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Summary
There have been substantial recent changes in the global distribution and nature of bluetongue
virus (BTV) infection of ungulates, perhaps as a result of climate change. To evaluate the
epidemiology of BTV infection in California, an area historically endemic for the virus, we
monitored newborn dairy calves at different sites for one year for the presence of BTV RNA and
virus-specific antibodies. The data confirm both localized, vector-mediated, seasonal transmission
of BTV as well as dissemination of BTV and/or viral nucleic acid to newborn calves following
ingestion of colostrum.
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Introduction
Bluetongue virus (BTV) is the cause of bluetongue (BT), a re-emerging arboviral disease of
ruminants transmitted by various species of hematophagous Culicoides insects. BT was first
described in South Africa, and BTV has subsequently been identified on all continents
except Antarctica (Spreull, 1905; Verwoerd et al., 2004). There has been a profound recent
alteration in the global distribution of BTV (Maclachlan, 2010). Since 1998, at least 8
different BTV serotypes have invaded extensive portions of Europe precipitating an
economically devastating epidemic, and BTV is now widely dispersed throughout much of
Europe and spread by species of Culicoides midges that were not proven previously to be
vectors of the virus (Gomez-Trejedor, 2004; Meiswinkel et al., 2008; Mellor et al., 2008;
Wilson et al., 2008; Saegerman et al., 2008). Coincidentally, some 10 novel BTV serotypes
have been identified since 1998 in the southeastern United States (serotypes
1,2,5,6,9,12,14,19,22,24) and 2 previously exotic BTV serotypes have recently been isolated
in northern Australia (serotypes 2,23) (Johnson, 2007; Ostlund, 2009; Maclachlan et al.,
2010). Climate change has been incriminated in the remarkable recent expansion of the
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global distribution of BTV infection (Purse et al., 2005; Purse et al., 2008; Maclachlan,
2010; Maclachlan et al., 2010).

BTV infection of ruminants traditionally has been regarded as “non contagious” and
exclusively transmitted by infected vector Culicoides insects (Erasmus, 1985; Verwoerd et
al., 2004; Maclachlan et al., 2009). Although transplacental infection is a property of certain
strains of BTV, such as those propagated in cell culture and the strain of BTV serotype 8
currently circulating in Europe (MacLachlan et al., 2000; De Clercq et al., 2008; Menzies et
al., 2008; Backx et al., 2009; Darpel et al., 2009; Maclachlan et al., 2009; Worwa et al.,
2009; Saegerman et al., 2010), suggestions of persistent infection of ruminants following
vertical transmission of the virus have been discredited (Maclachlan et al., 2000; Maclachlan
et al., 2009). However, it was shown as early as 1965 that calves could be infected after oral
ingestion of BTV(Jochim et al., 1965), consistent with findings among calves in the ongoing
European epidemic (De Clercq et al., 2008; Backx et al., 2009; Saegerman et al., 2010). The
objective of the present study was to re-evaluate the epidemiology of BTV infection in
California where BTV has been endemic for more than 50 years (McKercher et al., 1953;
Osburn et al., 1981; Metcalf et al., 1981; Stott et al., 1985).

Materials and Methods
The study began in January, 2009, with enrollment of 123 newborn heifer calves on 10
commercial dairy farms located in 5 different regions of California, including northwestern
California that has historically been free of BTV infection ( Metcalf et al., 1981). Only
calves born during the winter months (January to March) were included to preclude vector
transmission of BTV, which is highly seasonal (typically August to December) in California
(Osburn et al., 1981; Stott et al., 1985). Cattle in California are not vaccinated against BTV
infection. Serum and blood were collected from each calf within 1–3 days of birth, and at
monthly intervals thereafter for approximately one year. Sera and whole blood were
respectively analyzed for the presence of antibodies and viral RNA by BTV-specific
competitive ELISA (cELISA; VMRD Inc., Pullman, WA) and quantitative PCR (qRT-PCR)
assays (Ortega et al., 2010). Dams of calves that were viral RNA positive by qRT-PCR
assay at initial sampling were also evaluated by cELISA for serological evidence of BTV
infection (seroconversion). Prevalence proportions and 95% confidence intervals (CI) were
utilized to characterize the serologic and qRT-PCR positive status among sentinel calves
within all sites.

Virus isolation was performed on individual blood samples that were qRT-PCR positive,
essentially as previously described but using bovine pulmonary artery endothelial (bPAEC)
cells (DeMaula et al., 2001; Bonneau et al., 2002). Virus isolates were confirmed as BTV by
indirect immunofluorescent staining of infected bPAEC monolayers grown on chamber
slides, using a monoclonal antibody to BTV core protein VP7 (Whetter et al., 1989). Virus
isolates were serotyped by virus neutralization assays utilizing serotype - specific
monoclonal and polyclonal antisera to BTV serotypes 10, 11, 13, and 17, which are the only
BTV serotypes known to occur in California (Stott et al., 1985; Rossitto et al., 1992). The
S10 gene of viral nucleic in qRT-PCR-positive blood samples was directly amplified for
sequence and topotype analysis, as previously described (Balasuriya et al., 2008).

Results
Approximately 50% of the sentinel calves (61/123) were seropositive at first sampling at 1 –
3 days of age. The initial sampling occurred after the calves had all ingested colostrum,
which typically was pooled colostrum that was collected and stored on each individual farm.
BTV-specific antibody persisted in these calves until 4–5 months of age, as expected for the
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decay of colostral antibodies (Heinrichs et al., 2009). BTV RNA was detected by qRT-PCR
assay in the blood of individual calves in two distinct time periods: first, in newborn calves
during the putatively BTV transmission-free months of January – June (mean Ct 35.1; SD
5.90); and second, during the expected seasonal transmission period of July – December
(mean Ct 29.1; SD 4.05) (Figures 1 and 2). The prevalence of BTV qRT-PCR positive
calves varied among study sites and although surveillance for Culicoides vectors was not
conducted during the present study; previous studies have shown that vector-mediated
transmission of BTV is highly seasonal in California; specifically, vector-mediated
transmission of BTV occurs during the late Summer and Autumn (Osburn et al., 1981;
Loomis et al., 1985; Stott et al., 1985; Gerry et al., 2001).

Sixteen calves tested positive (Ct≤ 35) for BTV RNA between July – December; these
calves were 6–7 months of age when first positive. All of these calves seroconverted after
becoming qRT-PCR positive confirming that they had been productively infected with BTV.
Viral RNA persisted in the blood of individual calves for 3–4 months, and the prevalence of
infected calves ranged from 0 – 100%, depending on site. Specifically, the prevalence of
viral RNA positive calves was 100%, (95% CI, 74% to 100%) amongst calves from Orland
in the Sacramento Valley, and ranged from 8.3% (95% CI, 0.2% to 38.5%) to 25% (95% CI,
5.5% to 57.2%) amongst calves on farms in Modesto, Merced, and Tulare in the San Joaquin
Valley and Riverside in southern California (Figure 2). BTV (serotype 17) was isolated from
the blood of individual calves at Orland and Merced.

Six calves were qRT-PCR positive immediately after birth and during the initial months of
testing (January-June), when they were also all seropostive. Five of these calves remained
positive by qRT-PCR (mean Ct 34.3; SD 1.11) from birth until 2 months of age when all 5
became negative, which they remained for the duration of the study. BTV was never isolated
from these 5 calves, so the virus serotype was not determined. All of these transiently virus-
positive calves became seronegative following loss of colostral antibody, indicating that
they were not productively infected with BTV. In contrast, BTV (serotype 11) was isolated
from the sixth calf and this animal remained seropositive for the duration of the study
confirming that it had been productively infected; viral RNA (mean Ct 28.3; SD 5.52) was
detected in the blood of this calf for 3 months after birth, after which the calf was
consistently negative for viral RNA. The dams of all of the qRT-PCR-positive newborn
calves that were available for sampling (5 of 6 animals) were seronegative to BTV,
precluding the possibility of vertical BTV transmission and congenital infection. Thus, to
determine if the pooled colostrum fed to these calves was responsible for their positive qRT-
PCR status at first sampling, the pooled colostrum fed to the calves at one site (Davis) was
evaluated by qRT-PCR assay and shown to contain BTV RNA. Sequence analysis of the
S10 genes amplified from viral nucleic acid in colostrum (GenBank Accession GU954427)
and the blood of one colostrum-fed calf (GenBank Accession GU954426) confirmed
sequence homology (>99.75% nucleotide identity; > 99.5% amino acid identity) of
amplicons from the two sources, indicating that viral nucleic acid in the colostrum was most
likely responsible for the positive qRT-PCR status of the newborn calves. The S10 gene
sequence of the virus isolated from the infected newborn calf in Modesto (GenBank
Accession GU954425) was distinct from that of the genes amplified from colostrum and calf
blood from the site at Davis, indicating that genetically distinct viruses were spread in
colostrum at each farm.

Discussion
Data from this sentinel calf study in California confirm both localized, vector-mediated,
seasonal transmission of BTV as well as dissemination of BTV and/or viral nucleic acid to
newborn calves via colostrum. Specifically, seasonal transmission of BTV serotype 17
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occurred at multiple sites although, for reasons undetermined at this time, at lower frequency
than anticipated from the results of similar studies undertaken approximately 30 years
previously. In these previous studies, the mean proportion of viremic ruminants was 4.5%
and seroprevalence was 47.8% as determined respectively by virus isolation in embryonated
chicken eggs and agar gel immunodiffusion test (Osburn et al., 1981; Stott et al., 1985). The
cause of this apparent decrease in the prevalence of BTV infection of cattle in California is
uncertain, but changes in husbandry practices along with climatic and environmental
parameters might be responsible (Purse et al., 2008; Zimmer et al., 2010).

Unexpectedly, BTV nucleic acid also was detected in 6 colostrum-fed, newborn calves
during the winter months when vector Culicoides insects are not active, and BTV serotype
11 was isolated from one of these calves. Sequence analysis confirmed colostrum to be the
source of viral nucleic acid in the positive calves at Davis, and the dams of these five qRT-
PCR-positive calves were all seronegative to BTV at least one year after parturition
indicating that transplacental infection was not responsible for infection of these calves.
However, the dam of other positive calf (Modesto 22) that was productively infected with
BTV at first sampling after birth was not available for follow-up and, although unlikely,
transplacental virus infection during late gestation cannot be definitively excluded in this
calf.

The role of perinatal BTV infection in the epidemiology of BTV infection is uncertain, as
viral nucleic acid was only transiently detected in the blood of individual calves and
infectious virus was isolated from only a single calf. Indeed, the 5 calves that were
transiently qRT-PCR assay positive but virus isolation negative following ingestion of
colostrum did not seroconvert to BTV, indicating they were not productively infected. BTV
nucleic acid can also persist for long periods in the blood of infected ruminants in the
absence of infectious virus (Maclachlan et al., 1994; Bonneau et al., 2002; Maclachlan et al.,
2009). Findings from the current study also are consistent with those of prior experimental
studies in which oral transmission was demonstrated among calves following ingestion of
colostrum that was spiked with wild type BTV serotype 8 (Backx et al., 2009). However,
our study confirms for the first time the natural dissemination of BTV and/or BTV nucleic
acid in colostrum, as determined by surveillance monitoring of a sentinel cohort of dairy
calves on commercial farms.
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Figure 1.
Prevalence during 2009 of BTV-specific RNA and antibodies amongst sentinel calves by
month. Red bars show prevalence of viral RNA as determined by qRT-PCR, blue bars
prevalence of BTV specific antibodies as determined by cELISA, and error bars indicate
95% confidence intervals.
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Figure 2.
BTV infection of sentinel calves at different sites in California during 2009. Prevalence at
each site of viral RNA positive animals as detected by qRT-PCR during A. January-June
and B. July-December.
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