal lymph nodes - - - + + -
Abdomen
Mesenteric lymph nodes - - - - - +
Hepatic lymph nodes - - + + - +
Liver - - - - - +
Spleen - - - + + +
Abomasum - - - - _
Supramammary lymph nodes - + - + + _
Mammary glands (four quarters) - - + + + +
Uterine horn (right and left) - - + + + +
Placenta (placentome and membranes) - - - + + +
Internal iliac lymph nodes (right and left) - - + + + +
Prefemoral lymph nodes - - + + + +
Fetus
Lung - - + + + +
Abomasal content - - + + + +

* —, negative; +, positive.

Fetuses were collected within 12 hr of abor-
tion and tissue from lungs, abomasum, medias-
tinal lymph nodes and rectal and abomasal con-
tent swabs were taken at necropsy. Calves were
ear tagged and rectal swabs were collected from
live calves within 12 hr of birth. On the day of
parturition, placenta, uterine swabs, and quarter
milk samples were collected. Tissues and swabs
were stored at —70 C until thawed and plated
on Farrell's restrictive media (Farrell, 1974) and
blood agar for bacteriologic isolation and iden-
tification. Sub-cultures of the B. abortus isolates
were sent to the National Veterinary Services
Laboratory (NVSL, Ames, lowa 50010, USA)
for confirmation of identification.

Pathogenesis of B. abortus in female bison
was studied in six additional non-brucellosis vac-
cinated, brucellosis seronegative pregnant bison
which were exposed on 19 February 1987 via
conjunctival inoculation with the same chal-
lenge dose. One bison per week beginning 1 wk
postexposure (PE) was randomly selected, eu-
thanatized, and necropsied. Thirty-two tissues

were collected from each bison (Table 1) and
frozen at —70 C. Samples were thawed and
cultured as above. An identical set of tissues
were fixed in 10% buffered formalin, paraffin
embedded, stained with eosin and hematoxylin
and sectioned at 4 um for histologic examina-
tion.

During the experiment bison and cattle were
fed a commercially available complete bulk ra-
tion (TAMU Mix Number 1; Producer’s Coop-
erative Association, College Station, Texas 77802,
USA) containing 11% protein at the rate of ap-
proximately 3% body weight per day and ad
libitum round baled grass hay. Each portion of
the study was conducted in separate spacially
isolated paddocks. Each paddock was provided
with separate feed troughs, water and animal
handling facilities. Animal caretakers and re-
searchers were required to wear rubber boots,
gloves and coveralls before entering the bison/
cattle paddocks which were padlocked and
clearly marked with biohazard signs.
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RESULTS
Serology

All bison (Table 2) and cattle (Table 3)
experimentally exposed to B. abortus strain
2308 via conjunctival inoculation reacted
to at least one serologic test PE. The SPA,
RST, and BAPA test results were not found
to differ significantly from the Card and
therefore are not included in Table 2 or
Table 3. Similarly the WCFT results were
excluded due to their duplication of the
CCFT. Bison #574 (culture negative for
Brucella spp.) had a BisELISA reaction of
1.284 at 2 wk PE, had lower reactions on
the BisELISA and CCFT at 3 to 6 wk PE,
and then remained negative by all 11 se-
rologic tests for the remainder of the ex-
periment. Bison #578 (culture negative for
Brucella spp.) had a low CCFT at 8 wk
PE, a high HIG reaction at 8 to 12 wk PE,
a BisELISA reaction at 10 to 12 wk PE,
and then remained negative to all 11 se-
rologic tests utilized for the remainder of
the experiment. All other inoculated bison
and cattle were reactive at some level to
most serologic tests by 6 wk PE. The an-
tibody response of bison to B. abortus chal-
lenge, as measured by all serologic tests,
lagged approximately 2 to 3 wk behind
that seen in cattle exposed at the same
time. No individual serologic test was en-
tirely accurate and reliable in diagnosing
brucellosis in the bison for 6 to 8 wk PE.
Seven of 12 susceptible heifers in paddocks
with B. abortus inoculated bison became
brucellosis seroreactive, while 5 of 12 sus-
ceptible heifers with the B. abortus inoc-
ulated cattle became brucellosis seroreac-
tive.

Bacteriology

Brucella abortus strain 2308 was re-
covered at or subsequent to the termina-
tion of pregnancy from 10 of 12 (83%)
bison and from 11 of 12 (91%) cattle which
had been primarily inoculated with the
organism. The same organism was re-
covered at the termination of pregnancy
from five of 12 of the cattle or their calves
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placed with the inoculated bison, and from
six of 12 heifers or their calves placed with
the inoculated cattle. All 11 culture posi-
tive secondarily infected cattle aborted
their calves or had non-viable calves. Sub-
cultures of the B. abortus isolates were sent
to the NVSL for confirmation of identifi-
cation.

Pathogenesis

Brucella abortus strain 2308 was iso-
lated from many bison tissues (Table 1).
Most isolations were at =3 wk PE.

Transmission

As stated above, serologic reactions in
the secondarily exposed cattle indicated
that the transmission of brucellosis from
inoculated animals to susceptible animals
occurred. Transmission of brucellosis from
bison to cattle as determined by serologic
response in the cattle (seven of 12) was not
statistically different from the transmission
rate (six of 12) from infected to susceptible
cattle. As determined by bacterial isola-
tions, transmission of B. abortus from bison
to cattle (five of 12 susceptible cattle be-
came infected) did not differ statistically
from cattle to cattle transmission (six of 12
susceptible cattle became infected) under
identical conditions.

Pathology

Gross lesions were not observed in bison
cows or their fetuses. Microscopic lesions
were confined to the lymphoreticular and
reproductive systems of cows and the lung
and placenta of the fetuses. By 7 days PE,
the mandibular, suprapharyngeal, parotid
and atlantal lymph nodes bilaterally had
expansion of the B cell compartment, in-
cluding primary and secondary germinal
centers as well as mild histiocytic macro-
phage hyperplasia in the marginal and
medullary sinuses. The marginal and med-
ullary sinuses also contained focal accu-
mulations of neutrophils and eosinophils.
These lesions were most pronounced in the
parotid and suprapharyngeal lymph nodes.
By 14 days post-challenge, the expansion
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of the B cell compartment and sinus his-
tiocytic macrophage hyperplasia were
much more pronounced with prominent
expansion of the mantles of secondary ger-
minal centers. Large populations of plas-
ma cells and focal aggregations of neutro-
phils and eosinophils were evident in the
outer cortex and expanding into the med-
ullary sinusoids in the regional lymph nodes
of the head. Similar but less pronounced
lesions were evident in supramammary,
internal iliac and hepatic lymph nodes.
From 21 through 42 days PE, the prolif-
erative lesions of the B cells and histiocytic
macrophages became increasingly prom-
inent accompanied by expansion of the T
cell compartment in the paracortex and
massive increases in plasma cell popula-
tions, particularly in inner cortex and med-
ullary sinuses. Neutrophils and eosinophils
were less prominent. During this time, most
lymph nodes had similar lesions, but le-
sions in the lymph nodes regional to the
head and reproductive tract were much
more pronounced.

No microscopic lesions were observed
in the fetus or placenta until 35 days PE
when edema of the inter-cotyledonary
chorionic membranes occurred in associ-
ation with sparse focal accumulations of
neutrophils and mononuclear leukocytes.
By 42 days PE, the chorionic trophoblastic
epithelial cells contained dense intracy-
toplasmic accumulations of Gram negative
bacteria, often resulting in cellular necro-
sis. The zones of necrosis of the chorionic
epithelial cells were infiltrated with diffuse
dense infiltrations of neutrophils accom-
panied by histiocytic macrophages. In-
flammatory cells frequently were degen-
erative or necrotic which resulted in
desquamation of necrotic cellular debris
and bacteria into the uterochorionic spaces.
These lesions extended deeply into the in-
tervillous placental arcades which con-
tained areas of necrosis, neutrophilic in-
filtration associated with zones of chorionic
epithelial cells containing intracytoplas-
mic bacteria were interpreted to be B.
abortus. These zones eroded as exudates

into the space between the arcades and the
epithelium covering of the maternal villi.
Fetal pulmonary lesions were only ob-
served 42 days PE as predominantly im-
mature neutrophilic and some mononu-
clear leukocytic accumulation in
bronchioles and bronchi; this constituted a
purulent bronchiolitis and bronchitis with
expansion of the inflammatory exudate into
the peribronchial alveoli resulting in pu-
rulent bronchopneumonia.

DISCUSSION

The bacteriologic and serologic results
indicate that bison are as susceptible to B.
abortus infections as domestic cattle under
our experimental conditions. While all bi-
son and cattle inoculated with B. abortus
strain 2308 seroconverted, 83% (10 of 12)
of bison and 91% (11 of 12) of cattle be-
came infected as determined by bacterial
isolations; these infection rates do not dif-
fer statistically (x> = 0.38, P > 0.50). The
histologic observations also indicate that
brucellosis in bison does not differ signif-
icantly from that previously described in
cattle (Payne, 1959). Transmission of bru-
cellosis from bison to cattle as determined
by serologic response in the cattle (seven
of 12) was not statistically different (x* =
0.67, P > 0.25) from the transmission rate
(five of 12) from infected to susceptible
cattle. Similarly, isolations of B. abortus
from the cattle (five of 12) housed with
the inoculated bison did not differ statis-
tically (x* = 0.17, P > 0.50) from that
observed in the cattle to cattle transmission
(six of 12). These data indicate that under
controlled conditions, transmission of B.
abortus from bison to cattle can occur as
readily as cattle to cattle transmission.

Evaluation of the 11 serologic tech-
niques demonstrated for that 0 to 8 wk PE
no single test consistently identified bison
infected with B. abortus strain 2308.
Therefore, no single test should be relied
upon to definitively diagnosis brucellosis
in bison. It should be noted that three of
six of the aborting bison infected with B.
abortus were Card test negative at the day
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CCFT 20 SAT 200 CCFT 80 CCFT 160
SAT 400

SAT 50
HIG 8

SAT 200

BovELISA 0.866

HIG 10

BovELISA 1.122

HIG 11

BovELISA 1.500

HIG 11

«Card (+) = card positive reaction.

*HIG 9 = hemolysis-in-gel test reaction at a zone of 9 mm.

* RIV 25 = rivanol precipitation test reaction at a serum dilution of 1:25.

' CF 40 = cold complement fixation tube test reaction at a serum dilution of 1:40.

~SAT 100 = standard agglutination tube test reaction at a serum dilution of 1:100.

bison conjugated enzyme linked immunoassay with an optical density reading of 0.978.

' BovELISA 0.978
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of abortion. After 10 wk PE, most of the
tests utilized detected bison infected with
B. abortus. Multiple testing utilizing the
Card test when combined with the Bis-
ELISA or the HIG would be the most ef-
fective combination of serologic tech-
niques to reliably diagnose brucellosis in
bison after 8 wk PE.

Brucella abortus was cultured from a
wide variety of bison tissues following ex-
perimental inoculation, as was described
in cattle with brucellosis (Davies et al.,
1980). Progressive stimulation of regional
lymph nodes by B. abortus resulted in the
expansion of the B cell compartment, his-
tiocytic macrophage hyperplasia and T cell
compartment expansion as has been pre-
viously described (Meador et al., 1988a, b;
and Payne, 1959). The fetal and placental
lesions parallel those previously described
in cattle (Jubb and Kennedy, 1985), sheep
(Morello et al., 1963), and goats (Anderson
et al., 1986), and this supports the conclu-
sion that brucellosis in bison does not differ
from that observed in other ruminant
species.

As brucellosis continues to be success-
fully controlled or eradicated in domestic
cattle, the largest remaining foci of B.
abortus infections in North America will
be in the publicly owned free-ranging elk
(Cervus elaphus nelsoni) in northwest
Wyoming and bison herds in Yellowstone
National Park and in western Canada.
These migratory herds are heavily infect-
ed with B. abortus and as such will pose
a continuing threat to the brucellosis-free
livestock industries and associated human
populations (Tessaro, 1986, 1989). Most
privately owned bison herds and many
publicly owned herds have successfully
eliminated brucellosis from their animals
through test, removal, and vaccination
programs. Governmental brucellosis erad-
ication or control programs will not be ef-
fective unless the disease is understood in
free-ranging wildlife reservoirs as well as
in domestic livestock. As the epidemiologic
significance of sylvatic brucellosis in-
creases concurrently with the decrease of
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brucellosis in domestic livestock, the need
for improved field diagnostic techniques,
safe and effective vaccination regimes, and
vaccine delivery systems designed specif-
ically for use in free-ranging wildlife will
become more critical.
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