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ABSTRACT

The measurement of antibody responses of animals exposed to BVDV either through a natural exposure or
an immunization protocol is still a standard procedure. For BVDV, the test formats have been largely
limited to ELISA which is a valuable diagnostic test to measure the level of BVDV specific antibodies as
well as antigen in blood samples. In the present study, 120 blood samples were collected from the cows
with the history of abortion in different period of pregnancy from different industrial dairy cattle herds of
Mashhad area of Iran. Also 30 samples were collected from the cows with no history of abortion as control.
The presence of antibody against BVDV from the 120 serum samples was investigated by indirect ELISA.
From 120 serum samples which were collected from aborted cows, 89 samples were positive (%74.16).
From these positive samples, 12(13.48%), 54 (60.68%) and 23 (25.84%) samples belong to the first, second
and third trimester of pregnancy, respectively. From 89 positive samples, 12 (13.48%) samples were
related to stillbirth and 8 (8.99%) samples were belongs to the mummified fetus. From 89 positive
samples, 71 (79.78%) were related to cattle between 2-5 years old and 18 (20.22%) were associated to
cattle more than 5 years old. In control group, 20 samples (66.66%) were antibody positive. Also the
presence of BVDV antigen in serum samples was investigated by Ag-capture ELISA. From 120 serum
samples, 2 samples were positive (1.67%), which belongs to the second period of pregnancy. In control
group, none of the samples were antigen positive. The results of this study showed that the prevalence of
BVDV infection is high among the aborted cows of Mashhad area. Although this prevalence is higher
than the control group, the observed difference is not significant.
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bovine reproductive disorders that can severely affect
the developing embryo and fetus (Talebkhan Garoussi

Bovine viral diarrhoea virus (BVDV) infection is a 2007). BVDV belongs to the Pestivirus genus in the
worldwide distributed animal disease characterized by Flaviviridae family (Pringle 1999). BVDV infection is
listed as a group-B disease (milder infectious disease)
on the list of noticeable animal diseases (Valle et al
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2001). The disease was first described by Olafson et al
(1946) and diagnostic tests for individual animals and
test strategies for cattle populations have evolved
considerably. Transiently infected animals with high,
long-lasting antibody levels and persistently infected
(PI) animals with high levels of viremia have provided
important targets for diagnostic efforts (Houe et al
2006). The accuracy of available diagnostic tests is
crucial for the success of a control program. For BVDV
infections, several diagnostic tests, aiming either to
detect the virus itself or to detect viral-specific
antibodies, are available. In general, the analytical
sensitivity and specificity of these tests are high (Goyal
2005). The measurement of antibody responses of
animals exposed to BVDV either through a natural
exposure or an immunization protocol is still a standard
procedure. Among different serological assays that
have been used for BVD over the years, the most
commonly used antibody detection techniques are the
virus neutralization test (VNT) and ELISAs. VNT is a
labor-intensive and also expensive test (Sandvik 2005).
As an alternative to the VNT, indirect and blocking
ELISAs are (Schrijver and
Kramps.1998). ELIS As have many advantages over
the VNT and for BVDV, the test formats have been
largely limited to ELISA which is a valuable diagnostic
test to measure the level of BVDV specific antibodies
as well as antigen in blood samples. In general, ELISAs
have proven to perform well in practical use, with
sensitivity and specificity values between 95 and 100%
(Sandvik & Krogsrud 1995, Brinkhof et al 1996).

Bovine viral-diarrhoea virus (BVDV), endemic in most
cattle-raising countries, also causes reproductive
failure. Infections during pregnancy can result in
embryonic death, abortions, birth of stillborn or weak
calves, or can lead to birth of persistently infected (PI)
calves that will shed virus throughout their lifetime
(Grooms 2004). Infection with BVDV is generally
subclinical, however, when a dam is infected with
BVDV during pregnancy, transplacental infection may
occur, and as a result, fetal abortion, mummification or

commonly used

congenital defects may occur depending on the

gestation stage (Kozasa et al 2005). More importantly,
infection in the first trimester of pregnancy can result
into the birth of immunotolerant calves that are
persistently infected (PI) with BVDV. The PI animals
are a major source of virus spread and thus, it is very
important to identify and remove them from the cattle
herd (Lindberg 2003). In general, PI cattle show varied
clinical manifestations such as diarrhea, pneumonia (as
a result of immunosuppression), poor growth, some
succumb to mucosal disease, and some PI cattle
indicate no clinical manifestations. The PI cattle on
dairy farms are suspected as the cause of milk
production loss and/or increase in occurrence of
secondary or opportunistic infections (Baker 1995, Chi
et al 2002, Kelling et al 2002). Although detecting
animals carrying virus is essential for identification and
removal of PI animals from an infected herd, screening
herds for antibody carriers is also important to identify
PI animals (usually seronegative) and to determine the
herd’s infection status and susceptibility (Mainar-Jaime
et al 2001). Seroprevalence in non-vaccinated herds
differs among areas or countries, ranging between 20
and 90% (Alenius et al 1986, Loken et al 1991). Area
differences could in part be explained by factors such
as cattle density, herd size or livestock trade ( Houe et
al 1995).

Mashhad is the capital of north-eastern province of Iran
with high agricultural economic values. Previous
studies in this region have shown a high prevalence of
BVDV infection among industrial dairy cattle herds
(Talebkhan Garoussi et al 2008 & 2009). However,
none of the previous studies have addressed the
potential risk factors contributing to BVDV infection in
this region. Abortion is a major problem in herds of
Mashhad area and so far, no study has been undertaken
to show any relation between BVDV infections in
aborted cows in Iran. Therefore, the purpose of the
present study was to evaluate the prevalence rate of
BVDV infection among cows with the history of
abortion in Mashhad area of Iran using ELISA
technique and to determine any association between the
rate of BVDV infection and abortion.
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MATERIALS AND METHODS

Collecting sera. In total, 120 Holstein aborted cows
blood samples plus 30 blood samples from cows with
no abortion history as control were obtained from
different industrial dairy cattle herds in Mashhad area
of Iran. The samples were centrifuged at 2000 x g at
room temperature for five min to separate sera. Sera
were stored at -20°C until used.

Indirect ELISA. The assay was performed by
Bovine Viral Diarrhoea Virus (BVDV) Antibody Test
kit manufactured by IDEXX (HerdChek, IDEXX
Laboratories, Westbrook, ME, USA), in a 96-well
micro titration plates which were coated with BVDV
antigen. The sensitivity and specificity of the test as
manufacture instruction were mentioned 96.3% and
99.5%, respectively. The serum samples were diluted
(1:1) by wash solution. One-hundred pl of sera was
loaded into wells and incubated for 90 minutes at room
temperature. Positive and negative control sera were
used as indicated in the kit. The wells were washed five
times with 300 pl of wash solution. Following the final
washing, the plate slapped vigorously, well down on a
bench top which covered with paper towels. Then, 100
ul of anti-bovine HRP conjugated was loaded into all
the wells and incubated for 30 minutes at room
temperature. The plate was washed as described above
to remove the excess conjugate. For colour
development, 100 ul of TMB was added to each well as
a substrate and incubated for 10 minutes at room
temperature at darkness. The reaction was terminated
by the addition of 100 pl of stop solution to each well.
The absorbance at 450 nm was monitored in ELISA
reader.

Detection of BVDV E™ antigen by antigen-capture
ELISA. All samples were tested using commercial
BVDV Antigen Test Kit /Serum Plus (HerdChek,
IDEXX Laboratories, Westbrook, ME, USA), in which
microtitre plates were coated with anti- E™ monoclonal
antibodies. The kit is based on the detection of the E™
(gp44-48) glycoprotein of the BVD virus. The
sensitivity and specificity of the test as manufacture

instruction were mentioned 100% and 100%,
respectively. The serum samples were diluted (1:1) by
wash solution. Fifty pl of sera was loaded into wells
and incubated for 2 hours at 37° C. The rest of the test
was followed as mentioned in serum antibody assay
and finally the absorbance at 450 nm was monitored in
ELISA reader.

Calculation and statistical analysis. The result
could be read visually where the OD was measured at
450 nm. Calculations for test samples were analyzed as
follow for BVDV antibody:

The presence or absence of BVDV antibodies in the
sample is determined by S/P ratio for each sample.
S/P = Sample A450 - NCx A450

PCx A450-NCx A450
PCx and NCx represent positive and negative control
mean  respectively.
instructions, samples with S/P values less than 0.2 were
classified as negative and samples with S/P values
equal or greater than 0.3 were classified as positive for
BVDYV antibody. For BVDV antigen, the presence or
absence of BVDV antigen in the sample is determined
by the corrected OD value (S-N) for each sample as
follow: S-N= Samples A450 - NCx
Samples with S-N values less or equal to 0.3 were
classified as negative and samples with S-N values
higher than 0.3 were classified as positive for BVDV
antigen.

Statistical analysis. Proportion of seropositivity was
compared between aborted and healthy cows using
Chi-square test.

According to manufacture

RESULTS

For antibody detection, 89 (74.17%) out of 120
serum samples were interpreted BVDV seropositive
(S/P>0.3) (Table 1). From these positive samples,
12(13.48%), 54 (60.68%) and 23 (25.84%) samples
were associated to the first, second and third trimester
of pregnancy, respectively (Table 1). 31 (25.83%) of
serum samples of aborted cows had S/P <0.2 values
and were interpreted BVDV seronegative. In control
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group, 20 samples (66.66%) were antibody positive and
10 samples(33.34%)were negative (Table 1).

Table 1. The numbers of positive samples to BVDV antibody in first,
second and third trimester of pregnancy and also in control group.

Distribution of Positive cases in 3

Trimesters
Total
number  Positive  Negative First Second Third
of samples samples trimester  trimester  trimester
samples
Aborted
cows 890 2 3;3%;0 12(13.48%) 6056230 2 égo
0y (417%)  (2583%) (60.68%)  (25.84%)
control 5 0
0, 0,
(30) (66.66%) (33.34%)

The observed difference between aborted cows and
control group is not significant (P=0.41). From 89
seropositive samples in aborted cows, 12 (13.48 %)
samples were related to stillbirth. From these, 2
(16.67%), 7 (58.33%) and 3(25%) samples were related
to first, second and third trimester of pregnancy. Also,
8 (8.99%) samples associated with mummified fetus.
From these samples, 3 (37.50%), 3 (37.50%) and 2
(25%) were associated to the first, second and third
trimester of pregnancy (Table 2).

Table 2. Distribution of stillbirth and mummified fetus in 3
trimester of pregnancy.

Our results showed that BVDV infection present
widely (74.17%) in aborted cows in these herds. The
rate of seropositive cows was also high in the control
group (66.66%), but lower than the cows with no
history of abortion. However the difference was not
significant. Therefore we can not conclude that the
abortion is a direct consequence of BVDV infection in
the herds studied. Although no significant association
was found between BVDYV infection and abortion,
BVDV infection could be related to other reproductive
parameters (such as infertility or embryonic death)
which were not studied in this research. Other recent
studies in Mashhad area of Iran have shown that the
BVDYV seroprevalence is 72.25% (Talebkhan Garoussi
et al 2009). All of the herds in this study were antibody
positive against BVDV and the prevalence ranged from
66 to 100% within the herds of Mashhad area of Iran.

Table 3. Distribution BVDV antigen in second trimester of
pregnancyin 2 aborted cases.

Fetus To:li t?\./:f First Second Third
characteristic P trimester trimester trimester
samples
I 2 7
0, 0,
Stillbirth 12 (14.28%) (1667%)  (58.33%) 3 (25%)
. 3 3
0, 0,
Mummified 8 (8.99%) (37.500%) (37.500%) 2 (25%)

Total
number Positive Negative First Second Third
of samples samples trimester  trimester  trimester
samples
A‘C’c‘)’xsd 2 118 o 2 (167 o
(0) 0, 0,
(120) (1.67%)  (98.33%) %)
Control o
cows (30) (100%6)

From 89 positive samples, 71 (79.78%) were related to
cattle between 2-5 years old and 18 (20.22%) were
associated to cattle more than 5 years old. Also the
presence of BVD antigen in serum samples was
investigated by ELISA. From 120 sera samples, 2
samples were positive (1.67%), which were belongs to
the second period of pregnancy and in control group,
none of the samples were antigen positive (Table 3).

DISCUSSION

In this study we showed the prevalence of BVDV
infection among cows with the history of abortion in
industrial dairy cattle herds of Mashhad area of Iran.

Our results are in agreement with this study and since
vaccination against BVDV is not practiced in the cattle
herds of Iran, serological response reflected natural
infection. Most probably, these herds have had a recent
or an ongoing infection most likely due to the presence
of PI animal(s) (Houe & Meyling, 1991). BVDV
infection can cause abortion at any time during
gestation, but only in dams not previously exposed to
the infection (Grooms 2004). Thus, in our study,
BVDV seroprevalence of 74.17% among cows with the
history of abortion reflects previous exposure to BVDV
infection. Our data showed that seroprevalence of
66.66% in control group with no history of abortion.
Therefore, we could not attribute this slight difference
between aborted and control group to BVDYV infection.
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Bovine viral diarrhea virus contributed significantly
and substantially to economic loss of dairy herds in
many parts of the world and associated to increased
abortion  rates, calving-to-conception
intervals, and reduced milk production (Heuer et al
2007). Therefore, it must be studied more for the
prevalence and different epidemiological aspects and
risk factors of BVDV in Mashhad as an important pole
of dairy production in Iran. Research studies based on
the BVDV antibodies detection, either in individual
animals or bulk milk, have shown that the prevalence

extended

of infected herds ranged 70% to 100% in many parts of
the world (Edwards et al 1987, Reinhardt et al 1990,
Niskanen et al 1993, Obando et al 1999). It was shown
that the herds with high cattle population density had
higher prevalence of infection than the herds which
were smaller (Loken et al 1991). In samples from PI
calves, BVDV-specific maternal antibodies may block
viral infectivity or detection of viral antigens, usually
up to an age of around three months (Palfi et al 1993),
and this is why the percentage of positive samples in
our antigen test is low. There is a clear relationship
with the maternal antibody titre; the higher the average
antibody titre, the lower the frequency of virus isolation
test positives. Thus, in the presence of high levels of
maternal antibodies, the virus isolation and the antigen
ELISA tests were shown to be unreliable indicators of
the presence of persistent infections with BVD virus.
These findings confirm the results of the experiment
published by Palfi et al (1993). Adherence of
antibodies to the virus surface may also explain the
false negative results using the antigen ELISA test in
the presence of high levels of antibodies. In our study,
only 2 out of 120 samples were BVDV antigen positive
in aborted cows and at the same time BVDV antibody
titers were high in these cows. To make most of the
information obtained from laboratory diagnostic
investigations, a thorough understanding of both the
epidemiology of BVD as well as the performance of
diagnostic tests is essential. For example, typical values
for the sensitivity and specificity of an excellent Ag
ELISA for BVDV may be 97% and 99%, respectively,

which means that 3% of the PI animals in a population
are not detected (Sandvik 1999). The Sandvik;s results,
clearly showed that in a high proportion of the PI
animals, the virus isolation test and the antigen ELISA
test, when run at day 7 after the ingestion of colostrum,
were both negative. Taken together our results clearly
demonstrate a high prevalence rate of BVDV infection
in dairy cattle herds with the history of abortion in
Mashhad area of Iran. The results presented in this
study confirm previous reports of high incidence of
BVDV infection in this region of Iran. Therefore
preventive measures should be taken in consideration
in order to control the level of infection and
subsequently reduce the economic impact of BVDV
infection.

Acknowledgments

The authors gratefully thank the Excellence research
Center for Ruminant Abortion and Neonatal Mortality,
Faculty of Veterinary Medicine, Ferdowsi University
of Mashhad-Iran, for financially supporting this
research.

References

Alenius, S., Jacobsen, S.O. and Cafaro, E. (1986) Frequency
of bovine viral diarrhea virus infections in Sweden among
heifers selected for artificial insemination. In: Proceedings
World Congress Diseases of cattle. 14: 204-207.

Baker, J.C. (1995) The clinical manifestations of bovine viral
diarrhea infection. The Veterinary clinics of North America
3 (11): 425-445.

Brinkhof, J., Zimmer, G. and Westenbrink, F. (1996)
Comparative study on four enzyme-linked immunosorbent
assays and a cocultivation assay for the detection of
antigens associated with the bovine viral diarrhoea virus in
persistently infected cattle. Veterinary microbiology 50: 1-6.

Chi, J., VanLeeuwer, J.A., Weersink, A. and Keefe, G.P.
(2002) Direct production losses and treatment costs from
bovine viral diarrhoea virus, Bovine leukosis virus,
Mycobacterium avium subspecies paratuberculosis, and
Neospora caninum, Preventive veterinary medicine 55:
137-153.


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TBK-44S5B2Y-6&_user=1937058&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000055464&_version=1&_urlVersion=0&_userid=1937058&md5=d9066be31a9a02a907babe1cc710da88#bbib3

22 Hashemi Tabar et al / Archives of Razi Institute, Vol. 66, No. 1, June (2011) 17-23

Edwards, S., Drew, T.W. and Bushnell, S.E. (1987)
Prevalence of bovine virus diarrhea virus viraemia. The
Veterinary record 120: 71.

Goyal, S.M. (2005) Diagnosis. In: Goyal S.M; Ridpath J.F;
Ed Bovine viral diarrhea virus—diagnosis, management
and control. pp. 197-208. Blackwell Publishing, Ames, IA.

Grooms, D.L. (2004) Reproductive consequences of
infection with bovine viral diarrhoea virus. The Veterinary
clinics of North America. Food animal practice 20: 5-19.

Houe, H., Lindberg, A. and Moennig, V. (2006) Test
Strategies in Bovine Viral Diarrhea Virus Control and
Eradication Campaigns in Europe. Journal of Veterinary
Diagnostic Investigation 18 (5): 427-436.

Houe, H. and Meyling, A. (1991) Prevalence of bovine virus
diarrhea (BVD) in 19 Danish dairy herds and estimation of
incidence of infection in early pregnancy. Preventive
veterinary medicine 11: 9-16.

Houe, H., Backer, J.C., Maes, RK., Lioyd, J.W. and
Enevoldsen, C. (1995) Comparison of the prevalence and
incidence of infection with bovine virus diarrhea virus
(BVDV) in Denmark and Michigan and association with
possible risk factors. Acta Veterinaria Scandinavica 36:
521-531.

Heuer, C., Healy, A. and Zerbin, C. (2007) Economic Effects
of Exposure to Bovine Viral Diarrhea Virus on Dairy
Herds in New Zealand. Journal of Dairy Science 90:
5428-5438.

Kelling, CL., Steffen, D.J., Cooper, V.L., Higuchi, D.S. and
Eskridge, K.M. (2002). Effect of infection with bovine
viral diarrhea virus alone, bovine rotavirus alone, or
concurrent infection with both on enteric disease in
gnotobiotic neonatal calves. American Journal of
Veterinary Research 63:1179—1186.

Kozasa, T., Tajima, M., Yasutomi, 1., Sano, K., Ohashi, K.
and Onuma, M. (2005) Relationship of bovine viral
diarrhea virus persistent infection to incidence of diseases
on dairy farms based on bulk tank milk test by RT-PCR.
Veterinary microbiology 106 (1-2): 41-47.

Lindberg, A.L.E. (2003) Bovine viral diarrhoea virus
infections and its control. A review. TheVeterinary
Quarterly 25: 1-16.

Loken, T., Krogsrud, J. and Larsen, I.L. (1991) Pestivirus
infections in Norway. Serological investigations in cattle,
sheep and pigs. Acta Veterinaria Scandinavica 32: 27-34.

Mainar-Jaime, R.C., Berzal-Herranz, B., Arias, P., and Rojo-
Vazquez. F.A. (2001) Epidemiological pattern and risk
factors associated with bovine viral-diarthoea virus
(BVDV) infection in a non-vaccinated dairy-cattle

population from the Asturias region of Spain. Preventive
veterinary medicine 52:63-73.

Niskanen, R. (1993) Relationship between the levels of
antibodies to bovine viral diarrhea virus in bulk tank milk
and the prevalence of cows exposed to the virus. The
Veterinary record 133: 341-344.

Obando, RC., Hidalgo, M., Merza, M., Montoya, A.,
Klingeborn, B. and Moreno-Lopez, J. (1999)
Seoprevalence to bovine diarrhoea virus and other viruses
of the bovine respiratory complex in Venezuela (Apure
state). Preventive veterinary medicine 41: 271-78.

Olafson, P., MacCallum, A.D. and Fox, F.H. (1946) An
apparently new transmissible disease of cattle. Cornell
veterinarian 36: 205-213.

Palfi, V., Houe, H. and Philipsen, J. (1993) Studies on the
decline of bovine virus diarrhoea virus (BVDV) maternal
antibodies and detectability of BVDV in persistently
infected calves, Acta Veterinaria Scandinavica 34 (1):
105-107.

Pringle, C.R. (1999) Virus taxonomy. The universal system
of virus taxonomy, updated to include the new proposal
ratified by the International Committee on taxonomy of
viruses during 1998. Archives of Virology 144: 421-429.

Reinhardt, G., Riedemann, S., Emst, S., Aguilar, M.,
Enriquez, R. and Gallardo, J. (1990) Seroprevalence of
bovine viral diarrhea/mucosal disease in southern Chile.
Preventive veterinary medicine 10: 73-78.

Sandvik, T. (1999) Laboratory diagnostic investigations for
bovine viral diarrhoea virus infections in cattle. Veterinary
microbiology 64: 123—134.

Sandvik, T. (2005) Selection and use of laboratory diagnostic
assays in BVD control programmes. Preventive veterinary
medicine 72: 3-16.

Sandvik, T. and Krogsrud, J. (1995) Evaluation of an
antigen-capture ELISA for detection of bovine viral
diarrhoea virus in cattle blood samples. Journal of
Veterinary Diagnostic Investigation 7: 65-71.

Schrijver, R.S. and Kramps, J.A. (1998) Critical factors
affecting the diagnostic reliability of enzyme-linked
immunosorbent assay formats. Revue scientifique et
technique (International Office of Epizootics) 17: 550-561.

Talebkhan Garoussi, M., Haghparast, A. and Hajenejad,
M.R. (2009) Prevalence of Bovine Viral Diarrhoea Virus
antibodies among the industrial dairy cattle herds in suburb
of Mashhad-Iran. Tropical Animal Health and Production
41(4): 663-7.

Talebkhan Garoussi, M., Haghparast, A. and Estajee, H.
(2008) Prevalence of bovine viral diarrhea virus in bulk


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mainar-Jaime%20RC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Berzal-Herranz%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arias%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rojo-V%C3%A1zquez%20FA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rojo-V%C3%A1zquez%20FA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/journals/1278?ordinalpos=2&itool=EntrezSystem2.PEntrez.Journals.Journals_ResultsPanel.Journals_RVDocSum
http://www.ncbi.nlm.nih.gov/journals/1278?ordinalpos=2&itool=EntrezSystem2.PEntrez.Journals.Journals_ResultsPanel.Journals_RVDocSum

Hashemi Tabar et al / Archives of Razi Institute, Vol. 66, No1, June (2011) 17-23 23

tank milk of industrial dairy cattle herds in suburb of Veterinary Research Communications 31: 365-370.

Mashhad-Iran. Preventive veterinary medicine 84:171-176. Valle, PS., Martin, S.W. and Skjerve, E. (2001) A Bayesian
Talebkhan Garoussi, M. (2007) The Effects of Cytopathic approach to estimating the performance of a bovine virus

and Noncytopathic Bovine Viral Diarrhoea Virus with diarrhoea virus (BVDV) antibody ELISA bulk tank milk

Sperm Cells on In Vitro Fertilization of Bovine Oocytes. test. Preventive veterinary medicine 50: 71-87.


http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235145%232001%23999499998%23254980%23FLA%23&_cdi=5145&_pubType=J&view=c&_auth=y&_acct=C000055464&_version=1&_urlVersion=0&_userid=1937058&md5=f335e14d65979755951db207f6b0802f

	INTRODUCTION( 

