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The objective of this study was to examine the dynamics of bovine corona virus (BCV) and bovine respi-
ratory syncytial virus (BRSV) infections in dairy herds over a 3-year period. The status of 79 dairy herds
located in two Northern and two Southern Regions of Sweden were surveyed by measuring antibody con-
centrations to BCV and BRSV in pooled milk samples from primiparous cows, and in bulk-tank milk twice
annually.

In the Southern Regions the percentage of antibody-positive herds remained persistently high (75–
100%), whereas in herds based in the Northern Region, the percentage of positive herds for BCV and BRSV
was 38–80% and 0–80%, respectively, with antibody levels to BRSV decreasing over time. Pooled milk
samples of ‘home-bred’ primiparous animals were found to be most useful in terms of monitoring herd
status but could gradually be replaced by bulk-tank sampling once freedom from infection was
established.

� 2013 Elsevier Ltd. All rights reserved.
Introduction

Bovine corona virus (BCV) and bovine respiratory syncytial
virus (BRSV) are significant pathogens of both beef and dairy cattle
worldwide (Clark, 1993; Valarcher and Taylor, 2007). A survey in
England and Wales based on virus antibody concentrations in
bulk-tank milk (BTM) samples, found prevalences of 100% (Paton
et al., 1998). BCV can cause diarrhoea in calves and winter dysen-
tery in adult cattle as well as respiratory disease of variable sever-
ity (Stair et al., 1972; Saif et al., 1986; Saif, 1990; Alenius et al.,
1991). Infection with BRSV can lead to outbreaks of severe respira-
tory disease (Verhoeff et al., 1984; Elvander, 1996; Viuff et al.,
1996).

Outbreaks of both viral infections typically occur during the
housing (winter) period (Stott et al., 1980), and it remains unclear
how the virus survives during the intervening seasons. It is possi-
ble that factors such as latency/reactivation, low level circulation
of virus within and/or between herds or reservoir hosts may play
a role. Sequencing indicates that virus within herds during an out-
break is identical, but varies both temporally and spatially between
outbreaks, suggesting that outbreaks are caused by ‘new’ virus
rather than through latency or the existence of carrier animals
(Larsen et al., 2000; Liu et al., 2006; Bidokhti et al., 2012).

Both infections have significant negative effects on both herd
health and animal performance (Tråvén et al., 1999; Beaudeau
et al., 2010; Ohlson et al., 2010a) and there is a clear association be-
tween higher levels of herd biosecurity levels and lower prevalence
of herd infection (Ohlson et al., 2010b). In order to control these
infections better, it is important to clarify further some aspects of
their epidemiology and to evaluate the accuracy of diagnostic pro-
cedures. To the authors’ knowledge, very few longitudinal studies
charting the epidemiology of BCV and BRSV infections in cattle
herds have been performed. Van der Poel et al. (1993) investigated
BRSV infection in six dairy herds over a 1-year period and found a
rise in titres but not seroconversion in antibody-positive animals
during the summer period. Hägglund et al. (2006) conducted a 1-
year serological study of calves in a region of southern Sweden
where both BCV and BRSV are endemic and found seroconversion
to occur in animals mainly during the winter.

The within-herd spread of both BCV and BRSV is highly effective
with the result that all susceptible animals typically become in-
fected (Alenius et al., 1991; Hägglund et al., 2006; Bidokhti et al.,
2009). Sampling a subset of young animals has previously been
used in testing for bovine viral diarrhoea virus (BVBV) (Houe,
1992). Bulk tank milk (BTM) is also convenient way of monitoring
infection status in dairy herds, and the relationship between the
BTM antibody titre and the serological status of young animals
has previously been evaluated for BVDV (Houe, 1994). However,
such an approach has not been used to investigate if there is an
association between BTM antibody concentrations and the serolog-
ical status of young animals to BCV or BRSV.

The main objective of this study was to investigate the dynam-
ics of BCV and BRSV infection in dairy herds and to assess if these
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dynamics varied between geographical areas. The antibody status
of 79 herds located in four regions of Sweden was recorded over
a 3-year period. A secondary aim was to evaluate if there was an
association between the percentage IgG positivity in BTM samples,
and the antibody status of younger cows in order to determine if
the former could be used as an estimate of the latter.

Materials and methods

Study population

Four study areas within the counties of Halland, Gotland, Jämtland and Väster-
botten were selected (Fig. 1). The selection was based on previously estimated dif-
ferences in herd prevalence of antibodies in BTM samples, and on regional
differences in herd density. The prevalence of antibodies in BTM was estimated
to be 90–94% and 84–89% in Halland, 95–100% and 84–89% in Gotland, 75–79%
and 41–51% in Jämtland, and 70–74% and 41–51% in Västerbotten to BCV and BRSV,
respectively (Elvander, 1996; Tråvén et al., 1999). The corresponding herd densities
in 2006 were 0.09, 0.11, 0.005 and 0.007 herds/km2, respectively (Swedish Board of
Agriculture, 2007).

A sample of 20 herds was selected from each area: 10 herds with 30–80 cows
and 10 with >80 animals. These represented ‘average’ and ‘large’ sized herds under
current dairy farming conditions in Sweden (the mean herd size in Sweden was 48
in 2006).

The vast majority of Swedish dairy herds have a non-seasonal calving pattern,
and vaccines against BCV and BRSV are rarely used. Herds were eligible for inclusion
in the study if their owners were members of the local livestock association and had
enrolled in the National Animal Disease Recording System (Emanuelson, 1988), and
Swedish Official Milk Recording Scheme (Olsson et al., 2001). Currently >90% of
Swedish dairy cows are enrolled in these programs (Mörk et al., 2010). Selected
herds were geographically spread over the selected areas, were included once farm-
er consent was obtained, and were routinely visited by personnel from the local
livestock association. Vaccination against BRSV and BCV was not used in participat-
ing herds and all were free of BVDV infection as defined by the Swedish eradication
Fig. 1. Map of Sweden illustrating the boundaries of the four areas surveyed. H,
Halland; G, Gotland; J, Jämtland; and V, Västerbotten. Map created using R
statistical package (TEAM, 2008).
program (Lindberg and Alenius, 1999). The herds were also included (in the spring
sampling of 2008) as a part of a risk factor study (Ohlson et al., 2010b).

Using farm location details provided by the Swedish Board of Agriculture in
2005, kernel smoothing techniques were applied to illustrate the spatial distribu-
tion of dairy farms throughout Sweden, expressed as the number of farms/100
km2. These analyses were based on a regular grid of 2578 � 2578 cells calculated
using the Spatial Analyst extension in ArcGIS (version 9.3, ESRI). The bandwidth
parameter for the kernel function (used to control the amount of smoothing of
the estimated density surface) was fixed at 30 km, and was calculated using the
normal optimal method (Bowman and Azzalini, 1997). The locations of the 79 herds
were superimposed on this plot to demonstrate the spatial distribution of the study
herds relative to the overall national distribution of at risk herds (Fig. 2).

Sampling procedures

Herds were sampled before (September–October) and after (April–May) the
housing season for three consecutive years (from September 2006 to May 2009).
For each herd, on each sampling occasion, a pooled milk sample was collected from
the five youngest home-bred primiparous cows, and a BTM sample was also ob-
tained, which included milk from the sampled primiparous animals. Sampling
was performed by personnel from the local livestock association. Ten millilitre test
tubes containing 1.5 mg of the preservative bronopol (2-bromo-2-nitropropane-
1.3-diol) were used and samples were not diluted or centrifuged and were stored
at �20 �C until analysed. There were 432 pooled samples in total with correspond-
ing BTM samples. Farmers were informed of the antibody status of their herd by
mail after each sampling, based on the results obtained from the pooled primipa-
rous cow sample. Herd owners also received basic information regarding the clini-
cal signs and transmission routes of BCV and BRSV infection, as well as advice on
biosecurity.

Milk analysis

Samples were analysed for IgG to BCV (Alenius et al., 1991) and BRSV (Elvander
et al., 1995) using commercially available indirect ELISAs (Svanovir BCV-Ab and
BRSV-Ab, Svanova Biotech). Test sensitivity was estimated at 84.6% (BCV) and
94.6% (BRSV), respectively, and specificity at 100% for both (individual samples,
Svanova Manual). There were no data relating to herd sensitivity/specificity for
BTM samples. The optical density (OD) at 450 nm was corrected by subtraction of
the negative control antigen OD. To adjust for possible day-to-day variation in anal-
ysis, the percentage positivity (PP) was calculated as (corrected OD/positive control
corrected OD) � 100. For the BTM samples, a PP value of <5 was considered nega-
tive. This corresponded to the corrected OD of 0.05, with the positive control having
an OD of ‘1’. This cut-off had previously been used to detect antibodies to BCV and
BRSV in BTM (Elvander, 1996; Paton et al., 1998; Hägglund et al., 2006). For the
pooled milk samples a PP < 20 was deemed negative, closely corresponding to the
corrected OD of 0.20, the cut-off for negative individual samples for both BCV
and BRSV, as recommended by the manufacturer.

Assessment of infection dynamics

Changes in test results from <20 to >20 for primiparous animal sample pools,
and from PP < 5 to PP P 5 for BTM samples, were classified as a change in herd sta-
tus from antibody negative to positive and the reverse situation resulted in herds
changing from positive to negative status.

Statistical analysis

A Kruskal–Wallis equality-of-populations rank test was used to compare med-
ian herd size between the areas for each of the two herd-size groups, and also to
compare median PPs in BTM between negative and positive herds based on the pri-
miparous pooled sample. The proportion of positive herds in each region on each
sampling occasion was compared using a Fisher’s exact test. The association be-
tween herd antibody status to BCV and BRSV was evaluated using the v2 test, re-
peated for each sampling occasion.

Results

Of the 79 herds initially sampled in the autumn of 2006, 73 re-
mained in the study for the duration of the survey period and six
dropped out as the farms ceased milk production. Two additional
herds entered the study: ‘Halland’ in spring 2007 and ‘Jämtland’
in autumn 2007. For the Gotland region, samples during the au-
tumn 2008 period were lost during transport. Fig. 2 illustrates
the distribution of the selected herds and the herd densities in
these areas. Median herd size at the start of the study was 45 for
the 30–80 group and 110 for the >80 sized herds: there were no



Fig. 2. Image plot maps showing density of dairy farms (number of farms/100km2) recorded by the Swedish Board of Agriculture in 2005. Superimposed on each plot are the
point locations of the 79 study herds located in the south (Halland [H] and Gotland [G]), and north (Jämtland [J] and Västerbotten [V]).
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significant differences between the four regions as regards median
herd size of these two categories of herd.

Primiparous pooled samples

A summary of the results of analysis of the primiparous pooled
samples at each sampling occasion is given in Table 1. At study
commencement, 12 and 13 herds were antibody negative to BCV
and BRSV, respectively. Changes in herd status from antibody neg-
ative to positive occurred 26 times in 25 herds for BCV and 14
times in 13 herds for BRSV, respectively. Changes in antibody sta-
tus from negative to positive were present at all five follow-up
sampling points, and also occurred during the two summer seasons
Table 1
Summary of six sampling occasions from autumn (a) 2006 to spring (s) 2009 regarding anti
measured in pooled milk samples of five home-bred primiparous cows in 79 dairy herds

BCV

Positive/totala Neg-posb Pos-negc

Halland
a 2006 18/19 NA NA
s 2007 18/18 1 0
a 2007 17/18 NA 1
s 2008 16/18 0 1
a 2008 16/17 1 0
s 2009 16/17 0 0
Gotland
a 2006 19/20 NA NA
s 2007 18/20 1 2
a 2007 18/20 1 0
s 2008 17/20 1 3
a 2008 missing - -
s 2009 19/19 3 0
Jämtland
a 2006 16/20 NA NA
s 2007 14/20 1 3
a 2007 8/21 1 7
s 2008 10/16 4 0
a 2008 11/17 2 0
s 2009 11/18 0 1
Västerbotten
a 2006 14/20 NA NA
s 2007 11/20 1 4
a 2007 8/20 1 4
s 2008 10/19 4 1
a 2008 8/19 0 2
s 2009 13/19 4 0

NA, not applicable.
a Number of positive herds/number of sampled herds.
b Number of herds converting from antibody negative (neg) to positive (pos).
c Number of herds converting from antibody positive to negative.
d Incidence of antibody conversion from negative to positive for herds at risk (antibod
(five herds for BCV and two herds for BRSV, respectively). A change
from antibody positive to negative status occurred 29 times in 28
herds for BCV and 32 times in 32 herds for BRSV.

The infection dynamics of BRSV and BCV are detailed in Table 2.
The majority of herds that remained negative throughout the study
were located in Jämtland and Västerbotten: 6/6 and 8/9 herds for
BCV and BRSV, respectively. There was a positive association be-
tween BCV and BRSV primiparous pool status (P < 0.005; odds ratio
[OR] 4.2–8.4) on all sampling occasions, except for autumn 2008
where the association was not significant likely due to the missing
data. The proportion of positive herds did not differ significantly
between the four study areas in autumn 2006, for either BCV or
BRSV. On almost all follow-up samplings, however, there were a
body status to bovine coronavirus (BCV) and bovine respiratory syncytial virus (BRSV),
in four areas in Sweden.

BRSV

Incd Positive/totala Neg-posb Pos-negc Incd

NA 16/19 NA NA NA
100 17/18 2 0 67
NA 15/18 0 1 50
0 17/18 2 0 33
50 16/17 0 0 0
0 16/17 0 0 0

NA 19/20 NA NA NA
100 19/20 1 1 67
50 18/20 1 2 100
100 15/20 0 3 67
- missing - - -
100 18/19 3 0 100

NA 16/20 NA NA NA
25 11/20 0 5 0
17 2/21 0 9 0
40 1/16 0 1 0
17 0/17 0 1 0
0 1/18 1 0 6

NA 15/20 NA NA NA
17 15/20 1 1 20
11 14/20 0 1 0
33 12/19 0 1 0
0 10/19 1 3 14
45 9/19 2 3 25

y negative on previous sampling).



Table 2
Dynamics of antibody status to bovine coronavirus (BCV) and bovine respiratory syncytial virus (BRSV), in pooled milk samples from five primiparous cows from 79 dairy herds in
four areas in Sweden, stratified by the results of the first sampling in primiparous pools and in bulk tank milk (BTM). The results relate to six sampling points between October
2006 and April 2009.

Result at first test BTM/
primiparous pool

Negative throughout
study

New exposure - remained
positive

New exposure - returned to
negative

Multiple new exposures
(fluctuated)

BRSV
(n = 4)

- / - 100% 0% 0% 0%

BRSV
(n = 12)

+ / - 41.7% 33.3% 8.3% 16.7%

BCV
(n = 2)

- / - 100% 0% 0% 0%

BCV
(n = 9)

+ / - 22.2% 66.7% 11.1% 0%

Positive throughout
study

Turned negative - remained
negative

Turned negative then new
exposure

Multiple new exposures
(fluctuated)

BRSV
(n = 64)

+ / + 50.0% 33.3% 16.7% 0%

BCV
(n = 69)

+ / + 59.4% 13.0% 27.5% 0%
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significantly higher proportion of herds positive to BCV and BRSV
in Halland and Gotland, compared with those in Jämtland and
Västerbotten.

Bulk tank milk samples

At study commencement, two and four herds were antibody
negative to BCV and BRSV in their BTM, respectively, and remained
Fig. 3. Scatterplots of serological percentage positivity (PP) to: (a) bovine corona-
virus (BCV) and (b) bovine respiratory syncytial virus (BRSV). The results of pooled
milk samples of five home-bred primiparous cows and of the corresponding bulk
tank milk sample (BTM) are given on the horizontal and vertical axes, respectively.
Dashed horizontal and vertical lines represent the cut-offs for negative BTM (PP < 5)
and pooled (PP < 20) samples, respectively.
seronegative throughout the study period. One herd in Jämtland,
comprising 147 milking cows, remained antibody negative to both
viruses throughout the survey. In addition, three herds in each case
became seronegative for BCV and BRSV, respectively. These herds
were all located in Jämtland and Västerbotten, except for one herd,
antibody negative to BCV, located in Halland. One of these herds,
located in Västerbotten, became positive to BCV whereas the rest
remained seronegative.

Association between pooled and BTM samples

A total of 435 primiparous pooled milk samples were analysed
during the study period, of which 432 had a corresponding BTM
sample. Scatterplots of the PP value in BTM against the correspond-
ing pooled sample are shown in Fig. 3. There was a considerable
variation in the PP values for the BTM samples corresponding to
the seronegative primiparous pools. All antibody negative BTM
samples (PP < 5) however, had a corresponding negative primipa-
rous pool sample (PP 6 20). Furthermore, all BTM samples with a
PP 6 30 had a corresponding antibody negative primiparous
pooled milk sample for both viruses.

The median PP in the BTM was lower in samples that had a neg-
ative corresponding primiparous pooled sample to both BCV and
BRSV (P < 0.001), which remained significant when the BTM-nega-
tive samples were excluded. The majority of the negative primipa-
rous pooled samples had a corresponding positive BTM sample
(Table 3). Median and mean PP values, stratified by the results of
the pooled milk samples, are detailed in Table 4.

Discussion

Our results indicate that the dynamics of BCV and BRSV infec-
tion differ with geographical location: in Halland and Gotland in
Table 3
Relationship between antibody status to bovine coronavirus (BCV) and bovine
respiratory syncytial virus (BRSV), in pooled milk samples from five primiparous cows
(pool), and corresponding antibody status in bulk tank milk (BTM) samples, expressed
as number of samples. Cut-off set at percentage positivity of <20 for pooled and <5 for
BTM, samples, respectively.

Positive BTM Negative BTM Total

BCV
positive pool 323 0 323
negative pool 92 17 109
BRSV
positive pool 287 0 287
negative pool 116 30 146



Table 4
Median, mean and standard deviation (STD) for the percentage positivity (PP) of immunoglobulin (Ig) G to bovine coronavirus (BCV) and bovine respiratory syncytial virus (BRSV)
measured in pooled milk samples from five primiparous cows (pool) and corresponding bulk tank milk (BTM) samples, stratified by the antibody status of the primiparous pool.
Results of negative and positive BTM samples also detailed. Cut-off for negative samples set at PP<20 for pooled, <5 for BTM samples, respectively.

BCV BRSV

number median mean STD number median mean STD

Negative pool
pool 109 1 2.6 4.8 147 1 2.1 4.1
BTM 109 53 49.2 35.1 146 59.5 51.4 35.9
Positive pool
pool 323 78 80.4 32.3 288 86 85.7 31.4
BTM 323 91 89.7 24.1 286 92 89.7 24.1
BTM
negative 17 0 0.7 1.1 30 1 1 1.2
positive 415 83 82.2 28.9 403 86 85.8 27.7
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the South, the percentage of antibody-positive herds as reflected in
the primiparous contrast to herds in Jämtland and Västerbotten in
the North where there was greater fluctuation pooled samples was
persistently 75–100%, in in seropositivity (38–80% and 0–80% for
BCV and BRSV, respectively). Herds that remained seronegative
throughout the study period (except for one herd for BRSV) were
located in the Southern Regions surveyed. The incidence of new
infections was higher in Halland and Gotland compared to in Jämt-
land and Västerbotten.

It could be speculated that the information provided to the
farmers twice yearly had an impact in terms of improved biosecu-
rity on study farms. Also, the greater herd densities in Halland and
Gotland compared to Jämtland and Västerbotten could possibly re-
sult in a larger infection pressure in these Southern Regions. The
missing samples from the Gotland herds from the autumn of
2008 were unlikely to have significantly altered our overall find-
ings as the sampling from spring 2009 gave similar results to those
taken during the same season in 2008.

The fact that there were a few herd conversions from antibody
negative to positive (six and two for BCV and BRSV, respectively),
between April/May and September/October, suggests viral circula-
tion, albeit at a low level, during the summer when animals are
kept outdoors. It is possible that these herds had become newly in-
fected at the previous sampling time but antibody concentrations
had not yet reached detectable levels. However, it is likely that
either the farmers and/or veterinarians involved in the sampling
would have become aware of such new infections. Given how read-
ily both BCV and BRSV transmit within a group of cattle, herds neg-
ative in primiparous pooled samples were likely to have been free
from the active spread of infection for at least 2 years (correspond-
ing to the age of the cows included). Such a time-span would
strongly suggest that a herd converting from antibody negative
to positive had recently been introduced to virus rather than being
continuously exposed to virus circulating within the herd or being
excreted by a carrier animal.

The herds in Jämtland showed no evidence of circulating BRSV
by the end of the study, suggesting the possibility of ‘self-clear-
ance’, i.e. clearance without the use of vaccination and/or increased
biosecurity. The one herd in this region that did become seroposi-
tive in spring 2009 had a PP value of 21, which was just above the
cut-off for negative samples (PP < 20). Such a low value suggests
this change was not due to an outbreak of BRSV: it is possible that
an animal was included in the sample ‘pool’ that was not home-
bred or had been excluded from the herd for some reason. No other
samples where the antibody status changed from negative to posi-
tive had such a marginal PP value. When the herds from Jämtland
were resampled in 2010, all were antibody negative to BRSV in
pooled milk samples from primiparous cows.

The negative primiparous pooled samples exhibited consider-
able variation in PP values in the corresponding BTM sample. In
many cases it was not possible to distinguish primiparous pool-
negative from pool-positive herds using the PP value of the BTM
sample, but all antibody negative BTM samples had corresponding
negative primiparous pool samples for both BCV and BRSV. We
concluded that the measurement of antibodies to BCV and BRSV
in BTM is an effective method of monitoring herds in areas where
virus circulation has been very low or absent for a long time period.
However, our findings also suggest that the use of primiparous
pooled milk samples is more effective in identifying susceptible
herds in the early phases of control programs in endemic areas
and for the purposes of animal trading/movement. However, it is
crucial that the cows included in the pooled sample are home-bred
in order to truly reflect herd infection status.

The results of our study suggest it may be possible to establish
regions free of BRSV infection, as reflected in the initiation of vol-
untary control programs that include the majority of the herds
and that involve local veterinarians and livestock associations. Ani-
mal trading between low- and high-prevalence regions and be-
tween herds of differing antibody status involves the risk of
introducing these viruses to potentially highly-susceptible, immu-
nologically-naive cattle. One interesting option is to decrease the
incidence of BRSV infection by establishing regional populations
of herds certified free of this infection.

Conclusions

We found that the dynamics of BCV and BRSV infection varied
between our two Southern and two Northern study areas. All of
the herds in one of the Northern Regions remained free of BRSV
transmission during the 3-year study period. Our findings also
identified that individual herds in less cattle-dense areas can stay
free of BRSV and BCV infection. Between-herd transmission of
BRSV and BCV occurred when animals were kept outdoors be-
tween late spring and early autumn, which suggests ongoing circu-
lation of the viruses, albeit at a low level, over this time-period.
Pooled milk samples from primiparous cows are a convenient
way to monitor herd infection status, and can gradually, if freedom
from infection is established, be replaced by monitoring of BTM
samples.
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