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Bovine brucellosis has been nearly eliminated from
livestock in the United States. Bison and elk in the Greater
Yellowstone Area remain reservoirs for the disease. During
1990–2002, no known cases occurred in Greater Yellowstone Area livestock. Since then, 17 transmission events
from wildlife to livestock have been investigated.

B

ovine brucellosis, caused by Brucella abortus, is a global zoonotic disease primarily infecting cattle, in which
it produces abortions, retained placentas, male reproductive
tract lesions, arthritis, and bursitis. In humans, brucellosis
can cause recurrent fever, night sweats, joint and back pain,
other influenza-like symptoms, and arthritis. In animals and
humans, it can persist for long periods. During the 1930s, a
state–federal cooperative effort was begun to eliminate the
disease from livestock in the United States. From an initial
estimated prevalence in 1934 of ≈15%, with nearly 50% of
cattle herds having evidence of infection (1,2), the United
States now has no known infected livestock herds outside
of portions of Idaho, Wyoming, and Montana, adjacent to
Grand Teton and Yellowstone National Parks. This area, referred to as the Greater Yellowstone Area (GYA), also encompasses state and federal feeding grounds in Wyoming
where elk are fed during the winter. Considered a spillover
disease from cattle to elk and bison, brucellosis now regularly spills back from elk to cattle. Although bison-to-cattle
transmission has been demonstrated experimentally and in
nature (3,4), it has not been reported in the GYA, probably
because of ongoing rigorous management actions to keep
cattle and bison spatially and temporally separated.
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In 1992, a court case highlighted the potential for
transmission of brucellosis from free-ranging wildlife to
livestock in the GYA. The litigation concerned brucellosis transmission purportedly from elk or bison to 2 cattle
herds in 1988 and 1989 (5). Before those incidents and
since ≈1961, brucellosis had been detected in 4 GYA cattle
herds, and transmission was attributed to a wildlife source
on the basis of epidemiologic investigations (6). From 1990
through 2001, no brucellosis was found in any GYA livestock despite intensive surveillance in some areas, precipitated by court action. We report a series of recent cases in
which brucellosis was transmitted from free-ranging elk to
domestic cattle or ranched bison as determined by epidemiologic and microbiological investigations.
The Study
During April 2002–April 2012, brucellosis was discovered in 13 beef cattle herds and 4 ranched bison herds
in the GYA (Figure 1). Additionally, from comingling of
cattle herds at the time of transmission and transfer of ownership of some animals between infection and detection, 3
more infected cattle herds were identified. In each of the
17 herds, infection was detected by serologic testing and
confirmed by culture of tissues collected at slaughter of
>1 animals. The source of infection of each cattle or bison
herd was determined through extensive epidemiologic investigations by state and federal animal health authorities.
These investigations included serologic testing of all cattle
herds adjacent to or in contact with the infected herd, testing of all herds from which the infected herds had received
animals in the preceding years, interviews with owners
and managers to determine the history of comingling with
wildlife, and comparison of DNA test results of the isolates
with those from wildlife and domestic animals. The transmission event in 2002 was previously reported (7).
We subjected 248 B. abortus isolates from affected
cattle and bison herds and surrounding wild elk and bison
to a 10-loci variable number tandem repeat assay. We analyzed results using a minimum spanning tree model (8).
Cattle and bison herd sizes varied from <50 to >300
animals, and seroprevalence ranged from 0.2% to 20%
(Table). For 8 herds, infection initially was detected
through required testing of cattle going through markets or
to slaughter. Four infected herds were detected by routine
testing because of the location of herds in the brucellosisendemic area, 1 herd was detected because of testing of
area herds in proximity to a previously infected herd, and 4
herds were detected by testing required for interstate transport or change of ownership.
Conclusions
Examination of the data from these herds reveals several facts. With few exceptions, herds had low seroprevalence
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Figure 1. Number of Brucella abortus–positive domestic cattle
and ranched bison herds (combined) detected each year, Greater
Yellowstone Area, USA, 1989–2012.

at time of detection (14 of 17 herds: <10%; 11 of 17 herds:
<3%). Additionally, few or no abortions were reported by
herd owners or managers. These findings probably are due
to rigorous surveillance and the widespread use of vaccination in GYA herds. The attenuated live vaccine, strain
RB51, is efficacious in decreasing abortions but does not
prevent infection (9). The herd with highest seroprevalence
(herd no. 4) had the lowest percentage of vaccinated cattle
(41%). Nearly all animals in other herds had received calfhood vaccination. In several cases, management actions
may have increased risk for exposure (i.e., allowing elk to
feed with cattle and placing cattle in pasture with elk during
late winter or spring). In Wyoming and Idaho, proximity
to elk feeding grounds varied. With 1 exception (herd no.
7), owners or investigators reported that elk were sharing

the premises with cattle. Herd no. 7’s owner and his son
were employed at a nearby elk feeding ground, where their
duties included removal of elk fetuses, which created the
potential for transmission through fomites. Information obtained from state wildlife agencies indicated that in every
transmission case, serologic surveillance of elk in the area
showed some level of infection in that species. On the basis
of the 10-loci variable number tandem repeat assay, the B.
abortus isolates recovered from cattle and farmed bison are
very closely related to—and sometimes indistinguishable
from—isolates from wild elk (Figure 2).
Seventeen instances of brucellosis transmission from
elk to livestock were reported during the last decade. This
crescendo of interspecies transmission in all 3 GYA states
and involving ranches in proximity to and remote from
elk feeding grounds suggests a change or combination of
changes in risk factors in the GYA ecosystem. Until the
discovery of increasing prevalence in non–feeding ground
elk (2006–2008) (10), B. abortus infection was not believed
to have been self-sustaining in these populations (6). This
belief was supported by high seroprevalence in populations
in proximity to feeding grounds, with a marked decrease in
prevalence proportional to distance from feeding grounds.
In the last decade, however, seroprevalence in some non–
feeding ground elk herds has increased to levels similar to
those of feeding ground herds, suggesting that brucellosis
is now self-sustaining in these populations (11).
Several factors are likely to have contributed to changes in elk distributions and the resulting increases in brucellosis in some populations and its transmission to livestock.
These include population and density increases (11,12),
changes in land management that created safe havens for

Table. Cattle and ranched bison herds found infected with Brucella abortus due to transmission from elk, Greater Yellowstone Area,
USA
Distance to feeding ground,
Herd no.
County, state
Species
Herd size Date detected Seropositive, % Culture results
km
1
Fremont, ID
Cattle
50–100
2002 Apr
12.0
Biovar 1
50*
2
Sublette, WY
Cattle
>300
2003 Oct
9.9
Biovar 1
2.4
3†
Teton, WY
Cattle
>300
2004 Jun
1.9
Biovar 4
Adjacent
4
Bonneville, ID
Cattle
<50
2005 Aug
20.0
Biovar 1
85‡
5
Park§, MT
Cattle
>300
2007 May
0.2
Biovar 1
>100
6
Park, MT
Cattle
<50
2008 May
2.9
Biovar 1
>100
7
Sublette, WY
Cattle
>300
2008 Jun
5.5
Biovar 4
24
8
Jefferson, ID
Cattle
>300
2009 Jul
1.5
Biovar 1
85
9
Park, WY
Cattle
>300
2010 Oct
1.1
Biovar 1
>100
10
Park, WY
Bison
200–300
2010 Nov
11.5
Biovar 4
>100
12
Park, WY
Cattle
>300
2011 Feb
0.9
Biovar 1
>100
13
Park, WY
Cattle
>300
2011 Sep
1.2
Biovar 1
>100
14
Park, MT
Cattle
>300
2011 Sep
2.0
Biovar 1
>100
15
Madison, MT
Bison
>300
2011 Nov
0.2
Biovar 1
>100
16
Fremont, ID
Cattle
50–100
2012 Apr
5.8
Biovar 1
90
17
Bonneville, ID
Bison
200–300
2012 Mar
0.7
Biovar 4
40
*Elk were also intentionally fed on ranch by owner.
†Brucellosis was detected in 2 herds that were pastured together during spring of 2004. This was considered a single transmission event, and statistics
are given for the combined herds.
‡Herd located 0.8 km from site where elk feeding ground had been until 2003.
§This herd was discovered infected in Carbon County, MT, in 2007, but animals had been transported from Park County in 2005. Index cow aborted in
2005 and did not calve in 2006.
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of this wildlife–livestock–human interface disease is essential to developing effective management strategies.
Acknowledgments
Information for this report was compiled from records belonging to Wyoming Livestock Board, Montana Department of
Livestock, Idaho Department of Agriculture, Wyoming Department of Game and Fish, Montana Department of Fish, Wildlife,
and Parks, Idaho Department of Fish and Game, and US Department of Agriculture/Animal and Plant Health Inspection Service/
Veterinary Services. Additional information was obtained by interviews with state and federal animal health and wildlife officials
and veterinary medical officers who conducted the investigations.
We specifically thank Debra Donch, Deborah Dufficy, Terry
Kreeger, Hank Edwards, Jim Logan, Martin Zaluski, Tom Linfield, Ryan Clarke, Neil Anderson, Eric Liska, Debra Lawrence,
Mary Kay Tinker, and Cindy Gaborick for their contributions.
Dr Rhyan is a veterinary pathologist and head of the Veterinary Services Wildlife/Livestock Disease Investigations Team at
the National Wildlife Research Center, Fort Collins, Colorado.
His primary research interests include pathogenesis, epidemiology, and management of diseases at the wildlife–livestock–
human interface.
References
1.
2.
Figure 2. Minimum spanning tree generated from variable number
tandem repeat (VNTR) data for 348 Brucella abortus isolates in the
National Veterinary Services Laboratory database. Each sphere,
or node, represents a unique VNTR type. Nodes are color coded
according to the source of the isolate, and segments of nodes
represent isolates from different animals with the same VNTR
profile. The numbers represent the herd designations as indicated
in the Table (note that herd no. 2 is not represented in this figure).

elk (13), and reintroduction of wolves to the GYA (14).
Other factors that might have had local or general effects
include climatic and snowfall changes (15), reduction of
habitat by urbanization, and increased use of motorized
backcountry vehicles. Changes in elk and cattle brucellosis
surveillance during the last decade do not account for the
disease spread in elk or increased transmission to livestock.
If brucellosis continues to increase among free-ranging elk populations remote from feeding grounds, the area
to which brucellosis is endemic is likely to expand and the
risk for transmission to livestock and the public will increase, in part reversing the hard-fought gains of the past
75 years in eliminating the disease in the United States.
Gaining a better understanding of ecologic and sociologic
changes in the GYA and their impact on the epidemiology
1994

3.
4.
5.
6.
7.
8.

9.

10.
11.

Fitch CP. Report on the committee on Bang’s disease project.
Proceedings of the US Livestock Sanitary Association. 1934;38:311–7.
Wright AE. Progress of the federal–state Bang’s disease
program. Proceedings of the US Livestock Sanitary Association.
1936;40:268–72.
Flagg DE. A case history of a brucellosis outbreak in a brucellosis
free state which originated in bison. Proceedings of the US Animal
Health Association. 1983;87:171–2.
Davis DS, Templeton JW, Ficht TA, Williams JD, Kopek JD,
Adams LG. Brucella abortus in captive bison. I. Serology, bacteriology,
pathogenesis, and transmission to cattle. J Wildl Dis. 1990;26:360–71.
Cariman RL. Wildlife–private property damage law. Land and Water
Law Review. 1994;XXXIX:89–115.
Cheville NF, McCullough DR, Paulson LR. Brucellosis in the
Greater Yellowstone Area. Washington (DC): National Academies
Press; 1998.
Hillman B. Brucellosis in eastern Idaho. Proceedings of the US
Animal Health Association. 2002;106:189–92.
Higgins J, Stuber T, Quance C, Edwards WH, Tiller RV, Linfield T,
et al. Molecular epidemiology of Brucella abortus isolates from
cattle, elk, and bison in the United States, 1998 to 2011. Appl
Environ Microbiol. 2012;78:3674–84. http://dx.doi.org/10.1128/
AEM.00045-12
Olsen SC, Bricker B, Palmer MV, Jensen AE. Responses of cattle to
two dosages of Brucella abortus strain RB51: serology, clearance
and efficacy. Res Vet Sci. 1999;66:101–5. http://dx.doi.org/10.1053/
rvsc.1998.0251
Scurlock BM, Edwards WH. Status of brucellosis in free-ranging elk
and bison in Wyoming. J Wildl Dis. 2010;46:442–9.
Cross PC, Heisey DM, Scurlock BM, Edwards WH, Ebinger MR,
Brennan A. Mapping brucellosis increases relative to elk density
using hierarchical Bayesian models. PLoS ONE. 2010;5:e10322
http://dx.doi.org/10.1371/journal.pone.0010322.

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 19, No. 12, December 2013

Transmission of Brucellosis from Elk to Cattle and Bison
12.

Cross PC, Cole EK, Dobson AP, Edwards WH, Hamlin KL, Luikart
G, et al. Probable causes of increasing brucellosis in free-ranging elk
of the Greater Yellowstone ecosystem. Ecol Appl. 2010;20:278–88.
http://dx.doi.org/10.1890/08-2062.1
13. Haggerty JH, Travis WR. Out of administrative control: absentee
owners, resident elk and the shifting nature of wildlife management in southwestern Montana. Geoforum. 2006;37:816–30. http://
dx.doi.org/10.1016/j.geoforum.2005.12.004
14. Proffitt KM, Grigg JL, Hamlin KL, Garrott RA. Contrasting effects of wolves and human hunters on elk behavioral responses

15.

to predation risk. J Wildl Manage. 2009;73:345–56. http://dx.doi.
org/10.2193/2008-210
Cross PC, Edwards WH, Scurlock BM, Maichak EJ, Rogerson JD.
Effects of management and climate on elk brucellosis in the Greater
Yellowstone ecosystem. Ecol Appl. 2007;17:957–64. http://dx.doi.
org/10.1890/06-1603

Address for correspondence: Jack C. Rhyan, National Wildlife Research
Center, 4101 LaPorte Ave, Fort Collins, CO 80521, USA; email:
jack.c.rhyan@aphis.usda.gov

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 19, No. 12, December 2013

1995

