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ABSTRACT: Sixty-seven muskox (Ovibos moschatus) carcasses, 53 skeletal remains and two sick
muskoxen were seen during an aerial survey of the Thomsen River region, northern Banks Island,
Northwest Territories, Canada in late July 1986. Complete necropsies were performed on 29
muskoxen estimated to have died within the previous 3 to 5 days. Twenty were diagnosed with
acute yersiniosis due to Yersinia pseudotuberculosis serotype lB and were in excellent body
condition. A diagnosis could not be made on seven animals due to marked autolysis; however,
these muskoxen also were in excellent body condition. The remaining two were aged, emaciated
muskoxen. This report describes the first occurrence of yersiniosis in free-ranging muskoxen and
the first documentation of large scale mortality due to this disease in a free-ranging population
of wild ungulates.

Key words: Yersinia pseudotuberculosis, yersiniosis, muskox, Ovibos moschatus, pathology,
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INTRODUCTION

Although previously unreported in

muskoxen (Ovibos moschatus), Yersinia

pseudotuberculosis is known to cause a va-

riety of diseases in many species and is a

major cause of mortality in domestic and

captive wild ungulates (Hubbert, 1972;

Hacking and Sileo, 1974; Obwolo, 1976;

Baskin et al., 1977; Stovell, 1980; Karbe

and Erickson, 1984; Mackintosh and Hen-

derson, 1984a). It is a zoonosis and its oc-

currence as a human pathogen is well de-

scribed (Stovell, 1980; Toma, 1987). The

bacterium is transmitted by the fecal-oral

route but the organism is ubiquitous and

exposure alone, unless to a particularly vir-

ulent strain or in high numbers, does not

cause disease (Obwolo, 1976; Stove!!, 1980).

Sudden climatic changes, poor nutrition,

and overcrowding are stressors frequently

implicated as precipitating factors in the

pathogenesis of this disease (Obwolo, 1976;

Stovell, 1980; Mackintosh and Henderson,

1984a).

The muskox is a member of the family

Bovidae and subfamily Caprinae. It is a
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circumpolar ungulate well adapted to life

in the high arctic. Archeological and his-

torical reports indicate that a substantial

muskox population of undetermined size

existed in the Thomsen River region of

northern Banks Island, Northwest Terri-

tories, Canada in the latter half of the nine-

teenth century (Hone, 1934; Manning and

Macpherson, 1958; Zoltai et a!., 1980; Will,

1984). Muskoxen were considered extinct

on this island by the turn of the century

(Stefansson, 1921; Manning and Macpher-

son, 1958) but the population has gradu-

ally recovered with most of the increase

occurring in the last 20 yr (Urquhart, 1973;

Zoltai et a!., 1980; Vincent and Gunn, 1981;

McLean et a!., 1986). Recolonization of

Banks Island may have occurred by ex-

pansion of a small unrecognized remnant

population, by immigration from neigh-

boring Victoria or Melville Island, or a

combination of both. A whole island aerial

survey in 1985 estimated the Banks Island

population to be 25,000 ± 2070 (SE) an-

imals with the highest density in the

Thomsen River region (McLean et a!.,

1986).

This On�
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FIGURE 1, The study area on Banks Island, North-
west Territories, Canada is outlined around the

Thomsen River drainage. Scale is in km.

During whole island aerial surveys on

Banks Island in 1982 and 1985 over 30

skeletal remains and carcasses were ob-

served each time while flying transect lines

in the region of the Thomsen River drain-

age (Latour, 1985; McLean et al., 1986).

In July and August of 1986, this study was

initiated to investigate the cause of mor-

tality.

Study area

MATERIALS AND METHODS

The study area was a 6,400 km2 section (from
73#{176}00’to 74#{176}20’Nand 1 18#{176}00’to 121#{176}00’W) of

the Thomsen River region on northern Banks
Island, Northwest Territories, Canada (Fig. 1).
Unlike most of Banks Island which is dominated
by polar semi-desert and desert communities,

the study area has an abundance of well devel-
oped sedge meadows (Zoltai et al., 1980) and
supports a large proportion of the Banks Island
muskox population (Latour, 1985; McLean et

al., 1986). This local population is not hunted.
Sachs Harbour (population 165), the only com-
munity on Banks Island, is 250 km southwest of

the study area and Inuvialuit rarely visit the
north end of the island. The climate of the area

is arctic maritime with long cold winters, short
cool summers, and low precipitation (Maxwell,
1981).

From 25 July through 1 August 1986, we used

a Bell Jet Ranger 206B helicopter to survey the

Thomsen River drainage and adjacent valleys.
Single survey flights were also flown in two areas
outside the study area: (1) the Parker River re-
gion and (2) between the Thomsen River base
camp and Sachs Harbour (Fig. 1).

The age, sex, and location of sick muskoxen,
carcasses, and skeletal remains observed from
the helicopter were recorded on topographical
maps (1:250,000). Muskoxen were aged by horn
size and shape and by tooth eruption pattern
(Henrichsen and Grue, 1980). Animals �4-yr-
old were classified as adults. Moribund muskox-
en that were unable to stand when approached
were shot at the base of the skull with a 12 ga

shotgun slug. Complete necropsies were done
on muskoxen that were shot or were estimated
to have died within the previous 5 days. Badly
decomposed carcasses and skeletal remains were
examined for the presence or absence of femur
or humerus marrow fat, however, as increasing
numbers of recently dead muskoxen were found,
time did not allow landing the helicopter to
examine all of them. Their locations continued
to be recorded on topographic maps.

Standard necropsy protocol was followed and
tissues collected for histopathology were placed
in 10% neutral buffered formalin. Tissues col-
lected for bacteriologic, virologic, and parasi-
tologic examination were chilled at the field
camp using snow and ice for a maximum of 3
days prior to being frozen in Inuvik, Northwest
Territories. All formalin fixed and frozen sam-
ples were subsequently examined at the West-
ern College of Veterinary Medicine (Saskatoon,
Saskatchewan S7N OWO, Canada).

Formalin fixed tissue were trimmed and pro-
cessed by routine paraffin technique and sec-
tioned at 6 tim. Sections were stained with he-
matoxylin and eosin for light microscopic
examination. If bacterial colonies were present
sections were stained using the Brown and Brenn
method (Luna, 1968).

Intestinal contents, mesenteric lymph nodes,
and liver were cultivated under aerobic and
anaerobic conditions on blood agar plates (con-
taining 5% sheep blood) and MacConkey’s agar
plates (Difco Laboratories, Detroit, Michigan
48232, USA). To detect Salmonella spp., intes-
tinal contents were incubated for 24 hr in Sel-
enite-F broth (BBL, Division of Becton Dick-
inson and Co., Cockeysville, Maryland 21030,

USA) prior to cultivation on Hektoen (Difco)
and Brilliant Green agar plates (Difco). Isolates

were identified to genus and species according
to established criteria (Carter, 1984). Identifi-
cation of urease positive Enterobacteriaceae was
checked using API#{174}strips (Analytab Products,
Division of Sherwood Medical, Plainview, New
York 11803, USA). Cultures identified as Y.
pseudotuberculosis were sent to the Yersinia
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FIGURE 2. Mucosal surface of the jejunum from

a muskoxen with multifocal 1 mm to 3 mm ulcers,
Bar = 1 cm.
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Reference Laboratory in Rexdale, Ontario for
additional confirmation and serotyping.

Intestinal contents were examined for virus
particles using negative staining electron mi-
croscopy (England and Reed, 1980). Frozen sec-
tions of intestine were examined for bovine virus
diarrhea (BVD) virus, rotavirus and coronavirus
using an indirect immunofluorescence test (Clark
et al., 1985). Attempts were made to cultivate
BVD virus from ileum and mesenteric lymph
node (Clark et al., 1985).

Smears of intestinal mucosal scrapings were

examined microscopically for internal parasites
and tissue sections were examined closely for
parasites by light microscopy.

RESULTS

Sixty-seven muskox carcasses, 53 skele-

tal remains, and two sick muskoxen were

counted in the Thomsen River study area.

The dead and sick animals were found

primarily in drainages supporting the most

concentrated groups of muskoxen. Most,

109 of 122 (90%), were found within 1,000

km2 inside the study area. Twelve carcasses

and skeletal remains were counted but not

examined in the Parker River drainage 50

km west of the Thomsen River and two

skeletal remains were seen on a supply

flight between the Thomsen River base

camp and Sachs Harbour on the south-east

corner of Banks Island. Twenty of 29(69%)

muskoxen necropsied died from acute yer-

siniosis. Of these, 12 were adult males, three

were adult females, three were 3-yr-old

males, one was a 3-yr-old female and one

was a 2-yr-old female.

All 20 animals found dead with yersinio-

sis were in excellent body condition with

ample subcutaneous and internal fat stores.

The animals showed marked subcutaneous

bruising and hemorrhage usually along the

back, brisket and over the thorax on the

dependent side. Blood tinged fluid or froth

was frequently seen in the nares. The cause

of death in each animal was attributed to

an acute, severe, hemorrhagic, necrotiz-

ing, ulcerative enteritis. Ten of the 20

muskoxen had an associated typhloco!itis.

Excessive blood tinged or straw colored

fluid was always present in the abdominal

cavity. Affected intestines had a diffusely

red serosal surface with a few fibrin strands

and dilated lymphatics. The intestinal wall

was thickened and the mucosal surface had

multifocal to coalescing 1 mm to 3 mm

ulcers (Fig. 2) or was diffusely red and

rough so discrete ulcers could not be iden-

tified. Intestinal contents varied from thin,

blood tinged fluid (Fig. 3) to frank blood

mixed with necrotic debris, mucous, and

fibrin. In four animals large areas of jejunal

mucosa had s!oughed producing long tu-

bular casts. The most extensive intestinal

lesion seen in one muskox involved most

of the small intestine (excluding the first

50 cm), the cecum, and the entire proximal

loop of the ascending colon. Gross lesions

were not always present in the cecum or

colon. The minimal intestinal lesion ob-

served in any one animal involved the last

100 cm of small intestine. Regardless of

the extent of the intestinal lesion, the ter-

minal small intestine was always the most

severely affected. Mesenteric lymph nodes

in all animals were enlarged three to seven

times normal size, some measuring up to

7 cm in length. On cut surface, focal areas

of necrosis and hemorrhage were often

present (Fig. 4). A sick, 3-yr-old bull nec-

ropsied immediately after being shot had

a moderately enlarged spleen and a swol-

len liver with pinpoint areas of pallor scat-

tered throughout the parenchyma. In all

other animals the liver and spleen were

too autolyzed for adequate examination.

Tissues collected from the 3-yr-old, sick
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FIGURE 4. The cut surface of an enlarged mes-

enteric lymph node from a muskoxen permits visu-

alization of multifocal to coalescing areas of necrosis

(arrow).
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FIGURE 3. Opened cecum from a muskoxen filled

with watery, blood tinged fluid. The ileum (arrow)

has a rough, thickened mucosal surface. Bar = 12.5

cm.

bull were the best suited for histopatho-

logic examination. Intestinal sections had

multifocal to coalescing areas of mucosal

ulceration and necrosis with large numbers

of neutrophils. This was often seen over-

laying areas of gut-associated-lymphoid

tissue (Fig. 5). Multifocal areas of necrosis

and inflammation with central colonies of

Gram-negative bacteria were also seen in

sections of lung and liver (Fig. 6). Mes-

enteric lymph nodes were extremely re-

active and sinusoids were filled with neu-

trophils. Most mesenteric lymph nodes had

microscopic foci of necrosis containing

FIGURE 5. Histological section of cecum from a

muskoxen with a focal, discrete ulcer over gut-asso-

ciated lymphoid tissue (large arrow). There is prom-

inent necrosis with a marked inflammatory response

consisting primarily of neutrophils. Numerous bac-

terial colonies can be seen in the lesion (small arrows).

H&E. Bar = 700 tern.

central bacterial colonies but some had lo-

cally extensive areas of necrosis with a

marked pyogenic inflammatory response.

Bacteria identified as Y. pseudotuber-

culosis serogroup 1 B were isolated in large

numbers from the intestines, and in pure

culture from the mesenteric lymph nodes

and from one liver. No other pathogens

were identified despite extensive bacteri-

ologic, virologic, and parasitologic exam-

ination. Other bacteria isolated in variable

quantity from the intestines but consid-

ered relatively insignificant included Cbs-

tridium perfringens, Escherichia coli, and

a variety of Streptococcus spp.

Of the remaining nine muskoxen nec-

ropsied, seven were too autolyzed to make

a definitive diagnosis but they had abun-

dant fat stores. These seven animals con-
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FIGURE 6. Histological section of liver from a

muskoxen with a focal area of hepatic necrosis. Note

the large bacterial colony (arrow) within the lesion.

H&E. Bar = 106 sam.

sisted of six adult males and one adult fe-

male. The remaining two cases included

an emaciated, heavily parasitized adult fe-

male found alive and an adult bull which

had serous atrophy of all fat stores. Twen-

ty-one skeletal remains were examined of

which 14 had solid, fat femur or humerus

marrow cores indicating that these animals

died in good body condition.

DISCUSSION

During the summer of 1986, infection

with Y. pseudotubercubosis caused an

acute, fatal, enterocolitis in muskoxen on

northern Banks Island. All animals with

yersiniosis were in excellent body condi-

tion with ample fat stores. A stressor is

often implicated in the pathogenesis of

yersiniosis (Obwolo, 1976; Stove!!, 1980;

Mackintosh and Henderson, 1984a); how-

ever, we propose that nutritional stress is

not important in these muskoxen but other

as yet unidentified factors are involved.

Population density must be considered

since the Thomsen River region has the

highest density of muskoxen on Banks Is-

land. The entire area has an average of 1.5

muskoxen/km2 with localized densities as

high as 4.0 per km2 (McLean et a!., 1986).

This is generally much higher than the 0.6

to 1.5 muskoxen/km2 reported from other

prime muskox habitats (Thomas et a!.,

1981; Smith, 1984; Pattie, 1986; Thing et

a!., 1987). Other possible factors that should

be considered include the behavioral stress

involved with the onset of rut or adverse

climatic conditions, particularly unusually

hot weather during an arctic summer. Cli-

matic conditions and possible reservoir-

carrier hosts may also be important in the

maintenance of Yersinia spp. in the en-

vironment. Many reports of yersiniosis have

suggested that wild rodents and birds can

act as carriers of Y. pseudotubercubosis

(Hubbert, 1972; Hacking and Sileo, 1974;

Baskin et al., 1977; Stovell, 1980; Mack-

intosh and Henderson, 1984b). Muskox

feeding behavior and habitat selection

could be important with respect to expo-

sure to the infectious agent. Muskox on

Banks Island, especially the bulls, have been

observed to feed predominantly in wet

sedge meadows and in drainages. If the

infection is water borne such animals are

more likely to be exposed. The Banks Is-

land muskox population may have origi-

nated from a relatively small number of

animals, therefore, it is conceivable that

low genetic variability may be related to

their susceptibility to infection with Y.

pseudotubercubosis. The limited data

available suggest that muskoxen have less

genetic variability than many other un-

gulates that have been studied (Rowell,

1990).

Muskoxen inhabit a harsh environment

of seasonal temperature extremes. Popu-

lation growth is believed to be limited by

density-independent factors, primarily cli-

mate. Icing and snow conditions reducing
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access to forage have caused large winter

die-offs in Greenland and the Canadian
arctic (Tener, 1965; Vibe, 1967; Parker et

a!., 1975; Gray, 1987). Because of Banks

Island’s remote location and large size, ae-

rial surveys only became possible in the

1970’s and 1980’s. Most of these were done

by fixed wing aircraft which precluded

any opportunity to examine dead animals.

Therefore, any previously observed mor-

tality was usually assumed to be caused by

winter starvation. Wilkinson and Shank

(1976) related muskox mortality, seen in

the same study area in 1973, to rutting

fight injuries. In our opinion, this was not

properly documented with detailed nec-

ropsies and the authors may have mistaken

the bleeding from the nose, excessive blood

tinged abdominal fluid and the subcuta-

neous bruising and hemorrhages seen in

cases of yersiniosis for fighting injuries.

The 1973 deaths reported by Wilkinson

and Shank (1976), the previous aerial

sightings of carcasses and skeletal remains,

and the autolyzed carcasses and skeletal

remains with fat marrow cores seen in this

study suggest that yersiniosis has been oc-

curring for at least 13 yr and may be en-

demic in the Thomsen River region. The

paucity of carcasses and skeletal remains

in other areas of Banks Island suggest that

this may be a problem that is unique to

the Thomsen River drainage. However,

since Y. pseudotuberculosis is considered

ubiquitous, there is potential for this dis-

ease to occur in similar muskox habitat in

other regions.

Factors such as range conditions, cli-

mate, particularly snow and ice conditions,

and predation are obviously important

population regulators but the influence of

disease on the population dynamics of free-

ranging muskoxen has not been previously

considered. Further investigations are nec-

essary to define the epidemiology and to

assess the impact that yersiniosis has on

muskoxen population dynamics and what

potential role this disease may have on oth-

er rapidly expanding muskox populations.
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