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ABSTRACT: Eight domestic ferrets (Mustela putorius furo) and two Siberian polecats (M. evers-

inanni) were inoculated subcutaneously with 12 to 1.2 x 10� Yersinia pestis originally isolated

during an epizootic of plague in white-tailed prairie dogs (Cynomys leucurus) near Meeteetse,
Park County, Wyoming (USA) in 1985. None of the ferrets or polecats developed clinical signs

of disease which suggested that black-footed ferrets (M. nigripes), a congener, also would be
resistant to plague. All animals receiving � 1.2 x 1Q� organisms produced serum antibodies detected

by the passive hemagglutination test with titers peaking at 1:1,024 and remaining positive until
at least 219 days postinoculation. Sera collected from 12 free-ranging black-footed ferrets near
Meeteetse in 1984 and 1985 were negative for antibodies against Y. pestis. Prevalence of antibodies

against Y. pestis was high in other carnivores collected from the same area in 1986.
Key words: Mustela putorius furo, Mustela eversmanni, Mustela nigripes, black-footed fer-

rets, Siberian polecats, plague, Yersinla pestis, experimental infection, serology.

INTRODUCTION

Sylvatic plague was diagnosed in June

1985 in white-tailed prairie dogs (Cyno-

mys leucurus) in colonies near Meeteetse

(Park County, Wyoming, USA) (Ubico et

al., 1988). These prairie dog colonies were

also inhabited by the last known popula-

tion of free-ranging black-footed ferrets

(Mustela nigripes) (Thorne and Williams,

1988). Prairie dogs are the most important

component of the diet of black-footed fer-

rets (Sheets et al., 1972; Campbell et al.,

1987). Therefore, diagnosis of plague was

of major concern to management agencies

responsible for the black-footed ferrets for

two reasons; it was known that prairie dogs

are highly susceptible to plague (Barnes,

1982; E. S. Williams, unpub.), thus poten-

tially endangering the prey base for ferrets

(Quan, 1982), and the susceptibility of

black-footed ferrets to plague was un-

known, leading to allegations that black-

footed ferrets were dying of plague. The

experimental portion of this study was un-

dertaken to determine the susceptibility to

plague of domestic ferrets (Mustela pu-

torius furo) and Siberian polecats (Mus-

tela eversrnanni), as surrogates for black-

footed ferrets.

Serologic testing of some carnivores, be-

cause of their relative resistance to plague,

is a useful technique for epidemiologic in-

vestigation of plague activity (Barnes,

1982). Therefore, sena from free-ranging

black-footed ferrets were tested for anti-

bodies against Y. pestis in order to learn

about the prevalence and effects of ex-

posure to plague experienced by black-

footed ferrets. A survey for antibodies to

Y. pestis in other carnivores from the area

inhabited by black-footed ferrets also was

conducted.

MATERIALS AND METHODS

Eight juvenile castrated male domestic ferrets
were obtained from a commercial breeder
(Marshall Farms, North Rose, New York 14516,

USA). Two captive-born adult male and female

Siberian polecats, which had been housed at the
Wyoming Game and Fish Department’s Sybille
Wildlife Research Unit (Bosler Route, Wheat-

land, Wyoming 82201, USA) for several years

prior to initiation of the study, were also used.
Ferrets and polecats were housed at the Wyo-

ming State Veterinary Laboratory (1174 Snowy
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Range Road, Laramie, Wyoming 82070, USA)
in stainless steel wire bottom cages in a P2 bio-

containment room (Centers for Disease Control-
National Institutes of Health, 1984) and fed cat

food (Ralston-Purina, St. Louis, Missouri 63164,
USA) and fresh water. The room was main-

tamed at 22 C on a 12 hr light-12 hr dark cycle.
Ferrets and polecats were inoculated subcu-

taneously in the right inguinal region with 0.1
ml physiologic saline suspension of Y. pestis,
originally isolated from a prairie dog that died
of plague in the Meeteetse colony in 1985. The
inoculum was prepared according to Quan et
al. (1985). The dose of bacteria inoculated was

calculated by plating 0.1 ml of bacterial sus-
pension on blood agar, incubating at 28 C for
48-72 hr, and averaging colony counts. Two

ferrets each were inoculated with 12, 1.2 x 10�,

1.2 x 10�, and 1.2 x 10� organisms; polecats

were inoculated with 12 and 120 organisms.

Virulence of the inoculum was established by
concurrent inoculation of 6-wk-old laboratory
mice (NIH general purpose strain, Centers for
Disease Control, Fort Collins, Colorado 80522,
USA) in groups given ascending doses from ap-

proximately 1 to 1.2 x 10� organisms. Mortality

data were used to calculate the mean lethal dose
(LDso) for the mice (Reed and Muench, 1938).

Ferrets and polecats were observed twice dai-
ly for evidence of disease. Blood was obtained
periodically by venipuncture from animals
anesthetized with ketamine hydrochloride (Ke-
taset, Bristol Laboratories, Syracuse, New York
13201, USA) and diazepam (Valium, Hoffman-
La Roche Inc., Nutley, New Jersey 07110, USA).
Sera were collected and frozen at -20 C until
tested by the passive hemagglutination (PHA)
test for antibodies to Y. pestis Fraction 1 (World
Health Organization, 1970). Serum titers of � 1:8

were considered positive.
Three weeks postinoculation, two domestic

ferrets that had been inoculated with 1.2 x 10�

and 1.2 x 10� organisms were anesthetized, killed
by intracardiac injection (T-61 Euthanasia So-
lution, Hoechst-Roussel Agri-Vet Company,
Sommerville, New Jersey 08876, USA), and nec-
ropsied. Spleen, liver, and inguinal lymph nodes
were examined by fluorescent antibody (FA)
technique (Moody and Winter, 1959; Winter
and Moody, 1959) and cultured for Y. pestis

(Thorne et al., 1987). Sections of most organs
were fixed in 10% buffered formalin, embedded
in paraffin, sectioned at 6 j�m and stained with
hematoxylin and eosin for histopathology.

Blood from 12 free-ranging black-footed fer-
rets was collected during research trapping op-
erations at the Meeteetse site in late summer

and fall 1984 and 1985. Black-footed ferrets
were anesthetized and blood collected by jug-
ular venipuncture (Thorne et a!., 1985). Sera

Dey5 Postlioaietion

FIGURE 1. Mean (±SE) passive hemagglutination

antibody titers (log10) of domestic ferrets and Siberian

polecats to Y. pesti.s exposure. � response of ferrets

inoculated with �1.2 x 10� Y. pestis; R = response

of ferrets and Siberian polecats inoculated with ap-

proximately 12 and 120 Y. pestis.

were collected within 48 hr and held at -20 C

until tested. Blood was collected from 13 bad-
gers (Taxidea taxus), eight coyotes (Canis Ia-
trans), four raccoons (Procyon lotor), and two
skunks (Mephitis mephitis) shot or trapped in
the Meeteetse area from May to September 1986
(Williams et al., 1988). Sera were collected from
the blood within approximately 24 hr and fro-
zen at -20 C until tested. Carcasses were chilled
on ice, transported to the Wyoming State Vet-
erinary Laboratory usually within 24 hr, and
necropsies were conducted on most carcasses.
Sections of most organs were collected for his-
topathology.

RESULTS

None of the ferrets or polecats devel-

oped clinical signs of disease following in-

oculation with virulent Y. pestis. The vir-

ulence of the inoculum was confirmed by

a calculated LD� of approximately one

organism for the laboratory mice. The six

ferrets which received � 1.2 x 10� organ-

isms developed PHA serum antibodies by

day 21 (Fig. 1). No antibodies were de-

tected in two ferrets receiving approxi-

mately 12 organisms or in the polecats.

Serum antibody titers peaked at 1:1,024 in

two ferrets on days 21 and 51 and in two

other ferrets at 1:512 on day 21 postin-

oculation. Antibody titers then declined

erratically, but were maintained at � 1:32

to at least day 219 postinoculation.

Yersinia pestis was not isolated and FA

tests were negative on tissues collected from

ferrets killed 21 days postinoculation.
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Moderate lymphoid hyperplasia was pres-

ent in spleen, prefemoral and mesentenic

lymph nodes, and small aggregates of lym-

phocytes and plasma cells were found in

portal zones of livers from these animals.

Six black-footed ferret sena collected in

1984 and six sena collected in 1985 did not

contain detectable PHA antibodies to Y.

pestis. Eleven of 13 (85%) badgers, seven

of eight (88%) coyotes, one of two (50%)

skunks, and none of four raccoons were

senopositive and titers ranged from 1:8 to

1:128. Both juvenile and adult animals had

positive titers. There was no gross or mi-

croscopic evidence of plague in these an-

imals.

DISCUSSION

Absence of clinical disease in domestic

ferrets and Siberian polecats when chal-

lenged with Y. pestis strongly suggests they

are resistant to plague. In addition, in-

ability to detect Y. pestis in tissues of do-

mestic ferrets killed 21 days postinocula-

tion also indicates that these animals are

resistant. Moderate lymphoid hypenplasia

suggested active antibody production; these

animals had high serum antibody titers at

the time they were killed. The serologic

response of ferrets to Y. pestis was similar

to a small number of orally infected coy-

otes, skunks and raccoons which remained

senopositive for 6 to 8 mo (Barnes, 1982);

our ferrets maintained positive titers for at

least 7 mo.

Ferrets and polecats receiving the lower

doses of bacteria did not develop measur-

able PHA antibody titers indicating infec-

tion did not develop in these animals. Car-

nivores may be infected with Y. pestis via

consumption of rodents with plague (Po-

land and Barnes, 1979) thus receiving a

massive dose of Y. pestis on via bite of

infected fleas where exposure probably

would be considerably less (s 1 x 10� or-

ganisms) (Burroughs, 1947). Based on our

experimental data, exposure to Si x 102

organisms, which might occur via bite of

an infected flea, probably would not result

in infection of ferrets and therefore the

animals would not develop antibodies to

Y. pestis.

The response of domestic ferrets and

Siberian polecats to Y. pestis suggests black-

footed ferrets are also resistant to plague.

We believe domestic ferrets and Siberian

polecats were reasonable surrogates for

black-footed ferrets because of the very

close taxonomic relationship between these

species (Anderson, 1989; O’Brien et a!.,

1989). Also, most mustelids appear resis-

tant to plague based on field observations

and senosunveys of badgers (Hetlet, 1968;

Fitzgerald, 1970; Poland et al., 1973;

Barnes, 1982; Hopkins and Gnesbnink,

1982; Messick et al., 1983), striped and

spotted skunks (Spilogale gracilus (Wolff

and Hudson, 1974; Barnes, 1982; Hopkins

and Gresbnink, 1982), pine marten (Martes

americana (Barnes, 1982; Zielinski, 1984);

and long-tailed weasels (Mustela frenata)
(Barnes, 1982). Skunks senoconverted fol-

lowing ingestion of a Y. pestis infected

meal, but did not become ill, bactenemic

or shed Y. pestis in their feces (Poland and

Barnes, 1979; Barnes, 1982). However, a

long-tailed weasel apparently died of

plague following subcutaneous inoculation

with a large dose of 1. (Bacillus) pestis

(McCoy, 1911).

Absence of antibody titers against Y.

pestis in sera of black-footed ferrets col-

lected in 1984 and 1985 may be inter-

preted in several ways. A likely explana-

tion is that these animals were never

exposed to Y. pestis. Plague may not have

been present in the Meeteetse colonies in

1984; and in 1985, plague was patchy in

its distribution (Ubico et al., 1988). Also,

the number of black-footed ferrets sam-

pled was small and seropositive animals

could have been missed if the prevalence

was low. If black-footed ferrets had been

exposed to � 1 x 102 organisms, they might

not have become infected and developed

detectable serum antibodies to Y. pestis.

Ingestion of a prairie dog with plague

would likely expose black-footed ferrets to

enough bacteria to cause infection, but it

is possible that ferrets avoid eating sick on
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dead prairie dogs. It seems extremely un-

likely, based on the results of this study,

that lack of senopositive black-footed fer-

rets was due to death of exposed individ-

uals.

The prevalence of antibodies against 1’.

pestis in skunks, badgers, and coyotes in

1986 was high. Antibody titers in juvenile

as well as adult carnivores reflected on-

going plague in the prairie dogs during the

summer. Coyotes and badgers range more

widely than black-footed ferrets (Bekoff,

1982; Lindzey, 1982; Biggins et al., 1985)

and would be more likely to encounter and

consume prairie dogs from colonies ex-

periencing plague epizootics. It is not

known if plague was present in 1984 on if

it was more widespread in 1986 than in

1985, but this serologic information

strengthens the observations, based on cul-

ture of fleas and dead prairie dogs, that

plague was widespread across the colonies

in 1986 (Menkens and Anderson, 1987).

The challenge of domestic ferrets and

Siberian polecats reported here and the

known resistance of other mustelids to

plague suggests black-footed ferrets are re-

sistant to Y. pestis. Therefore, concern

about black-footed ferret mortality di-

rectly due to Y. pestis infection is probably

not warnented in the event of a plague

epizootic in a black-footed ferret occupied

prairie dog colony.

ACKNOWLEDGMENTS

We thank A. M. Barnes, Leon Carter, Dean

Biggins, John Rowe, Jon Hanna, Andy McKin-
ney, and Inez Johnson for assistance with this

study. This project was supported by the United
States Fish and Wildlife Service to the Wyoming
Game and Fish Department under authority of

Section VI of the Endangered Species Act of

1973; U.S. Fish and Wildlife Service, National
Ecology Center, Fort Collins, Colorado; and the
Department of Veterinary Sciences, University

of Wyoming.

LITERATURE CITED

ANDERSON, E. 1989. The phylogeny of mustelids

and the systematics of ferrets. In Conservation

biology and the black-footed ferret, U.S. Seal, E.

T. Thorne, S. H. Anderson, and M. A. Bogen

(eds.). Yale University Press, New Haven, Con-

necticut, pp. 10-20.

BARNES, A. M. 1982. Surveillance and control of

bubonic plague in the United States. Symposium

of the Zoological Society of London 50: 237-270.
BEKOFF, M. 1982. Coyote (Canis latrans). In Wild

mammals of North America, J. A. Chapman and
G. A. Feldhamer (eds.). The Johns Hopkins Press,
Baltimore, Maryland, pp. 451-452.

BIGGINS, D. E. , M. SCHROEDER, S. FORREST, AND L.
RICHARDSON. 1985. Movements and habitat re-

lationships of radio-tagged black-footed ferrets.

In Black-footed ferret workshop proceedings, S.

H. Anderson and D. B. Inkley (eds.). Wyoming

Game and Fish Department, Cheyenne, Wyo-
ming, pp. 11.1-11.17.

BURROUGHS, A. L. 1947. Sylvatic plague studies.
The vector efficiency of nine species of fleas com-

pared with Xenopsylla cheopis. Journal of Hy-
giene (Cambridge) 45: 371-396.

CAMPBELL, T. M. III, T. W. CLARK, L. RICHARDSON,

S. C. FORREST, AND B. R. HOUSTAN. 1987. Food

habits of Wyoming black-footed ferrets. Amer-

ican Midland Naturalist 117: 208-210.

CENTERS FOR DISEASE CONTROL-NATIONAL

INSTITUTES OF HEALTH, INTERAGENCY WORK-

ING GROUP. 1984. Biosafety in microbiological

and biomedical laboratories. U.S. Department of

Health and Human Services and National Insti-

tutes of Health, U.S. Government Printing Office,
Washington, D.C., 100 pp.

FITZGERALD, J. P. 1970. The ecology of plague in
prairie dogs and associated small mammals in

South Park, Colorado. Ph.D. Dissertation. Colo-

rado State University, Fort Collins, Colorado, 100

pp.

HETLET, L. A. 1968. Observations on a group of

badgers in South Park, Colorado. MS. Thesis.
Colorado State University, Fort Collins, Colora-

do, 30 pp.

HOPKINS, D. D., AND R. A. GRESBRINK. 1982. Sur-

veillance of sylvatic plague in Oregon by sero-

testing carnivores. American Journal of Public

Health 72: 1295-1297.

LINDZEY, F. G. 1982. Badger (Taxidea taxus). In

Wild mammals of North America, J. A. Chap-

man and G. A. Feldhamer (eds.). The Johns Hop-

kins Press, Baltimore, Maryland, pp. 656.

MCCOY, G. W. 1911. The susceptibility to plague

of the weasel, the chipmunk, and the pocket go-
pher. Journal of Infectious Diseases 8: 42-46.

MENKINS, G. E., AND S. H. ANDERSON. 1987. Results

of plague survey. In Endangered and nongame

bird and mammal investigations, B. Oakleaf, D.

Belitsky, and S. Ritter (eds.). Wyoming Game

and Fish Department, Cheyenne, Wyoming, pp.

69-78.
MESSICK, J. P., C. W. SMITH, AND A. M. BARNES.

1983. Serologic testing of badgers to monitor



WILLIAMS ET AL.-INFEC11ON OF FERRETS WITH YERSIMA PEST1S 445

Received for publication 7 February 1990.

plague in southwestern Idaho. Journal of Wildlife

Diseases 19: 1-6.

MooDY, M. D., AND C. C. WINTER. 1959. Rapid
identification of Pasteurella pestis with fluores-

cent antibody III. Staining Pasteurella pestis in

tissue impression smears. Journal of Infectious

Diseases 104: 288-294.

O’BRIEN, S. J., J. S. MARTENSON, M. A. EICHELBER-

GER, E. T. THORNE, AND F. WRIGHT. 1989.

Genetic variation and molecular systmatics of the

black-footed ferret. In Conservation biology and

the black-footed ferret, U.S. Seal, E. T. Thorne,

M. A. Bogan, and S. H. Anderson (eds.). Yale

University Press, New Haven, Connecticut, pp.
21-33.

POLAND, J. D., AND A. M. BARNES. 1979. Plague.

In CRC Handbook series in zoonoses. Section A.

Bacterial, rickettsial, and mycotic diseases, Vol.

1, J. H. Steele (ed). CRC Press, Inc., Boca Raton,

Florida, pp. 515-558.

AND J. J. HERMAN. 1973. Human

bubonic plague from exposure to a naturally in-
fected wild carnivore. American Journal of Ep-

idemiology 97: 332-337.

QUAN, T. J. 1982. Plague. In Diseases of wildlife

in Wyoming, 2nd ed. E. T. Thorne, N. Kingston,

W. R. Jolley, and R. C. Bergstrom (eds.). Wyo-

ming Came and Fish Department, Cheyenne,

Wyoming, pp. 67-72.

A. M. BARNES, L. C. CARTER, AND K. R.
TSUCHIYA. 1985. Experimental plague in rock

squirrels, Spernzophllus variegatus (Erxleben).

Journal of Wildlife Diseases 21: 205-210.

REED, L. J., AND H. MUENCH. 1938. A simple meth-

od of estimating fifty per cent endpoints. Amer-

ican Journal of Hygiene 27: 493-497.

SHEETS, R. C., R. L. LINDER, AND R. B. DAHLGREN.

1972. Food habits of two litters of black-footed

ferrets in South Dakota. American Midland Nat-

uralist 87: 249-251.

THORNE, E. T., T. J. QUAN, E. S. WILLIAMS, T. J.

WALTHALL, AND D. DANIELS. 1987. Plague in

a free-ranging mule deer from Wyoming. Jour-

nal of Wildlife Diseases 23: 155-159.

M. H. SCHROEDER, S. C. FORREST, T. M.

CAMPBELL III, L. RICHARDSON, D. BIGGINS, L.
R. HANEBURY, D. BELITSKY, AND E. S. WIL-

LIAMS. 1985. Capture, immobilization, and care

of black-footed ferrets for research. In Black-

footed ferret workshop proceedings, S. Anderson
and D. Inkley (eds.). Wyoming Came and Fish

Department, Cheyenne, Wyoming, pp. 9.1-9.8.

AND E. S. WILLIAMS. 1988. Disease and

endangered species: The black-footed ferret as a

recent example. Conservation Biology 2: 66-74.

UBICO, S. R., C. 0. MAUPIN, K. A. FAGERSTONE, AND

R. C. MCLEAN. 1988. A plague epizootic in the
white-tailed prairie dogs (Cynomys leucurus) of

Meeteetse, Wyoming. Journal of Wildlife Dis-

eases 24: 399-406.

WORLD HEALTH ORGANIZATION. 1970. Passive

hemagglutination test. World Health Organiza-

tion Committee on Plague. WHO. Technical

Report Series 447: 23-25.

WILLIAMS, E. S., E. T. THORNE, M. J. C. APPEL, AND

D. W. BELITSKY. 1988. Canine distemper in
black-footed ferrets (Mustela nigripes) from

Wyoming. Journal of Wildlife Diseases 24: 385-

398.
WINTER, C. C. AND M. D. MOODY. 1959. Rapid

identification of Pasteurella pestis with fluores-

cent antibody II. Specific identification of Pas-
teurella pestis in dried smears. Journal of Infec-

tious Diseases 104: 281-287.

WOLFF, K. L., AND B. W. HUDSON. 1974. Paper-

strip blood sampling technique for the detection

of antibody to the plague organism Yerslnia pes-

tis. Applied Microbiology 28: 323-325.

ZIELINSKI, W. J. 1984. Plague in pine martens and

the fleas associated with its occurrence. Creat

Basin Naturalist 44: 170-175.




