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Abstract : The prevalence of bovine viral diarrhea virus (BVDV) in Korean indigenous calves with diarthea in
Gyeongbuk province was investigated. Seventy-five cases were identified as BVDV positive in the diarrhea stools.
Phylogenetic analysis revealed that all our cases were classified as BVDV-2a. Most of the present BVDV-2a cases
were isolated from calves showing clinical signs of watery diarrthea. Our observations indicate that not all BVDV-
2 infections cause clinically severe disease. This study shows the high incidence of BVDV-2 infection in Gyeongbuk
province. Therefore, the results suggest that a vaccine development and immunization strategies are required for the
effective control of BVDV infection in the Republic of Korea.
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Introduction

Bovine viral diarrhea virus (BVDYV) is one of the most impor-
tant viral pathogen of cattle that causes fatal diarrhea syndrome,
respiratory problems, and reproductive failure. BVDV infections
lead to significant economic losses in the livestock industry
throughout the world (1,7). Two genotypes of BVDV have been
classified, BVDV-1 and BVDV-2 based on the sequence com-
parison of the highly conserved 5’ - untranslated region (UTR)
(12,13). BVDV-1 occurs worldwide and is associated with mild
clinical signs, whereas BVDV-2 was first identified in North
America and causes severe hemorrhagic syndrome with highly
pathogenic genotype characterized by fatal acute diarrhea, fatal
thrombocytopenia and deaths in all age groups (5,12,13).

The prevalence of the BVDV-2 genotype among Korean
indigenous cattle has recently been reported (10,17,18), how-
ever clinical and epidemiological studies of BVDV-2 infection
in the Republic of Korea (ROK) have not been characterized
well, and most BVDV studies focused on the phylogenetic
analysis. Therefore, this study was performed to describe the
clinical signs and the differences of BVDV outbreak by sea-
son and age from Korean indigenous calves within a specific
geographic location of the ROK, and to underscore the need
for control strategies of BVDYV infections in the ROK.

Materials and Methods

Samples
The diarrheal stools were collected from the 473 diseased
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Korean indigenous calves in Gyeongbuk province. A total of
473 stool samples were provided from 13 different cities of
Youngju (190), Andong (27), Bongwha (59), Sangju (20), Gumi
(63), Euseong (12), Youngyang (9), Mungyeong (5), Uljin (8),
Yeocheon (15), Goryeong (10), Chilgok (53), and Gimcheon
(2), respectively (Table 1). The animals were aged up to 6
months after birth, and suffered from diarrhea, respiratory prob-
lems, and a loss of appetite. These animals had not been vacci-
nated for BVDV. Based on anamnesis and clinical signs, these
animals were suspected of BVDV infection. No serological tests

Table 1. RT-PCR results for BVDV from Korean indigenous
calves (n =473) with diarrhea in Gyeongbuk province

No. of positive

Herd regions  No. of tested samples

samples
Youngju 190 37
Andong 27 2
Bongwha 59 6
Sangju 20 3
Gumi 63 5
Euseong 12 3
Youngyang 9 0
Mungyeong 0
Uljin 8 0
Yeocheon 15 5
Goryeong 10 1
Chilgok 53 13
Gimcheon 2 0
Total 473 75
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Fig 1. Phylogenetic tree of 5°’-UTR nucleotide sequences from Korean BVDV cases and other BVDV strains/isolates. The viral gen-
otypes and subgroups are indicated. The unrooted phylogenetic tree was done by the neighbor-joining methods. Bootstrapping was car-
ried out using 1000 replications. Our cases sequenced in this study are indicated in an asterisk.

were analyzed. BVDV was detected by RT-PCR. To differenti-
ate between BVDV-1 and BVDV-2 genotypes, the positive
cases were analyzed at the genetic level.

RT-PCR

Total RNA was extracted using Trizol (Invitrogen, Carlsbad,
USA) from the diarrheal stools as described (18). Amplification
of 5’-UTR of BVDV was carried out using 324/326 primers
(21). The product of amplification was a 288 bp DNA frag-
ment. RT-PCR reaction was performed with AcessQuick™ RT-
PCR System (Promega, Madison, USA) according to the
instructions of the manufacturer. Reverse transcription was per-
formed at 45°C for 45 min, and consisted of 30 cycles under fol-

lowing conditions: 94°C for 30 sec, 55°C for 30 sec, and 72°C
for 1 min. Amplified products were separated by electrophore-
sis in 1% agarose gels and visualized by ethidium bromide.

Phylogenetic analysis

The amplified PCR products were purified with a QIAquick
PCR purification kit (Qiagen Inc., Valencia, USA), directly
sequenced using a BigDye terminator cycle sequencing kit
(Applied Biosystems, Foster, USA), and analyzed on an ABI
PRISM® DNA analyzer (Applied Biosystems). The alignment
of nucleotide sequences was done with the Clustal W program
(20). The phylogenetic tree was constructed using the neigh-
bor-joining (NJ) method with 1000 replications in the bootstrap
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analysis. Displaying trees were drawn with the Treeview pro-
gram (version 1.6) (11). The nucleotide sequences from the rep-
resentative BVDV-1 and BVDV-2 strains/isolates were included
in the phylogenetic analysis. BVDV-1a: NADL (accession num-
ber M31182). BVDV-1b: 24-15 (AF298060). BVDV-1¢c: M079B-
91 (U97410). BVDV-1d: F (AF298065). BVDV-1le: 3186V6
(AF298062). BVDV-1f: J (AF298067). BVDV-1g: A (AF298064).
BVDV-1h: M17IN-95 (U97431). BVDV-1i: 23-15 (AF298059).
BVDV-2a: 17583-97 (AF039176); 23025 (AF039172); NY93
(AF502399); Q140 (L32889); 890 (U18059); OY89 (AB003621);
SE6444 (Z79777); PT4-02 (AY944291); Lees (U65051); 11/
Mi/97 (AJ293603). BVDV-2b: ncp7 (AY443026); 34B (AF244952);
Soldan (U94914); PT7-02 (AY944297).

Results

To determine the prevalence of BVDV infection in Korean
indigenous calves with diarrhea, 473 diarrhea stools from 13
different cities in Gyeongbuk province were screened by RT-
PCR. Seventy-five out of 473 diarrheic samples (15.9%) were
identified as positive for BVDV. The cities and positive num-
bers of samples for BVDV included Youngju (37), Andong
(2), Bongwha (6), Sangju (3), Gumi (5), Euseong (3), Yeo-
cheon (5), Goryeong (1), and Chilgok (13) (Table 1). Genetic
analysis of 75 BVDV positive field cases was conducted on
the basis of the nucleotide sequence of the 5’-UTR. The phylo-
genetic analysis revealed that all BVDV field cases examined
in this study were classified as BVDV-2a genotype (Fig 1).
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Fig 2. The seasonal changes of BVDV infections from Korean
indigenous calves with diarrhea in Gyeongbuk province.

Many field cases originating from different herds were the
same or very similar (98-100%) at the genetic level.

BVDYV infections from Korean indigenous calves were inves-
tigated by season. Our observation showed that the clinical
cases of BVDV were significantly increased in the fall com-
pared to in the other seasons (Fig 2). Seasonally, BVDV infec-
tions were as following: 26 out of 75 (34.7%) were positive in
the fall, 21 out of 75 (28%) were positive in the summer, 20
out of 75 (26.7%) were positive in the winter and 8 out of 75
(10.6%) were positive in the spring.

When analyzed by age of Korean indigenous calves, most
BVDV infections were detected up to 30 days after birth
(69.3%), and a significant decrease in infection was observed
after 30 days of age, i.e. 60 days (14.7%), 90 days (10.7%), 120
days (2.7%), and 180 days (2.7%) (Table 2). There was no
observation of BVDV infection between 120 and 150 days of
age. This result showed that the predominant infections were
observed in less than 30 days old.

As shown in Table 2, the clinical signs of BVDV-infected
Korean indigenous calves (n=75) were as follows: 67 out of
75 (89%) were from watery diarrhea, and 8 out of 75 (11%)
were from bloody diarrhea. Five of these calves died due to
severe watery diarrhea. Six cases with bloody diarrhea were
found in the younger calves <30 days old (Table 2).

Discussion

In this study, seventy-five cases were detected from 473
Korean indigenous calves by RT-PCR. This represents the first
large-scale study of BVDV infection in Korean indigenous
calves with diarrhea. Phylogenetic analysis revealed that all
cases examined from this survey were classified to BVDV-2a.
Interestingly, none of the cases analyzed in this study was
belonged to BVDV-1. The result of this analysis demonstrated
that BVDV-2a is prevalent among Korean indigenous calves in
Gyeongbuk province. It can be concluded that BVDV-1 is either
not present or very rare in this region. Therefore, this suggests
that there might be one main viral population circulating in this
region. The results herein are different from reports from
Europe, Brazil, Argentina, South Africa, and Japan that show
BVDV-2 has either not been detected or the prevalence is very
low with respect to the BVDV-1 genotype (2,6,8,16,22,23).
There is now surprising evidence that the recent BVDV-2 out-
break in the ROK was found to have increased in cattle (10,
17,18). It should be pointed out that monitoring of BVDV-2 in
the ROK is highly important due to the fact that BVDV-2 infec-
tions lead to great economic losses in the livestock industry.

Table 2. Summary of 75 BVDV-positive cases compared with clinical presentation from Korean indigenous calves by age

Clinical No. of Age (days)
presentation cases 0-30 31-60 61-90 91-120 121-150 151-180
Diarrhea-watery 67 46 10 7 2 0 2
Diarrhea-bloody 8 6 1 1 0 0 0
Total 75 52 11 8 2 0 2
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There were several important observations that were derived
from this study. BVDV infections by season indicated that oth-
erwise BVDV outbreaks were predominant in the winter; our
result revealed that BVDYV infections occurred most frequently
in the fall. To our knowledge, this is the first report showing a
clear seasonal distribution of BVDV infections in Korean
indigenous calves. Although our observations were significant,
its precise cause of the high prevalence of BVDV infections in
the fall is unclear. Therefore, further epidemiological studies
throughout the ROK are needed to properly understand the sea-
sonal pattern of BVDYV infections and to establish BVDV sur-
veillance programs to prevent BVDV infections.

Our study clearly showed that BVDV infection was associ-
ated with diarrhea in calves, especially those less than 30 days
of age. The comparative analysis of the age profiles might be
an important indicator for the changes in the infection rate of
younger animals. The high occurrence of BVDV infection at
an early age (~30 days) could be attributed to an increased sus-
ceptibility of pregnant cattle and the physiologic immune sup-
pression which occurs during pregnancy (9,19). This result
reinforces the need for an effective BVDYV vaccine that pro-
tects the fetus in utero infection.

BVDV-2 infections were generated by the observation that
these strains could be associated with hemorrhagic syndrome
(HS), a clinically severe form of acute BVDV with high mor-
tality (4,12,13,15). However, the fact that not all BVDV-2
cause HS demonstrated that our cases (89%) did not show any
symptoms of a HS (Table 2). A relationship between genotypes
and pathogenicity, or individual status of cattle and symptoms
could not be established. To clarify the molecular basis of the
pathogenicity of BVDYV, consecutive monitoring of infections
and the determination of virulence factors are required. Thus,
BVDV-2 infections might present the clinical symptoms rang-
ing from inapparent to severe in the field. The result of this
study suggests that all BVDV-2 isolates do not cause clinically
severe disease such as HS, and the severity of disease resulting
from BVDV-2 infection could appear to be strain dependent.

The data on incidence of BVDV-2 obtained in this study con-
firmed that BVDV-2 is one of the major causes of diarrhea in
calves. Although these data are not enough on distribution of
BVDYV infections in the ROK, the prevalence of BVDV-1 com-
pared to BVDV-2 might be considered to be very low in Gyeo-
ngbuk province of the ROK. The high incidence of BVDV-2
genotype means that these viruses have been circulating for a
long time in cattle in the ROK, which could be explained by
the intensive movements of cattle between farms within the
same or different regions and by poor BVDV control proce-
dures. These findings have important implications for diagno-
sis, control, vaccine development and immunization strategies.
The BVDV-1a, NADL stain used extensively in the vaccine
formulation, predicts the low efficiency of classical BVDV
vaccines toward BVDV-2 isolates, raises the question about the
degree of protection conferred by commercially available vac-
cines and may indicate the need for formulation of vaccines
based on Korean isolates.

In conclusion, this study demonstrates that BVDV-2a is pre-
dominant and widespread in Korean indigenous calves with
diarrhea in Gyeongbuk province. In addition, the cases obtained
for this study from Korean indigenous calves were found
mostly in less than 30 days of age and in the fall. Information
obtained from this report will also be useful when carrying out
epidemiological surveys of domestic BVDV.
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