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ABSTRACT: Sera obtained from wild ungulates, carnivores, and rodents in Colorado were tested
for neutralizing (N) antibody against vesicular stomatitis, New Jersey serotype (VSNJ), virus to
determine their involvement in the 1982 Colorado VSN]J epizootic in domestic animals. Viremic
and N antibody responses of two local rodent species to a 1982 Colorado isolate of VSNJ were
determined in the laboratory. The rodents produced only weak viremias, but all developed N
antibody. N antibody prevalences for VSNJ in sera from wild ungulates was sufficiently high to
indicate their involvement during the epizootic. In addition, the demonstration of N antibody in
elk (Cervus elaphus) and mule deer (Odocoileus hemionus) prior to the epizootic in cattle and
horses suggests that an enzootic cycle may exist in Colorado.

Key words: Vesicular stomatitis, New Jersey serotype, neutralizing antibody, virus, rodents,
elk, Cervus elaphus, mule deer, Odocoileus hemionus.

INTRODUCTION mental infections of deer result in short-

In 1982, an epizootic of vesicular sto- lived disease followed by high titers of
matitis (VS) virus, New Jersey serotype neutralizing (N) antibody (Hanson and
(VSN]), affected large numbers of live- Brandly, 1957). Thus, their importance as
stock in Colorado and neighboring western a true reservoir host seemed unlikely.
states. This was one of the largest VS epi- Whether infection in wildlife occurs be-
zootics on record in the Rocky Mountain tween periods of active transmission in
States, and it caused considerable econom- livestock or at the same time is also un-
ic losses to dairy farmers (Alderink, 1985) known. Serologic surveys of wild animal
and horse breeders. We studied the pos- populations have revealed the presence of
sibility of persistence of VS in an enzootic N antibody in white-tailed deer (Odocoi-
focus in the western United States and the leus virginianus) (Karstad et al., 1956;
involvement of wildlife in a natural cycle. Hanson and Brandly, 1957; Karstad and

In 1957, Hanson visualized a cycle of Hanson, 1957; Trainer and Hanson, 1969;
natural persistence of sylvan VS in wild Jenney et al., 1970; Fletcher et al., 1985;
mammals and undetermined reservoirs Stallknecht and Erickson, 1986), mule deer
with domestic animals involved by chance (O. hemionus) (Jenney et al., 1980), prong-
(Hanson and Brandly, 1957). Pronghorn horn, bighorn sheep (Ovis canadensis),
(Antilocapra americana), deer, and elk wild pigs (Sus scrofa), raccoons (Procyon
(Cervus elaphus) are known to graze with lotor), bobcats (Lynx rufus), opossums
cattle on range pasture, but their role as (Didelphis virginianus), squirrels, and wild
possible reservoir hosts or in active disease turkeys (Meleagris gallopavo) (Karstad et
transmission to domestic animals during al., 1956; Hanson and Brandly, 1957; Gla-
an outbreak remains speculative. Experi- zener et al., 1967; Trainer and Hanson,
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FIGURE 1. Sites in Colorado, showing wildlife trapping and capture areas for blood collection for serologic

studies on vesicular stomatitis, New Jersey (VSN]) virus.

1969; Jenney et al., 1975; Fletcher et al.,
1985). Although some speculation con-
cerning latent infection of vertebrates had
been proposed (Hanson and Brandly, 1957;
Mason, 1978), the first real evidence that
reactivation of lesions following stress oc-
curred during the 1982 outbreak. Ship-
ment of cows that were either asympto-
matic, clinically recovered, or with healing
lesions of VS infection from Colorado to
other states resulted in exacerbation of
clinical disease and the introduction of VS
to five states not known previously to have
infected cattle (Buisch, 1983). The second
impetus to examine the question of an ex-
isting enzootic focus came from isolations
of VSNJ virus from wild-caught Culicoi-
des spp. (Walton et al., 1987), Simuliidae,
and various muscoid flies (Francy et al.,,
unpubl. data) during the 1982 epizootic.
In light of newer and more precise sero-
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logic techniques and the isolation of VS
from insects, it seemed timely to reeval-
uate the role of wildlife as reservoir hosts
and reexamine the possibility that an en-
zootic focus existed in Colorado. Animal
sera collected in years both before and af-
ter the epizootic were studied.

MATERIALS AND METHODS

Serosurveys were made on samples collected
from pronghorn, mule deer, and elk with the
cooperation of, and in conjunction with, per-
sonnel of the Colorado Division of Wildlife
(CDW) and Colorado State University (CSU),
Department of Pathology. Pronghorn sera were
collected in 1983 from animals trapped in the
Little Snake River Drainage north of Maybell,
Moffat County, Colorado, 18-20 January (Fig.
1). A helicopter was used to drive the pronghorn
into a large funnel-shaped fence where, at the
narrow end, a modified drop net catch pen
(Schmidt, 1976) was used to immobilize the an-
imals. Deer sera were received from Dr. C. Hib-
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TABLE 1.

Neutralizing (N) antibodies to vesicular stomatitis, New Jersey (VSNJ) virus in sera collected from

wildlife in Colorado, before and after a 1982 epizootic.

Prevalence
Species Area collected* Year VSNJ N antibody (%)
Pre-epizootic
Elk (Cervus elaphus) Rocky Mountain 1980 3/81° 3.7
National Park 1981 6/58 10.3
Mule deer (Odocoileus hemionus) Piceance Basin 1975 2/52 3.8
Post-epizootic
Elk Moffat County 1985 2/15 13.3
Mule deer Piceance Basin 1982 11/59 18.6
Mule deer Piceance Basin 1983« 14/69 (adults) 20.2
5/81 (fawns) 6.2
Mule deer Piceance Basin 1984¢ 13/65 (adults) 20.0
2/105 (fawns) 1.9
Pronghorn (Antilocapra americana) Craig? 1982 67/139 48.2
Pronghorn Moffat County 1983 67/153 43.7
* See Figure 1.

* Number positive/number tested (only sera with =1:40 titer were considered positive).
< Sera were collected by Scribner et al. during a study by the Savannah River Ecology Group.

¢Killed by hunting.

ler, CSU, and from Mr. Kim Scribner of the
Savannah River Ecology Project. All sera were
from mule deer live-trapped at 23 pre-baited
permanent trap sites in the Piceance River basin
of Colorado (Fig. 1). Animals were bled by jug-
ular venipuncture, and the samples were stored
on wet ice in the field. Upon completion of
electrophoretic analysis testing of the samples,
an aliquot of serum was sent to the Centers for
Disease Control (CDC) for VS serology.

Elk were trapped with clover traps (Clover,
1954) at multiple sites on the eastern slope of
the Rocky Mountain National Park (RMNP)
(McLean et al., 1981) by personnel of CDW and
the National Park Service. Blood samples were
obtained also by jugular venipuncture, returned
immediately to the laboratory, centrifuged, and
sera removed and stored at —20 C until tested.
Rodents were captured live in Sherman or Na-
tional traps on several premises in Colorado
where livestock were affected by VS during the
1982 epizootic; they were bled from the orbital
sinus and released. Additional rodent and car-
nivore sera collected from Colorado were pro-
vided by the Plague Branch, Division of Vector-
Borne Viral Diseases (DVBVD), CDC, Fort
Collins.

Sera were heated at 56 C for 30 min before
testing by plaque reduction N test in Vero cell
monolayers (Lindsey et al, 1976). Sera were
screened at a 1:20 dilution, and positive reactors
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were then retested at serial dilutions to deter-
mine endpoint titers. The N titers are expressed
as the reciprocal antibody dilution producing
80% or greater plaque reduction. For the wild
ungulate sera, only N titers of 40 were consid-
ered positive. All sera were tested against both
VSNJ Hazelhurst and VS Indiana (VSI) Lab
strain viruses as a further check on specificity.

A breeding colony of deer mouse (Peromys-
cus maniculatus) was established in early 1983
from field caught animals in Larimer County,
Colorado. Wood rats (Neotoma mexicana) were
live-trapped in June 1983. The offspring of
pregnant females were reared and used for ex-
perimental inoculation. The virus strain used to
inoculate these animals was a field isolate of
VSN]J obtained from a mixed pool of 24 male
and deplete female Simuliidae collected in a
CDC light trap during the epidemic. The orig-
inal suspension was passed twice in cloned Aedes
albopictus (C6/36) cell culture to prepare seed
suspension for experimental studies.

RESULTS

Serologic surveys: N antibody to VSNJ
was found in 4% of elk trapped in the
RMNP (Fig. 1) in 1980 before the epizo-
otic and 10% of elk in 1981 (Table 1). A
similar increase in the prevalences of VSN]J
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TABLE 2. Neutralizing (N) antibodies to vesicular
stomatitis, New Jersey (VSN]) virus in sera collected
from wild rodents in Colorado, 1982.

TABLE 3. Neutralizing (N) antibodies to vesicular
stomatitis, New Jersey (VSN]) in sera collected from
canids in the western United States, 1982.

VSNJ N antibody

Number
positive/
number
Species tested %
Neotoma mexicana (Mexican
wood rat) 6/48 12.5
Peromyscus maniculatus (deer
mouse) 8/66 12.1
P. difficilis (rock mouse) 3/47 6.4
Mus musculus (house mouse) 1/41 2.4
Spermophilus variegatus (rock
squirrel) 0/27 —
S. tridecemlineatus (thirteen-
lined ground squirrel) 0/19 —_
Tamias sp. (chipmunk) 0/7 —

antibody in deer was recorded in 1975 and
1982-1984 in the Piceance River basin
(Fig. 1). The annual prevalences in deer
during 1982 and 1983-1984 were similar
(Table 1). The deer fawns were about 6
mo old, and the antibody in five of 81 (6%)
sampled may represent maternal anti-
body. Antibody prevalences in pronghorns
from northwestern Colorado (Fig. 1) were
higher in 1982 than the prevalences in adult
mule deer (48% and 44% versus 19% and
20%, respectively) (Table 1).

N antibody was found in one of 17 coy-
otes (Canis latrans). This seropositive an-
imal had been trapped in Larimer County
of northern Colorado in 1981 as part of a
plague investigation study. Prevalences in
domestic dogs (Canis familiaris), sampled
during a plague survey in various western
states, ranged from 0 to 29% (Table 3).
The sera from dogs in Colorado all came
from pets that were bled on premises with
affected livestock during the VS epizootic.
Six of 21 dogs (29%) had N antibody titers
of =80. Among eight dogs from one dairy
farm where active disease in livestock was
in progress, four of the dogs had titers of
=640. The other two antibody-positive
dogs resided on a horse range and were
bled 3 mo after the active disease occurred
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VSNJ N
State Species* antibody %

California Dog 15/79% 19.0
New Mexico Dog 16/225 6.3
Montana Dog 5/19 26.3
Utah Dog 0/9

Wyoming Dog 1/10 10.0
Colorado Dog 6/21 28.5
Colorado Coyote 1/17 5.8

* Dog (Canis familiaris); coyote (Canis latrans).
* Number positive/number tested.

in horses. Two of three dogs sampled on
this premise had titers of =80 and =320.

Experimental studies: Wood rats and
two species of Peromyscus collected dur-
ing the epizootic had high N antibody
prevalences (Table 2). Results of attempts
to infect colonized P. maniculatus and
field-trapped wood rats held in the labo-
ratory for some months were not highly
elucidating. During laboratory studies, vi-
remia was detected for 1 day each in two
of 18 deer mice following intramuscular
inoculation. However, all 13 survivors de-
veloped N antibody when tested 21 days
after inoculation. None of the animals be-
came ill or developed any lesions. Most
deaths were attributed to trauma of han-
dling. Viremia or illness was not detected
in wood rats, but all survivors developed
N antibody.

DISCUSSION

The finding of N antibody in elk and
deer before onset of the epizootic indicates
that VSNJ virus was present in Colorado
for at least 2 yr before the outbreak in
domestic animals and that virus amplifi-
cation may have occurred during the year
preceding the epizootic (1981). It was also
apparent that VSNJ transmission may have
occurred at high elevations since
seropositive elk were found in the Rocky
Mountain National Park at altitudes above
2,400 m. Elk are known to undertake long
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seasonal migrations between winter and
summer ranges, although some elk herds
are essentially nonmigratory (Peck, 1982).
Movement onto winter range is initiated
with the first snowstorm, when foraging
areas are decreased by accumulation of
snow. The timing of spring movement to
summer range is often related to the pres-
ence of tabanid flies and development of
vegetation (Peck, 1982).

Although some elk are known to live to
20 yr of age, the mean life expectancies
are much lower (bulls 2.7-3.0 yr, cows 2.1~
4.9 yr) (Peck, 1982). Therefore, it is un-
likely that antibody persisted at detectable
levels in elk from the last epizootic in Col-
orado in 1966, when both VSNJ and VSI
serotypes were present. In 1972, there were
19 cases of VS confirmed in horses and
cattle in Colorado, New Mexico, and Lou-
isiana. Only five cases were confirmed in
Colorado; four from LaPlata County and
one from Mesa County (Jenney et al., 1980).

The N antibody titers of seropositive un-
gulates sampled prior to the 1982 epizootic
were all 40, except for one elk with a titer
of >320. High N titers would not be ex-
pected during an enzootic period of low
transmission, as was found with VSNJ an-
tibody in white-tailed deer from Ossabaw
Island, Georgia in 1981 (Stallknecht and
Erickson, 1986). High N antibody titers
usually represent recent infections and are
of short duration, except in previously in-
fected animals receiving virus boosters.
Succeeding natural exposures or boosters
to vector-borne viral diseases should be rare
during an enzootic period of low virus ac-
tivity, even in a long-lived ungulate, but
common during periods of high virus ac-
tivity in local areas.

Higher N antibody prevalences and ti-
ters were found in wild ungulates during
and after the 1982 VSNJ epizootic in Col-
orado, indicating significant exposure of
these wildlife populations to the virus. The
finding of antibody in a wildlife species in
a particular area does not confirm its role
as a natural reservoir host, but merely in-
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dicates its exposure to and infection with
the virus. Such species can at least be used
as sentinels, as with the white-tailed deer
in Georgia (Stallknecht and Erickson,
1985), and also are candidates for further
investigation to determine if enzootic
wildlife reservoirs of VSN]J exist in Colo-
rado.

A few attempts to artificially infect
wildlife have been made. Karstad and
Hanson (1957) reported the occurrence of
fever, vesicles, and mouth lesions in three
of four deer infected by introducing virus
onto tongue abrasion. They were unable
to detect viremia at 50 and 72 hr postin-
oculation. If viremia does occur, it must
be transient. However, virus can be reiso-
lated from vesicular fluid and tongue tis-
sue. High levels of N antibody develop
quickly after infection. Experimental in-
oculation of two pronghorns (Thorne et al.,
1983) with VSNJ virus by the intra-
dermolingual route produced results in an
adult doe similar to those reported in deer,
but clinical signs of VS were not noted in
a yearling pronghorn doe. VS virus was
isolated from tongue tissue, but not from
blood 3 days postinoculation. Likewise, it
is extremely difficult to produce severe dis-
ease, such as occurs in naturally acquired
VS infection, in horses or cows following
experimental virus inoculation. Whether
wild ruminants suffer severe clinical illness
in a natural setting remains unproven.
However, if salivation occurs and oral ves-
icles develop in an animal that depends on
grazing for its food, weight loss and weak-
ness quickly follow. We believe ungulates
are epizootic hosts at least and may serve
as a source of infection for vectors.

It has been suggested that a latent car-
rier state might exist in cattle, and evi-
dence of animals developing VS disease
following shipment was reported by Han-
son 30 years ago (Hanson and Brandly,
1957). Suggestions that fluctuating N an-
tibody titers could be due to persistent in-
fection with periodic reshedding of virus,
followed by return to a latent state (So-
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rensen et al., 1958), were largely specu-
lative. In the 1982 epizootic, a shipment
of cattle that had recovered from clinical
VS disease from a dairy dispersal sale in
Colorado resulted in the appearance of dis-
ease in several states not previously in-
volved (Buisch, 1983), and cattle with pre-
viously healed lesions were observed to
develop new lesions upon arrival. Wild un-
gulates are subjected to many stresses dur-
ing harsh winters and by man’s encroach-
ment onto their grazing land and
frequently intermingle with domestic live-
stock. Mule deer, in particular, browse
freely with cattle in Colorado. Pronghorn
feed from hay stacks kept for cattle. Elk
are less often seen intermingling with cat-
tle, because cattle are not kept in large
numbers at higher altitudes. However, they
may share salt licks and drinking sources.

Dogs have been reported to be resistant
to artificial inoculation (Brandly et al.,
1951; Kowalczyk and Brandly, 1954). Sus-
pected, but unverified cases of disease were
reported in two dogs residing on infected
premises during earlier VS outbreaks
(Brandly et al., 1951). Although only a few
dogs were bled on each premise during
the 1982 epizootic, we did find N antibody
titers suggestive of recent infection on two
of the affected farms. Of the owners ques-
tioned, only one described a recent illness
in his dog, but no vesicular lesions were
observed. It is interesting that a coyote was
found with N antibody. Since coyotes are
carnivores and rodent predators, it is pos-
sible they might acquire their infection by
feeding on dead ungulates or infected ro-
dents.

In summary, we note that antibody
prevalences in wild ungulates are suffi-
ciently high to indicate significant involve-
ment. These animals often graze with do-
mestic herds and could serve as a source
of infection or become infected themselves
from the domestic animals. In severe win-
ters, such as occurred in 1982, increased
exposure may have resulted from sharing
range pasture. In addition, stress induced
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by low temperatures could have increased
susceptibility or caused shedding of latent
virus.
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