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Bovine respiratory syncytial virus: infection
dynamics within and between herds

T. B. Klem, S. M. Gulliksen, K.-I. Lie, T. Laken, 0. @steras, M. Stokstad

The infection dynamics of bovine respiratory syncytial virus (BRSV) were studied in randomly
selected Norwegian dairy herds. A total of 134 herds were tested twice, six months apart. The
herds were classified as positive for BRSV if at least one animal between 150 and 365 days
old tested positive for antibodies against BRSV, thereby representing herds that had most
likely had the virus present during the previous year. The prevalence of positive herds at the
first and second sampling was 34 per cent and at 41 per cent, respectively, but varied greatly
between regions. Negative herds were found in close proximity to positive herds. Some of
these herds remained negative despite several new infections nearby. Of the herds initially
being negative, 42 per cent changed status to positive during the six months. This occurred at
the same rate during summer as winter, but a higher rate of animals in the herds was positive
if it took place during winter. Of the herds initially being positive, 33 per cent changed to
negative. This indicates that an effective strategy to lower the prevalence and the impact of
BRSV could be to employ close surveillance and place a high biosecurity focus on the negative

herds.

Introduction

Bovine respiratory syncytial virus (BRSV) is one of the major patho-
gens involved in the bovine respiratory disease complex, detrimen-
tally impacting production and animal welfare in the cattle industry
all over the world (Griffin 1997, Snowder and others 2006, Brodersen
2010). Clinical signs vary from none to severe, with most outbreaks
occurring during the winter season (van der Poel and others 1993,
Baker and others 1997, Valarcher and Taylor 2007).

In areas where vaccination is rarely used, which is the case in
Norway; the prevalence of BRSV infection at herd level, or in a popula-
tion, is usually based on the detection of antibodies in serum or milk
from a group of animals in the herd. The prevalence is usually found
to be high (Elvander 1996, Paton and others 1998, Uttenthal and oth-
ers 2000, Gulliksen and others 2009, Ohlson and others 2010). Such
screenings have some disadvantages; animals will remain seropositive
for several years after an infection. Additionally, calves that receive colos-
trum from seropositive cows will also be positive. Most dairy calves will
not have detectable maternal antibodies after the age of five months
(Baker and others 1986, Uttenthal and others 2000). Serological meth-
ods, therefore, have low specificity for distinguishing between animals
or herds with ongoing infection versus the past. The ideal method to
describe the occurrence of BRSV would be to detect the virus. However,
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infected animals do not have the virus circulating in the blood, they shed
the virus for a short time period and the laboratory methods for detec-
tion are expensive. This means that large-scale studies on the prevalence
of herds with ongoing or recent infection of BRSV are challenging,
which has, in turn, led to a lack of knowledge on the spreading pattern
of BRSV. Factors, such as rate of new introduction to herds, elimination
rate, seasonal pattern and virus reservoir are not well described.

More extensive serological studies where herds are classified
according to BRSV status should be based on an investigation of
animals chosen with the intent to reduce the possible time period
between sampling and infection. The number of animals needed to
classify the herds correctly as infected or not will rely on several fac-
tors, one of the main ones being the within-herd prevalence. Generally,
BRSV is reported to give high morbidity due to the rapid spread of the
virus within herds causing high within-herd prevalence (Rossi and
Kiesel 1974, Stott and others 1980, Verhoetf and van Nieuwstadt
1984). Bidokhti and others (2009) found the mean within-herd preva-
lence of adult animals to be 70 per cent and 93 per cent in herds tested
twice, also showing that the seropositivity increased with age. If the
within-herd prevalence is 70 per cent and an ELISA with a sensitiv-
ity of 94.6 per cent and specificity of 100 per cent is used, it can be
calculated by the methods described by Martin and others (1992) that
the sensitivity at the herd level will be 66, 89, 96, 99 and 100 per cent,
respectively, when one to five animals are included. With a within-
herd prevalence of 93 per cent, it will be 88 per cent and 99 per cent
for one and two animals sampled, and 100 per cent if three or more are
sampled. A study by Hagglund and others (2006) suggested conduct-
ing such studies by using three animals in each herd.

The aim of the present study was to

1. Estimate the prevalence and geographical distribution of herds
with BRSV circulating within the previous year in Norway.

2. Shed new light on the dynamics of BRSV by repeating the
study twice in the same herd six months apart, better defining
temporal distribution of infection in herds.

3. Compare distributions to factors, such as season and size of

herds.
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Material and methods

Design, animals and sampling

The study was designed as a repeated, cross-sectional survey and per-
formed between June 2004 and December 2006. In order to cover
all parts of Norway, 30 veterinary districts across the country were
selected. The selection of districts was based on geographic loca-
tion, animal density and that the veterinarians in the district had a
health service agreement with The Norwegian Cattle Health Services
(NDHRS). The 30 districts represented herds from 16 out of the 19
Norwegian counties. Dairy herds recorded in the NDHRS as having
at least 15 cow-years were included for further random sampling. One
cow-year is the sum of the total of individual feed days for all cows in
aherd over the course of a calendar year divided by 365. Herds located
in the selected districts were stratified according to herd size in the fol-
lowing four groups: (1) herds with 15-24.9 cow-years (n=1807); (2)
herds with 25-49.9 cow-years (n=568); (3) herds with 50-99.9 cow-
years (n=62); (4) herds with more than 100 cow-years (n=6). Using
random computer sampling (SAS V.9.1), on principle, two herds were
selected from each district in the first group, four in the second group,
two in the third group and all herds in the fourth group (Gulliksen and
others 2009). Altogether, 193 herds were of requested size and invited.
A total of 134 dairy farmers were able to participate and were included
in the survey. For logistical reasons, herds from eastern Norway (n=61)
were enrolled during 2004, from western Norway (n=23) during 2005
and from central and northern Norway (n=50) during 2005 and 2006.
Vaccination against BRSV had not been performed in any of the
study herds. In each herd, blood from an average of five calves was
collected on two occasions. There was some variation in the number
of tested calves due to practical circumstances such as number of avail-
able calves at the time of sampling (distribution shown in Table 1).
The calves were aged 0-365 days, and the animals were randomly
selected at each sampling. This gave a total of 1348 blood samples
collected from 1294 calves. Of the samples, 470 were from calves less
than 150 days old. Qut of these, 159 samples from 157 calves tested
positive for antibodies to BRSV. They were excluded from analysis to
prevent misclassification caused by the presence of maternal antibod-
ies. The calves less than 150 days old with negative antibody titre
were included. Finally, this gave a total of 1189 samples collected from
1187 calves included in the analysis.

In each herd, the two samplings were performed approximately
6 months apart. In 17 of the 134 herds, samples were only available
from one sampling for different reasons, for example, too few avail-
able animals, or farmers closing down their activities.

From September 2005, samples of bulk tank milk were collected
from 46 of 134 (34 per cent) study herds. The bulk tank milk samples
were obtained on the same day as the first sampling of blood from the
calves in the eight counties.

Antibody examination

On the day of collection, blood and bulk milk samples were centri-
fuged and the serum or skimmed milk was extracted before being
stored at —20°C until they were analysed. Analysis for the presence of
antibodies against BRSV was performed using a commercial ELISA

TABLE 1: The table shows the number of dairy herds with a given

number of calves positive for antibodies against BRSV in serum
out of the number of calves tested

Number Number of positive calves

of sampled

calves 0 1 2 3 4 5 6 7 8 9 10
2 10 0 7

3 14 6 4 5

4 28 13 5 4 5

5 85 n 4 3 2 0

6 n 6 4 0 0 1 2

7 5 1 0 0 0 1 1 2

8 0 0 0 0 0 0 0 1 0

9 1 0 0 0 0 0 0 0 0 0

10 4 1 0 0 1 0 0 0 0 0 2

BRSV, bovine respiratory syncytial virus
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kit (Svanovir, Svanova Biotech AB, Uppsala). The manufacturer’s
instructions were followed. The optical density (OD) was measured
at 450 nm and corrected by subtraction of OD for the negative control
antigen. If the OD value was 0.2, the sample was classified as posi-
tive. The sensitivity and specificity of the test for this cut-off reported
by the manufacturer were 94.6 per cent and 100 per cent, respectively.

Classification of the herds

The classification of the herds was based on the results of the anti-
body test of the selected calves. The herd was classified as ‘positive’ if
one or more of the sampled calves were positive for BRSV antibodies.
Positive herds were considered to have had the virus present in the
herd during the past year.

Prevalence of BRSV antibodies

The prevalence of positive herds was calculated for the first (n=134
herds) and second (n=117 herds) samplings. An overall prevalence in
the country was calculated for the two samplings viewed together.
Hence, if a herd was positive in one of the samplings, it was defined
as positive. An overall prevalence of positive herds in each of the 16
counties was estimated in the same way.

The results of the serological and bulk milk screen were compared
for herds that underwent both tests.

The impact of herd size on the prevalence of BRSV was examined
by classification according to the number of cow-years in the herd. Of
the 117 herds, 20 had a size of 50 or more cow-years and were clas-
sified as large herds, and 96 of them had less than 50 cow-years and
were classified as small herds. The exact number of cow-years was
missing for one herd which was excluded from the calculations on
herd size. Contingency analysis was performed with number of cow-
years 250 and <50 as the independent variables and serostatus from
sampling one to two as the dependent variables.

Seasonal variation
The study herds were divided into two groups according to the season
between the two samplings. The winter season is December, January
and February, and the summer is June, July and August. Seventy-four
herds had winter between the two samplings, while 26 had summer.
Seventeen of the herds did not fit into either category and were exclud-
ed from the calculations on seasonal variation.

Contingency analysis was performed for two parameters. The
independent variable was herds sampled during the winter or summer
season. Two dependent variables were analysed

1. Change from negative to positive at herd level
2. The number of positive animals tested=100 per cent versus
<100 per cent.

Relationships were deemed to be statistically significant if the
P value was less than 0.05. All associations were calculated using
Fisher’s Exact Test. The analyses were performed using JMP 8 (SAS
Institute, Cary, North Carolina, USA).

Results

Prevalence of BRSV antibodies

The prevalence of herds with antibodies against BRSV in serum at
the time of the first sampling was 34 per cent (45 out of 134) and 41
per cent (48 out of 117) at the second sampling. The overall prevalence
of herds positive in any of the samplings was 54 per cent (72 out of
134). The geographical results of the prevalence study are shown in
Fig 1. Totally, 233 (20 per cent) of the 1189 samples were positive for
antibodies against BRSV. The mean age of the included calves was
197.7 days, with a sd of 75.1 days. The median was 198 days.

The numbers of dairy herds classified as positive and negative for
BRSV at the two samplings are shown in Table 2. Twenty-seven (33
per cent) of the 81 herds initially being negative changed to positive,
and 9 (33 per cent) of these 27 herds showed all animals positive on
the second sampling. Fifteen (42 per cent) of the 36 herds initially
being positive changed to negative, and 21 of them (58 per cent)
remained positive on second sampling. Of the herds negative on first
sampling, 54 (46 per cent) were also negative on the second.
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FIG 1: BRSV classification. Geographical distribution of herds classified as positive and negative for BRSV infection in Norway. The
classification was based on an examination of antibodies against BRSV in the serum of an average of five calves without maternal
antibodies in each herd in two samplings at approximately six months apart. If one or more of the sampled animals were positive for
antibodies against BRSV, the herd was classified as positive (ArcGIS 10, ESRI Inc., Redlands, California, USA)

The prevalence of herds positive for antibodies in bulk tank milk
was 30 per cent (14 of 46 herds). Comparison of the results of the bulk
tank milk testing with the serological investigation showed that 10 (71
per cent) of the 14 herds that were positive for antibodies in bulk milk
sampling were classified as negative based on the serological analysis
of young animals. Altogether, 31 (97 per cent) of the 32 herds negative
for antibodies in bulk tank milk were classified as negative based on the
serological examination in calves. One herd was negative for bulk milk
but had one seropositive calf. This calf was retested 6 months later
and was still positive, even though the remaining calves were negative.

The within-herd prevalence of the positive herds varied from 10
per cent to 100 per cent, with a mean of 55 per cent. The distribution
of the number of calves positive for antibodies within herds is shown
in Table 1 and is based on results from both samplings. The mean
number of animals sampled on each sampling occasion was 4.7.

Contingency analysis of herd size versus changes in classifica-
tion showed that there was no significant difference between large
and small herds in the risk of changing from negative to positive.
However, larger herds were more likely to change status from positive
to negative (P value 0.015).

Geographical distribution

There were distinct differences in both prevalence and changes in
BRSV antibody status at herd level between the two samplings in dif-
ferent areas (Fig 1). In the counties with the highest density of cattle
(Fig 1, numbers 4, 7,9 and 15) the prevalence of herds defined as posi-
tive on first, second or both samplings was 82, 94, 64 and 75 per cent
for each of the four counties, respectively. Several counties had no posi-
tive herds (Fig 1, numbers 1, 2 and 6). Another county (Fig 1, number
17) had a high proportion of negative herds. In the county with the
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TABLE 2: Number of dairy herds (%) in Norway, positive and

negative for BRSV on two sampling occasions

2nd sampling
1st sampling Negative Positive Total
Negative 54 (67) 27 (33) 81(69)
Positive 15 (42) 21 (58) 36 (31)
Total 69 (59) 48 (41) 117 (100)

Serum of an average of five animals in each herd was tested for antibodies
against BRSV at each occasion. A herd was classified as positive if at least one
sampled animal was antibody positive

BRSV, bovine respiratory syncytial virus

highest density of cattle (Fig 1, number 15) there were herds classified
as negative on both samplings, and herds changing from negative to
positive and from positive to negative within a small geographical area.

For a smaller area in the northern part of county number 7 (Fig 1),
seven out of eight of the herds were negative for antibodies against
BRSV on the first sampling, and positive on the second. In six of
them, all tested calves were positive on the second sampling. One of
the herds was negative on both samplings and negative on the bulk
milk sample, that is, having no immunity in the herd. Within the
sampling period there was a confirmed clinical outbreak of respira-
tory disease in this area.

The number of herds tested and their distribution by county is
presented in Table 3.

Seasonal variation

Of the herds with winter between the samplings, 23 per cent (17 out
of 74) changed from negative to positive. Of the herds with summer
between samplings, the respective number equals 23 per cent (6 out of
26). All the herds in which 100 per cent of the animals tested positive
on the second sampling had winter between the samplings.

Discussion
The present study is based on a nationwide longitudinal study where
herds were classified as BRSV-positive or BRSV-negative. The classifi-
cation was based on individual sampling of an average of five animals
less than one year old. If one or more of the sampled calves between
150 and 365 days of age were positive for BRSV antibodies, the herd
was classified as positive. The positive herds have most likely had
BRSV circulation during the previous year.

The within-herd prevalence in this study was low, compared
to other studies (Hagglund and others 2006, Bidokhti and others

TABLE 3: Geographical distribution by county of herds positive

and negative for antibodies against BRSV

Number Classification first/second sampling Proportion
of herds of positive

County sampled /- +/+ —/+ +/- herds

1 1 1 0 0 0 0
2 4 4 0 0 0 0
3 10 7 0 3 0 30
4 n 2 4 4 1 82
5 7 3 4 0 0 57
6 6 6 0 0 0 0
7 16 1 5 9 1 94
8 n 7 1 2 1 36
9 14 5 3 2 4 64
10 6 5 1 0 0 17
" 3 3 0 0 0 0
12 5 0 2 2 1 100
14 1 0 0 1 0 100
15 8 2 0 3 3 75
17 7 6 0 0 1 14
18 7 2 1 1 3 71
Total 17 54 21 27 15 54

Number of herds sampled and herds classified as negative for BRSV infection
at both samplings (—/-) or both positive (+/+), herds defined as having a new
infection (=/+) or eliminating an infection (+/-)

BRSV, bovine respiratory syncytial virus
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2009). The reason for this could be that the herds were randomly
selected, and that samples from young animals were collected. In
the study by Hagglund and others (2006) the within-herd prevalence
was considerably higher, but the herds chosen all had a history of
respiratory disease. Another study by Bidokhti and others (2009)
on adult animals suggest high within-herd prevalence also in herds
with no known history of respiratory disease. They also showed
higher seropositivity with increasing age. In the present study, all
sampled calves were positive in only approximately a quarter of the
positive herds.

Positive animals less than 150 days old were excluded from the
analyses in this study to avoid interference from maternal antibodies.
The calves less than 150 days old that were negative were presumed
to be truly negative and included in the analyses since removing
them would entail the loss of valuable information. All the analyses
were also performed for a dataset where all calves under 150 days old
(both positive and negative) were removed and the results remained
the same but with less power (data not shown). The exclusion of the
positive animals less than 150 days old reduced the number of tested
animals in some herds. Three or more calves were included on 93
per cent of the occasions. Hagglund and others (2006) suggested three
sampled animals in a herd were sufficient for correct classification of a
herd’s infectious status. If the calculations of Martin and others (1992)
are used with the mean within-herd prevalence calculated in the pre-
sent study (55 per cent), the sensitivity of the classification on herd
level will be 52,77, 89, 95 and 97 per cent when one to five animals
are included. This shows that even if the within-herd prevalence was
lower than expected, the sensitivity is acceptable.

The classification system in the present study might give both
false positive and false negative herds. The main reason for false
positive herds would be the cut-off value for maternal antibodies
(150 days). It is possible that there are false positive herds due to calves
with an unusually long duration of maternal antibodies. Uttenthal
and others (2000) found that maternal antibodies of dairy calves are
not likely to be detected after five months. Baker and others (1986)
found an average duration of 3.2 months, but up to 6.8 months in
some animals. Maternal antibodies are reported to last longer in beef
than dairy cattle, with an average of 6.1 (Fulton and others 2004). In
the present study, only dairy herds were included. Additionally, the
positive herds usually had more than one positive animal. Altogether,
it is possible for the herds in the present study to be misclassified due
to long duration of antibodies in some animals, but this will probably
only apply to a relatively low number of herds.

Herds might also be misclassified as negative. The fewer animals
tested in a herd, the higher risk of false negative classification of the
herd. One factor that can give false negative results is that presence of
maternal antibodies in young calves might depress the natural devel-
opment of immunity after infection. Kimman and others (1987) and
Uttenthal and others (2000) conclude that maternal antibodies marked-
ly suppress the humoral immune response, leading to shorter duration
of humoral immunity. This might give false negative results in individu-
als that are tested serologically. Their conclusions are based on investiga-
tion of a relatively low number of calves observed for a short period of
time, leaving questions on how the antibody titre will develop further.
The laboratory methods were also different from the ones used in the
present study, leaving questions open as to exactly what degree this
impairment will influence the test strategy used in the present study.
The degree of impairment of the humoral response is also likely to be
affected by the level of maternal antibodies of each individual; the lower
the level of maternal antibodies, the less impairment. It is possible that
some animals were falsely classified as negative in the present study, but
the number and age dispersion of the calves used to classify the herds
makes it unlikely that this applies to many herds.

The calculated prevalence shows that BRSV is a common infec-
tion in Norway. The prevalence estimate is lower than that reported
in many other countries (Elvander 1996, Paton and others 1998,
Uttenthal and others 2000, Luzzago and others 2010, Ohlson and
others 2010) which is probably due to the different methods used to
estimate the prevalence. In Sweden, the prevalence based on bulk tank
milk has been reported to be between 41 per cent and 89 per cent
(Elvander 1996, Ohlson and others 2010) and up to 100 per cent in



England and Wales (Paton and others 1998). In another study based
on pooled milk samples from five primiparous cows, a prevalence
of 85 per cent was found (Ohlson and others 2010). In Norway,
Gulliksen and others (2009) found the prevalence of BRSV in calves
up to 12 months of age to be 31 per cent. In the same study, 71 per
cent of the herds were categorised as positive based on the finding
of at least one antibody-positive calf. However, calves young enough
to still have maternal BRSV antibodies circulating were not excluded
from the analysis.

In the present study, the prevalence of herds positive on bulk tank
milk testing was low. This was probably due to the fact that these
samples were only collected in areas with a low prevalence of BRSV.
When comparing the results of the serum and bulk milk sampling, the
majority of herds positive on bulk tank milk were negative based on
serological analysis. Ninety-seven percent of the herds that were nega-
tive on bulk tank milk samples were also negative on serology, and bulk
tank milk is therefore convenient for the classification of negative herds.

The study indicates that the prevalence of BRSV is highly vari-
able between counties. The counties with the highest cattle density
generally had a higher proportion of positive herds, but no link was
found between herd size and the risk of being classified as positive. A
previous study in Norway (Norstrém and others 1999) found that the
risk of transmission of respiratory disease between herds was high.
Nevertheless, in the present study, there are examples of counties with
herds in all categories close together: negative herds, positive herds, as
well as herds initially being negative changing to positive and herds
initially positive changing to negative. This pattern is also seen in sev-
eral smaller geographical districts. Thus, the herds grouped within a
restricted area do not necessarily change infection status in the same
direction. In one of the counties (Fig 1, number 15), the classifica-
tion status of the herds is especially complex, with all types of clas-
sifications present within a small area. In another small district (Fig
1, northern part of county number 7) a clinical outbreak of respira-
tory disease was registered and most herds were infected. In spite of
this, one herd stayed negative throughout the epidemic, which dem-
onstrates that a herd can keep its negative status without immunity
despite an ongoing epidemic in the area.

This study is not sufficiently extensive to determine whether
large areas are free from BRSV despite certain counties only contain-
ing herds which tested negative. The number of sampled herds in
these counties was low, and negative and positive herds are located
close together in other areas. A high proportion of herds must be sam-
pled to be able to classify whole regions.

New introduction of BRSV to the herds occurred at the same rate
regardless of season. These findings contrast with the findings of Van
der Poel and others (1993) who found that the highest incidence of pri-
mary infection was in the autumn or winter season. Baker and others
(1997) also report that there is a peak occurrence of BRSV infections in
the autumn and winter, and that primary infection in other seasons is
rare. The fact that new infections occur throughout the summer could
explain how the virus can survive between winter seasons. There is
some uncertainty about these results as the samples were collected
only every sixth month. Interestingly, it was also found that the intro-
duction of BRSV into a herd in the winter leads to a higher proportion
of seropositive animals than such introduction in the summer. This is
in accordance with more clinical outbreaks taking place during win-
ter due to higher infectious pressure because of indoor housing with
tighter relations between animals, poor ventilation and high humidity
(Stott and others 1980, Higglund 2005). In the summer, the infectious
pressure is likely to be low and, consequently, fewer animals are likely
to be infected in the herd, resulting in less clinical disease.

The presence of a lower rate of animals positive for antibodies
against BRSV, and fewer clinical signs of infection in the summer,
may suggest that a low-grade infection in a herd or individual animals
persists or maintains the infection over summer. This would make
the task of working with diagnostics and the risk of infection more
complicated. Van der Poel and others (1993) suggested that low-grade
infections might be a means for the virus to survive in a population
during the summer.

The current findings are of importance for the future control
of BRSV which should be focused at the herd level. By detection

and surveillance of negative herds combined with implementation
of biosecurity measures in these, the occurrence of BRSV could be
reduced. Effective biosecurity measures are not well documented for
BRSV, but in a study by Ohlson and others (2010) they found that
biosecurity in terms of providing boots for visitors in herds were
associated with lower prevalence of BRSV. Given the high volatil-
ity herd infection status and the close proximity between negative
and positive herds, individual examination of each herd may be
necessary. Further studies with the inclusion of a higher number of
animals in each herd, and a higher number of herds in an area, are
necessary.

Conclusion

This study revealed that there is high variation in prevalence and pat-
tern of infection dynamics within and between herds in the differ-
ent regions. There are rapid shifts in infectious status at herd level.
The rate of new infections at herd level does not vary with season.
Negative herds were found in close proximity to positive herds.
Combined with a high elimination rate in infected herds, it should
be possible to lower the prevalence of BRSV by preventing the intro-
duction of virus into herds throughout the year. A suitable strategy
could be to employ close surveillance and focus on the negative herds
followed by high biosecurity to avoid new introductions of virus in

these herds.
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