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Summary  
 

A methodological procedure was established for BVDV-PIs detection in two dairy 
farms which presented reproduction problems as abortions, weak newborn calves that died 
after few days of having born, repeat breedings, reduced milk production, among others. 173 
Holstein breed animals including calves, heifers and cows raised in confinement system 
production conformed the inventory of both farms, which had not BVDV vaccination 
programs and were located in the region of Sebranice, Czech Republic. Initial herd 
screening by conventional RT-PCR of a pooled milk sample (50ml), from each farm to 
determine whether or not the presence of BVDV, was carried out. Once the BVDV was 
confirmed, individual blood serum of the animals was screened by both Virus neutralization 
test (VNT) and ELISA to identify the permanent infected animals (PIs). In every test positive 
and negative controls were included. Finally, individual blood sera of the most suspected 
animals of being in the status of PI (none antibody titre and ELISA positive), were analyzed 
through RT-PCR test. Two bovines were confirmed to be PI animals.  
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Bovine viral diarrhea virus (BVDV) is a recognized epizootic in cattle of all 
ages, causing significant disease problems and economic losses as well as 
obstacles to the transfer and trade of bovine animals throughout the world (16; 20). 
BVDV virus belongs to the Pestivirus genus of the family flaviviridae (16; 2; 5; 3; 9; 
7). 

Additionally, both cytopathic and noncytopathic strains were recognized 
according to their ability to induce cytopathic effects in cell culture and both may be 
virulent in cattle(13;3).Therefore, its immunological importance in the pathogenesis 
of this infection which in the most of the cases has been reported to result in 
immunosuppression and enhanced susceptibility to other agents such as 
parainfluenza-3 [PI-3] , Respiratory Syncytial Virus [RSV], Rotavirus, Pasteurella 
Spp and coccidias(2; 8; 30; 32; 24; 4), among others. 

The losses are represented in reduced milk production, reduced 
conception rate, respiratory disorders, decrease in feed consumption, loss of body 
weight, abortions, repeat breeding problems, mummification, congenital defects, 
birth of weak and undersized calves, permanent infected animals and deaths(21; 
10; 20).  

There are no pathognomonic clinical signs which range from subclinical to 
the fulminating fatal mucosal disease (14), therefore diagnostic investigations rely 
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on laboratory based detection of the virus, or of virus-induced antigens or 
antibodies in submitted samples(28). Acute infections in seronegative 
immunocompetent cattle in most cases pass subclinically (20) or result in mild 
clinical signs including a transient fever and leucopenia (18).The majority of acute 
BVDV infections are caused by noncytopathic viruses and cattle acutely or 
persistently infected are the primary source of virus; shedding it in nasal, 
oculonasal and oral secretions, feces, urine, semen (20), uterine secretions, 
amniotic fluid and in placenta containing virus (2). In fact, the virus can pass 
transplacentally from the dam to the fetus in all ages causing intrauterine infections 
of the fetus which can result in early embryonic death, abortion, congenital defects, 
or the birth of calves persistently infected with BVDV (10; 21). The outcomes of 
these infections are largely dependent on the stage of gestation when infection 
occurs and mainly on the stage of development of immunology system of the fetus 
(6; 1). 

Recent investigations indicate that persistent infections develop when 
BVDV is circulating around 100-150 days of gestation (20; 21). At this stage of 
gestation, immunocompetence is being established in the fetus. With 
immunocompetence comes recognition of self antigen, a process necessary to 
prevent autoimmunity (26; 6; 9; 20). If BVDV virus is present during this time, it too 
is recognized as self and allowed to survive. 

As it could be inferred the cattle that are born immunotolerant to BVDV 
virus(PI animals) are the key to the pathogenesis and epidemiology of this 
infection, and the identification and cull effectiveness are ones of the major 
challenges that still faces the researchers. 

 
Materials and methods 

 
173 Holstein breed animals including calves, heifers and cows raised in 

confinement system production, from two Czech dairy farms, were used for the 
present study. Previously, at the molecular Laboratory of Veterinary Research 
Institute, Brno, Czech Republic, were standardized several methods to diagnose 
and study of BVDV taking into account the World Organization for Animal Health 
(OIE) guidelines (22; 23; 31).In consequence, MDBK cell cultures, BVD Virus 
isolation in MDBK cell cultures, Virus neutralization test (VNT), RT-PCR, Agarose 
gel electrophoresis and commercial ELISA kits were performed. Every reagent, 
equipment, technique and kit was used according to the manufacturer´s protocol. 

Pooled milk sample: Two samples of 50 ml of bulk milk from the study 
farms were refrigerated. Each sample was centrifuged at 2100 rpm/15 min and its 
cream and milk layers were removed within a Laminar flow hood. The cell pellet 
was resuspended in 30 ml DPBS and centrifuged at 700rpm/15min.The content 
was discarded and the cell pellet was resuspended in 0,5ml PBS into a microtube 
for posterior BVDV RNA purification. The viral RNA was purified by Using the RNA: 
PURIFICATION KIT SERIES QIAGEN® catalog Nr 29504 and submitted to RT-
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PCR test, following the manufacturer´s protocol, according to these conditions: 
PRIMERS: PEST-108 (Tm = 47,6 ºC) + PEST-375R (Tm= 47,6 ºC),expected 
product size:288bp,Tm= 81,5ºC.Running program:94ºC /30sec-denatruration, 
55ºC/1min-anneling of primers, 68ºC/1min-extension, and 4ºC-cooling. 

Later, RT-PCR product was running through ethidium bromide-agarose 
(2%) gel electrophoresis under the following program: 100 volts, 80mAmp. 50 min. 
As positive control was used a BVD reference strain propagated in MDBK cell 
culture at Molecular Virology Laboratory, Veterinary Research Institute, Brno, 
Czech Republic and as negative control was used dH2O. Both were included in the 
test. The fragments in the gel were visualized with UV light and recorded.  

Blood sera samples: 10 ml of blood without anticoagulant were taken either 
from jugular or median coccygeal vein from every animal. The individual serum 
from clotted blood was submitted to both VNT and ELISA test. For VNT, 20,000 
MDBK cells/100µl/well, flat-bottomed 96-well microtitre plates, MEM solution, BFS 
(Bovine Fetal Serum immunoglobulines free certified) were used. Each sample was 
tested twofold under lab conditions. Virus, virus titre and cells control were 
included. The microtitre plates were incubated under the following conditions: 37°C 
and 4,5% CO2 during 3 or 4 days. After 4 elapsed days, the cells in each well were 
examined microscopically for evidence of cytopathic effect.  

The same blood serum was submitted to ELISA test to measure BVD 
antigen, and this procedure was carried out following the commercial kit’s protocol. 
 

Results and discussions 
 

Sensitive diagnostic methods for rapid herd BVDV status information 
(positive or negative), and for subsequent identification and elimination of 
persistent infected animals in the herd, are therefore of significant importance and 
are an essential component of any program for the control of BVDV infection. RT-
PCR followed by its product visualization on agarose gels, is a molecular analytical 
method widely used for BVD virus detection in different clinical samples. It is a very 
sensitive technique to identify the BVDV genome which consists of a single open 
reading frame (ORF) around 11.7 Kb long, flanked by untranslated regions (UTR) 
around 380 nucleotides at 5´-end, and 230 nucleotides at the 3´-end (12;7;31). In 
fact, the initial bulk milk samples which were processed and tested by a 
conventional standard RT-PCR specific for BVDV detection yielded positive 
fragments from the BVD viral genome of 288bp (Figure 1), showing enough 
evidence of the actively presence of the virus in the target herds. The Negative and 
positive samples processed are also shown. The universal set of primers selected 
from the highly conserved 5´untranslated region was appropriate to target this 
region and detect BVD virus. This first test greatly rationalized the screening efforts 
and minimized the impact of false negative BVD virus detection.  
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Fig.1. Conventional RT-PCR product (288bp) visualized on 2% ethidium bromide-

agarose gel electrophoresis 
1=SebraniceA bulk milk sample, 2=SebraniceB bulk milk sample, 3=Negative control 
dH2O,4= empty, 5=Molecular Marker MM pBR 322 Hnf I, 6=Control positive(BVD reference 
strain propagated in MDBK cell culture) 
 

As the major diagnostic target in the present study was the identification of 
animals PI with BVDV for removal, which are responsible for maintenance of the 
infection in the herds, once was clearly established the presence of the virus in 
both farms, the next diagnostic step was the screening of all individual blood sera 
from each bovine. The detection of BVDV antibody titters and viral antigens in each 
individual serum was performed by VNT and ELISA respectively (Table 1). The 
animals having no antibody titre (negative) in the VNT, based on a repeated 
sampling of the individual sera, carried out within three weeks, and being positive in 
the ELISA test were considered highly potential BVDV-PI animals; a group with 
these animals was conformed. Finally, persistently infected bovine was determined. 
Two animals met this last serological status (Table 1). So that, 1, 1 % of the 
surveyed dairy cattle were BVDV-PI animals and more than 82% of cattle were 
antibody-positive which is in agreement with the reported prevalence for BVDV 
infection that varies among surveys, where the infection tends to be endemic in 
many populations, reaching a maximum level of 1-2% of cattle being persistently 
infected and 60-90% of cattle being antibody positive (20; 2). 
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Table 1 
Comparative table of the standard Virus Neutralization Test (VNT) and ELISA 

test for antibodies and antigens detection in dairy cattle sera from the 
infected Czech farms 

 
Large number of animals tended to maintain low BVDV antibody levels 

three weeks after the first sera screening, and this could be due to the clearance of 
active acute infection in the both farms. Some studies carried out on a BVDV acute 
infection phase, have reported that If virus titres in blood are measured during this 
period, these will usually be low and of short duration (20). Two animals presented 
the highest level of antibodies titre (Table 1), which usually happens Immediately, 
after the viremia period, The later is in consistent with BAKER, 1987 (2), BEER, 
1997(3) and BOLIN, 1985 (4), who reported animals that develop high titers of 
long-duration neutralizing antibodies either in blood serum or in bulk milk Which 
were still detectable in high levels three years after BVDV infection. 

Former bovines, that presented no antibody titres in both VNTs and which 
were ELISA positive, all ready mentioned, were retested by RT-PCR technique and 
the results confirmed to be BVDV positive (Figure 2). 
 
 
 
 
 
 
 
 
 
 
 

 

VNT - First  
screening 

Elisa test VNT - Second 
Screening (3 weeks later) 

No. Animals Value (Antibody 
Titters) 

+ - N0. Animals Value 
(Antibody Titters) 

23 0 2 21 37 0 
10 2 9 1 25 2 
25 4 23 2 36 4 
24 8 24 0 36 8 
39 16 38 1 19 16 
27 32 27 0 14 32 
14 64 14 0 3 64 
9 128 9 0 1 128 
2 256 2 0 2 256 
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Fig. 2. Final BVDV-PI detection by Conventional PCR product (288bp) visualized 
on 2% ethidium bromide-agarose gel electrophoresis 

1= Negative control dH2O, 2=Bovine with VNT and ELISA results not well clarified, 3=Bovine 
Nr.5846 with 0 VNT titre and ELISA positive, 4= Bovine Nr.5880 with 0 VNT titre and ELISA 
positive, 5= MDBK,ncpBVD, 6= Control(+) cpBVD. MM= Molecular Marker DNA LADDER 
VIII (B.M) 
 

The results also, have shown a proper diagnostic methods and procedures 
to accurately detect BVDV-PI animals in a dairy farm with no BVDV vaccination 
program and clearly verified how the permanent infected animals had infected 
more than 82% of cattle in the herds, and in somehow, confirm the magnitude of 
the infection in concentrate system cattle production. In other words, the success of 
BVDV spreading depends on the system the cattle are kept or risen, if they are 
kept under close confinement or not, because a positive correlation between sero-
prevalence and population density of either dairy cows or dairy farms has been 
found (20). 

 
Conclusions 

 
The identification of viral antigens and antibodies by both ELISA and VNT 

respectively, even these diagnostic methods are laborious and expensive due to 
the high cost of examinations of individual animals ; demonstrated to be very 
efficient in the detection of the BVD virus and helped to clarify the negative or 
positive results obtained, and should be recommended as the reference diagnostic 
assays for direct and indirect method, additional to a very sensitivity standard 
molecular technique for BVDV. In fact, RT-PCR when well calibrated is the first 
diagnostic tool in Herd BVDV screening schemes, specially in detection of the virus 
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in pooled samples, as it clearly was determined in the present survey. Therefore, 
this has been used in many studies for a reliable identification and monitoring of 
presence of BVDV nucleic acid from field samples of bovine blood sera, cell 
fractions of bulk milk, cell cultures, among others. Following this systematic BVDV 
screening in a dairy herd helps efficiently to cull the PI animals from the infected 
herd, and thus, control the BVDV spreading.  
 

References  
 

1.  Amillis.M, Ramiya.V, Norimine. J, Lewin. H, 1998- The major 
histocompatibility complex of ruminants. Ev. Sci. Tech. Off. Int. Epiz. 17(1), 
108 - 120. 

2. Baker.J, 1987 - Bovine viral diarrhea virus..Journ.Amer.Vet.Med.Asssoc. 
190, 11, p.1449 - 1458. 

3. Beer, M., Wolf, G., Pichler, J., Wolfmeyer, A., Kaaden,O. 1997. Cytotoxic 
T-lymphocyte responses in cattle infected with BVDV, Vet. Microbiology, 58, 
9 -22. 

4. Bolin S. 1985. Effects of bovine viral diarrhea virus on percentages and 
absolute numbers of circulating B and T lymphocytes in cattle. Amer. Journ. 
Vet. 46, 4, 884 - 886. 

5. Bruschke J., 1997 - Glycoprotein E(rns) of pestiviruses induces apoptosis in 
lymphocytes of several species..Journal of Virology, 71, 9, 6692-6696. 

6. Buttler, J. 1998 - Immunoglobulin diversity, B-cell and antibody repertoire 
development in large farm animals.. Rev. Sci. Tech. Off. Int. Epiz, 7, 1, 43. 

7. Chambers, J. 1987.Molecular biology of the flaviviruses..Microbiological 
Sciences.Vol 4, No.7, p.219 - 222. 

8. Ellis, J. 1998 Flow cytofluorimetric analysis of lymphocyte subset alterations 
in cattle infected with BVDV. Vet. Pathol, 25, 261 -236. 

9. Haller, O.,Frese,Gkochs, M. 1998.Mx proteins:mediators of innate 
resistance to RNA viruses.. Rev. Sci. Tech. Off. Int. Epiz, 17(1), 220 - 230. 

10. Hewicker-Trautwein,M. 1995. Lesions in calves following 
transplacentalinfection with BVDV.. Veter.Med. Apr,.42(2),p. 65 - 77. 

11. Howard, C., Clarke, M., Soop, P., Brownlie, J.1992. Immunity to Bovine 
Viral Diarrhea virus in calves; the role of different T-cell subpopulations 
analysed by specific depletion in vivo with monoclonal antibodies, Vet. Immu-
Pathology. 32, 303 - 314. 

12. Kosinova, E., Psikal, I., Robesova, B., Kovaicik, K. 2007 - Real-time 
PCR for quantitation of bovine viral diarrhea virus RNA using SYBR green I 
flourimetry. Int. Jour. Vet. Med., 52, 6, 253-261.  

13. Lambot, M., Hanon, E., Lecomte, C., Hamers, C., Letesson, J., 
Pastoret, P. 1998. Bovine viral diarrhea virus induces apoptosis in blood 
mononuclear cells by a mechanism largely dependent on monocytes, Journal 
of General Virology.Jul.Vol.79p.1745 - 1749. 



LUCRĂRI ŞTIINłIFICE MEDICINĂ VETERINARĂ VOL. XLI, 2008, TIMIŞOARA 
 

 299 

14. Liebler, E., Kusters, C., Pohlenz, J. 1995 - Experimental mucosal 
disease in cattle: changes of lymphocyte subpopulations in peyer’s patches 
and in lymphoid nodules of large intestine. Vet.Immuno-Pathology. Vol.4,p. 
233 - 248. 

15. Liebler, E., Kusters, C., Pohlenz, J.1996 - Experimental mucosal disease 
in cattle: changes in the number of lymphocytes and plasma cells in the 
mucosa of the small and large animals.. Vet.Immuno-Pathology. Vol.55, p.93 
- 105. 

16. Lindberg, A., Alenius, S. 1999 - Principles for eradication of Bovine Viral 
Diarrhea Virus infections in cattle populations, Vet. microbiol. Journ., Vol. 
64,N°2-3,p.197-222 

17. Lopez,O. 1993.Presence of bovine viral diarrhea virus in lymphoid 
cellpopulations of persistently infected cattle.. Journal of General Virology. 
Vol.74,p. 925 - 929. 

18. Lunney, J. 1998.Cytokines orchestrating the Immune response.. 
Rev.sci.tech.off.int.Epiz. 17, 1, p. 84 - 94. 

19. Marshall, D. 1994 - Cytotoxic T -lymphocyte responses in cattle infected 
with flow cytometric analyses of lymphocyte subsets in peripheral blood and 
lymphoid tissues of gnotobiotic calves during primary acute postnatal 
infections of BVDV. Viral-Immunol. Vol. 7, 3, 141 - 149. 

20. Midtlyng, P., Nyberg, D., Oorsum, J. 1999. Control of bovine viral 
diarrhoea virus infection in cattle. Special issue. Veterinary..Veterinary 
Microbiology, Vol 68, Nos. 2, 3. 

21. Moenning, V. 1995.Pathogenesis of intrauterine infection with bovine viral 
diarrhea virus.. Vet.Clin.North.Am.Food.Anim.Pract.Vol.11,N°3,p.77 - 487. 

22. O.I.E. 1996.Bovine Viral Diarrhoea. Chapter X.5.. OIE Manual..p. 651 - 
659. 

23. O.I.E. 2004.Manual of diagnostic tests and vaccines for terrestrial animals. 
Chapter 2.10.6: Bovine viral diarrhoea. 
http://www.oie.int/eng/normes/mmanual/A_00132.htm 

24. Pastoret, P. 1998. Immunology of Cattle. In handbook of 
vertebrateimmunology. Academic Press. p.439 - 470. 

25. Rhodes, G., Cocksedge, J., Collins, R., Morrison, W.1999 - Differential 
cytokine responses of CD4+ and CD8+ T cells in response to bovine viral 
diarrhea virus in cattle.. Journal of General Virology.Vol.80, 673. 

26. Roitt I., 1993 - Immunology, Third Edition. Editorial Consultant.St 
Louis.1.1- 15.22 

27. Rmyantsev, S. 1998. Constitutional and non-specific immunity to infection. 
Rev. Sci. Tech. Off. Int. Epiz., Vol.17 (1),p. 26 - 42. 

28. Sandvik, T. 1999.Laboratory diagnostic investigations for bovine viral 
diarrhea virus infections in cattle.. Vet.microbiol.Vol.64,N° 2,3,p.23 - 134.  



LUCRĂRI ŞTIINłIFICE MEDICINĂ VETERINARĂ VOL. XLI, 2008, TIMIŞOARA 
 

 300  

29. Soop, P. 1994.Detection of bovine viral diarrhea virus P80 protein 
insubpopulations of bovine leukocytes. Journal of General Virology..Vol.75, 
p.1189-1194 

30. Steck, F., Lazary, S., Frey, H., Wandeler, A., Oppliger, C., Baumberger, 
H. 1980 - Immune responsiveness in cattle fatally affected by BVDV-Mucosal 
Disease, Vet. Med. B, 27, 429 - 445. 

31. UE. 2001. Thematic network on control of bovine viral diarrhoea virus 
(BVDV). BVDV Control; 1-170. http://bvdvcontrol.org/bilder/Position%2 
0paper%20BVDV%20Control%20EU%20TN.pdf. 

32. Welsh, M. 1995. Effect of bovine viral diarrhoea virus infection on 
alveolarmacrophage functions. Vet. Immunopathology. vol 46, 195 - 210. 

 

 

 

 

 

 

 

 

 

 

 

 

 


