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predominant and widespread in countries neighboring 
China, such as Korea and Japan [29,30], whereas, in China and 
India, BVDV 1b was the predominant subgenotype [23,31]. 
Four isolates of BVDV, the Shihezi148-1, Changji, Kuerle, 
and SD0803 viruses, were recently isolated from a dairy 
in northwestern China. All four isolates were classified 
as belonging to a potentially novel subgenotype, and a 
partial 5’-UTR sequence of each isolate was obtained. To 
determine the genetic relationship between the BVDV-LC 
virus and these novel subgenotypes, a phylogenetic tree 
was constructed based on the 5’-UTR sequences, which 
showed a single branch containing four isolates clustered 
with the BVDV-LC virus (Fig. 1B). The 5’-UTR of the SD0803 
virus shared a high degree of sequence homology (98.5%) 
with the SD0803 viruses, which indicates that these 
viruses should thus be classified as strains of the BVDV-1q 
subgenotype. Similar to the phylogenetic tree based on 
the Npro sequences, the BVDV-1q branch was most closely 
related to the BVDV-1m, BVDV-1o, BVDV-1p, and BVDV-1g

clusters in the 5’-UTR-based phylo-
genetic tree.

In this study, the pathogenesis of
BVDV-LC was studied and only
mild clinical symptoms associated 
with BVDV infection were observed.
These included depression, fever,
leukopenia, and viremia. Calves 
infected with the virus showed no 
symptoms of diarrhea. Further-
more, the experimental animals
showed no secondary infections 
with other pathogenic micro-
organisms such as pasteurellosis or 
Escherichia coli. Histopathological 
observations showed lymphoid 
depletion and shedding of the villi 
of the small intestine. Many studies 
have reported that animals infected 
with non BVDV show leukocyte 
depletion, failure to induce the 
production of type I interferon α/β, 
immune suppression, and often 
secondary infections [32-35]. 

In summary, a BVDV-LC strain was 
successfully isolated from cattle in 
northwest China. We determined 
the complete genome sequence 
of the cattle-derived LC strain of 
BVDV-1 and phylogenetic and 
sequence analyses based on the 
Npro gene and the   5’-UTR showed
that the BVDV-LC strain belongs 
to the BVDV-1q subgenotype. 
This is the first report of the 
genomic sequence of a BVDV-1q 
virus isolated from cattle. Calves 

inoculated with this isolate showed mild clinical signs, 
a high rectal temperature, and lymphopenia, which 
suggested that the strain remains virulent and can be used 
as a BVDV challenge virus to evaluate the efficacy of BVDV 
vaccines. This report forms a solid basis for further studies 
on BVDV in China.

ACKNOWLEDGEMENTS

This study was supported by the Natural Science 
Foundation of China (Grant No. 31460663 and U1303283) 
and National Key Research and Development Program of 
China (2017YFD0500304) .

REFERENCES

1. Baker JC: The clinical manifestations of bovine viral diarrhea infection. 
Vet Clin North Am Food Anim Pract, 11 (3): 425-445, 1995. DOI: 10.1016/
S0749-0720(15)30460-6

HE, MA, HUANG, SHENG
ZHONG, ZHAO, ZHANG, CHEN

Fig 5. Immunohistochemical analysis of the tissues of calves inoculated with BVDV-LC isolate. A: Section of the 
lung of a mock-infected calf. There is no signal, B: Section of the lung of a calf experimentally infected with BVDV-
LC. Hybridization signals are detected by anti-BVDV antibody (arrows), C: Section of intestinum tenue of a mock-
infected calf. There is no signal, D: Section of the intestinum tenue of a calf experimentally infected with BVDV-
LC. Hybridization signals are detected by anti-BVDV antibody (arrows), E: Section of heart of a mock-infected calf. 
There is no signal, F: Section of the heart of a calf experimentally infected with BVDV-LC. Hybridization signals are 
detected by anti-BVDV antibody (arrows)



384

2. Maya L, Puentes R, Reolón E, Acuña P, Riet F, Rivero, R, Cristina J, 
Colina R: Molecular diversity of bovine viral diarrhea virus in Uruguay. Arch 
Virol, 161, 529-535, 2016. DOI: 10.1007/s00705-015-2688-4

3. Tautz N, Tews BA, Meyers G: The molecular biology of pestiviruses. Adv 
Virus Res, 93, 47-160, 2015. DOI: 10.1016/bs.aivir.2015.03.002

4. Mósena ACS, Weber MN, Cibulski SP, Silveira S, Silva MS, Mayer 
FQ, Canal CW: Genomic characterization of a bovine viral diarrhea virus 
subtype 1i in Brazil. Arch Virol, 162 (4), 1119-1123, 2017. DOI: 10.1007/
s00705-016-3199-7

5. Aslan ME, Azkur AK, Gazyagci S: Epidemiology and genetic 
characterization of BVDV, BHV-1, BHV-4, BHV-5 and Brucella spp. infections 
in cattle in Turkey. J Vet Med Sci, 77 (11): 1371-1377, 2015. DOI: 10.1292/
jvms.14-0657

6. Deng M, Ji S, Fei W, Raza S, He C, Chen Y, Chen H, Guo A: Prevalence 
study and genetic typing of bovine viral diarrhea virus (BVDV) in four 
bovine species in China. Plos One, 10:e0134777, 2015. DOI: 10.1371/journal.
pone.0121718

7. Oğuzoğlu TÇ, Koç BT, Coşkun N, Doğan F, Duran-Yelken S: Endless 
variety for bovine virus diarrhea viruses: New members of a novel subgroup 
into Pestivirus A from Turkey. Trop Anim Health Prod, 51 (5): 1083-1087, 
2019. DOI: 10.1007/s11250-018-01787-w

8. Timurkan MÖ, Aydın H: Increased genetic diversity of BVDV strains 
circulating in Eastern Anatolia, Turkey: First detection of BVDV-3 in Turkey. 
Trop Anim Health Prod, 51, 1953-1961, 2019. DOI: 10.1007/s11250-019-01901-6

9. Weng XG, Song QJ, Wu Q, Liu MC, Wang ML, Wang JF: Genetic 
characterization of bovine viral diarrhea virus strains in Beijing, China 
and innate immune responses of peripheral blood mononuclear cells in 
persistently infected dairy cattle. J Vet Sci, 16 (4): 491-500, 2015. 

10. Gong X, Cao X, Zheng F, Chen Q, Zhou J, Yin H, Liu L, Cai X: 
Identification and characterization of a novel subgenotype of bovine viral 
diarrhea virus isolated from dairy cattle in Northwestern China. Virus Genes, 
46, 375-376, 2013. DOI: 10.1007/s11262-012-0861-3

11. Zhang SQ, Tan B, Guo L, Wang FX, Zhu HW, Wen YJ, Cheng S: 
Genetic diversity of bovine viral diarrhea viruses in commercial bovine 
serum batches of Chinese origin. Infect Genet Evol, 27, 230-233, 2014. DOI: 
10.1016/j.meegid.2014.07.021

12. Xue W, Ellis J, Mattick D, Smith L, Brady R, Trigo E: Immunogenicity of 
a modified-live virus vaccine against bovine viral diarrhea virus types 1 and 
2, infectious bovine rhinotracheitis virus, bovine parainfluenza-3 virus, and 
bovine respiratory syncytial virus when administered intranasally in young 
calves. Vaccine, 28 (22): 3784-3792, 2010. DOI: 10.1016/j.vaccine.2010.03.043

13. Zhu L, Lu H, Cao Y, Gai X, Guo C, Liu Y, Liu J, Wang X: Molecular 
characterization of a novel bovine viral diarrhea virus isolate SD-15. PloS 
One, 11: e0165044, 2016. DOI: 10.1371/journal.pone.0165044

14. Cai D, Song Q, Wang J, Zhu Y: Genomic characterization of three 
bovine viral diarrhea virus isolates from cattle. Arch Virol, 161, 3589-3592, 
2016.

15. Zhong F, Li N, Huang X, Guo Y, Chen H, Wang X, Shi C, Zhang X: 
Genetic typing and epidemiologic observation of bovine viral diarrhea 
virus in Western China. Virus Genes, 42 (2): 204-207, 2011. DOI: 10.1007/
s11262-010-0558-4 

16. Liebler-Tenorio EM, Ridpath JE, Neill JD: Distribution of viral antigen 
and development of lesions after experimental infection with highly 
virulent bovine viral diarrhea virus type 2 in calves. Am J Vet Res, 63, 1575-
1585, 2002. DOI: 10.2460/ajvr.2002.63.1575

17. Ridpath JF, Neill JD, Vilcek S, Dubovi EJ, Carman S: Multiple 
outbreaks of severe acute BVDV in North America occurring between 1993 
and 1995 linked to the same BVDV2 strain. Vet Microbiol, 114 (3-4): 196-204, 
2006. DOI: 10.1016/j.vetmic.2005.11.059

18. Polak MP, Zmudzinski JF: Experimental inoculation of calves with 
laboratory strains of bovine viral diarrhea virus. Comp Immunol Microbiol 
Infect Dis, 23 (3): 141-151, 2000. DOI: 10.1016/s0147-9571(99)00060-0

19. Zhang S, Tan B, Ding Y, Wang F, Guo L, Wen Y, Cheng S, Wu H: 
Complete genome sequence and pathogenesis of bovine viral diarrhea 
virus JL-1 isolate from cattle in China. Virol J, 11:67, 2014. DOI: 10.1186/1743-
422X-11-67

20. Wang W, Shi X, Tong Q, Wu Y, Xia M, Ji Y, Xue W, Wu H: A bovine 

viral diarrhea virus type 1a strain in China: Isolation, identification, and 
experimental infection in calves. Virol J, 11:8, 2014. DOI: 10.1186/1743-
422X-11-8

21. Ammari M, Mccarthy FM, Nanduri B, Pinchuk LM: Analysis of bovine 
viral diarrhea viruses-infected monocytes: Identification of cytopathic and 
non-cytopathic biotype differences.  BMC Bioinformatics,11:S9, 2010. DOI: 
10.1186/1471-2105-11-S6-S9

22. Lee  SR, Nanduri  B, Pharr  GT, Stokes  JV, Pinchuk  LM: Bovine viral 
diarrhea virus infection affects the expression of proteins related to 
professional antigen presentation in bovine monocytes.  Biochim Biophys 
Acta, 1794, 14-22, 2009. DOI: 10.1016/j.bbapap.2008.09.005

23. Xue F, Zhu YM, Li J, Zhu LC, Ren XG, Feng JK, Shi HF, Gao YR: 
Genotyping of bovine viral diarrhea viruses from cattle in China between 
2005 and 2008. Vet Microbiol, 143 (2-4): 379-383, 2010. DOI: 10.1016/j.
vetmic.2009.11.010

24. Fulton RW, Briggs RE, Payton ME, Confer AW, Saliki JT, Ridpath 
JF, Burge LJ, Duff GC: Maternally derived humoral immunity to bovine 
viral diarrhea virus (BVDV) 1a, BVDV1b, BVDV2, bovine herpesvirus-1, 
parainfluenza-3 virus bovine respiratory syncytial virus, Mannheimia 
haemolytica and Pasteurella multocida in beef calves, antibody decline by 
half-life studies and effect on response to vaccination. Vaccine, 22, 643-649, 
2004. DOI: 10.1016/j.vaccine.2003.08.033

25. Deng Y, Shan TL, Tong W, Zheng XC, Guo YY, Zheng H, Cao SJ, Wen 
XT, Tong GZ: Genomic characterization of a bovine viral diarrhea virus 1 
isolate from swine. Arch Virol, 159, 2513-2517, 2014. DOI: 10.1007/s00705-
014-2064-9

26. Mishra N, Dubey R, Rajukumar K, Tosh C, Tiwari A, Pitale SS, Pradhan 
HK: Genetic and antigenic characterization of bovine viral diarrhea virus 
type 2 isolated from Indian goats (Capra hircus). Vet Microbiol, 124, 340-347, 
2007. DOI: 10.1016/j.vetmic.2007.04.023

27. Nagai M, Hayashi M, Itou M, Fukutomi T, Akashi H, Kida H, Sakoda 
Y: Identification of new genetic subtypes of bovine viral diarrhea virus 
genotype 1 isolated in Japan. Virus Genes, 36, 135-139, 2008. DOI: 10.1007/
s11262-007-0190-0  

28. Behera SP, Mishra N, Vilcek S, Rajukumar K, Nema RK, Prakash A, 
Kalaiyarasu S, Dubey SC: Genetic and antigenic characterization of bovine 
viral diarrhoea virus type 2 isolated from cattle in India. Comp Immunol 
Microbiol Infect Dis, 34, 189-196, 2011. DOI: 10.1016/j.cimid.2010.11.002

29. Yamamoto T, Kozasa T, Aoki H, Sekiguchi H, Morino S, Nakamura 
S: Genomic analyses of bovine viral diarrhea viruses isolated from cattle 
imported into Japan between 1991 and 2005. Vet Microbiol, 127, 386-391, 
2008. DOI: 10.1016/j.vetmic.2007.08.020

30. Oem JK, Hyun BH, Cha SH, Lee KK, Kim SH, Kim HR, Park CK, Joo 
YS: Phylogenetic analysis and characterization of Korean bovine viral 
diarrhea viruses. Vet Microbiol, 139 (3-4): 356-360, 2009. DOI: 10.1016/j.
vetmic.2009.06.017

31. Mishra N, Rajukumar K, Vilcek S, Kalaiyarasu S, Behera SP, Dubey 
P, Nema RK, Gavade VB, Dubey SC, Kulkarni DD: Identification and 
molecular characterization of border disease virus (BDV) from sheep in 
India. Comp Immunol Microbiol Infect Dis, 44, 1-7, 2016. DOI: 10.1016/j.
cimid.2015.11.001

32. Tuncer-Göktuna P, Alpay G, Öner EB, Yeşilbağ K: The role of 
herpesviruses (BoHV-1 and BoHV-4) and pestiviruses (BVDV and BDV) in 
ruminant abortion cases in western Turkey. Trop Anim Health Prod, 48 (5): 
1021-1027, 2016. DOI: 10.1007/s11250-016-1050-5

33. Hu N, Fu Q, Hu S, Shi M, Shi H, Ni W, Sheng J, Chen C: Lentivirus-
mediated bta-miR-193a overexpression promotes apoptosis of MDBK cells 
by targeting BAX and Inhibits BVDV replication. Kafkas Univ Vet Fak Derg, 
23 (4): 587-593, 2017. DOI: 10.9775/kvfd.2017.17428

34. Smirnova NP, Bielefeldt-Ohmann H, Campen HV, Austin KJ, Han H, 
Montgomery DL, Shoemaker ML, van Olphend AL, Hansen TR: Acute 
non-cytopathic bovine viral diarrhea virus infection induces pronounced 
type I interferon response in pregnant cows and fetuses. Virus Res, 132 (1-2): 
49-58, 2008. DOI: 10.1016/j.virusres.2007.10.011

35. Schaut RG,  McGill JL,  Neill JD,  Ridpath JF,  Sacco RE: Bovine viral 
diarrhea virus type 2 in vivo infection modulates TLR4 responsiveness in 
differentiated myeloid cells which is associated with decreased MyD88 
expression. Virus Res, 208, 44-55, 2015. DOI: 10.1016/j.virusres.2015.05.017

Detection of BVDV 1q in China: Genetic ...

https://link.springer.com/article/10.1007%2Fs00705-015-2688-4
https://www.sciencedirect.com/science/article/pii/S0065352715000755?via%3Dihub
https://link.springer.com/article/10.1007%2Fs00705-016-3199-7
https://www.jstage.jst.go.jp/article/jvms/77/11/77_14-0657/_article
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0121718
https://link.springer.com/article/10.1007%2Fs11250-018-01787-w
https://link.springer.com/article/10.1007%2Fs11250-019-01901-6
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4701742/pdf/jvs-16-491.pdf
https://link.springer.com/article/10.1007%2Fs11262-012-0861-3
https://www.sciencedirect.com/science/article/pii/S156713481400272X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0264410X10004433?via%3Dihub
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0165044
https://link.springer.com/article/10.1007%2Fs00705-016-3055-9
https://link.springer.com/article/10.1007%2Fs11262-010-0558-4
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0121718
https://www.sciencedirect.com/science/article/pii/S0378113505004451?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0147957199000600?via%3Dihub
https://virologyj.biomedcentral.com/articles/10.1186/1743-422X-11-67
https://virologyj.biomedcentral.com/articles/10.1186/1743-422X-11-8
https://virologyj.biomedcentral.com/articles/10.1186/1743-422X-11-8
https://bmcbioinformatics.biomedcentral.com/articles/10.1186/1471-2105-11-S6-S9
https://www.sciencedirect.com/science/article/pii/S1570963908002823?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378113509005598?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0264410X03006522?via%3Dihub
https://link.springer.com/article/10.1007%2Fs00705-014-2064-9
https://www.sciencedirect.com/science/article/pii/S0378113507001903?via%3Dihub
https://link.springer.com/article/10.1007%2Fs11262-007-0190-0
https://www.sciencedirect.com/science/article/pii/S0147957110000743?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378113507004117?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378113509003010?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0147957115000843?via%3Dihub
https://link.springer.com/article/10.1007%2Fs11250-016-1050-5
http://vetdergi.kafkas.edu.tr/extdocs/2017_4_1/587-593.pdf
https://www.sciencedirect.com/science/article/pii/S0168170207003747?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168170215002166?via%3Dihub

