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ABSTRACT
Sixteen bovine viral diarrhea virus (BVDV) isolates collected in Costa Rica between 1987 and 2006 from dairy 
cattle were analyzed by RT-PCR and determined to belong to BVDV species 1. Furthermore, eleven of these 
isolates were genotyped using the nucleotide sequences of the Npro region of the viral genome. Phylogenetic 
analysis indicated that all samples examined clustered within the BVDV-1b subtype. 
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Genotipificación de aislamientos del virus 
de la diarrea viral bovina en Costa Rica

RESUMEN
Dieciséis aislamientos del virus de la diarrea viral bovina (BVDV) recolectados entre 1987 y 2006 de hatos 
lecheros de Costa Rica fueron analizados mediante la técnica de RT-PCR y determinados como pertenecien-
tes al genotipo 1. Once de estos aislamientos fueron genotipificados utilizando la secuencia de nucleótidos de 
Npro del genoma viral. El análisis filogenético determinó un único genogrupo en estos aislamientos, BVDV-1b.

PALABRAS CLAVES: Virus de la diarrea viral bovina, BVDV-1b, genotipificación, árbol filogenético, Costa Rica.
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INTRODUCTION

Bovine viral diarrhea virus (BVDV) has 
been classified within the genus Pestivi-
rus of the family Flaviviridae (Wengler et 
al., 1995). It has a positive single-stranded 
RNA genome of approximately 12.3kb size, 
encoding one open reading frame (ORF) 
that is translated into a single polyprotein of 
about 4000 kDa (Collett et al., 1988; Mey-
ers and Thiel, 1996). The polyprotein is sub-
sequently cleaved into 4 structural and 6 to 
7 non-structural proteins by viral and cellu-
lar proteases (Thiel et al., 1993). The ORF, 
which starts with the Npro viral autoprotease, 
is flanked at the 5’ and 3’ termini by untrans-
lated regions (5’-UTR, 3’-UTR) (Collett et al., 
1988; Meyers and Thiel, 1996).

Two species of BVDV, BVDV-1 and 
BVDV-2, have been described (Pellerin et 
al., 1994; Ridpath et al., 1994). The geno-
type is determined by genetic typing, usu-
ally using sequences from the 5’-UTR, Npro 
and E2 genetic regions. BVDV is genetically 
highly variable, particularly BVDV-1, where 
at least 11 genogroups have been identified 
(Vilcek et al., 2001). BVDV-1a and BVDV-1b 
seem to be the most prevalent genogroups 
worldwide (Fulton et al., 2003; Vilcek et al., 
2004). In addition, due to their effects on 
permissive cells, two biotypes can be dis-
tinguished, the cytopathic (cp) and the non-
cytopathic (ncp) (Donis and Dubovi, 1987; 
Greiser-Wilke et al., 1992).

Animals which become infected intra-
uterinely with ncp-BVDV (50 to 150 days of 
gestation) are epidemiologically important, 
as they may become tolerant to the virus. 
These persistently infected (PI) animals 
are the major source of virus maintenance 
and shedding in dairy farms and readily 
infect all susceptible animals. Many per-
sistently infected animals appear clinically 

normal, while others may be weak at birth 
(Kelling, 1996).

BVDV-1 infections involve mainly respi-
ratory, reproductive and enteric diseases, 
causing considerable economic losses to 
the cattle farming industry worldwide (Baker 
et al., 1954; Brownlie et al., 1987; Nettleton 
and Entican, 1995). BVDV-2 causes similar 
clinical signs to BVDV-1, except that infec-
tion with a highly virulent isolate may lead to 
thrombocytopaenia and fatal haemorrhagic 
syndrome (Corapi et al., 1989; Carman et 
al., 1998; Liebler-Tenorio et al., 2002).

Genetic and antigenic diversity of BVDV 
is important to consider for the design of ef-
fective vaccination programs (Fulton et al., 
2003; Vilcek et al., 2004). The objective of 
this study was to determine genetic diver-
sity of BVD viruses present in dairy herds 
from Costa Rica, Central America, and to 
describe management routines carried out 
in these farms that are important for the epi-
demiology of the disease.

MATERIALS AND METHODS

Virus Samples
A total of 16 BVDV isolates were ana-

lyzed in this study. Samples were collected 
in 2006 from dairy herds (Figure 1) or sub-
mitted to the Laboratory of Virology be-
tween 1987 and 2006. Seven positive ani-
mals were detected among the 1,980 serum 
samples collected and tested individually for 
BVDV antigen using a capture ELISA (Herd-
Check, BVDV/Serum Plus, Idexx Laborato-
ries, Österbybruk) during 2006 from 29 spe-
cialized dairy farms from Cartago, Heredia, 
Guanacaste, San José and Alajuela. The 
number of animals tested for BVDV anti-
gen to determine the percentage of PI ani-
mals was determined based on Cannon and 
Roe (1982) (1% expected prevalence of PI 
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animals and a 95% confidence level), tak-
ing into account a total of 60,000 dairy cattle 
and 1,600 dairy herds in Costa Rica (Anony-
mous, 2000). Surveys were carried out on 
these farms to obtain information about 
cattle management practices (purchase of 
animals, BVDV examination and vaccina-
tion practices, replacement strategies), han-
dling of calves (elimination strategies and 
location of calves on the farm) and observa-
tion of BVDV associated diseases (retarded 
growth, abortion, mucosal disease, hemor-
rhagic syndrome) (Table 2). The additional 9 
positive samples were clinical submissions 
to the Laboratory of Virology, Universidad 
Nacional in Costa Rica, over the last 20 
years (1987-2006). All 9 samples were test-
ed the day of submission for virus isolation 

and tested afterwards under direct immu-
nofluorescence. Non-infected Madin-Darby 
Bovine Kidney (MDBK) cells were included 
as negative control. The isolates were kept 
at –70°C, until molecular testing was car-
ried out in 2006. Data concerning the year 
of submission and the region of origin was 
available only for 5 samples.

RNA Isolation
All 16 BVDV positive samples were sub-

ject to 4 passages on MDBK cell cultures 
grown in Dulbecco’s Modified Eagle Medi-
um (DMEM) supplemented with 10% BVDV-
free fetal bovine serum (FBS) and antibiotics 
(200 IU of penicillin/ml, 200 µg of streptomy-
cin/ml). Total RNA was extracted from cell 
culture supernatants using QIAamp Viral 

Figure 1. Geographical distribution of dairy cattle farms and the corresponding BVDV-1b field iso-
lates in Costa Rica, indicating the year of isolation of the field strains (only samples with known 
geographical origin are shown)
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RNA Mini Kit® (Qiagen, Hilden) following 
manufacturer’s instructions. Non-inoculated 
MDBK cell cultures were included as nega-
tive controls.

Reverse Transcriptase PCR (RT-PCR) 
and Sequencing

Synthesis of cDNA was performed with 
random hexamers (Fermentas Inc, Glen 
Burnie, Maryland) in 40 ml total reaction 
volume. Reverse transcriptase polymerase 
chain reaction (RT-PCR) was carried out as 
previously described (Letellier et al., 1999). 
A 221 bp DNA product was amplified from 
the 5’-UTR for BVDV-1 and BVDV-2. Prim-
ers used were B3 (5’-GGT AGC AAC AGT 
GGT GAG-3’) and B4 (5’-GTA GCA ATA 
CAG TGG GCC-3’) to determine BVDV-1 
and primers B5 (5’-ACT AGC GGT AGC AGT 
GAG-3’) and B6 (5’-CTA GCG GAA TAG 
CAG GTC-3’) to determine BVDV-2, respec-
tively. RT-PCR products were visualized by 
2% agarose gel electrophoresis and subse-
quent staining in ethidium bromide. Using 
primer OL100 (5’-CAT GCC CTT AGT AGG 
ACT AGC-3’) and primer 1400R (5’-ACC 
AGT TGC ACC AAC CAT G-3’), a 1341 bp 
product encompassing the Npro region was 
amplified (Becher et al., 1999). PCR ampli-
cons were purified using QIAquick® PCR 
Purification Kit (Qiagen) and sequenced in 
both directions (MWG Biotech AG, Martin-
sried, Germany).

Phylogenetic Analysis
Nucleotide sequences were edited and 

analysed using the BioEdit software, version 
7.0.9.0 (Hall, 1999). As with most BVDV iso-
lates, only shorter fragments encompass-
ing about 300 nu are available from Gen-
Bank. The corresponding fragments were 
used for calculation of the phylogenetic tree. 
Alignment and calculation of the unrooted 

phylogenetic neighbour-joining tree was 
performed in ClustalX 1.83 (Thompson et 
al., 1997) and bootstrapping was performed 
with 1,000 replicates. For the graphic output, 
Tree View software, version 1.6.6 (Page, 
1996) was applied. The EMBL accession 
numbers of the sequences included as con-
trols are listed in Table 1.

RESULTS

A total of 7 BVDV positive samples were 
detected in 4 out of 29 tested dairy farms in 
2006, determining a percentage of 0.35% of 
PI animals. The survey yielded the following 
herd management practices: all farms had 
a veterinarian visit periodically (100%), 69% 
of the farms obtained their replacements 
completely within their own farm, whereas 
for the rest (31%) replacements were pur-
chased from other farms. All the farms re-
ported abortion and calves with retarded 
growth, and in 83% of the cases weak 
calves were eliminated from the farms. A to-
tal of 90% of the farms kept their calves at a 
short distance from adults, whereas 10% of 
the farms raised calves together with adult 
bovines. BVDV vaccines were used in 14% 
of the farms (Table 2).

The analysis by RT-PCR indicated that 
the 16 BVDV-positive samples for antigen 
capture ELISA and direct immunofluores-
cence assay belonged to BVDV species 
1. BVDV-2 isolates were not detected. 
The determination of the nucleotide se-
quence of the Npro coding region was 
performed for 11 of this 16 BVDV field iso-
lates. Nine field isolates (CR-01 to CR-06, 
CR11, CR-14 and CR-16) had 100% iden-
tical sequences in the fragment analyzed, 
whereas the other 2 field isolates (CR-12 
and CR-15) had single base exchanges. 
The resulting phylogenetic tree indicated 
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Table 1. Accession numbers of the Npro sequences and origin of the BVDV isolates representing the 
major BVDV-1 genetic subtypes used for calculation of the phylogenetic tree.

Isolate Year of isolation Country Subtype EMBL Acc. No.
NADL - US BVDV-1a AJ1333738

Singer - US “ AY323892

221 - - “ AY735469

SD-1 - US “ M96751

Deer-NZ2 1980 NZ “ U80904

Oregon C24V - US “ AF091605

S6 - - “ AY735494

Osloss - DE BVDV-1b M96687

S14-2 - - “ AY735491

TGAN - US “ AF145365

NY-1 - US “ AF145363

Asturias-31 1999 ES “ AY182158

Asturias-36 1989 ES “ AY182161

Girona-33 2000 ES “ AY182159

P 1998 AT “ AF287288 

Buffalo-A1 1994 AU BVDV-1c U80901

Astur2-36 1989 ES “ AY182162

Trangie-Y546 - AU “ AF049222

F 1998 AT BVDV-1d AF287284

22531 - - “ AY735472

SH9 1991 DE “ AF1444473

S14-1 - - BVDV-1e AY735490

20V661-1 1996 FR “ AF298058

J 1998 AT BVDV-1f AF287286

W 1998 AT “ AF287290

X-159-01 - SI “ AY323892

L 1998 AT BVDV-1g AF287287

Leon-6 2000 ES BVDV-1h AY182144

23/15-UK 1997 UK BVDV-1j AF287279

Deer-GB-1 1986 UK Deer U80902

Soldan - BR BVDV-2 AY735495

1373 - US “ AF145967 

AT, Austria; AU, Australia; BR, Brazil; DE, Germany; ES, Spain; FR, France; SI, Slovenia; UK, United Kingdom; US, United States 
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that the 11 field isolates from different geo-
graphic areas and collected at different 
dates belonged to the BVDV-1b subgroup 
(Figures 1 and 2). They formed a cluster 
that was separated by a high bootstrap 
value from other isolates in this subgroup.

DISCUSSION

In the present study, a low percentage 
of PI animals was detected, which could be 
consequence of good herd management 

strategies in most of the dairy farms sur-
veyed. Another possible reason for a low per-
centage of PI animals could be the sampling 
method used, since approximately 25% of 
adult animals were tested in each farm. The 
PI animals detected in two farms with good 
herd management strategies were 2 heif-
ers identified only by laboratory testing. The 
other two herds where 5 PI animals were 
detected had an open herd management 
system, did not eliminate weak or retarded 
calves and vaccinated against BVDV. The PI 

Table 2. Results of the survey carried out in 31 dairy farms of Costa Rica to determine cattle 
management practices, handling of calves and BVDV associated diseases (only affirmative answers 
were recorded).

Topics #Herds(%)
Cattle management practices

1. Are animals purchased from other farms? 9 (  30.0)

2. Is BVDV testing performed before purchasing animals? 0 (    0.0)

3. Is replacement made completely with own animals? 22 (  70.0)

4. Does a veterinarian periodically visit the farm? 31 (100.0)

5. Are BVDV vaccines used in the farm? 4 (  13.0)

Handling of calves

1. Are weak or retarded calves culled? 26 (  84.0)

2. Location of calves on the farm:

	 a. Totally isolated from adult bovines 0 (    0.0)

	 b. At a short distance from adult bovines 28 (  90.0)

	 c. Together with adult bovines 3 (  10.0)

BVDV associated diseases

1. Have calves with retarded growth ever been recorded on the farm? 31 (100.0)

2. Have abortions ever been recorded on the farm? 31 (100.0)

3. Has mucosal disease ever been recorded on the farm? 0 (    0.0)

4. Has hemorrhagic syndrome ever been recorded on the farm? 0 (    0.0)

5. Has BVDV ever been diagnosed on the farm in association with abortions? 0 (    0.0)
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animals detected in these two farms were 4 
calves (5 to 9 months of age) showing re-
duced growth and 1 heifer (Greiser-Wilke et 
al., 2003).

The phylogenetic tree calculated us-
ing the 300 nu fragment of the Npro clearly 
allowed for distinguishing between the 
individual BVDV subgroups, showing high 
bootstrap values (Nei and Kumar, 2000).

The results of the present study indicate 
that BVDV field viruses from Costa Rica 
could be genetically homogeneous with min-
imal variability over time (from 1987 to 2006) 
and geographical origin. These results are 
in accordance with reports from the United 

States of America, where BVDV-1b was rec-
ognized as the most prevalent genotype of 
BVDV (Fulton et al., 2003; Tajima, 2006). 
In contrast, genotyping of BVDV isolates 
from South America revealed considerable 
genetic heterogeneity (Vilcek et al., 2004). 
The sanitary barrier to prevent the introduc-
tion of Foot and Mouth Disease into Costa 
Rica prohibits the import of cattle from South 
America. However, an increase of import of 
livestock from Canada, USA and Mexico 
to Costa Rica occurred mainly in the 60s. 
This might be the reason why Costa Rican 
isolates were homogenous and all in geno-
group BVDV-1b (OIE, 2009).

Figure 2. Unrooted Neighbor-Joining tree constructed from 330 nucleotides of the Npro gene of the 
BVDV isolates from Costa Rica (bold, underlined). Bootstrapping was performed for 10.000 replica-
tes and values are indicated as %. Bar: nucleotide substitutions per site.
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CONCLUSIONS

The predominance of BVDV-1b in Costa 
Rica may have an impact on vaccination pro-
grammes. All vaccines used in Costa Rica in 
2006, until today, contained BVDV-1a and 
BVDV-2a. These vaccines may not prop-
erly protect bovines against BVDV-1b, since 
only low neutralizing antibody titers against 
BVDV-1b were induced by BVDV-1a in com-
mercial vaccines (Fulton et al., 2002; Fulton 
et al., 2003); however, a commercially VD-
VB-1b vaccine is not yet available (Ishmael, 
2009). It will be interesting in future studies 
to determine the predominant clinical signs 
caused by this genogroup in susceptible bo-
vine herds from Costa Rica, since BVDV-1b 
is generally isolated from calves with respi-
ratory symptoms (Fulton et al,. 2002).

ACKNOWLEDGEMENTS

This research was supported by Co-
operativa de Productores de Leche R.L., 
FUNDAUNA Project No. 081602, the School 
of Veterinary Medicine at Universidad Na-
cional (Costa Rica), the Institute of Virol-
ogy at Tierärztliche Hochschule Hannover 
(Germany), and Deutscher Akademischer 
Austauschdienst (DAAD) (Bonn, Germany). 
We would like to thank Rocío Cortés for her 
technical assistance and all veterinarians in-
volved for their help with the sample collec-
tion, especially Luis Diego Rodríguez, Jaime 
Murillo and Julio Murillo. Farm owners’ col-
laboration is also gratefully acknowledged. 
Andrea Chaves received a fellowship from 
the Costa Rican Ministry of Science and 
Technology (MICIT) and the National Coun-
cil of Science and Technology (CONICIT). 
This research was performed as a partial 
requirement for the M.Sc. degree of Andrea 
Chaves at Universidad Nacional.

REFERENCES

Anonymous. 2000. Análisis censo ganadero 
2000 - Corporación ganadera. Accessed 
Feb. 10, 2010. http://www.infoagro.go.cr.

Baker, J.A., York, C.J., Gillespie, J.H., and G.B. 
Mitchell. 1954. Virus diarrhea in cattle. Am. J. 
Vet. Res. 57: 525-531.

Becher, P., Orlich, M., Kosmidou, A., Konig, M., 
Baroth, M., and H.J. Thiel. 1999. Genetic di-
versity of pestiviruses: identification of novel 
groups and implications for classification. Vi-
rology. 262: 64-71.

Brownlie, J., Clarke, M.C., Howard, C.J., and 
D.H. Pocock. 1987. The pathogenesis and 
epidemiology of bovine viral diarrhea virus in-
fection in cattle. Ann. Vet. Res. 18: 157-166.

Cannon, R.M., and R.T. Roe. 1982. Livestock 
Disease survey: a field manual for veterinar-
ians. Australian Government Publishing Ser-
vice, Canberra.

Carman, S., Van Dreumel, T., Ridpath, J., Ha-
zlett, M., Alves, D., Dubovi, E., Tremblay, R., 
Bolin, S., Godkin, A., and N. Anderson. 1998. 
1993-1995 Severe acute bovine viral diarrhea 
in Ontario. J. Vet. Diagn. Invest. 10: 27-35.

Collett, M.S., Larson, R., Gold, C., Strick, D., 
Anderson, D.K., and A.F. Purchio. 1988. Mo-
lecular cloning and nucleotide sequence of 
the pestivirus bovine viral diarrhea virus. Vi-
rology. 165: 191-199.

Corapi, W.V., French, T.W., and E.J. Dubovi. 
1989. Severe thrombocytopenia in young 
calves experimentally infected with noncyto-
pathic bovine viral diarrhea virus. J. Virol. 63: 
3934-3943.

Donis, R.O., and E.J. Dubovi. 1987. Charac-
terization of bovine viral diarrhoea-mucosal 



Cienc. Vet. 26 (1), 2008 	 45

Genetic typing of bovine viral diarrhea virus isolates from Costa Rica

diseases virus-specific proteins in bovine 
cells. J. Gen. Virol. 68: 1597-1605.

Fulton, R.W., Ridpath, J.F., Saliki, J.T., Briggs, 
R., Confer, A., Burge, L.J., Purdy, C., Loan, 
R., Duff, G., and M.E. Payton. 2002. Bovine 
viral diarrhea virus (BVDV) 1b: predominant 
in calves with respiratory disease. Can. J. 
Vet. Res. 66: 181-190.

Fulton, R.W., Ridpath, J.F., Confer, A.W., Sa-
liki, J.T., Burge, L.J., and M.E. Payton. 2003. 
Bovine viral diarrhoea virus antigenic diver-
sity: impact on disease and vaccination pro-
grammes. Biologicals. 31: 89-95.

Greiser-Wilke, I., Dittmar, K.E., Liess, B., and V. 
Moenning. 1992. Heterogenous expression 
of the non-structural protein p80/p125 in cells 
infected with different pestivirus. J. Gen. Vi-
rol. 73: 47-52.

Greiser-Wilke, I., Grumer, B., and V. Moenning. 
2003. Bovine viral diarrhoea eradication and 
control programmes in Europe. Biologicals. 
32: 113-118.

Hall, T.A. 1999. BioEdit: a user-friendly biologi-
cal sequence alignment editor and analysis 
program for Windows 95/98/NT. Nucleic Ac-
ids Symp. Ser. 41: 95-98.

Ishmael, W. 2009. Gunning for a New Old BVDV 
strain. Accessed Feb. 10, 2010. www.beef-
magazine.com/health/0901-vaccine-fights-bvdv/

Kelling, C.L. 1996. The effect of BVDV infection 
on cattle. J. Vet. Med. Ser. B. 91: 862-863.

Letellier, C., Kerkhofs, G., Wellemans, G., and 
E. Vanopdenbosch. 1999. Detection and ge-
notyping of bovine diarrhea virus by reverse 
transcription – polymerase chain amplifica-
tion of the 5`untranslated region. Vet. Microb. 
64: 155-167.

Liebler-Tenorio, E.M., Ridpath, J.E., and J.D. 
Neill. 2002. Distribution of viral antigen and 
development of lesions after experimental in-
fection with highly virulent bovine viral diar-
rhea virus type 2 in calves. Am. J. Vet. Res. 
63: 1575-1584.

Meyers, G., and H.J. Thiel. 1996. Molecular 
characterization of pestiviruses. Adv. Vir. 
Res. 47: 53-118.

Nei, M., and S. Kumar. 2000. Molecular Evolu-
tion and Phylogenetics. Oxford University, 
New York.

Nettleton, P.F., and G. Entican. 1995. Ruminant 
pestiviruses. Br. Vet. J. 151: 615-642.

OIE. 2009. Terrestrial Animal Health Code, 
Foot and Mouth Disease (Chapter 8.5), 
FMD free country where vaccination is not 
practiced (Article 8.5.2). Accessed Feb. 10, 
2010. http://www.oie.int/eng/normes/mcode/
en_chapitre_1.8.5.htm

Page, R.D.M. 1996. TREEVIEW: An applica-
tion to display phylogenetic trees on personal 
computers. Comp. Appl. Biosc. 12: 357-358.

Pellerin, L.G., Van Den Hurk, J., Lecomte, J., 
and P. Tussen. 1994. Identification of a new 
group of bovine viral diarrhea virus strains as-
sociated with severe outbreaks and high mor-
talities. Virology. 203: 206-268.

Ridpath, J.F., Bolin, S.R., and E.J. Dubovi. 1994. 
Segregation of bovine viral diarrhea virus into 
genotypes. Virology. 205: 66-74.

Tajima, M. 2006. The prevalent genotypes of bo-
vine viral diarrhea virus in Japan, Germany 
and the United States of America. Jpn. J. Vet. 
Res. 54(2-3):129-34.

Thiel, H.J., Meyers, G., Stark, R., Tautz, N., 
Rümenapf, T., Unger, G., and K.K. Conzel-
mann. 1993. Molecular characterization of 



A. Chaves et al.

46	 Cienc. Vet. 26 (1), 2008

positive-strand RNA viruses: pestiviruses 
and the porcine reproductive and respiratory 
syndrome virus (PRRSV). Arch. Virol. (Suppl. 
7): 41-52.

Thompson, J.D., Gibson, T.J., Plewniak, F., 
Jeanmougin, F., and D.G. Higgins. 1997. The 
ClustalX windows interface: flexible strate-
gies for multiple sequence alignment aided 
by quality analysis tools. Nuc. Acds. Res. 25: 
4876-4882.

Vilcek, S., Paton, D.J., Durkovic, B., Strojny, 
L., Ibata, G., Moussa, A., Loitsch, A., Ross-
manith, W., Vega, S., Scicluna, M.T., and V. 
Palfi. 2001. Bovine viral diarrhoea virus geno-
type 1 can be separated into at least eleven 
genetic groups. Arch. Virol. 146: 99-115.

Vilcek, S., Durkovic, B., Kolesarovab, M., Grei-
ser-Wilke, I., and D. Paton. 2004. Genetic 
diversity of international bovine viral diar-
rhoea virus (BVDV) isolates: identification of 
a new BVDV-1 genetic group. Vet. Res. 35: 
609-615.

Wengler, G., Bradley, D.W., Collett, M.S., Heinz, 
F.X., Schlesinger, R.W., and J.H. Strauss. 
1995. Flaviviridae. Pages 415-427. In Murphy 
F.A., Fauquet C.C., Bishop D.H.L., Ghabrial 
S.A., Jarvis A.W., Martinelli G.P., Mayo M.P., 
and Summers M.D. (eds.). Virus Taxonomy, 
Classification and Nomenclature of Viruses. 
Sixth Report of the International Committee 
on the Taxonomy of Viruses. Springer-Ver-
lag, Wein/New York.


