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Seroprevalence of Cache Valley virus and related viruses in sheep
and other livestock from Saskatchewan, Canada

Fabienne D. Uehlinger, Wendy Wilkins, Dale L. Godson, Michael A. Drebot

Abstract — Cache Valley virus, an orthobunyavirus, is an important cause of ovine neonatal malformations.
Information on the seroprevalence of this virus in Saskatchewan livestock populations is lacking. The objectives
of this study were to determine the seroprevalence of Cache Valley virus and closely related viruses in sheep, cattle,
goats, horses, and mule deer in Saskatchewan by performing a plaque-reduction neutralization test using Cache
Valley virus. In total, sera from 130 sheep from 50 flocks were tested. Seroprevalence in sheep was 64.6% (84/130)
and 94.0% (47/50) of flocks had 1 or more seropositive sheep. Antibodies to Cache Valley virus or closely related
viruses were also detected in serum samples collected from cattle, goats, horses, and mule deer with seroprevalences
0f 20.0% (5/25), 33.3% (8/24), 69.0% (40/58), and 50.8% (33/65), respectively. These results suggest widespread
exposure to Cache Valley virus or closely related viruses in domestic animals and mule deer in Saskatchewan.

Résumé — Séroprevalence du virus de la Vallée Cache ou de virus connexes chez les moutons et d’autres
animaux de cheptel en Saskatchewan, Canada. Le virus de la Vallée Cache, un orthobunyavirus, est une cause
importante de malformations néonatales ovines. Il manque des renseignements sur la séroprévalence de ce virus
dans les populations des cheptels de la Saskatchewan. Les objectifs de cette étude consistaient & déterminer la
séroprévalence du virus de la Vallée Cache et des virus étroitement apparentés chez les moutons, les bovins, les
chévres, les chevaux et les cerfs mulets en Saskatchewan en réalisant un test de séro-neutralisation par réduction
des plages en utilisant le virus de la Vallée Cache. Au total, le sérum provenant de 130 moutons dans 50 troupeaux
a été testé. Chez les moutons, la séroprévalence était de 64,6 % (84/130) et 94,0 % (47/50) des troupeaux avaient
un mouton ou plusieurs moutons séropositifs. Les anticorps pour le virus de la Vallée Cache ou les virus étroitement
apparentés ont aussi été détectés dans les échantillons de sérum prélevés aupres des bovins, des chévres, des chevaux
et des cerfs mulets avec une séroprévalence de 20,0 % (5/25), de 33,3 % (8/24), de 69,0 % (40/58) et de 50,8 %
(33/65), respectivement. Ces résultats suggérent une vaste exposition au virus de la Vallée Cache ou a des virus

étroitement apparentés chez les animaux domestiques et les cerfs mulets en Saskatchewan.
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Introduction
C ache Valley virus (CVV), an arbovirus belonging to the

genus Orthobunyavirus (family Bunyaviridae, serogroup
Bunyamwera (BUN)), was first isolated from mosquitoes in
the Cache Valley, Utah, USA in 1956. This virus has since been
isolated from caribou, horses, sheep, cattle, and other domestic
and wild animals and is considered endemic in North America,
the Caribbean, and Argentina (1-3). The virus is transmitted
through Aedes and other non-Culex mosquitoes and is con-
sidered an indirect zoonosis in humans, in whom infection

(Traduit par Isabelle Vallieres)

occurs through mosquito bites but not through direct contact
with infected domestic or wild animals. Although other viruses
belonging to the Bunyamwera serogroup occur in the United
States, such as the Potosi virus, Main Drain virus, Lokern virus,
Tensaw virus, and Northway virus, in terms of its impact on
animal health, CVV is considered the most important in the
USA (4). In humans, a diagnosis is rarely made, but limited
surveys indicate that the seroprevalence may be as high as 18%
(5-8). To date, only 3 cases of severe CVV disease have been
reported in humans (5,9,10).
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Clinically, CVV is of most significance in the sheep industry
in which infection of pregnant ewes can result in pregnancy
failure or fetal malformations and, therefore, significant eco-
nomic losses (11). Infection in non-pregnant sheep tends to
be subclinical, and there is 1 report of CVV in a clinically ill
ram (12). Overall, reproductive losses are amongst the most
significant economic burden to a sheep enterprise and there
are no vaccinations or treatments available for CVV in sheep.
Despite its importance to the sheep industry, systematic preva-
lence investigations are few and some of the available data are
in part limited due to non-random sampling or small sample
sizes. Recent investigations found a seroprevalence of 0.01%
in Montana (13) and 28.3% in 22 states in the USA (4), while
older surveys from Texas and Maryland reported seroprevalences
0f 19.1% (14) and 27.2% (6), respectively.

In Canada, the first definitive report of Cache Valley virus
isolation from mosquitoes was made in Saskatchewan in 1973
(15). It has since been detected in mosquitoes from Alberta (16),
Ontario (17), and Manitoba (18). Human disease due to CVV
has not been definitively reported in Canada, although serop-
revalence in West Nile Virus-suspect persons tested in Manitoba
and Saskatchewan ranged from 5% to 16% (8). Furthermore, in
a prioritization exercise conducted by provincial and territorial
public stakeholders, the virus was identified as having a high risk
of emergence in Canada (19). Information is scarce with regard
to the prevalence or incidence of CVV in Canadian livestock.
In 2012, Shapiro et al (20) for the first time reported CVV
infections in malformed lambs from 2 flocks in Ontario and,
in 2013, the virus was isolated from a flock in Quebec which
presented with fetal malformations (21). Most recently, ovine
fetal malformations appeared to have increased in Ontario dur-
ing the 2015/16 lambing season, although the reasons for this
emergence were unclear (22).

There is no information on the prevalence of orthobunyavi-
ruses such as CVV in livestock, particularly sheep, in western
Canada. In light of this, the primary objective of this study was
to assay sera from sheep in Saskatchewan by a plaque neutraliza-
tion reduction test (PRNT) using CVV in order to detect anti-
bodies to CVV and closely related viruses. A secondary objective
was to report PRNT serology results for CVV and closely related
viruses from other domestic (cattle, goats, horses) and wild
(mule deer) animals conveniently sampled in Saskatchewan.

Materials and methods

Sample population

A random number generator was used to select 130 serum
samples for testing for antibodies against CVV and closely
related viruses in sheep from an existing serum bank containing
2041 sheep sera from 68 flocks across Saskatchewan. Sample
size was a function of logistic and financial constraints. This
serum bank was established as part of a serosurveillance study
for Maedi-visna in Saskatchewan sheep (23). Briefly, 75 meat
and dairy sheep flocks from Saskatchewan were selected through
simple random sampling. In each flock, serum samples were col-
lected from 30 sheep. Private veterinarians collected the samples
after consulting with flock owners but all sampling costs were
paid for by the study.
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All 980 flocks registered with the Saskatchewan Sheep
Development Board as of December 2013 were eligible for
inclusion in the study (23). Flock owners were contacted
sequentially according to a list produced with a random number
generator until the target of 75 participants was met. Producers
with at least 30 sheep were included. In each flock, 30 sheep
(rams and ewes; 2 y of age or older) were conveniently sampled
by jugular venipuncture using standard techniques. Flocks were
visited once between May 1, 2013 and May 31, 2014.

In addition to the systematic sampling of sheep serum,
convenience samples of bovine (7 = 25), caprine (7 = 24), and
equine (7 = 58) sera from Saskatchewan were tested for the
presence of CVV antibody in samples submitted to Prairie
Diagnostic Services (PDS), Saskatoon, Saskatchewan, in 2012.
Mule deer serum samples (7 = 65) collected from southwestern
Saskatchewan by the Canadian Cooperative Wildlife Health
Centre from 2007 to 2011 were also analyzed. These sam-
ples had been collected for other studies or reasons unrelated
to CVV.

Laboratory analysis

Sheep serum samples were submitted to PDS for testing as part
of the Maedi-visna surveillance program. Aliquots of serum
were stored at —20°C until they were forwarded to the National
Microbiology Laboratory (NML), Winnipeg, Manitoba, for
tests for CVV and closely related viruses antibodies. Bovine,
caprine, and equine serum samples submitted to the laboratory
for routine diagnostic testing were similarly stored and then
forwarded.

To identify serum samples with specific antibodies against
CVV or closely related viruses, a CVV-specific PRNT, which
may exhibit some cross-reactivity to antibodies against related
BUN-serogroup viruses, was performed as previously described
(24). Briefly, for virus neutralization, several dilutions of test sera
were placed in an incubator with a constant number of plaque
forming units (PFU) of CVV for 1 h at 37°C in 5% CO,.
Six-well plates with Vero E6 cell monolayers were then used
for further incubation of each aliquot, again for 1 h at 37°C. A
nutrient agar overlay was applied and the plates were incubated
at 37°C in 5% CO, for approximately 3 d. To demonstrate
plaque formation, a vital stain (neutral red) was spread over the
plates. A serum sample was considered positive for viral antibod-
ies if at least 90% of possible plaque formation relative to virus
controls was inhibited. For sheep sera, the titration endpoint
was the highest serum diluation with a plaque reduction of at
least 90%. The PRNT results were considered positive if the
neutralizing antibody titre was = 1:20. Further titrations were
not performed for other livestock sera.

Statistical analysis

The overall seroprevalence and 95% confidence interval (CI)
for CVV or closely related viruses for the sheep samples were
estimated taking into account the probability for random flock
selection within Saskatchewan and the probability for a sheep
being sampled within each flock. Flock-level prevalence and
95% CI were calculated. Summary statistics were generated
and descriptive statistics for number of animals tested per flock
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Figure 1. Map of Saskatchewan depicting the locations of sheep flocks seropositive for Cache Valley virus or

closely related viruses (n = 47).

and flock sizes were depicted by median and interquartile range
(IQR) due to nonparametric distribution of these variables.
Percent positive and 95% CI were calculated for bovine, cap-
rine, equine, and mule deer samples. The convenience sampling
structure in these populations precluded calculations of sampling
weights and simple proportions and 95% CI were calculated. A
map was generated depicting the location of seropositive flocks
in Saskatchewan. The information on location for the bovine,
caprine, and equine samples was insufficient to allow the genera-
tion of a map. Deer samples all originated from within 1 rural
municipality in southwestern Saskatchewan. All analyses were
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conducted using Stata IC 13.1 (StataCorp, College Station,
Texas, USA).

Results

In total, 130 sheep sera were tested from 50 flocks across
Saskatchewan; 84 sera tested positive for CVV or closely
related antibodies. The PRNT titers for the seropositive sheep
were as follows: > 80 (# = 55), 80 (n = 9), 40 (n = 13),
20 (n = 7). Overall sheep-level seroprevalence was 64.6% (95%
CI: 51.3% to 72.2%). Of the flocks sampled, 94.0% (47/50;
95% CI: 82.4% to 98.1%) had at least 1 seropositive sheep.
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Table 1. Number and proportion of serum samples from domestic
and wild animals conveniently sampled in Saskatchewan that were
positive for Cache Valley virus or closely related viruses.

Number Number of
Number of sampling positive samples
Species of samples sites (%3 95% CI)
Bovine 25 20 5(20.0; 8.0 to 41.7)
Caprine 24 1 8 (33.3; 16.7 to 55.5)
Equine 58 58 40 (69.0; 55.6 t0 79.8)
Mule deer 65 65 33 (50.8; 38.5 to 63.0)

The number of randomly tested samples per flock ranged
from 1 to 7 (median: 3; IQR: 2 to 6) and flock size ranged
from 36 to 1004 (median: 92.5; IQR: 62 to 263) adult sheep
(> 2y old at the time of sampling). Flock size was not recorded
in 4 instances. Figure 1 shows the locations of seropositive flocks
in Saskatchewan and indicates widespread exposures to the virus
in the areas from which sheep sera were tested.

Table 1 shows the number of samples, number of sampling
sites, and percent positive samples from cattle, goats, horses and
mule deer. All 24 goat samples were collected at 1 production
site, while the 25 cattle samples came from 20 farms (Table 1).
Each of the 58 horse samples originated from a different site
(Table 1). The 65 mule deer serum samples were obtained from
1 rural municipality in Saskatchewan (Table 1). Antibodies
against Cache Valley virus or closely related viruses were detected
in the sera of all species, with the highest seroprevalence found
in the horse population (60.0%).

Most of the seropositive goats (7/8), cattle (3/5), horses
(30/40), and mule deer (21/33) had CVV PRNT titers > 20.

Discussion

Documentation about CVV in sheep in Canada first became
available in 2012 and 2013 when causes of malformed lambs
were investigated in Ontario and Quebec (20,21); however,
there has not previously been any information published on the
seroprevalence of CVV (or closely related viruses) in sheep or
other animal species in Canada. Therefore, this is the first study
to report results from a seroprevalence survey of CVV or closely
related viruses in sheep and other domestic and wild animals
in western Canada.

Information on CVV seroprevalence in sheep worldwide is
scarce. Compared to the limited available literature from North
America, however, seroprevalence of CVV (or closely related
viruses) was high (64.6%) in the sheep tested in this study. In
Montana, only 1 of 104 sheep was seropositive for CVV (13),
while 28.0% of 5150 sheep tested positive for CVV in a cross-
sectional, multi-state study in the USA (4). In Texas, 19.1% of
366 sheep and 34 of 50 flocks had CVV-specific antibodies (14),
while 12.9% of 31 sheep in the Yucatan Peninsula of Mexico
tested positive (25). Although differences in sampling strategies
and analyses may hamper direct comparison of prevalence data
among studies, other factors must be considered such as flock
management, environmental conditions, and regional differences
influencing populations of transmitting mosquitoes and virus
activity. Meyers et al (4) collected information on potential
risk factors for CVV prevalence and found that older sheep
and flocks with higher average age had a higher seroprevalence;
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animals from small (20 to 99) to medium-sized (100 to 499)
flocks were significantly more positive compared with large
flocks (500+); herded/open-range sheep were less likely to be
positive compared to other management groups (fenced-range;
pasture; feedlot), and lambing in an enclosed structure with door
closed most of the time was associated with significantly higher
seroprevalence compared with other management groups. The
sampling strategy of the current study did not allow for more
detailed analysis and, therefore, similar associations could not
be investigated. Based on the high flock-level seroprevalence of
94.0%, differences in herd-level risk factors might not have been
detectable. However, the results by Meyers et al (4) highlight
important variables that must be considered when comparing
CVV seroprevalence data between studies and among flocks. It is
also interesting to note that Meyers et al (4) found a significantly
higher seroprevalence in sheep from the eastern USA (96.4%)
compared to central (53.3%) and western (58.9%) USA. If a
similar geographic difference in CVV is present in Canada and,
considering that the flock seroprevalence in the current study
was 94.0%, the flock seroprevalence in sheep in eastern Canada
could be as high as 100%. With regard to distribution within
Saskatchewan, Figure 1 demonstrates that CVV circulates widely
in southern Saskatchewan.

Antibodies to Cache Valley virus or closely related viruses
were also detected from all other domestic animal species
tested in this study. These results suggest a widespread high
exposure of domestic animals to CVV or closely related viruses
in Saskatchewan, although the convenient sampling structure
applied to these populations impedes extrapolation of the results
to their respective animal populations.

No comparative published literature was found on CVV sero-
prevalence in livestock in other parts of Canada and few reports
from around the world have been published. However, limited
comparisons show that the high seroprevalence in horses and
the moderate seroprevalence in cattle in this study are similar
to results from other investigations. In the USA, Buescher et al
(6) first reported on the presence of CVV antibodies in other
animals and identified 84/88 horses, 61/118 cattle, 3/13 goats,
6/22 sheep, and 2/10 pigs as testing seropositive. More recently,
the distribution of Bunyamwera serogroup viruses in cattle was
determined in a multi-state (z = 22) study in the USA (26).
Cache Valley virus seroprevalence ranged from 4% to 56% and
was present in cattle from 21/22 states. In the Yucatan Peninsula
of Mexico, 48/184 (26.1%) horses were seropositive for CVV,
while in Michigan, USA, 66.3% of 86 tested horses were CVV
seropositive (25,27).

Other orthobunyaviruses from the BUN serogroup, such
as Main Drain, Potosi, Lokern virus, Tensaw, and Northway
viruses, occur in the USA (4). Of these, only Northway virus
in mosquitoes from the Northwest Territories has been reported
in Canada (28) and, compared with other BUN viruses, CVV
has been predominantly isolated from mosquitoes in Canada
(15-17,28,29). However, Bunyamwera serogroup viruses are
antigenically closely related and cross-reactions may occur.
Therefore, some caution is warranted when interpreting the
results herein as they indicate exposure to all BUN serogroup
viruses and not just CVV. Most of the sheep PRNT results using
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CVYV, however, resulted in titers > 80 supporting exposure to
CVV. Although not performed in this study, CVV-seropositive
samples from sheep in Ontario and Quebec, which had given
birth to CVV-infected malformed lambs, were tested for cross-
reactivity to Potosi, Main Drain, Tensaw, Lokern, and Northway
viruses. There was very little evidence of exposure to these
BUN viruses based on a 4-fold or greater difference in PRNT
titers to CVV (personal communication, M. Drebot, National
Disease Laboratory, Winnipeg, Canada) and may further sup-
port that CVV exposure is more common than exposure to
other BUN-serogroup viruses in sheep in Canada. More caution
may be warranted in the interpretation of the titers from cattle,
goats, horses, and mule deer as titrations beyond 1:20 were
not performed. In addition to BUN serogroup viruses, other
orthobunyaviruses, such as California serogroup viruses, circu-
late widely throughout Canada and have been shown to infect
sheep, cattle, and other livestock (30). Therefore, it is possible
that livestock may be exposed to different bunyaviruses during
their lifetime and antibodies to several different viruses may be
documented upon further testing. However, as part of another
investigation, a subset of CVV positive sera from sheep and
other livestock from the current study were also tested for the
presence of antibodies to other bunyaviruses such as California
serogroup viruses (e.g., Jamestown Canyon and snowshoe hare
viruses) and no cross-reactive antibodies were detected using
plaque reduction neutralization assays (personal communication,
M. Drebot, National Disease Laboratory, Winnipeg, Canada;
data not shown).

While significant economic impacts due to CVV in the sheep
industry are characterized by fetal malformations (e.g., arthro-
gryposis, hydranencephaly), embryonic death, and mummifica-
tion, severe clinical disease in other livestock and horses appears
to be rare (6,11). Calisher and Sever (31) reported the presence
of CVV antibodies in cattle that gave birth to calves with
arthrogryposis and hydranencephaly in Saskatchewan; however,
CVV prevalence in that cattle population was unknown and the
association of CVV with those birth defects was unsubstantiated.
In the apparent absence of considerable clinical and economic
consequences in CVV-exposed domestic animals (other than
sheep), the importance in quantifying sero-prevalence in these
species may lie primarily in gathering surveillance information
to document the risk of exposure and potential illness in humans
and sheep.

The primary amplifying vertebrate host for CVV is unknown
but white-tailed deer are believed to play a role as a reservoir
and amplification host (32,33). Interestingly, there was no
significant association with number of CVV isolations from
mosquitoes and estimated white-tailed deer densities in a recent
study (34). In the current study, only mule deer samples were
analyzed, 50% of which contained antibodies against CVV or
closely related viruses. Compared with other serological surveys
in deer populations, the seroprevalence in the mule deer tested
herein was markedly higher (32,33). It is unclear whether this
is due to a true higher seroprevalence of CVV or closely related
viruses in mule deer in Saskatchewan compared with other deer
populations or whether these findings reflect the variations in
virus prevalence at the time of testing due to other influencing
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factors such as geographic region, climate, and environmental
conditions. Although mule deer differ from white-tailed deer
with regard to their social behaviors and habitats, and, therefore,
likely to the risk they may pose as reservoir hosts, this study
suggests that further investigation into the role of mule deer in
the epidemiology of CVV may be warranted.

A number of studies have addressed the presence and epi-
demiology of CVV in mosquitoes. In the northeastern USA,
CVV isolation varied greatly from year to year irrespective of the
concentration of mosquitoes and virus activity was highest dur-
ing August to September (34). Increased CVV presence in mos-
quitoes during August to October was also found by Buescher
et al (6). Additionally, the virus was found more often during
years with above-average rainfall and resulting higher mosquito
populations (34). These factors may translate into a higher CVV
seroprevalence in domestic and wild animals and increased
risk of infection in humans, but this has not been objectively
documented to date. However, it was recently hypothesized that
similar influences, including warm autumn weather resulting
in higher mosquito populations, may have contributed to the
increased incidence of clinical CVV in sheep in Ontario (22).

In Canada, the earliest documentation of CVV-positive mos-
quitoes (primarily Culiseta inornata) was reported in 1986 by
Calisher et al (28) from Alberta, Saskatchewan, Manitoba, and
Ontario. The presence of CVV was suggested from Alberta in
1968 and was subsequently demonstrated in mosquitoes from
Saskatchewan in 1973 and again in 1979 (15,29,35). Based
on their findings, Iversen et al (29) suggested that the prairie
grasslands in Saskatchewan were enzootic for CVV and, similar
to Calisher et al (28), the virus was also most commonly found
in C. inornata mosquito species. In eastern Canada (Ontario),
the virus was again reported in 1980 (17) and most recently,
CVV was confirmed in mosquitoes in Alberta (16). Recent
comprehensive information on the presence of CVV in mosqui-
toes in Canada was not available. However, changing climatic
and environmental conditions affecting mosquito populations
and habitats, and increasing mobility of humans and animals
enhance the risk of virus introduction into naive populations.
Given the changing environmental and climatic landscape and
the limited body of knowledge, a comprehensive, longitudinal
study assessing flock-level risk factors and presence of CVV in
mosquitoes in Canada would contribute to improved surveil-
lance and risk assessments of this zoonotic pathogen.

A clinical diagnosis of Cache Valley virus is rarely made in
humans, likely in part due to the lack of specific CVV testing,
but limited surveys from the USA and Argentina indicate that
the seroprevalence may be as high as 18% (2,5-7). To date, only
3 cases of severe CVV disease have been reported in humans
(5,9,10) and, while more information is necessary to determine
a potential association, CVV may be linked to macrocephaly
in infants (31). In Canada, clinical CVV infection in humans
has not been reported, but seroprevalence in West Nile virus-
suspect humans tested in Manitoba and Saskatchewan ranged
from 5% to 16% (8). Cache Valley virus is not a nationally
notifiable disease, but CVV may increasingly become part of a
potential differential diagnosis in patients presenting with fever
and neurologic signs during the mosquito season.
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In conclusion, the seroprevalence of CVV or closely
related viruses in selected domestic and wild animals from
Saskatchewan, Canada, was high, and seropositive sheep flocks
were distributed widely throughout southern Saskatchewan. Our
observations indicate that there is the potential for economic
losses to the sheep industry due to CVV, in which clinical
disease involving lambs can be significant. Although CVV-
associated fetal malformations have been reported recently in
Ontario and Quebec, the occurrence or the seasonal incidence
of deformed lambs due to this virus in western provinces has not
been well-documented. Further investigation of suspected CVV
cases among sheep flocks in the prairies are justified to more
fully define the risks of viral infection. In addition, the high
seroprevalence for CVV or closely related viruses in mule deer,
which are abundant in western Canada, highlights the impor-
tance of further investigating reservoir hosts for CVV in addi-
tion to white-tailed deer. Examination of infection rates among
mosquito populations in Canada is also warranted to gain a
better understanding of CVV epidemiology in this country.
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