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Acute BVDV-1b Outbreak in Korean Indigenous Calves
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Abstract : In 2011, several herds in Youngju city in Gyeongbuk province underwent an outbreak of bovine viral diarrhea
virus (BVDV) causing high morbidity and mortality. Genetic analysis revealed that two subgenotypes of BVDV-1b
(n = 21) and BVDV-2a (n = 7) were identified. The BVDV-1b subgenotype was most frequently detected from our
field cases and BVDV-2a subgenotype was also identified in this outbreak. These BVDV-1b infections showed severe
acute clinical manifestations similar to BVDV-2 infection. This result reports the detection of BVDV-1b associated
with an acute and fatal outbreak of BVDV in Korean indigenous calves. 
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Introduction

Bovine viral diarrhea virus (BVDV) is the infectious agent

of bovine viral diarrhea disease and leads to a substantial eco-

nomic impact on cattle populations worldwide. BVDV causes

a wide variety of diseases including gastrointestinal, hemato-

poietic, respiratory and reproductive problems. The clinical

signs of BVDV infection range from asymptomatic to severe

acute disease characterized by hemorrhage syndrome, and

fatal mucosal disease in some hypervirulent strains. BVDV is

divided into two distinct species, namely BVDV-1 and

BVDV-2. For both species, viruses are termed cytopathic (cp)

or noncytopathic (ncp) based on the presence or absence of

visible cytopathic effects (CPE) in cultured cell (1). Infection

of fetuses with ncp BVDV strain during the first trimester of

gestation can result in the birth of weak or immunotolerant

calves that are persistently infected (PI) (4). These PI calves

are a major source of viral spread during their life time.

Recent studies reported that the occurrence of BVDV-1b

has increased and caused an acute and fatal outbreak, congen-

ital deformities, acute respiratory disease, and generalized der-

matitis (2,6,9,10,15). These BVDV-1b infections showed similar

clinical signs to some hypervirulent BVDV-2 strains. Due to

similarities in clinical manifestations, the only way to distin-

guish between these BVDVs is based on molecular analysis.

In this study, we describe an acute BVDV-1b outbreak

recently detected in the Republic of Korea (ROK). 

Materials and Methods

Clinical samples

In the fall of 2011, a total of 203 fecal samples were col-

lected from diarrheic calves in Youngju city which underwent

a disease outbreak associated with BVDV infection. The dis-

ease progress of these animals was severe, but consisted pre-

dominantly of diarrhea, and respiratory symptoms. Some of

them were affected with hemorrhagic diarrhea. After birth, the

calves started showing diarrhea. Tentative treatment of calves

achieved no clinical improvement. Five calves died during

this outbreak, but none of these was examined postmortem.

The ages of the calves tested ranged from 1 to 30 days. Tests

for all other viral and bacterial infections were negative.

Information about vaccine history was not provided by the

ranchers 

RT-PCR

Fecal suspensions of each sample were diluted with phos-

phate-buffered saline (PBS) and centrifuged at 1,200 × g for

10 min. Viral RNA was extracted from the supernatants using

a Trizol (Invitrogen, CA, USA). BVDV was detected using

one-step RT-PCR with specific primer sets (324/326) as previ-

ously described (4). Amplified products were separated by

electrophoresis in 1% agarose gel and visualized by ethid-

ium bromide. 

Phylogenetic analysis

The amplified PCR products were purified with a commer-

cial kit (Qiagen Inc., CA, USA) according to the manufac-

turer’s instructions and were sequenced using an ABI PRISM

3700 Genetic Analyzer (Applied Biosystems, CA, USA). The

nucleotide sequences were compiled with based on published

BVDV sequence information using DNASIS MAX software

(Hitachi Solutions Ltd., CA, USA). Phylogenetic analysis was

constructed using the neighbor-joining method with MEGA

4.0 software (17). The Evolutionary distances were calculated

using Kimura 2-parameter method (8). Bootstrap analysis was

carried out using 1,000 replicates and the tree was visualized
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using Treeview (11). 

Results

A total of 203 stool samples in 2011 were tested for BVDV

and 28 (13.7%) calves were found to be BVDV positive.

Genetic analysis revealed that two subgenotypes were identi-

fied among these cases: 21/28 (75%) BVDV-1b and 7/28

(25%) BVDV-2a. The BVDV-1b subgenotype was most fre-

quently detected than BVDV-2a in our field cases. The details

of these calves classified as BVDV-1b are listed in Table 1.

BVDV-1b infected calves exhibited mostly severe diarrhea

(15 cases) and respiratory disorder (6 cases), but most of them

came from diarrhea. These clinical manifestations and the

acute onset of disease were also similar to those observed in

severe infection with BVDV-2, but BVDV-1b was classified

by phylogenetic analysis. The BVDV isolates in this study,

all BVDV-1b, were genetically identical (≥ 99.9%), even

though these calves were originated from the different herds.

This genotype suggests a common source of virus in the

affected herds. Sequencing analysis showed that our field iso-

late had a sequence similarity from 94.5% and 96%, against

BVDV-1b reference strains, Osloss and NY-1, respectively. In

a phylogenetic tree, our case was more related to strains/iso-

lates from Canada (Q69 and Q47) and Italy (IT99-4292-2)

(Fig 1).

Of seven isolates of classified as BVDV-2a, three cases

were shown with severe hemorrhagic diarrhea and four cases

had pneumonia (Table 1). All BVDV-2a isolated from seven

cases that were sequenced showed 100% homology. The

homology of our BVDV-2a isolate was 98% with hyperviru-

lent strain, 890 (U18059). Our BVDV-2a case (2011YJ)

formed one group with other Korean isolate (08Q723) (Fig 1).

The presenting problem of these farms was that the ranchers

purchased all their breeding herds from several sources, and

the vaccine history was not provided for these purchased cat-

Table 1. Details of BVDV-1b and BVDV-2a field cases identified in this study

ID Age (days) Sex Origina BVDV genotypes Clinical Signs

14 11 M F1 1b Respiratory disease 

15 2 M F1 " Diarrhea, Respiratory disease 

22 20 M F1 " Diarrhea, death*

17 3 F F2 " Dysentery, Dehydration

18 7 F F3 " Dysentery, Dehydration

21 20 M F4 " Dysentery, Dehydration

23 15 M F4 " Dysentery, Dehydration

32 7 M F5 " Diarrhea

25 30 M F6 " Diarrhea

29 13 F F6 " Respiratory disease

30 20 F F6 " Diarrhea/Death*

26 17 F F7 " Diarrhea

27 12 M F8 " Diarrhea

28 10 M F9 " Diarrhea, Dehydration

45 21 M F10 " Diarrhea, Respiratory disease

70 7 F F11 " Diarrhea

71 7 M F12 " Respiratory disease

72 30 F F13 " Diarrhea

10 2 M F14 " Diarrhea

3-14 22 M F15 " Respiratory disease

3-21 10 F F16 " Hemorrhagic diarrhea, Death*

4-71 10 M F17 2a Pneumonia, Diarrhea

5-16 1 M F18 " Hemorrhagic diarrhea, Death*

5-42 20 F F19 " Hemorrhagic diarrhea

5-87 5 M F19 " Pneumonia

6-3 5 F F19 " Pneumonia

6-2 10 F F20 " Hemorrhagic diarrhea, Death*

6-6 20 F F21 " Pneumonia, Diarrhea

aThe farm (F) number where the case was obtained.
*Death cases



Acute BVDV-1b Outbreak in Korean Indigenous Calves 397

tle; nor was the cattle tested for BVDV prior to entry into the

herds. 

Discussion

The present study shows that BVDV-1b is the most preva-

lent subgenotype identified in our field cases. The clinical

manifestations and the acute occurrence presented by these

animals were similar to those observed in severe infection

with BVDV-2. Although a severe acute outcome of BVD is

usually associated with the BVDV-2 strain/isolate, our obser-

vation demonstrated that these field infections are caused by

BVDV-1b. Previous studies reported that BVDV-1b infec-

tions were predominantly involved in inducing respiratory

disease in calves and persistent infection (2,3,6). However, the

results of this study showed that there was no significant rela-

tionship between this subgenotype and particular clinical

signs. Due to the timing of the morbidity where identical

BVDV-1b isolates were recovered, it appears that the acute

BVD infection originated in one farm and then spread to

another. The mechanism transmission from farm to farm is

unclear as these farms are separated. 

The typical clinical signs of BVDV-2 infection were ini-

tially thought to be hemorrhagic syndrome or severe acute

outbreak (5,7,12,13). However, not all BVDV-2 infections are

associated with this severe form (16). Among our seven iso-

lates diagnosed with BVDV-2a, only three cases exhibited

such typical clinical signs. The severe acute BVDV-1b infec-

Fig 1. Phylogenetic tree of 5’-UTR sequences using the neighbor-joining method. Bootstrap values for the nodes are shown. Reference

strains/isolates are listed in Table 2. Our cases sequenced in this study are indicated in an asterisk. 
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tion was diagnosed as the cause of diarrhea and respiratory

symptoms. This data support observations that severe disease

is not always related to BVDV-2 and many BVDV-2 infec-

tions progress as subclinical forms. Therefore, these findings

could not explain the noticeable difference in clinical manifes-

tations between BVDV-1b and BVDV-2a. 

Our study indicates that BVDV-1b is the most common sub-

genotype in this region, and only a few field cases are classi-

fied as BVDV-2a. Severe acute outbreaks of BVD are not

usually associated with BVDV strains other than BVDV-2, so

BVDV-1 infection is normally not related to these outbreaks.

However, this result shows the detection of BVDV-1b associ-

ated with an acute and fatal outbreak of BVD in Korean indig-

enous calves. Furthermore, there are currently no diagnostic

tests that can definitively distinguish BVDV-1 from BVDV-2.

Since molecular characterization is the only method that can

identify the BVDV genotype involved in acute outbreaks of

severe BVD, it is extremely important to investigate the epi-

demiological studies and to monitor BVDV infection in cattle

herds. In the future, it is necessary to develop the diagnostic

system that can separate each subgenotypes between BVDV-

1 and BVDV-2.

A recent study demonstrated that BVDV-1b is the prevalent

in the United States (14). Due to the widespread use of BVDV-

1a based vaccines, the prevalence of BVDV-1a was decreased,

while the incidence of BVDV-1b remains unchanged. This

suggests that BVDV-1a vaccines uniformly induce little or no

immunity to the heterologous BVDV-1b. Therefore, vaccines

with BVDV-1a and BVDV-2a should be evaluated for protec-

tion against BVDV-1b, and effective BVDV vaccines should

be developed and utilized to control this predominant BVDV

subgenotype. 

In conclusion, this study shows that BVDV-1b is the most

prevalent subgenotype in our field cases. These BVDV-1b

infections are associated with an acute and fatal outbreak of

BVD in Korean indigenous calves. Our data has important

implications for BVDV control and also underscores the point

that efficacious vaccines controlling BVDV-1b infections are

needed. New additions in herds through purchase of pregnant

cows should also be investigated. Cows or heifers that test

negative could be acutely or transiently infected and may be

carrying infected fetuses. Successful control programs should

therefore be provided to prevent the introduction of BVDV

into herds.
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한우 송아지에서 급성 BVDV-1b 발생보고

최경성1

경북대학교 생태환경대학 축산BT학부

요 약 : 2011년 경북 영주의 여러 농가에서 이병율과 치사율이 높은 소 바이러스성 설사 바이러스(BVDV)가 발생하

였다. 유전자 분석 결과 두 개의 유전자형 BVDV-1b (n = 21)와 BVDV-2a (n = 7)이 확인되었다. 검사결과, 이 지역의

농가에서는 BVDV-1b 유전자형이 가장 많이 검출되었고, 또한 몇 농가에서 BVDV-2a 유전자형도 검출되었다. 이들 농

가에서 발생한 BVDV-1b 감염은 BVDV-2 감염과 유사한 중증의 급성 임상증상을 보여 주었다. 이 결과는 한우 송아

지에서 급성이면서 치명적인 BVDV-1b 발생을 보고한다.

주요어 :소 바이러스성 설사 바이러스; BVDV-1b; BVDV-2a


