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Abstract: A total number of 1850 female buffaloes reared at Lower Egypt was gynecologicaly examined by
ultrasonography and blood samples were collected during a period of four years (2004- 2008). Out of these
animals 1262 (68.22%) were suffering from reproductive disorders. The recorded reproductive disorders were
ovarian inactivity (56.97%), endometritis (14.10%), delayed puberty (10.30%), mastitis (7.37%), repeat breeding
(4.60%), retained placenta (3.25%); abortions (1.51%), vaginal/uterine prolepses (1.03%) and cystic ovaries
(0.87%). Bovineviral diarrheavirus (BVDV) was detected by RT-PCR in 46.29% of the total examined samples;
theincidence was high in animals having genital disorders (61.60%) as compared with healthy animals (8.0%).
Nested RT-PCR indicated that all animalswere infected with BVDV-1 genotype. It could be concluded that
a tight association is found between the occurrence of reproductive disorders and instantaneous infections

with BVD virus.
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INTRODUCTION

Bovine Virus Diarrhea (BVD) is one of the most
imperative worldwide diseases in domestic and wild
ruminants. It causes substantial damage in infected herds
aswell as an extensive conseguence on animal health and
productivity in dairy cattle[1].

Thediseaseis caused by Bovine Virus Diarrhea Virus
(BVDV), which belongs to the genus Pestivirus of the
family Flaviviridae. The genome of BVDV is a single
stranded (+) RNA of about 12.5 kb in length without
apoly (A) tail [2- 4]. BVDV isolates comprise 2 different
genotypes, BVDV-1 and BVDV-2, both may infect cattle,
sheep and less frequently, also other ruminants and pigs
[5]. Thisvirus shared antigenicity with border disease and
classical swinefever [6].

Infections with BVDV have different consequences,
such as drop in milk vyield, fertility problems,
immunosuppression,  diarrhoea,  thrombocytopenia
and frequently, inapparent courses [7-9]. The severity
of clinical affects depends upon the immune status of
the host, strain of the virus, reproductive status and
environmental stress[9,10].

Reproductive losses usually occur in BVD
infected animals as a result of ovarian dysfunction [11],
anoestrum [1], retained placenta [12], endometritis [13],
repeat breeding [14], reduced conception rate [15] and
direct damage to the embryo [16]. Also, BVD caused
obvious decrease in ovalembryo recovery, partial or
complete absence of the preovulatory LH surge, testicular
lesions and poor semen quality. The semen produced by
persistently infected bulls may contain virions that can be
transmitted either by natural or artificial insemination
[17,18]. In pregnant animals, transplacental infection can
lead to abortion, stillbirth, malformation and persistent
infection of the offspring. Persistently infected animals
shed the virus for the rest of their life and play akey role
in the epidemiology of infection [1,19,20].

Serological procedures and virus isolation are
the preferred methods for diagnosis of BVDV infected
animals. However, negative serological results must be
interpreted with caution since persistently infected
animals have no neutralizing antibodies or antibodies
only at low titers and may appear healthy. The detection
of BVDV-1 by PCR amplification is an aternative to
conventional tests. RT-PCR method is being used for
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detection of viral nucleic acid as a specified method
which isfast enough to detect the virus at a maximum of
8h[20].

This investigation intended to correlate between the
occurrence of reproductive disorders and infection with
BVDV in female buffaloes. First BVDV was detected by
PCR amplification of the viral RNA using RT-PCR as it
would alow rapid identification of BVDV. Then nested-
PCR was conducted to detect infection by BVDV-1 since
this genotype has main effect on reproductive system in
an attempt to diagnose and help in the elimination of this
disease.

MATERIALSAND METHODS

Animals: A total number of 1850 female buffaoes
(2-9 years), reared at Lower Egypt was used to execute
this investigation throughout a period of 4 consecutive
years (2004-2008). These animals were kept in
smallholder farms and fed mainly on green fodder
(Trifolium alexandrinum) with an inadegquate amount of
concentrate mixture and no regular system of vaccination
or veterinary intervention.

A complete data on case history, owners complain,
clinical examination and reproductive status were
recorded for each animal. All buffalo-cows were subjected
to recta examinations using Ultra sound apparatus
(Pia Medica Facs e Saote, the Netherlands) with
an endorectal linear array 6-8 MHz transducer and
reproductive status and/or disorders were recorded.

Blood sampling: Two blood samples were collected
through the jagular vein puncture from each of
examined buffaloes; a sample was collected on EDTA as
anticoagulant to obtain whole blood sample. The other
sample was collected without EDTA, kept to clot,
centrifuged at x1500g for 20 minutes, sera were separated
and kept at -20°C until analyzed. Sera were screened for
brucellosis using Rose Bengal test [21].

Virological Tests: A total number of 175 random
representative samples was used for virological
examination. A similar volume of ficol (Sigma, ST.
Louis, MO, USA) was added to the whole blood sample,
centrifuged at 1500 rpm for 15 minutes and the buffy
coat was collected [22].

Virusisolation and propagation: The virus was isolated
in 12-well flat-bottomed micro plates previously cultured
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by Madin Darby Bovine Kidney cells (MDBK cdlls,
VACSERA, Agoza, Egypt). The virus was then titrated in
96- well tissue culture plate where MDBK cells were
added to al the wells of the micro plates (100 pl per well,
3 x 105 cells per ml) and observed daily until confluency.
Then, 50 ul per well of pooled serum samples or tissue
suspensions sequential 10-fold dilutions were added to
eight wells per dilution. The plates were cultured for
3 daysat 37°C in ahumid atmosphere containing 5% CO,.
The plate was freezed and thawed three times and the
contained tissue and fluid were centrifuged at 5000
rpm for 5 minutes and the supernatant fluid was used for
RT-PCR. The method of isolation and identification was
done as outlined by [20,23].

Rapid RT-PCR: Rapid RT-PCR was performed on both
buffy coat and virus isolated from tissue culture of a
titer 10° and also from the isolated buffy coats
directly using a specia kit (One -Step RT-PCR,
QIAGEN, GmbH, Germany). The primers Oligonucleotide
primers from 5UTR of virus genome (PFl
5"ATGCCCTTAGTAGGACTAGC-3 and PR1 5'-
ACTCCATGTGCCATGTACAG-3") were used for RT
reaction and subsequent PCR amplification [24].

Nested RT- PCR (nRT-PCR): In order to specifically
amplify a part of the 5UTR of the virus genome,
oligonuclectide primers to be used in nested-PCR were
chosen from sequence data of the PCR product.
The primers used in this study were Pesti-N-F 5'-
GATGGCTTAAGCCCTGAGTA-3 and Pesti-N-R 5'-
GCTGTATTCGTAACAGTCGG-3 [24]. After completion
of the PCR cycle, 5 ml of the RT-nPCR products were
separated by 1.5% agarose gel electrophoresis. Ethidium
bromide staining allowed visualization of the RT-nPCR
product using an ultraviolet transilluminator.

The incidence of detection of BVD virus in female
buffaloes either in apparent hedthy animals or in
those having reproductive disorders was recorded. Also,
the prevailing strain of the virus was detected by nested
RT- PCR.

RESULTS

Incidence of reproductive disorders: Out of 1850 female
buffaloes, examined in Lower Egypt during a period
of 4years (2004-2008), 1262 (68.22%) suffered from
reproductive disorders (Table 1). The main recorded
reproductive disorders were ovarian inactivity (56.97%),
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294bp

Fig. 1. Agarose gel electrophoresis of the amplification RT-PCR products generated from buffalo-cow using primers

specific for BVDV for rapid diagnosis

160 bp

Fig. 2: Agarose gel electrophoresis of the amplification nRT-PCR products generated from buffalo-cow using primers

specific for BVDV

Table 1: Incidence of reproductive disorders in examined femal e buffal oes (%)

Animals No. Percent
Healthy 588 3178
Reproductive disorders 1262 68.22
Ovarian inactivity 719 56.97
Endometritis 178 14.10
Delayed puberty 130 10.30
Mastitis 93 7.37
Typica Repeat breeders 58 4.60
Retained placenta 41 325
Abortions 19 151
Vaginal/uterine prolapse 13 1.03
Cystic ovaries 11 0.87
Total number 1850 100.00

Table 2: Incidence of BVD in female buffaloes in relation to reproductive
disorders (%)

No. of BVD negative  BVD positive

examined
Animals animals No. % No. %
Healthy 50 46 92.00 4 8.00
Reproductive disorders 125 48 38.40 77  61.60
Ovarian inactivity 35 13 37.14 22 62.86
Endometritis 27 13 48.15 14 5185
Delayed puberty 15 6  40.00 9 60.00
Mastitis 10 7 70.00 3 3000
TypicaRepeat breeders 12 5 41.67 7 5833
Retained placenta 8 3 37.50 5 6250
Abortions 6 2 33.33 4  66.67
Vaginal/uterine prolapse 6 5 83.33 1 16.67
Cystic ovaries 6 3 50.00 2 3333
Total number 175 % 53.71 8l 46.29
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endometritis (14.10%), delayed puberty (10.30%), mastitis
(7.37%), repeat breeding (4.60%), retained placenta
(3.25%), abortions (2.3%). However, Rose Bengal test
indicated that al of these animals were negative reactors
for brucellosis.

Prevalence of BVDV infection: Examination of 175
representative  random samples using RT-PCR for
detection of BVD virus demonstrated a band at 294 bp
(Fig.1) in 46.29% of the total examined samples (Table 2).
The incidence of BVDV infection was higher in female
buffal oes suffering from reproductive disorders (61.60%)
as compared with healthy animals (8.0%). Moreover,
nested RT-PCR demonstrated the presence of 160 bp
band (Fig. 2) characteristic for infection with BVDV-1
genotype of the virus.

Prevalence of BVD in relation to reproductive
disorders: The  percentage of buffaloes with
reproductive disorders and simultaneously positive for
BVD was 61.60%. Meanwhile, the percentage in buffaloes
showing no reproductive disorders was 8.0% (Table 2).
The incidence(%) was high in animals suffering from
ovarian inactivity (62.86), Endometritis (51.85), delayed
puberty (60.0), typical repeat breeders (58.33), retained
placenta (62.50) and abortion (66.67) and was low in
animal having mastitis (39.78), vaginal/uterine prol apsed
(16.67) and cystic ovaries (33.33).
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DISCUSSION

Out of the world 160 million heads of buffaloes,
3.9 million heads are found in Egypt and produced 65%
of meat and milk used by local population. Despite
these animals are bred under harsh socioeconomic
conditions[25].

In the current study, case history, owner complain,
clinica examination and ultrasonographic scanning of
the genital organs of 1850 female buffaloes, revealed
that 68.22% suffering from reproductive disorders;
including ovarian inactivity (56.97%), endometritis
(14.10%), delayed puberty (10.30%), mastitis (7.37%),
repeat breeding (4.60%), retained placenta (3.25%),
abortions (1.51%), vaginal/uterine prolapse (1.03%) and
cystic ovaries (0.87%). In this respect, it was reported
that buffaloes suffering from a lot of problems, mainly
reproductive disorders which cause great economic
losses, especialy in animals kept in small holder farms and
exposed to stressful conditions such as mal-nutrition, bad
hygiene, parasitism and pollution [25]. However, it was
not aimed here to discuss these problems, but intention
was directed to investigate the possible correlation
between the occurrence of these disorders and infection
with BVDV in buffaloes.

BVDV causes obvious economic losses in
cattle worldwide and has recently been targeted for
eradication in several national programs. In addition to
gastrointestinal disease, BVDV causes reproductive and
respiratory disorders and persistent infections [1,26].
Because carriers are constantly viremic and continually
shed and maintain the virus in the environment, their
identification and removal from the herd is an essential
component of programs for the control and eradication of
BVDV [27].

In the present investigation, BVDV was detected by
RT-PCR in 46.29% of the total examined samples; the
incidence was high in animals having genital disorders
(61.60%) as compared with healthy animals (8.0%). In
buffaloes, [28] demonstrated prevalence of anti-BVDV-
antibodies in 52% of examined samples. However, [9] and
[29] demonstrated the prevalence of anti-BVDV antibodies
in 24.67 and 12.50% by ELISA and 25.97 and 25.0% by
SNT, respectively.

Detection of BVDV in animals is based on virus
isolation or by measuring specific antibodies using
complement fixation test, ELISA, immunoperoxidase and
immunofluorescence assays [30]. Molecular techniques
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have aso been used to detect the presence of
virus in blood and serum samples [7, 31]. Comparison
of RT-PCR with EL1SA and cell cultureimmunoperoxidase
tests for the detection of ruminant pestivirus infections
revealed that RT-PCR is more sensitive than the other
tests[32].

In this study, nRT- PCR which can be used to type
BVDV from infected cell cultures and blood as well asthe
buffy coat was described. Previously, several PCR-based
assays for typing BVDV were reported [33]. Typing with
one of these assays, however, was indirect and
involved restriction endonuclease digestion of PCR
products for typing[34]. A second assay used the specific
amplification of BVDV 2 for typing, with a negative result
indicating BVDV1[26].

Buffaloes in this study were not vaccinated against
BVD, negative for brucellosis and showed no symptoms
of disease at the time of examination. However, in similar
cases in non vaccinated cows, BVDV was presentin
50.9-79.2% of the cases [35-38]. The immunosuppressive
effect of BVD virus may be a triggering factor for

activation of other diseases in latently infected
animals[1, 38].
Nested-PCR was used herein and it indicated

the presence of BVDV-1 genotype in the present
infected female buffaloes. In this respect, it was
reported that this technique is a sensitive method and
it could be used for detection of serotype of BVDV
in bovine[39].

In this study, a clear association was observed
between the increased incidences of BVD infections and
the occurrence of reproductive disorders in the examined
buffaloes. In cattle, field and epidemiological studies
revedled that BVDV has an adverse impact on
reproductive performance in the form of infertility,
significant drop in conception rate, abortions,
endometritis, repeat breeding as well as testicular
lesions and poor semen quality [16,18,40-42]. Also, [1,9]
added that anoestrum, repeat breeding and abortion are
the main reproductive disorder in BV D positive buffaloes.
Early reproductive losses occurred as a result of ovarian
dysfunction [18], endometritis [13] and direct damage to
the embryo [16, 43].

The existence of apparently healthy animals
persistently infected with BVDV emphasizes the need
for rigorous screening of all animals to identify the
animals carrying the infectious agent. Serological
procedures and virus isolation are the preferred methods
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for diagnosis of BVDV infected animals. However,
negative serological results must be interpreted with
caution since persistently infected animals have no
neutralizing antibodies or antibodies only at low titers
and may appear healthy with acceptable semen quality.
The detection of BVDV-1 by PCR amplification is an
dternative to conventional tests. RT-PCR method is being
used for detection of viral nucleic acid as a specified
method which is fast enough to detect the virus at a
maximum of 8 h [20].

It could be concluded that a tight association is
found between the occurrence of reproductive disorders
and instantaneous infections with BVD-1 virus in
buffaloes. Rigorous screening of all animals using recent
technique is required to identify persistently infected
animals using an accurate techniques as RT-PCR and
NRT-PCR.

REFERENCES

Ahmed, H.A., 2007. Preliminary studies on
gene markers in cattle and buffaloes infected with
bovine viral diarrhea. Master Veterinary Science
Thesis (Infectious Diseases), Cairo University,
Egypt.

Collett, M.S., R. Larson, C. Gold, D. Strick,
D.K. Anderson and A.F. Purchi, 1988. Molecular
cloning and nucleotide sequence of the pesti
virus bovine vira diarrhea virus. Virology,
165: 191-199.

Van Regenmortel, M.H.V., C.M. Fauquet and
D.H.I. Bishop, 2000. Virus Taxonomy. Seventh
Report of the International Committee on
Taxonomy of Viruses. Academic Press, San Diego-
San- Francisco-New Y ork-Boston-London-Sydney-
Tokyo.

Becher, P. and H.J. Thiel, 2002. Genus Pestivirus
(Flaviviridag). In: Tidona, C.A., Darai, G. (Eds.), The
Springer Index of Viruses. Springer, Heidelberg,
Germany, pp: 327-331.

Becher, M., K.D. Paton and H.J. Thiel, 1995. Further
characterization of border disease virus isolates:
evidence for the presence of more than three species
within the genus pestivirus. Virol., 209: 200-206.
Horzinek, M.C., 1981. Nonarbo togavirus infections
of animals: comparative aspects and diagnosis. In
comparative diagnosis of viral diseases. New York,
Acad. Press, pp: 442.

740

7.

10.

11.

12.

13.

14.

15.

16.

Baker, J.C., 1987. Bovine vira diarrhoea virus. a
review.J. AmericanVet. Med. Assoc., 190: 1449-1458.
Thiel, H.J., P.G.W. Plagemann and V. Moennig, 1996.
Pestiviruses, In: Fields, B.N., Knipe, D.M., Howley,
P.M. (Eds.), Fields Virology, vol. 1, 2 Lippincott-
Raven Publishers, Philadelphia, PA, 3rd Edn,
pp: 1059-1073.

Ghazi, Y.A., AM. El-Sherif, RA. Azzam and
H.A. Hussein, 2008. Diagnostic Studies on
Bovine Vira Diarrhea Infection in Cattle and and
Buffaloes with Emphasis on Gene Markers. Global
Vet., 2: 92-98.

Beker, JC., 1995. The Clinica manifestations
of bovine viral diarrhea infection. Veterinary
Clinic of North America Food Animal Practice,
11: 425-445.

Fray, M.D., G.F. Mann, E.C. Bleach, P.G. Knight,
M.C. Clarke and B. Charleston, 2002. Modulation of
sex hormone secretion in cows by acute infection
with bovine vira diarrhoea virus. Reproduction,
123: 281-289.

Niskanen, R., U. Emanuelson, J. Sundberg,
B. Larsson and S. Alenius, 1995. Effect of
infection with bovine viral diarrhea virus on
health and reproductive performance in 213 herds
in onecountry in sweeden. Preventive Vet. Med.,
23: 229-237.

Archbald, L.F., C.D. Gibson, R.H. Schultz,
M.L. Fahning and R. Zemjanis, 1973. Effects of
intrauterine inoculation of bovine viral diarrhoea
mucosal disease virus on uterine tubes and
uterus of nonpregnant cows. American J. Vet. Res.,
34: 1133-1137.

Robert, A., F. Beaudeau, H. Seegers, A. Joly and
JM. Philipot, 2004. Large scale assessment of
the effect associated withbovine vira diarrhea
virus infection of dary cows in 6149 dairy
herds in Brittany (western France). Theriogenol.,
61: 117-127.

McGowan, M.R., M. Ka&fi, P.D. Kirkland,
R. Kdly, H. Bidddt-Ohmann, M.D. Occhio and
D. Jlella, 2003. Studies on pathogenesis of
bovine pestivirus induced ovarian dysfunction
in superovulated dairy cattle. Theriogenol.,
59: 1051-1066.

Grooms, D.L., 2006. Reproductive losses caused
by bovine vira diarrhoea and leptospirosis.
Theriogenol., 66: 624-628.



17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Am-Euras. J. Agric. & Environ. Si., 3 (5): 736-742, 2008

McGowan, M.R and P.D. Kirkland, 1995. Early
reproductive loss dueto bovine pestivirus infection.
British Vet. J., 151: 263-270.

Fray, M.D., D.J. Paton and S. Alenius, 2000. The
effect of bovine diarrhea virus on cattle reproduction
in relation to disease control. Anim. Reprod. Sci.,
60-61: 615-627.

Charleston, B., M.D. Fray, S. Baigent, B.V. Carr
and W.1. Morrison, 2001. Establishment of persistent
infection with non-cytopathic bovine viral diarrhea
virusin cattle is associated with afailure to induce
type | interferon. J. General Virol., 82: 1893-1897.
Givens, M.D., A.M. Heath, R.L. Carson, K.V. Brock,
M.S. Edens, J.G. Wenzel and D.A. Stringfellow,
2003. Analytical sensitivity of assays used for
detection of bovine viral diarrhea virus in semen
samples from the Southeastern United States.
Vet. Micrabiol., 96: 145-155.

Alton, G.G., L.M. Jones, R.D. Angusand JM. Verger,
1988. Techniques for the Brucella Laboratory
Institute. Inst. Natn. De le Roch. Ayron, Paris,
pp: 174.

Quinn, P.J., M.E. Carter, B.K. Markey and G.R. Carter,
1994. Clinical Veterinary Microbiology. Textbook,
Mosby-Year Book Europe Ltd., Lynton House,
London, England, pp: 439-455.

Montanha, I.A., M. Amoros, J. Boustie and L. Girre,
1995. Anti-herpes virus activity of aporphine
alkaloids. PlantaMedica 61, pp: 419-424.

Sasaki, T., R. Harasawa, M. Shintani, H. Fujiwara,
Y. Sasaki, A. Horino, T. Kenri, K. Asada, |. Kato and
F. Chino, 1996. Application of PCR for detection of
mycoplasma DNA and pestivirus RNA in human live
viral vaccines. Biologicals, 24: 371-375.

Ahmed, W.M., 2006. Adverse factors affecting
ovarian activity in large farm animals. Proc., The 3rd
International Congress of the Veterinary Research

Division, National Research Center, Egypt,
pp: 251-253.
Gilbert, SA., K.M. Burton, SE. Prins and

A.N.D.D. Deregt, 1999. Typing of bovine vira
diarrhea viruses directly from blood of persistently
infected cattle by Multiplex PCR. J. Clin. Microbial.,
37: 2020-2023.

Bitsch, V. and L. Ronsholt, 1995. Control of bovine
viral diarrhea virus infection without vaccines.
Veterinary Clinic of North American Food Animal
Practice, 11: 627-640.

741

28.

29.

30.

31

32.

33.

35.

36.

37.

Zaghawa, A., 1998. Prevalence of antibodies to
bovine virus diarrhea virus and/or border
disease virusin domestic ruminants. J. Vet. Med. B,
45: 345-351.

Azzam, R.A., 2002. Studies on the epizzotic
process of pestivirus infection in animals.
Philosophy Doctor Veterinary Thesis (Infectious
Diseases), Cairo, University, Egypt.

Afshar, A., G.C. Dulac, C. Dubuc and T.H. Howard,
1991. Comparative evaluation of the fluorescent
antibody test and microtiter immunoperoxidase assay
for detection of bovine diarrheavirus from bull
semen. Candian J. Vet. Res,, 55: 91-93.

Barlow, R.M, P.F. Nettleton, A.C. Gardiner, A. Greig,
JR. Campbell and JM. Bonn, 1986. Persistent
bovine virus diarrhoea virus infection in a bull.
The Vet. Record, 118: 321-324.

Horner, G.W., K.M. Tham, D.O.J. Ralston, S. Rowe
and T. Houghton, 1995. Comparison of an antigen
capture enzyme-linked assay with reverse
transcription polymerase chain reaction and cell
culture immunoperoxidase tests for the diagnosis
of ruminant pestivirus infections. Vet. Microbiol.,
43: 75-84.

Sullivan, D.G. and RK. Akkina, 1995.. A nested
polymerase chain reaction assay to differentiate
pestiviruses. Virus Res., 38: 231-239.

Harpin, S., SM. Elahi, E. Cornaglia, R.H. Yolken
and Y. Elazhary, 1995. The 59-untransated
region sequence of a potentiad new genotype
of bovine viral diarrhea virus. Achieves of Virol.,
140: 1285-1290.

Fulton, RW. and C.L. Segar, 1982. Infectious
bovine rhinotracheitis, bovine viral diarrhoea and
parainfluenza-3 viral antibodies in Louisiana cattle.
Bovine. Practice, 17: 63-65.

Celedon, M.O., R.C. Vargas, A. Sdlinas, A. Casanova,
L. Ibarra and P. Berrios, 1996. Serlogical survey
of bovine diarrhoea virus and infectious bovine
rhinotracheitis virus in dary herds in the
metropolitan region of Chile. Adv. Gienet. Vet.,
11: 75-80.

Riedemann, S, G. Reinhardt, N. Tadich,
M. Aquilar, R. Aquilar, M.l. Montecinos and
J.C. Miranda, 1996. Seroprevalencia de VDVB,
VHB-1, PI-3 y VRSB en 12 predios |leeheros de la
Provincia de Valdivia, Chile. Arch. Med. Vet.,
28:121-124.



38.

39.

40.

Am-Euras. J. Agric. & Environ. Si., 3 (5): 736-742, 2008

Biuk-Rudan, N., S. Cvetnic, L.J. Madic and D. Rudan,
1999. Prevalence of antibodies to IBR and BVD
viruses in dairy cows with reproductive disorders.
Theriogenol., 51: 875-881.

Ddliri, M., SA. Ghorashi, D. Morshedi, T. Hagjian and
K. Afshar, 2007. Detection of bovine viral diarrhea
virus in bovine semen using nested-PCR. Iranian J.
Biotechnal., 5: 48-51.

Houe, H. and A. Meyling, 1991. Surveillance of
cattle herds for bovine virus diarrhoea virus
(BVDV) infection using data on reproduction and
caf mortality. Ach. Virol., 3: 154-164.

742

41.

42.

43.

Houe, H., K. Myrup-Pedersen and A. Meyling, 1993.
The effect of bovine virus diarrhoea virus
infection on conception rate. Preventive Vet. Med.,
15: 117-123.

Fredriksen, B., S.A. Odegaard and T. Loken, 1998.
The effect of bovine virus diarrhoea virus on
reproduction in recently infected Norwegian dairy
herds. Acta Vet. Scandinavia,. 39: 99-108.
Evermann, J.F. and J.F. Ridpath, 2002. Clinical and
epidemiologic observations of bovine viral diarrhoea
virus in the northwestern United States. Vet.
Microbiol., 89: 129-139.



