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ABSTRACT: In order to determine whether elk (Cervus elaphus) could be infected with and shed
bovine viral diarrhea virus (BVDV) and to determine whether BVDV could cause disease in elk,
two groups of five yearling elk each and two control cattle were experimentally inoculated intra-
nasally with type 1 Singer strain or a virulent type 2 isolate of BVDV, strain 24515. Virulence of
the type 2 isolate was confirmed by inoculation of a control bovine cow which developed diarrhea,
dehydration, severe thrombocytopenia, hemorrhages, and enteritis with intestinal necrosis. None
of the elk inoculated with type 1 or type 2 BVDV developed clinical signs of illness. However,
all elk became infected as demonstrated by viremia, nasal shedding, and/or seroconversion. One
uninoculated, in-contact elk contracted type 1 BVDV and seroconverted. Thus, although BVDV
does not appear capable of producing disease in nonpregnant elk, the species is susceptible to
infection and can shed and transmit BVDV.
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INTRODUCTION

Bovine viral diarrhea virus (BVDV) is a
member of the Pestivirus genus (family
Flaviviridae), a group of closely related,
small RNA viruses that includes border
disease virus of sheep and hog cholera
(classical swine fever) virus (Wengler,
1991). Bovine viral diarrhea virus com-
monly infects cattle, although sheep and
swine are also susceptible to BVDV infec-
tion (Carbrey et al., 1976). In cattle,
BVDV causes enteritis, reproductive and
respiratory disorders, congenital malfor-
mations, persistent infections, and a fatal
condition known as mucosal disease (Bak-
er, 1995). Many infections, however, are
subclinical in nature.

Recently, BVDV has been segregated
into two genotypes, type 1 (BVDV 1) and
type 2 (BVDV 2) (Pellerin et al., 1994). Vi-
ruses of either genotype may exist as one
of two biotypes, cytopathic and noncyto-
pathic, as defined by the presence or ab-
sence of cytopathic effects in cell culture,
respectively (Lee and Gillespie, 1957; Gil-
lespie et al., 1960). Some viruses of the
BVDV 2 genotype are particularly virulent
in cattle (Pellerin et al., 1994). These vi-
ruses have been responsible for recent out-

breaks of severe disease in cattle in both
Canada (Carman et al., 1998) and the Unit-
ed States (Ridpath et al., 1994). Acute dis-
ease caused by virulent BVDV 2 is char-
acterized by fever, thrombocytopenia, hem-
orrhages (Corapi et al., 1989), oral lesions,
pneumonia, diarrhea, and high abortion
and mortality rates (Carman et al., 1998).

Although pestiviruses have long been
known to cause economically important
disease in domestic animals, the situation
in populations of game-farmed and free-
ranging wildlife is less clear (reviewed in
Nettleton, 1990 and Løken, 1995). The ma-
jority of evidence for pestivirus infection in
wildlife is derived from serological surveys
and suggests that most ruminants can be
infected. For instance, antibodies reactive
to BVDV have been observed in 17 of 29
species of ruminants in one large scale
study of African wildlife (Hamblin and
Hedger, 1979). From Europe and North
America antibodies reactive to BVDV have
been found in red deer (Cervus elaphus),
fallow deer (Dama dama), and roe deer
(Capreolus capreolus) in Great Britain
(Lawman et al., 1978) and Germany (Fröl-
ich, 1995); reindeer (Rangifer tarandus) in
Norway (Stuen et al., 1993); white-tailed
deer (Odocoileus virginianus) (Khars et al.,
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1964) and mule deer (Odocoileus hemion-
us) (Couvillion et al., 1980) in the United
States; and in elk (Cervus elaphus) (Kings-
cote et al., 1987), caribou (Rangifer taran-
dus) (Elazhary et al., 1979), and moose (Al-
ces alces) (Thorsen and Henderson, 1971)
in Canada. In addition, antibodies reactive
to border disease virus have been observed
in roe deer in Germany (Frölich, 1995) and
elk in the United Status (Van Campen and
Williams, 1996).

Pestiviruses have only occasionally been
isolated from cervids. Isolations that have
been reported include those from a red
deer (Nettleton et al., 1980), roe deer
(Frölich and Hoffman, 1995), and a cap-
tive fallow deer (Edwards et al., 1988).
The latter two viruses have been partially
characterized. Sequence analysis places
the roe deer isolate in the BVDV 1 geno-
type (Fischer et al., 1998), whereas there
is some controversy over whether the fal-
low deer isolate belongs in the BVDV 1
genotype or whether it constitutes a
unique genotype (Dekker et al., 1995;
Becher et al., 1997; van Rijn et al., 1997).

There have only been a few reports of
experimental infections of cervids with
BVDV. McMartin et al. (1977) reported a
lack of clinical signs in a red deer after oral
and intranasal exposure to BVDV, whereas
Morton et al. (1990) observed mild disease
in two experimentally infected reindeer.
Recently, Van Campen et al. (1997) showed
that mule deer and white-tailed deer were
susceptible to infection with BVDV 1 and
could shed the virus, but none of the ani-
mals developed clinical disease.

The objectives of the study described
herein were to determine whether elk were
susceptible to infection with BVDV 1 or vir-
ulent BVDV 2 and to determine the course
of infection. A report of clinical BVD in bi-
son in Elk Island National Park, Alberta,
Canada in 1997 (N. Cool, pers. comm.) pre-
cipitated this study. Although elk in the Park
did not appear to be clinically affected by
the BVDV outbreak, some elk were sero-
positive to the virus and it was considered
important to determine the course of infec-

tion in elk and whether or not they could
serve as a reservoir for BVDV.

MATERIALS AND METHODS

Fourteen yearling elk were obtained from
Elk Island National Park, Alberta, Canada.
Three groups of elk were housed separately in
three isolation units. Two groups of five elk (3
males, 2 females) each were inoculated on day
0 either with the cytopathic, type 1 Singer
strain of BVDV (BVDV 1-Singer) or the viru-
lent, noncytopathic, type 2 strain 24515 (BVDV
2-24515). Four other elk were not inoculated:
two (one male, one female) were isolated as
negative controls, and the other two (females)
were introduced on the second day post inoc-
ulation (dpi) to either group of inoculated elk.
Two 2-yr-old bovine cows (Angus 3 Hereford)
served as positive controls and were housed in
the remaining available isolation unit and in-
oculated with BVDV 1-Singer or BVDV 2-
24515. All inoculated animals were given a total
of 2 3 107 50% tissue culture infectious doses
(TCID50) of BVDV 1-Singer or BVDV 2-
24515. One ml of virus inoculum was given in
each nostril. All procedures complied with the
guidelines of the Canadian Council on Animal
Care (Ottawa, Ontario, Canada).

The BVDV 1-Singer strain, obtained from
Animal Diseases Research Institute (Nepean,
Ontario, Canada) (Deregt et al., 1998), and
BVDV 2-24515, isolated in 1993 during an epi-
zootic of acute severe disease in cattle in On-
tario, Canada (Carman et al., 1998), were prop-
agated in BVDV-free Madin-Darby bovine kid-
ney (MDBK) cells as previously described
(Deregt et al., 1992). The titer of virus in the
inoculum was determined by end-point titra-
tion and staining of infected foci using an im-
munoperoxidase test as described previously
(Deregt and Prins, 1998).

Elk and cattle were monitored twice daily for
signs of clinical disease. Blood samples, nasal
swabs, and rectal swabs were collected twice
weekly for the first 2 wk of the experiment and
once weekly thereafter. Blood analyses (routine
hematology and clinical chemistry panels) were
performed at the Western College of Veteri-
nary Medicine (Saskatoon, Saskatchewan, Can-
ada). Elk and cattle were euthanized with an
intravenous overdose of pentobarbital on dpi
57–78, except for the BVDV 2-inoculated cow
which was euthanized on dpi 16.

Virus isolation was attempted from serum,
leukocytes, nasal and rectal swabs, and from tis-
sues obtained at necropsy. To prepare leuko-
cytes, 2 ml of Red Cell Lysing Buffer (Sigma-
Aldrich Canada Ltd., Oakville, Ontario, Cana-
da) was added to 1 ml of whole blood. Leu-
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kocytes were then pelleted by centrifugation,
washed once in minimal essential medium
(MEM) (Canadian Life Technologies, Burling-
ton, Ontario, Canada) containing penicillin
(200 mg/ml) and streptomycin (200 I.U./ml),
and finally resuspended in 2 ml of medium be-
fore storage at 280 C. Nasal and rectal swabs
were placed into tubes containing 2 ml of
MEM containing 5% horse serum (Canadian
Life Technologies) and antibiotics, vortexed,
and also stored at 280 C. Tubes containing rec-
tal swab material were centrifuged to clarify the
sample before virus isolation. The following tis-
sues were collected from all animals at necrop-
sy for virus isolation: tonsil, mediastinal and ret-
ropharyngeal lymph nodes, and ileum. Approx-
imately 1 g of tissue was minced in 5 ml of
MEM containing antibiotics. The resulting ho-
mogenate was allowed to settle for 3 hr at 4 C
before using the supernatant for virus isolation.

Virus isolation was performed in the same
manner for all samples. Two hundred ml of se-
rum, leukocyte preparation, and supernatants
from nasal and rectal swabs and tissue homog-
enates were inoculated onto confluent MDBK
cells in 24-well plates for 1 hr. The inoculum
was removed and cells were incubated in 1 ml
of MEM containing 2% horse serum and an-
tibiotics for 4 days at 37 C. After examination
for cytopathic effect, cultures were frozen and
thawed. For a second passage of virus, 25 ml of
the supernatant from frozen and thawed cul-
tures and 100 ml of freshly trypsinized MDBK
cells were added to wells of a 96-well microtiter
plate. After further incubation at 37 C for 4
days, cells were observed for cytopathic effect
and fixed and stained for BVDV infection using
an immunoperoxidase test as described previ-
ously (Deregt and Prins, 1998).

To determine the virus neutralizing antibody
titers in elk and bovine sera, a serum neutrali-
zation test was performed essentially as de-
scribed with modifications for determination of
antibodies against noncytopathic BVDV (Der-
egt et al., 1992). For titers against BVDV 1 and
BVDV 2, the Singer strain and 24515 were
used as the challenge virus, respectively. Sera
from elk and bovine cows collected before in-
oculation on dpi 0 were also tested for antibod-
ies against the border disease virus isolate
BD31 (Ridpath and Bolin, 1997). The titer re-
corded was the reciprocal of the highest dilu-
tion of serum which completely neutralized in-
fection as determined by the absence of cyto-
pathic effect (Singer) or immunoperoxidase
staining (24515, BD31).

Representative samples of major organs and
lymph nodes were collected at necropsy for his-
tological evaluation. Tissues were fixed in 10%
neutral buffered formalin, processed to paraf-

fin, sectioned at 5 mm, and stained with he-
matoxylin and eosin for light microscopy.

RESULTS

With one exception, all elk remained
healthy during the course of the study. The
exception was the in-contact female elk of
the BVDV 2-inoculated group which was
found dead on dpi 12 without having
shown any clinical signs of disease in the
days prior to death. Bacteriology was not
done, but pathologic findings in this elk
included splenomegaly and generalized
lymph node hyperplasia suggesting that it
died from an acute septicemia.

Although clinical signs of disease were
not observed, virus was isolated from in-
oculated elk. Cytopathic BVDV was isolat-
ed from serum and/or nasal swabs from all
five of the BVDV 1-inoculated elk and
noncytopathic BVDV was isolated from
the same samples from three of the BVDV
2-inoculated elk, on dpi 3 and/or dpi 7 (Ta-
ble 1). Cytopathic BVDV was also isolated
from the serum of the in-contact elk in the
BVDV 1-inoculated group on dpi 23.

Noncytopathic BVDV was isolated from
serum, nasal swabs, and leukocytes from
the bovine cow inoculated with virulent
BVDV 2-24515 (Table 1). However, virus
was not isolated from leukocytes of any of
the inoculated or in-contact elk. Virus iso-
lation was negative for all samples of the
in-contact elk in the BVDV 2-inoculated
group, for the BVDV 1-inoculated bovine
cow, and the two negative control elk. At-
tempted virus isolation from rectal swabs,
and from tissues collected at necropsy,
gave negative results for all animals.

Blood parameters remained in the nor-
mal range for all elk and the BVDV 1-in-
oculated bovine cow during the course of
the study (data not shown). In particular,
they showed neither a leukocytopenia nor
a thrombocytopenia. However, virulence
of the BVDV 2 isolate was confirmed in
the inoculated bovine cow which showed
a continuous leukocytopenia from dpi 3.
The total leukocyte count dropped from
10.9 3 109/L (day 0) to a low of 1.9 3 109/
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TABLE 1. Isolation of bovine viral diarrhea virus from serum and nasal swabs collected from experimentally
infected elk.

Group and animalb

Day post-inoculationa

0 3 7 10 14 16 23 28 $35c

BVDV 1 (Singer)
elk #33M
elk #42F
elk #46F
elk #47M
elk #52M
in-contact elk #37Fd

bovine #16F

2/2
2/2
2/2
2/2
2/2
2/2
2/2

2/1
2/1
2/2
1/2
2/1
2/2
2/2

1/2
1/1
2/1
2/2
2/2
2/2
2/2

2/2
2/2
2/2
2/2
2/2
2/2
2/2

2/2
2/2
2/2
2/2
2/2
2/2
2/2

2/2
2/2
2/2
2/2
2/2
2/2
2/2

2/2
2/2
2/2
2/2
2/2
1/2
2/2

2/2
2/2
2/2
2/2
2/2
2/2
2/2

2/2
2/2
2/2
2/2
2/2
2/2
2/2

BVDV 2 (24515)
elk #32M
elk #38F
elk #39F
elk #48M
elk #49M
in-contact elk #43Fd,e

bovine #13Ff

2/2
2/2
2/2
2/2
2/2
2/2
2/2

2/2
2/2
2/1
1/2
2/2
2/2
2/1

1/2
2/2
2/1
1/1
2/2
2/2
1/1g

2/2
2/2
2/2
2/2
2/2
2/2
2/1g

2/2
2/2
2/2
2/2
2/2

2/1

2/2
2/2
2/2
2/2
2/2

2/2

2/2
2/2
2/2
2/2
2/2

2/2
2/2
2/2
2/2
2/2

2/2
2/2
2/2
2/2
2/2

No virus
control elk #35M
control elk #40F

2/2
2/2

2/2
2/2

2/2
2/2

2/2
2/2

2/2
2/2

2/2
2/2

2/2
2/2

2/2
2/2

2/2
2/2

a For each day results are given for serum followed by those for nasal swabs; 2, negative; 1, positive.
b Sex is indicated by M 5 male, F 5 female.
c Virus isolation was negative on dpi 35, 42, 49, and 56 for all animals which remained to the end of the experiment.
d In-contact elk were introduced to inoculated group on dpi 2.
e This animal died on dpi 12.
f The cow was euthanized on dpi 16.
g Virus was also isolated on these days from blood leucocytes.

L on dpi 14. The leukocytopenia repre-
sented a decline in the number of lym-
phocytes (to 1.5 3 109/L) starting at dpi 3
and a profound decline in the number of
neutrophils (to 0 3 109/L) on dpi 10 and
dpi 14. The cow developed diarrhea on dpi
11 and was depressed, anorexic, and mark-
edly dehydrated on dpi 14. Severe throm-
bocytopenia (10 3 109/L) was observed on
dpi 14. This was a ;40-fold decrease in
platelet number in this animal from a
week earlier. Platelets and lymphocytes
then rebounded to normal numbers, and
the number of neutrophils began to in-
crease, by dpi 16. Fibrinogen levels were
very highly elevated in the cow on dpi 14
and dpi 16 (13 and 14 g/L, respectively).
The cow was euthanized on dpi 16.

At necropsy, the BVDV 2-inoculated bo-
vine cow had subcutaneous hemorrhages,

and petechial and ecchymotic hemorrhag-
es on the pleural surface of the lungs, epi-
cardium, serosa of the rumen and intes-
tines, and in the mesentery and omentum.
Ulcerative enteritis was prominent, espe-
cially in association with Peyer’s patches
which often were necrotic. Foci of ulcer-
ative colitis were seen histologically. Also
present were areas of transmural intestinal
necrosis with associated focal fibrinous
peritonitis and distension of the mesentery
with fibrin. In contrast, at necropsy none
of the elk nor the BVDV 1-inoculated bo-
vine cow showed any gross or microscopic
lesions at necropsy which could be attri-
buted to BVDV infection.

All elk and cattle were seronegative to
BVDV and border disease virus on day 0.
By dpi 14, all inoculated elk and cattle
showed seroconversion and subsequent
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FIGURE 1. Virus neutralizing antibody titers
against bovine viral diarrhea virus (BVDV) in elk (and
cattle) experimentally infected with BVDV 1-Singer
or BVDV 2-24515 and non-inoculated, in-contact and
negative control elk. Neutralizing antibody against
BVDV 1-Singer (A) or BVDV 2-24515 (B). Both A
and B, mean (1SE) antibody titer of five elk (#33,
42, 46, 47, 52) inoculated with BVDV 1-Singer (v);
mean (1SE) antibody titer of five elk (#32, 38, 39,
48, 49) inoculated with BVDV 2-24515 (,); mean
antibody titer of negative control elk (#35, 40) (m).
A only, antibody titer of in-contact elk (#37) in BVDV
1-inoculated group (V); antibody titer of bovine cow
(#16) inoculated with BVDV 1-Singer (.). B only,
antibody titer of in-contact elk (#43) in BVDV 2-in-
oculated group (V); antibody titer of bovine cow
(#13) inoculated with BVDV 2-24515 (.).

high antibody titers to BVDV (Fig. 1).
Mean maximum reciprocal neutralizing
antibody titers of ;4,000 and ;8,000 were
achieved for elk in the BVDV 1- and
BVDV 2-inoculated groups, respectively,
by dpi 28. The titers against the homolo-
gous virus were much higher, by ;600 to
800-fold over the mean titers calculated
for these groups against the heterologous

virus, reflecting both the significant anti-
genic differences between BVDV 1-Singer
and BVDV 2-24515 and a very distinct re-
sponse to the challenge virus.

DISCUSSION

This study shows that elk can be infect-
ed with BVDV 1 and BVDV 2 and that
shedding of the virus occurs in infected
elk. Furthermore, infected elk can trans-
mit the virus to other elk as demonstrated
by viremia and seroconversion in one of
the in-contact elk. From this study, it is
also apparent that, although elk can be in-
fected with BVDV, the virus does not pro-
duce acute disease in nonpregnant animals
of this species.

With one exception, the death of one in-
contact elk which occurred early in the ex-
periment, all elk remained healthy during
the study. Although the in-contact elk did
show a small antibody titer to BVDV on
dpi 7, this was observed before inoculated
animals of the group seroconverted, and
only 5 dpi after it was introduced to the
group which is probably too early for an
antibody response to infection with BVDV.
Further, the fact that the antibody titer did
not increase from this low level on dpi 10
suggests that these antibodies were cross-
reactive but non-specific to BVDV. Nec-
ropsy findings were consistent with septi-
cemia as the cause of death. Thus, the
death of this elk does not appear to have
been attributable to BVDV.

Although a few infection studies of cer-
vids with BVDV have been done previ-
ously, no study using virulent BVDV 2 has
been reported. The recent emergence of
this genotype as a severe pathogen of cat-
tle made this an interesting agent to in-
vestigate in elk. The BVDV 2-24515 isolate
used in this study was recently used in an-
other study to infect neonatal calves in
which it produced severe multisystemic
disease (Ellis et al., 1998). The virulence
of the agent for cattle was confirmed in
our study. The lack of signs of disease in
elk inoculated with BVDV 2-24515 suggest
that elk are resistant to acute disease even
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from strains of BVDV that are particularly
virulent in cattle.

Of interest was the finding that while
the BVDV 2 isolate was associated with
leukocytes in the cow, the virus did not
appear to be associated with leukocytes of
elk based on attempted virus isolation. It
has been suggested that the virulence of
BVDV 2 correlates with increased uptake
of the virus in leukocytes (J. F. Ridpath,
pers. comm.). Thus, one might speculate
that the lack of disease in infected elk may,
in part, be due to an inability of BVDV to
infect elk leukocytes, a hypothesis that re-
quires further testing.

In cattle, BVDV produces both acute and
persistent infections. In the former, the ma-
jority of animals usually recover with the
production of antibodies and clearance of
the virus. Cattle can be born persistently in-
fected (PI) when infected in utero with non-
cytopathic BVDV (Baker, 1995). These PI
animals shed virus throughout their life,
thereby maintaining the virus in the envi-
ronment. In herds, PI animals are often the
major source of infection, resulting in repro-
ductive disease in pregnant cattle. Thus, a
major emphasis in the control of BVDV in
cattle is avoidance and culling of PI animals.
It is not known if BVDV can cause repro-
ductive disease in elk or whether elk can be
persistently infected with the virus. These
would be interesting questions to answer in
another study.

It is apparent from this study that acute
infection with BVDV is of little conse-
quence to nonpregnant elk. However, vi-
rus is shed by infected elk and, therefore,
elk may transmit BVDV to other wild or
domestic animals. This knowledge may be
of importance for the transport and quar-
antine of elk. From this study, the period
of BVDV shedding in elk does not appear
to be longer than 1 wk.
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