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Fredriksen B, Leken T, @degaard SA: The duration of antibodies against bovine
virus diarrhoea virus in bulk milk. Acta vet. scand. 1998, 39, 89-98. — Fifty-eight
dairy herds, suspected to be recently infected with bovine virus diarrhoea virus (BVDV)
due to a rise in BVDV antibodies in bulk milk, were followed over a two-year period. In
34 (59%) of these 58 herds (Group 1), pooled milk samples from heifers or pooled blood
samples from calves were negative for BVDV antibodies. In this group as many as 53
and 76% of the herds again had antibody-negative bulk milk one and two years after the
positive sample, respectively. Of the remaining herds, 5 and 17 % had negative samples
after one and 2 years respectively.

Possible explanations for the limited duration of antibodies against BVDV in bulk milk
are discussed. In 65% of the herds in Group 1, animals had been purchased and intro-
duced into the herd, or the herds had been exposed to other forms of contact represent-
ing a risk of infection with BVDV. In the remaining 35% of the herds in this group, no
explanation for the rise in BVDV antibodies in the bulk milk could be found. In this
study the introduction of seropositive animals into the herd, and infection inducing ser-
oconversion in one or more animals as the only result, seem to be the most probable ex-

planations for the rise in antibody levels observed in Group 1.

risk factors; transmission.

Introduction

Bovine virus diarrhoea virus (BVDV) in cattle
is a member of the genus Pestivirus in the fam-
ily Flaviviridae (Collett et al. 1989) as are bor-
der disease virus (BDV) in sheep and classical
swine fever virus (CSFV) in pigs. Infection
with BVDV in susceptible immunocompetent
cattle most often cause a subclinical infection,
resulting in production of neutralizing antibod-
ies (Howard 1990). However, infection of preg-
nant animals may affect the foetus, and cause
early reproductive failure (Virakul et al. 1988,
Houe & Meyling 1991a, McGowan et al. 1993),
abortions (Casaro et al. 1971, Roeder et al.
1986, Carlisson et al. 1989), congenital defects
(Done et al. 1980), growth retardations (Done
et al.1980, Houe & Meyling 1991a) and birth of

dead or weak calves (Lohr 1983, Woodard
1994). If the infection occurs before the foetus
becomes immunocompetent to the virus, which
takes place at about 120 days of gestation,
calves may be born which are immunotolerant
to the agent and which remain persistently in-
fected (PI) for the rest of their lives (Done et al.
1980, McClurkin et al. 1984). Since PI animals
continue to excrete large amounts of virus as
long as they live, they constitute the main
source of new infections (Roeder & Harkness
1986, Houe 1992). This is especially evident
when such animals are introduced into suscep-
tible herds either as an infected foetus or as a
live animal. The purchase of animals is there-
fore probably the most common cause of
BVDV infection in previously uninfected
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herds, although investigations have indicated
that the number of infected herds may be higher
than can be explained solely on the basis of the
purchase of PI animals (Houe & Palfi 1993).
The distribution of BVDV is worldwide, and
the prevalence of seropositive cattle is mostly
reported to be from 50% to 90% (Baker 1987).
In Norway, Loken et al. (1991) reported a prev-
alence of seropositive cattle of 18,5 %, seropos-
itive cattle being found in 28 % of the investi-
gated herds. In a control programme, 23 % of
all dairy herds in Norway were found to have
medium or high levels of antibodies against
BVDV in bulk milk (Waage et al. 1994).
Infections with BVDV cause huge economical
losses (Houe et al. 1993), and the virus being,
after mastitis, probably the most costly cause of
illness in dairy cattle in many countries today.
Several countries are now implementing con-
trol programmes. Identification of herds with
an active BVDV infection is a crucial point in
these programmes. Most often this means pres-
ence of one or more PI animals. Testing of indi-
vidual animals is expencive and time-consum-
ing. The use of tests that measure the antibody
level in milk is an invaluable and unexpensive
tool, if the herd has not been vaccinated against
BVDV. Niskanen (1993) and Alenius (1992)
showed that there was good correlation between
the percentage of seropositive milking cows in
a herd, and the level of BVDV antibodies in the
bulk milk. However, a single examination of the
antibody level in the bulk milk, does not give
any indication of how recent the herd was in-
fected (4lenius 1992), so examination of milk
or blood from the young stock, is often used as
additional tools, since antibodies in samples
from this group of animals will indicate recent
infection in the herd. An alternative way of
identifying recently infected herds could be to
use serial samples of bulk milk, and to concen-
trate on herds with an increase in antibody
level, eventually with a set cut-off value.

Acta vet. scand. vol. 39 no. 1, 1998

In Norway a national programme with the ulti-
mate goal of eliminating BVDV was launched
in 1992. (Loken & Krogsrud 1993). In this pro-
gramme, bulk milk from all dairy herds is ex-
amined for BVDV antibodies. All positive
herds are followed up by the examination of
pooled milk samples from heifers, and if anti-
bodies are detected in these, also with examina-
tions of pooled blood samples from calves.
Only herds with positive test results on all these
3 samplings, are candidates for a full screening,
with examination of individual blood samples
from all animals. No BVDV vaccines is used in
Norway, and consequently BVDV antibodies in
blood and milk is always a result of natural in-
fection.

The present study was performed to rule out the
likelihood of active infection with BVDV in
dairy herds in which the antibody status of the
bulk milk had changed from negative to posi-
tive, using a simple cut-off line to distinguish
between negative and positive herds. Explana-
tions for a possible temporary increase in
BVDV antibodies in bulk milk are discussed.

Materials and methods

Examinations for antibodies

All milk samples, stored at -20°C, were exam-
ined for antibodies against BVDV by an indi-
rect enzyme-linked immunosorbent assay (EL-
ISA) as described by Niskanen et al. (1989)
(Svanovir®, Svanova Biotech, Sweden). The re-
sults were automatically read, and given as ab-
sorbance values at 450 nm. Bulk milk samples
with values < 0.25 were characterised as nega-
tive for antibodies to BVDV, while those with a
level > 0.25 were characterised as positive.!

1 A few of the bulk milk samples were analysed by
the Norwegian Cattle Association (NRF). The re-
maining samples were analysed by The Veterinary
Institue in Oslo, Sandnes, Trondheim or Harstad.
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Table 1. Herds grouped according to findings of
BVDV antibodies in pooled samples of milk from he-
ifers and blood from calves at the start of the study.
All herds had experienced an increase in antibody le-
vel in bulk milk previous to the presented results.

Heifer milk Calf blood Group
25 - ND Group 1
9- n=34
29 + 16 + Group 2
4ND n=24
4ND 4+

Heifer milk +/- = based on the level of BVDV anti-
bodies in a pooled milk sample from 2-5 heifers.
Calf blood +/- = based on the level of BVDV antibo-
dies in a pooled blood sample from 3-5 calves 8-12
months of age.

ND = Not done.

This was the cut-off line used by the control
programme for further testing of the herds.
Pooled milk samples from heifers were charac-
terized as positive if the absorbance value was
> 0.1. This value was set lower than for bulk
milk, because of the purpose of detecting even
single seropositive animals. Pooled blood sam-
ples from calves were similarly examined for
BVDV serum antibodies by an indirect ELISA
(Juntti et al. 1987). The samples were charac-
terized as positive for antibodies to BVDV
when the absorbance value was = 0.25.

Herds

The sampling frame consisted of about 1700
herds with accessible result of bulk milk testing
(By), in the 18 month period preceeding the first
national screening in 1993. This was mostly re-
sults of regional screenings performed by dair-
ies or regional veterinarians, while about half of
the samples origined from a pilot project in Ro-
galand county. Of the 1700 herds, 959 did have
an antibody level in bulk milk characterized as
negative. In 75 of these herds (7.8%), the bulk
milk was positive for BVDV antibodies in the
first screening of the control programme (B,).

These 75 herds that experienced a change in
antibody status from negative to positive within
a time period of 18 months, constituted the
study group. According to the control pro-
gramme, further antibody examination of a
pooled milk sample from 2-5 heifers should be
performed, and if this sample was positive, also
of a pooled blood samples from 3-5 calves aged
from 8 to 15 months. Four herds were closed
down during the two-year period of the study,
and from 13 herds neither heifer milk nor calf
blood was available for testing. These herds are
characterized as drop outs, and the final number
of herds in the study is 58.

The herds were divided into 2 groups according
to the results of analyses of the samples from
heifers and calves (Table 1). Group 1 included
all herds with negative heifer milk, and the
herds that had positive heifer milk but negative
blood sample from calves. Group 2 included all
the herds with positive calf blood samples, and
4 herds where this blood sample was not avail-
able, but where the heifer milk was positive. In
both groups, bulk milk samples were examined
for BVDV antibodies one (B,), and two (B,)
years after the study started. In one herd, indi-
vidual milk samples from all milking cows
were examined for BVDV antibodies shortly
after B,.

The number of cows per herd was available in
46 (79%) of the herds, ranging from 4.2 to 28.8
between the herds. The average number of
dairy cows per herd was 12,3 and 13.8 in group
1 and 2 respectively.

Questionnaires

Questionnaires were submitted to all herds in
Group 1, to investigate factors which could pos-
sibly influence the level of BVDV antibodies in
bulk milk. The questionnaire included data
about purchase of animals, sharing of pasture,
and other forms of contact with herds suspected
to be sources of BVDV infection (Table 2).
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Table 2. Results of questionnaire from herds with BVDV antibody-negative pooled samples of milk from he-
ifers or blood from calves (Group 1), regarding herd management practices during the 18 months before the an-

tibody-positive bulk milk sample.

Risk factors

Number of herds with the risk factor present/
total number of herds (%)

Introduction of one or more animal into the herd!
Newly calved heifer - bought when calf?

Shared pasture!

Pasture with shared border to other herds?
Visiting animals?

Regulary indirect contact with other herds
(exemplified as other farmers visiting the barn)?

None of the risk factors present?

13/28 (46)
2/20 (10)
6/28 (21)
2/20 (10)
1/20 (5)

2/20 (10)
7/20 (35)

1: Answered by 85% of the cattle owners
2: Answered by 58% of the cattle owners

Results

Occurence of antibodies

In Group 1, 18 (53%) of 34 bulk milk samples
(B2) were negative for antibodies one year after
the positive sample, and 25 (76%) of 33 after 2
years (B,) (Table 3). Three herds were negative
at B, but positive again at B;. In Group 2, only
one of 22 (5%) bulk milk samples were nega-
tive after one year, and 4 of 24 (17%) after 2
years. The absorbance values of antibodies in
the bulk milk in Groups 1 and 2 were not signif-
icantly different at B, but were significantly
higher in Group 2 than in Group 1 at the next 3
samplings (Mann-Whitney test) (Fig. 1). In

Group 2, the mean antibody level remained
high in both years, while in Group 1, it de-
creased during the whole study period, with
negative values (abs < 0.25) at the last 2 sam-
plings.

Data given in the questionnaires

Twenty (59%) of the 34 farmers in Group 1 an-
swered all the questions on the questionnaire,
while a further 8 (24%), answered only the
questions about animal trading and grazing. An
overall total of 28 (82%) then answered these
latter questions. In 13 (46%) of these 28 herds
(Table 2), one or more animals had been intro-

Table 3. Antibodies against BVDV in bulk milk in 3 groups of dairy herds in which such antibodies were de-
monstrated at the start of the study, but not in bulk milk less than 18 months earlier, respectively one (B,) and 2

(B,) years after the start of the study.

Group B,

B,

Group 1 (n=34)
Group 2 (n = 24)
Total (N = 58)

18 (53%) negative/16 (47%) positive
1 (5%) negative/21 (95%) positive/2 ND
19 (34%) negative/37 (66%) positive/2 ND 29 (51%) negative/28 (49%) positive/1 ND

25 (76%) negative/8 (24%) positive/1 ND
4 (17%) negative/20 (83%) positive

ND = Not done
For definition of Groups 1 and 2, see Table 1.
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Figure 1. Mean level of BVDV antibodies in bulk milk (ELISA, absorbance at 450nm), with 95% confidence
intervals, less than 18 months before the start of the study (By), at the start of the study (B,), and one year (B,)
and two years (B,) later. For definition of Groups 1 and 2 see Table 1.

duced into the herd during the last 18 months
before the positive bulk milk sample (B,). In
one herd a single heifer was shown to be anti-
body positive while all the other dairy cows
were negative. The animal in question was
bought-in as a young calf, and contributed
about 10% to the herd bulk milk at the time of
sampling.

Six herds grazed common pasture with other
herds, while 2 herds had pasture with a com-
mon border to pasture grazed by herds which
were, or were suspected to be infected with
BVDV. In one herd, a cow from another herd
had been housed for a short period, and in 2
herds there had been regular indirect contact
with herds suspected to be infected with BVDV.
In 7 of the herds for which complete data were
available, none of the mentioned risk factors
were present.

Discussion

The fact that a bulk milk sample from a herd is
tested negative for BVDV antibodies one year,
but tests positive the next year, as in all the
present herds, generally indicates that several
milking cows have seroconverted due to an ef-
fective source of infection in the herd. The most

effective BVDV source is one or more PI ani-
mal(s) in, or in close contact with, the herd
(Meyling et al. 1990). In such cases antibody
levels in the bulk milk would be expected to in-
crease considerably after only a few months,
and to remain high for several years. Unexpect-
edly, in this study, however, the bulk milk from
34% of the herds tested negatively for antibod-
ies to BVDV one year after the primary positive
test, and as many as 51% tested negative after
two years (Table 3).

There are strong indications that infection with
BVDV induces prolonged production of anti-
bodies which are mostly of lifelong duration
(Duffell & Harkness 1985). On the other hand,
such long-lasting antibody levels could be a re-
sult of reinfections, as PI animals are usually
present in the herd for a long time. The results
of some studies, however indicate that immu-
nity after natural infection is not lifelong. A de-
crease in the serum antibody titres being found
after a few months, was subsequently increas-
ing again in some animals (Howard 1990). On
the other hand there is no reported evidence in-
dicating that antibody production induced after
a BVDV infection is of so short duration as to
provide an explanation for the only temporary
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increase in antibody levels in the bulk milk
found in nearly half of the herds in the present
study.

With regard to the 29 herds in which the bulk
milk became negative for BVDV antibodies
again after one or 2 years, as well as the addi-
tional 8 herds in Group 1 in which pooled milk
samples from heifers or pooled blood samples
from calves were negative, it is unlikely that
any PI animal had been present in the herd dur-
ing the first year after the positive bulk milk
sample. A PI animal that is together with the
rest of the herd will infect most of the suscepti-
ble animals in the course of a few months
(Houe & Meyling 1991b, Wentink et al. 1991).
Certainly, the young animals with no antibodies
in samples of milk or blood, could not have
been raised in close contact with PI animals.
There are several possible explanations for the
temporary increase of BVDV antibodies in the
bulk milk. In some of the herds, there was prob-
ably an active infection in one or a few animals
only. This could result from the introduction of
a transiently infected animal into the herd. Such
transient infection have been shown to occur
(Barber & Nettleton 1993, Moermann et al.
1993). In other herds, direct contact could have
taken place between animals at pasture, includ-
ing contact over the fence, which has been
shown to be an important route of infection
(Roeder & Harkness 1986). Such direct contact
between PI animals and susceptible animals is
the most common route of BVDV infection
(Duffell & Harkness 1985). In Norway, it is a
common practice for 2 or more herds to graze a
common pasture. In the present study 21% of
the herds in Group 1 shared pasture with other
herds, while another 10% were on pasture with
a common boundary to pastures grazed by
other herds. Sheep infected with BDV have also
been shown to infect cattle and vice versa (Gib-
bons et al. 1974, Carlsson 1991, Carisson &
Beldk 1994). BVDV in cattle and BDV in sheep
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are closely related (Wensvoort et al. 1989), and
should probably be regarded as different strains
of the same virus. Independent of route the in-
fection results in one or more seropositive ani-
mals in the herd(s), which in turn might well re-
sult in the the bulk milk becoming positive for
BVDV antibodies.

The introduction of seropositive animals into a
herd can result in a positive bulk milk sample,
even if such animals do not represent a risk of
infection. Forty-six percent of the farmers in
Group 1 had introduced one or more animals
into the herd during the last 18 months before
the positive bulk milk sample. In dairy herds, a
positive relationship between the sero-preva-
lence for BVDV and the level of BVDV anti-
bodies in bulk milk has been demonstrated
(Niskanen et al. 1991, Alenius 1992, Niskanen
1993). However, it has also been shown that the
presence of just a few animals with high seroti-
tres can result in high levels of antibodies in the
bulk milk, this sometimes leading to an overes-
timation of the number of seropositive animals,
especially in small herds. The average herd size
in Norway is small, only 12.8 dairy cows/herd
(1995), so that even a small number of seropos-
itive animals in the herd may give a positive
bulk milk sample. In one of the herds, a single
seropositive heifer, contributing about 10% of
the bulk milk, was the cause of an antibody-
positive bulk milk sample.

Some animals in the herd may not be in lacta-
tion when the bulk milk is sampled. Variation in
respect to whether seropositive animals are dry
or lactating at the time of sampling could ex-
plain why one bulk milk sample is negative
while the next one is positive, even if the herd
consists of identical animals on both occasions.
This effect will be highest in small herds, par-
ticularly if seasonal calving is practiced.
Indirect transmission of BVDV from PI ani-
mals has been a subject for speculation. In this
study, 2 of the farmers suspected indirect con-
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tact with other herds to be a possible source of
infection. People and vehicles might be the
source of infection in some cases, via contami-
nated working clothes, footwear, hypodermic
needles or other veterinary equipment (Pritch-
ard 1963, Roeder & Harkness 1986, Bolin
1990, Gunn 1993). In such cases, it is most
likely that only a small number of animals, or
even a single animal will be infected. Semen
has also been shown to be a possible source of
BVDV infection (Meyling & Jensen 1988,
Meyling et al. 1990, Kommisrud et al. 1996). In
Norway, all donor bulls used for artificial in-
semination have to be negative when tested for
persistent BVDV infection. However, some
bulls seroconvert during semen production, and
such acutely infected bulls have been shown to
excrete low levels of virus in semen for 4-6 days
(Kirkland et al. 1991). Other indirect routes of
transmission, such as embryo transfer (Liess et
al. 1987), vaccination (Lohr et al. 1983, Liess et
al. 1984) and vector borne transmission (Zarry
et al. 1991), are much less probable in the
present study.

It might also be possible that variation in the
strain of virus could be responsible for differ-
ences in the duration of antibody production,
and also in the initial antibody titres induced by
the infection.

Virus in milk from PI animals might neutralize
antibodies in the bulk milk (Niskanen 1995). In
such cases, the measured antibody level will be
too low, and in extreme cases this could result
in false negative samples. This being so, it is
therefore possible that some herds were incor-
rectly included in this study, if the first negative
bulk milk sample was in fact a false negative.
Nevertheless, such herds, in which one or more
PI animals were present, would not be expected
to show a decreasing antibody level in the bulk
milk during the subsequent 2 years, and the in-
clusion of such herds would therefore not have
influenced the results of the study. It is also

theoretically possible that some of the negative
B, or B, were such false negatives, and further
testing of pooled milk samples from heifers
would have been necessary to show that this
was not so.

It is of course essential that results of the anti-
body testing are correct. Both the sensitivity
and specificity of the method used for determi-
nation of antibodies in this study are high
(Juntti et al. 1987, Niskanen et al. 1989), so the
majority of the test results should be fairly cor-
rect. However, there will always be the possibil-
ity of samples being mixed, and of false analyt-
ical results. Because the criteria for inclusion of
a herd in this study was that a bulk milk sample
should first be negative and then positive, and
because a simple cut-off level was used to dis-
tinguish between negative and positive sam-
ples, some herds showing only a slight increase
in antibody level in the bulk milk were in-
cluded. Alternatively, one could have chosen to
include only herds showing an increase in anti-
body level from below 0.25 to higher than, for
instance, 0.40. In this way many of the herds
with negative bulk milk both one and 2 years
later would have been excluded, but so would a
considerable number of herds with an antibody
level higher than 0.40 at one of the later sam-
plings. This alternative would have resulted in a
lot of infected herds being excluded.

In the Norwegian control programme, the crite-
rium of an antibody positive pooled blood sam-
ple from calves is used as a supplement to the
antibody positive bulk milk sample to charac-
terize the herds as probably being currently in-
fected with BVDV (Waage et al. 1994). The re-
sults of the present study indicate that this
seems a reasonable approach as 20 of 24 of
such herds still had bulk milk positive for anti-
bodies 2 years after the primary positive sam-
ple, while using only the change from negative
to positive bulk milk, only half of the herds still
had antibody positive bulk milk after 2 years.
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Sammendrag
Varigheten av antistoffer mot bovin virusdiaré-virus i
tankmelk

Pa grunnlag av stigning i nivaet av antistoffer mot bo-
vin virusdiaré-virus (BVDV) i tankmelk, ble
femtidtte melkekubesetninger antatt & vere nyinfi-
serte med BVDV, og fulgt i en todrsperiode. I 34
(59%) av besetningene (Gruppe 1), var samle-
melkprover fra kviger eller samleblodprever fra ung-
dyr negative for antistoffer mot BVDV. I denne grup-
pen hadde hele 53 og 76% av besetningene igjen
antistoff-negativ tankmelk etter henholdsvis ett og 2
ar. Av de resterende besetninger var det henholdsvis
5 og 17% som hadde negative prover etter ett og 2 ar.
Mulige forklaringer til den kortvarige stigningen av
antistoffer mot BVDV i tankmelk er diskutert. I 65%
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av besetningene i Gruppe 1, var nye dyr blitt kjept
inn, eller besetningene hadde pa annen mate blitt ut-
satt for kontakt som kunne representere risiko for
smitte med BVDV. I de resterende 35% av besetnin-
gene i denne gruppen ble det ikke funnet noen
forklaring p& den observerte stigningen av BVDV-

antistoffer i tankmelken. I denne undersgkelsen ser
introduksjon av seropositive dyr i besetningen, og in-
feksjon som induserer serokonversjon hos et enkelt
eller et fatall dyr som eneste konsekvens, ut til & veere
de mest sansynlige forklaringene pé den observerte
stigningen av antistoffnivéet i tankmelk i Gruppe 1.
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