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Kommisrud, E., T. Vatn, J. R. Long-Ree and T. Leken: Bovine virus diarrhoea vi-
rus in semen from acutely infected bulls. Acta vet. scand. 1996, 37, 41-47. — The nisk
of spreading bovine virus diarrhoea virus (BVDV) from acutely infected animals to sus-
ceptible animals was mnvestigated. Ten bulls from a herd with no previous history of
BVDV were used. The bulls were demonstrated free from BVDV and such antibodies.
Six of the bulls were mnoculated intravenously with cytopathogenic virus, and 4 bulls
were used as controls. Semen samples were collected during a period of 66 days after
moculation The samples were exammned for BVDV, and spermatological parameters
were registered. Testes and epididymides were examined histologically post mortem.
All moculated bulls exhibited elevated temperatures between days 4 and 8 after inocu-
lation, and BVDV antibodies were found 1n all of them on day 22. The control animals
remained antibody negative. Non-cytopathogenic BVDV was 1solated from seminal
plasma from 2 bulls on day 7 after moculation Semen volume was significantly reduced
from week 6 after inoculation. Percent abnormal sperm cells decreased 1n the same pe-
riod No significant differences were observed 1n sperm density or percentage of live

spermatozoa. No pathological changes were found 1n the testes or epididymides.
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Introduction

Bovine virus diarrhoea virus (BVDV) belong-
ing to the genus Pestivirus in the family Flavi-
wiridae, is common all over the world. Rumi-
nant pestiviruses, BVDV and the ovine border
disease virus, may infect several species, mn-
cluding pigs. In Norway, pestivirus has been
isolated from cattle and also sheep (Loken
1992), and antibodies have been demonstrated
1 goats (Loken 1992), pigs (Loken et al. 1991),
reindeer (Krogsrud, personal communications)
and elk (Vatn 1993), though, pestivirus is most
common in cattle (Loken et al. 1991). Although
the prevalence of BVDV-antibodies is lower in
Norway than in most other European countries,
23% of Norwegian cattle herds are affected

(Nyberg et al. 1994). Persistently infected (p.i.)
animals are the most important source of virus
spread (Duffell & Harkness 1985). However,
BVDV may be transmitted to susceptible cows
also with semen from p.i. bulls, as seroconver-
sion has been registered after artificial insemi-
nation (AI) with such semen (Kirkland et al.
1994, Meyling & Jensen 1988). Use of infected
semen frequently results in reduced fertility due
to mmpaired embryonic development and em-
bryonic death, as shown by in vitro fertilization
and in vitro culture (Guerin et al. 1992). Al
with semen from a p.i. bull may also result in
birth of p.i. calves (Kirkland et al. 1994, Mey-
ling & Jensen 1988). Semen from bulls that are
acutely infected with BVDV has also been
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found to contain the virus 2 to 14 days after in-
fection (Kirkland et al. 1991, Paton et al. 1989,
Whitmore et al. 1978). Most acutely infected
bulls have normal semen quality (Kirkland et
al. 1991, Whitmore et al. 1978), although re-
duced sperm motility and density and an in-
creased proportion of abnormal spermatozoa
have been found (Kirkland et al. 1991, Paton et
al. 1989).

In Norway bull calves for the Al-programme
are inquired by the Norwegian Cattle Associa-
tion at an age of 2 months. Occasionally, p.i.
calves have entered the performance testing sta-
tions, especially before on-farm testing pro-
grams for BVDV were introduced in Norway.
Their presence at the stations may have resulted
in transient BVDV-infections in susceptible
bulls. According to national standards, all bulls
have been tested for BVDV at the performance
testing stations and later at the Al-centres since
1985. These test results from the Al-centres
have revealed seroconversion in a few bulls
(Kommisrud & Loken, unpublished data). Ob-
viously, these bulls have been acutely infected
after the testing at the performance testing sta-
tions, and they may have been transiently vi-
remic during their early stay at the Al-centres.
The aims of the present study were to mnvesti-
gate the duration of the infectious period of se-
men from bulls acutely infected with BVDV,
and to see whether virus isolation 1s possible
from both raw and cryopreserved semen. Se-
men parameters during and after acute infection
were examined, and the risk of spreading
BVDV from transiently viraemic to antibody
negative bulls was also evaluated.

Materials and methods

Animals

This study comprised 10 bulls, aged 13-16
months, which had not been used for natural
mating. Three of the bulls were Norwegian Red
Cattle (NRF), one was a cross between NRF
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and Charolais, 4 were crosses between NRF
and Aberdeen Angus, and 2 were crosses be-
tween NRF and an old Norwegian breed. The
animals were obtained from a dairy herd with
no history of BVDV infection. Bulk milk samp-
les from this herd showed no BVDV antibodies
in an ELISA (Niskanen et al. 1989). The bulls
were 14 days before inoculation demonstrated
to be free from BVDV by inoculation of serum
and frozen/thawed leucocytes on calf kidney
cell culture (CK) (Lang-Ree et al. 1994,
Loken 1990), and such neutralizing antibodies
(titres<1:4) (Loken et al. 1982).

During the study the bulls were confined in an
isolated barn, which was cleansed and disin-
fected, and where no other animals were
housed. The bulls were placed in a row of stan-
chions without partitions. Two weeks preceding
the period of study, the bulls were trained for
semen collection with an artificial vagina.
Three of the bulls refused to mount. These were
incorporated in a control group of 4 bulls which
were not inoculated with BVDV. The controls
were kept in between the inoculated bulls. All
inoculated bulls and controls were slaughtered
68 days after inoculation.

Inoculation

Six bulls were inoculated intravenously (day 0)
with 5 ml of supernatant fluid of frozen/thawed
CK which was mfected with a cytopathogenic
BVDV isolate (MD 2157/66) (Loken 1990).
The inoculum contained 10°° median tissue
culture infectious doses per 100 u! of this pesti-
virus originally isolated from a Norwegian calf
with mucosal disease.

Clinical examinations

During the first 2 weeks of the experimental pe-
riod (days 0-14), all bulls were clinically exam-
ined once a day, including recordings of body
temperature. From day 15 to day 66 such exam-
inations were done 2 or 3 times a week.
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Serological and virological examinations
Blood for serum analyses was sampled on days
0, 11, 22, 29, 43 and 66, and serum was stored
at —20°C until tested. Two-fold serum dilutions
were examined for neutralizing antibodies
against the cytopathogenic NADL strain of
BVDV (Loken et al. 1982). Lowest serum dilu-
tion was 1 in 4. Neutralizing titres were ex-
pressed as the reciprocal of the highest serum
dilution that prevented a cytopathic effect in
one or both of the 2 replicate cultures.
Leucocytes from blood sampled on days 7 and
11 were prepared and examined for BVDV by
isolation in CK (Lang-Ree et al. 1994). This
procedure was performed by inoculation of 50
w1 samples onto CK in 96-well microtitre titre
plates, and 200 ul in 24-well plates.

Raw semen was transported to the laboratory at
+3 to +5°C within 24 h after sampling, centri-
fuged at low speed for 10 min, and the cell frac-
tion was washed twice in Earle’s solution. Frac-
tions of sperm cells and seminal plasma
(supernatant) sampled on days 0, 3, 7, 11, 15,
18, 22,29, 36, 43, 50, 57 and 66, were stored at
—70°C. Cryopreserved, TRIS-diluted semen
from days 3, 7, 11, 15, 18, 22 and 29, was also
examined for BVDV. The different semen prep-
arations were diluted 1:10 m Earle’s solution,
100 ul inoculated onto CK 1n tubes, and incu-
bated at 37°C for 7 days, then passaged in 96-
well microtitre plates for subsequent immu-
noenzymatic demonstration of non-cytopatho-
genic strains (Loken 1990). In addition, sperm
cells and seminal plasma sampled on days 7 and
11 were similarly examined by inoculation of
200 ul samples onto CK in 24-well microtitre
plates.

Spermatological and histological examinations
Semen was sampled from the 6 infected ani-
mals and one of the controls 3 times a week dur-
ing the period from day 0 to 21 and twice a
week from day 22 to 66. From each ejaculate a

native smear was prepared for counting of ab-
normal spermatozoa. In each smear 400 sperm
cells were examined for abnormalities by phase
contrast microscopy.
The ejaculate was treated in accordance with
standard procedures of semen cryo-preserva-
tion. Volume and density of the ejaculate were
recorded, before dilution with TRIS extender.
Motility and percent live spermatozoa were de-
termined by light microscopy. Diluted semen
was filled into French mini straw, 27 mill
sperms per straw, frozen in liquid nitrogen va-
pour, and stored in liquid nitrogen.
At slaughter on day 68 the testes and epididy-
mides of the 7 bulls from which semen had
been collected, were weighed and prepared for
histological examination by fixing in Bouin’s
solution and staining with Hemalun Eosin.
The data on semen parameters were analysed
by the general linear models procedure. The
model used for analysis of variance for semen
volume, density, progressive motility and
sperm abnormalities per collection period was
as follows:

Yk =H + b\ + g + Cux

where:

Yy = observations per bull and collection number

of volume, density, progressive motility and

percent abnormal sperms,

overall mean,;

) effect of bull (1= 1, 6),

a = effect of collection number, grouped mn
pertods like this (j = 1, 5);
period 1: collections on days 0, 3, 7,11
period 2 collections on days 15, 18, 22,25
period 3: collections on days 29, 32, 36, 39
period 4: collections on days 43, 46, 50, 53
period 5- collections on days 57, 60, 66

= random error;

U
b

euk
Results

Clinical findings

On day 3, three of the inoculated bulls showed
slightly elevated temperature, between 39.2 and
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39.5°C. All inoculated bulls had elevated tem-
peratures for a period of 1 to 4 days between
days 4 and 8. The peak temperature, between
40.2 and 41.7°C, was measured on days 7 or 8.
The next day, the body temperature returned to
normal in all bulls. Diarrhoea was observed in
2 bulls on day 1, and coughing in 3 bulls on day
8. Apart from the above mentioned symptoms,
none of the bulls showed any obvious signs of
disease or lack of appetite.

None of the 4 control animals showed any signs
of disease, and their body temperature re-
mained normal.

Serological findings

Neutralizing antibodies against BVDV were
found in 2 animals on day 11, and 1n all inocu-
lated bulls on day 22. The titres for one bull in-
creased until day 29, for 2 bulls until day 43,
and for the remaining 3 bulls until day 66. The
titres showed a distribution range from 4 to 256
on day 22, and from 256 to 512 on days 43 and
66. The control animals were negative through-
out the experiment.

Virological findings
Cytopathogenic virus was not found in any
samples. Non-cytopathogenic BVDV was iso-

lated from seminal plasma from 2 bulls on day
7, at the inoculation in tubes only. No other
samples were found positive for virus.

Spermatological and histological findings
Sperm volume was significantly lower in peri-
ods 4 and 5 than in period 1 (p<0.05). The per-
centage of abnormal sperm cells was signifi-
cantly lower in periods 4 and 5 than in period 3,
and in period 4 than in period 2 (p<0.05). No
statistical significant differences were observed
in sperm density or percentage of live sper-
matozoa in different periods.

The average weights for right testes, right epi-
didymides, left testes and left epididymides
were 279.2 g, 24.4 g, 2694 g and 24.8 g, re-
spectively Histological examination showed
normal morphology of testes and epididymides
in all bulls.

Discussion

Clinical signs following acute BVDV-infection
are rare (Kirkland et al. 1991, Meyling & Jen-
sen 1988, Paton et al. 1989, Whitmore et al.
1978), making it difficult to detect acutely in-
fected animals. In the present study clinical
signs were mild and could easily have been
overlooked if the animals had not been closely

Table 1 Least square means with SE (standard error) of spermatological findings related to time after inocu-

lation.
Period* Volume Density Motility Abnormal sperm
after dilution
with TRIS
ml no spermx103/mm? % %
1 5.68 +0.362 816 +57.6 685 +2.40 8.8 =+0.62
2 5.08 +0.36 827 +57.6 67.7 +240 9.0 +0.624
3 523 +0.36 893 +57.6 66.5 +2.40 9.6 =+062°¢
4 458 +036° 866 +57.6 656 +2.40 7.2 +0.62f
5 427 +0.43¢ 899 +68.5 679 +2.85 7.4 =+0.748

* Pertod 1: days 0, 3, 7, 11. Period 2: days 15, 18, 22, 25. Period 3: days 29, 32, 36, 39. Period 4: days 43, 46,

50, 53. Period 5: days 57, 60, 66.
ap ajc d/f e/f and ¢/8 are statistically different (p<0 05).
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monttored, thus suggesting that acute BVDV-
infection seldom is detected in routine hus-
bandry.

All inoculated bulls seroconverted, in contrast
to the control animals which remained serone-
gative, even though they were in close contact
to the inoculated ones. This finding corre-
sponds with previous investigations, where no
horizontal transmission of virus occured after
experimental infections, neither when infection
was induced by insemination (Meyling & Jen-
sen 1988) nor by rectal examination (Lang-Ree
et al. 1994). Experimental infections may, how-
ever, not correspond completely with a natural
infection. Recently, a report was given on a herd
where an isolated part of the flock was claimed
to have had no direct contact to p.i. animals
throughout the period of study (Moerman et al.
1993). In this flock seroconversion was regis-
tered in several animals during a period of more
than 2 years, and the source of infection was be-
lieved to be transiently viraemic cattle.
Virological results of the present study were in
accordance with previous findings of BVDV in
semen from bulls acutely infected with this vi-
rus (Kirkland et al. 1991, Paton et al. 1989,
Whitmore et al. 1978). BVDV was isolated
from seminal plasma only, from 2 of the 6 bulls
on day 7 after inoculation. In other studies,
however, virus has been isolated up to 14 days
after infection (Kirkland et al. 1991, Paton et al.
1989), from both raw and cryopreserved semen
(Kirkland et al. 1991). Variation 1n detection of
BVDV in semen after acute infection may
partly be due to a virucidal effect of semen,
which reduces the infectivity of virus in a sam-
ple, and such influences the isolation result
(Darcel & Coulter 1976, Kahrs et al. 1980).
The titre of virus in semen, as well as 1n tissue
and blood, after acute BVDV-infection has been
shown to be low (Kirkland et al. 1991). In the
present study all semen preparations were fro-
zen before inoculation on cell culture. This pro-

cedure may have had a negative influence on the
virus isolation by reducing a presumably low ti-
tre.

In this study, only non-cytopathogenic virus
was isolated from semen, even though the inoc-
ulum has been shown to compose of cytopatho-
genic virus (Loken 1990). This may be due to
the fact that cytopathogenicity is not a constant
characteristic of a virus, but a property depend-
ing on genetic composition of the virus. Be-
sides, the inoculum could have contained a non-
cytopathogenic BVDV at a low, undetected
titre, which may, in contrast to the cytopatho-
genic virus, have replicated to a detectable titre
during the transient infection.

BVDV replicates in the reproductive tract of
bulls, as the virus has been 1solated from semen
several days after a viraemia (Kirkland et al.
1991, Paton et al. 1989). It has also been dem-
onstrated that BVDV multiplies well in calf
testes cell cultures (Brownlie 1990). Besides,
BVDV has been found in ovaries from antibody
posttive heifers up to 25 days after an inocula-
tion with the virus (Ssentongo et al. 1980). The
described ovaritis was considered to be induced
by a local immune response, which might have
been caused by a local pestivirus infection. In
the present study the collection of semen con-
tinued until 66 days after the inoculation. The
purpose was to examine the time period of vi-
rus replication in cells of the genital tract and
also the possibility of virus infection and repli-
cation in spermatogonia. As spermatogenesis
takes approximately 7 to 8 weeks, virus replica-
tion in spermatogonia could induce transmis-
sion of virus with sperm cells several weeks af-
ter a viremia. However, the results from this
study gave no indication of such replication and
spread of this virus strain.

This work demonstrates that routine micro-
scopic examination of semen may not raise sus-
picion of BVDV-infection in the bull. None of
the 6 infected bulls showed any clear distur-
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bances in semen traits. Percent abnormal sper-
matozoa actually decreased during the observa-
tion period. This may partly be an effect of the
bulls age as sperm abnormalities normally de-
crease between 1 and 2 years of age (4bdel-
Raoul 1965, Lagerléf & Cartquist 1961, Sekoni
& Gustavsson 1980). The fact that semen vol-
ume decreased during the study is difficult to
explain. The collection frequency may have in-
fluenced negatively on the libido and semen
volume in such young bulls.

The weights of the testes and epididymides
were within normal range (Filseth 1969), which
indicate that spermatogenesis was not affected
by acute BVDV-infection.

Conclusions

The risk of transmitting BVDV through AI ap-
pears to be low, presuming that p.i. bulls are
prevented from entering Al-centers. However,
the findings of BVDV in semen from bulls
which have been acutely infected, indicate that
efforts should be done to prevent transient
BVDV-infections m Al-bulls. The bulls should
be demonstrated free from BVDV by serologi-
cal and virological testing at the performance
testing stations, kept in isolation for 3 weeks,
and then retested. If any bulls are found to have
seroconverted, another test should be carried
out 3 weeks later in all companion bulls to ex-
clude the possibility of horizontal transmission
from the transiently infected bulls. When all
bulls are demonstrated free from virus, and no
seroconvertion has occured, the bulls can enter
the Al-centre. With such a testing programme
during the period prior to arriving at the Al-
centres, all bull semen should be free from
BVDV.
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Sammendrag
Bovint virus diaré virus 1 seed fra akutt infiserte ok-
ser

Faren for 4 spre bovint virus diaré virus (BVDV) fra
akutt infiserte dyr t1l mottakelige dyr er undersekt Ti
okser som var vist 4 vaere fr1 for BVDV og tilsvarende
antistoffer ble brukt 1 undersekelsen. Seks okser ble
mokulert intravenest med cytopathogent virus, mens
4 okser ble brukt som kontroller. Szdprever ble sam-
let 1 perioden fra mokulasjon t1l 66 dager etter 1no-
kulasjon. Seedpravene ble undersokt for forekomst av
BVDV, og spermatologiske parametre ble registrert.
Testes og epididymides ble undersgkt histologisk
post mortem.

Alle mokulerte okser fikk forhayet kroppstemperatur
mellom dagene 4 og 8 etter mokulasjon, og BVDV
antistoffer ble funnet hos alle pd dag 22. Kontroll-
dyrene forble antistoff negative 1 hele forseksperio-
den. BVDV ble 1solert fra seedplasma 1 ufortynnete
sadpraver hos 2 okser pa dag 7 etter inokulasjonen.
Sedvolumet ble signifikant redusert fra uke 6 etter
mokulasjonen Prosent abnormale spermuer ble redu-
sert 1 den samme perioden. Ingen signifikante for-
skjeller ble observert nér det gjelder spermiekonsen-
trasjon eller prosent motile spermier. Det ble 1kke
pavist patologiske forandringer 1 testes eller epidi-
dymides

Dette arbeidet viser at faren for overforing av BVDV
med sad fra akutt infiserte okser er liten. Man ber l1-
kevel gjennomfere et kontrollprogram for BVDV
som hindrer bdde p.1 og akutt infiserte okser 14 settes
mn pa oksestasjonene.
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