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Distribution of HCV Genotypes in Chronic Korean HCV Patients

Kyung-Ok Lee, Su-Jin Jeong, Ji-Young Byun,
Ae-Sug Shim, Hye-Soon Seong, and Kyung-Tae Kim

Genome Research Center, Neodin Medical Institute, Seoul 133-847, Korea

HCV is a single-stranded RNA virus and more than 1 million new cases are reported annually worldwide. 
The six major HCV genotypes and numerous subtypes vary in their geographic distribution. It is thought that 
genetic heterogeneity of HCV may account for some of the differences in disease outcome and response to 
treatment observed in HCV infected persons. In this study, we determined HCV genotypes among chronic 
Korean HCV  patients and evaluated direct sequence PCR protocols developed. For the study, 232 chronic 
HCV patient sera were used. HCV RNA was extracted and two pairs of consensus PCR primers were 
selected in 5’UTR region for amplification of HCV RNA. Amplification products obtained from the HCV 
positive cases were subjected to automatic sequencing. Sequences were compared with those in GenBank by 
using the BLAST program. From this study, five HCV genotypes, 1b, 2a, 2b, 2c and 3a were found. HCV 
genotypes 4, 5 and 6 were not determined. HCV genotype 1b (53.9%, 125/232) and 2a (35.8%, 83/232) were 
most frequently found. This group was followed by 2b (3.9%, 9/232), 3a (3.4%, 8/232) and 2c (3.0%, 7/232). 
The data presented here suggest a complex distribution of HCV types and they were well correlated  with 
other reports on Koreans and will be helpful for type-specific follow-up of Korean HCV patients. This study 
showed that 5’UTR direct sequence analysis is a sensitive and rapid method to identify HCV genotypes. 
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I. INTRODUCTION1)

The Hepatitis C virus (HCV) is chronically infecting at 
least 1% of the world's population and is believed to be 
more prevalent than the hepatitis B virus infection  
(Cooreman et al, 1996). The HCV genome is a 
positive-sense single- stranded RNA genome approximately 
10 kb long. It has marked similarities to those of 
members of the genera Pestivirus and Flavivirus (Zein et 
al, 1996). After the complete HCV genome was 
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determined by Choo et al (1991), several HCV isolates 
from different parts of the world were obtained and 
sequenced (Delisse et al, 1991; Kato et al, 1991; Li et al, 
1991; Chen et al, 1992). Different HCV isolates from 
around the world show substantial nucleotide sequence 
variability throughout the viral genome (Choo et al, 1991). 
It is important to consider the role of HCV genotypes in 
liver disease progression or response to interferon therapy 
and clinical utility of genotyping. Sequence variability is 
distributed equally throughout the viral genome, apart 
from the highly conserved 5'UTR and core regions and 
the hypervariable envelope (E) region (Kata et al, 1990). 
HCV is classified on the basis of the similarity of 
nucleotide sequence into major genetic groups designated 
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Fig. 1. Genomic organization of HCV. HCV specific primer pairs were selected in 5'UTR region of HCV genome.

genotypes. Based on the identification of these genomic 
differences, HCV has been classified into multiple strains. 
HCV displays a remarkable degree of genomic diversity, 
with the six major genotypes and twenty four subtypes 
differing in geographic distribution. It is thought that 
genetic heterogeneity of HCV may account for some of 
the differences in disease outcome and response to 
treatment observed in HCV-infected persons. HCV 
genotyping can be particularly useful in studying 
worldwide and local evolutions of the HCV endemics, 
since the epidemiology of HCV is changing rapidly. 
Several studies have reported that that HCV genotype 1b 
helps the rapid progression of cirrhosis, and hepatocellular 
carcinoma. It also shows resistance to interferon treatment, 
and poor prognosis following liver transplantation (Zein et 
al, 1996). In the present study, we examined the 
distribution of HCV genotypes in Korean HCV patients 
and evaluated the efficiency of homebrew PCR-direct 
sequencing PCR protocols based on 5’UTR analysis. 

II. MATERIALS AND METHODS

Materials 

In this study, 232 Korean HCV patient samples that 
were referred to a reference laboratory for HCV 
genotyping were analyzed. For the evaluation of HCV 
genotyping method developed by this study, reference 
panels of HCV genotypes (Acrometrix Co., USA) and 
quality control materials from CAP (College of American 
Pathologist, USA) were used for this study. 

Methods

HCV-RNA was extracted using Viral Gene-spinTM Viral 
DNA/RNA Extraction kit (Intron Co., Korea). For the 
RT-PCR of HCV RNA, PCR was performed with HCV 
specific primers described by Okamoto et al (1991) (Fig. 
1). For the reverse transcription of HCV RNA and cDNA 
amplification was performed using of 11 μL of HCV 
RNA, 0.5 μL of each primer (10 μM), and 8 μL of One 
step RT Mixture (Intron Co., Korea) in a final volume of 
20 μL. The amplification conditions included a reverse 
transcription for 30 min at 45℃ and an initial 
denaturation for 5 min at 94℃, 30 cycles of amplification 
with denaturation at 94℃ for 1 min, annealing at 50℃ for 
1 min, extension at 72℃ for 45 sec, followed by final 
extension at 72℃ for 10 min. For the second round PCR, 
amplifications were performed using of 1.5 μL of 



Korean Soc. Clin. Lab. Sci. 39(1):49-55, 2007

51

first-round PCR product, 0.5 μM of primer set, 2 mM of 
MgCl2, 25 mM of KCl, 30 mM of Tris-HCl (pH 9.0), 0.5 
mM of dNTPs, and 1 Unit of Taq DNA polymerase 
(Intron Co., Korea) in a final volume of 20 μL. The 
amplification conditions included an initial denaturation 
for 5 min at 94℃, 30 cycles of amplification with 
denaturation at 94℃ for 30 sec, annealing at 50℃ for 30 
sec, extension at 72℃ for 30 sec, followed by final 
extension at 72℃ for 7 min. The amplified product 
(215bps) of HCV RNA was detected by 2% agarose gel 
electrophoresis. PCR products were neutralized with HCl 
and purified using columns of Qiaquick spin PCR 
purification kit (Qiagen, USA) to eliminate excess 
deoxyribonucleotides and amplification primers before dye 
terminator cycle sequencing. Sequencing was accomplished 
in both directions by use of the ABI PRISM BigDye 
Terminator Cycle Sequencing Kit and an ABI 377 DNA 
Automatic Sequencer (Perkin Elmer, USA).  Sequences 
were compared with those of GenBank by using the 
BLAST program.    

III. RESULT

In this study, the HCV genotyping method by 
PCR-direct sequencing was developed in 5'UTR region. It 
was evaluated with materials of reference HCV panels 
(Acrometrix USA) and quality control survey materials of 
CAP (College of American Pathologist, USA). The results  
perfectly matched the ones described in the kit insert and 
survey reports (data now shown). The PCR-direct 
sequencing procedure developed was rapid and accurate for 
discrimination of HCV genotypes. Moreover the sequencing 
results were clear to analyze the HCV genotype. When 
HCV genotyping was performed using PCR-direct 
sequencing method developed by this study among 232 
chronic Korean HCV patients, five HCV genotypes, 
including 1b, 2a, 2b, 2c and 3a were determined. HCV 
genotype 1a, 3b, 4, 5 and 6 were not found in this study. 

HCV subtype 1b was dominant (53.9%, 125/232) in 
chronic Korean HCV patients. Eighty three individuals 
(35.8, 83/232) were infected by the subtype 2a. HCV 
subtypes 1b and 2a were responsible for more than 90% 
of infections in chronic Korean HCV patients. This group 
was followed by 2b (3.9%, 9/232), 3a (3.4%, 8/232) and 
2c (3.0%, 7/232) in descending order (Table 1).  

HCV genotype Number %
1a 0
1b 125 53.9
2a 83 35.8
2b 9 3.9
2c 7 3.0
3a 8 3.4
4 0
5 0
6 0

Total 232

Table 1. Genotype frequencies of HCV in chronic Korean 
HCV patients

IV. DISCUSSION

Chronically infected individuals with HCV are at increased 
risk of developing liver cirrhosis and hepatocellular 
carcinoma. HCV genotype has been identified by some 
investigators as an important factor in the progression of liver 
disease. Amoroso et al (1998) specifically investigated the 
role of HCV genotypes in persistence of HCV infection 
following an acute exposure. HCV genotype may 
potentially play an important role in the development of 
chronic infection following acute exposure to HCV and is 
one of the factors that influences response to therapy. The 
rate of evolution to chronicity after acute exposure to 
HCV was 92% in patients exposed to HCV genotype 1b 
infection. Moreover, infection with genotype 1b has been 
associated with more advanced liver disease, cirrhosis, and 
hepatocellular carcinoma than infection with other 
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HCV 
genotype

This 
study

Korea
Lee et al 

12)*

Korea
Park et al

17)*

Korea
Kim et al

29)*

Japan
Takada et al

25)*

Bangladesh
Ali et al.

2)*

USA
Zein et al

28)*

France
Tamalet et al

27)*

Brazil
Pradal et al

20)*

1a
1b
2a
2b
2c
3a
4
5
6

53.9%
35.8%
3.9%
3.0%
3.4%

57.7%
32.1%

3.0%
47.3%
42.6%
2.4%

0.6%
39.9%
38.2%

 
1.1%

77.7%
16.5%
5.0%

10%
16%
20%
30%

58%
21%
4%
13%
5%
1%

33%
26%
7%
22%

10.7%

27%
38%
2%
33%

* means reference number quoted in this study.

Table 2. HCV genotype distributions in different ethnic groups

genotypes (Takahashi et al, 1993; Pistello et al, 1994; 
Nousbaum et al, 1995; Pozzato et al, 1995). 

At least six major genotypes of HCV, each comprising 
multiple subtypes, have been identified worldwide. HCV 
genotypes 1, 2 and 3 are responsible for more than 90% 
of infections in America (Zein et al, 1996), Europe 
(Nousbaum et al, 1995) and Korea (Lee et al, 1998; Park 
et al, 1998). In Japan, subtype 1b caused more than 70% 
of HCV infections (Takada et al, 1993). HCV genotype 4 
appeared to be prevalent in North Africa and the Middle 
East (Chamberlain et al, 1997; Abdulkarim et al, 1998), 
and genotypes 5 and 6 seemed to be confined to South 
Africa and HongKong, respectively (Zein et al, 1996). 
The present data showed that  HCV genotypes 1b and 2a 
were predominant in chronic Korean HCV patients. It was 
well correlated with previous reports on Korean patients 
(Lee et al, 1998; Park et al, 1998; Kim et al, 2002). Park 
et al (1998) and Kim et al (2002) reported that HCV 
subtype 1a was found in 3% and 0.6%, respectively. 
However it was not found in this study. Frequency of 
HCV 1b (39.9%) by Kim et al (2002) was lower than that 
of other Korean studies including this study (Table 2). It 
would be due to two factors, one is the high rate of 
unclassified cases (20.2%) depending on their analytical 
method and another is the study subjects. Their study 
samples were from anti-HCV ELISA-positive cases who 

had undergone a periodic health examination. However 
subjects of most Korean studies (Lee et al, 1998; Park et 
al, 1998; this study) used were samples of chronic HCV 
patients. Therefore some differences of HCV genotype 
frequencies could be occurred between studies. When 
HCV genotype distributions of chronic Korean HCV 
patients was compared with other ethnic groups, it was 
similar with Japan, but different from those of Caucasian. 
HCV subtype 3a was found more in than 30% of the 
infections in Bangladesh and Brazil, however it was very 
rare in Korea, Japan and the United States (Table 2). The 
geographic distribution and diversity of HCV genotypes 
may provide clues about the historical origin of HCV 
(Smith et al, 1997). 

Because disease outcome and response to therapy 
among HCV genotypes have been suggested, reliable 
methods for determining the HCV genotype may become  
important clinical tests (Frederic et al, 2001). Several 
molecular methods, including direct sequencing, PCR-SSP 
(sequence specific primers)(Okamoto et al, 1991), 
PCR-SSOP (sequence specific oligonucleotide probes) (Li 
et al, 1991; Qu et al, 1994) or Restriction Fragment 
Length Polymorphism (RFLP) (McOmish et al, 1994; 
Park et al, 1998) have been used for determination of 
HCV genotype. HCV typing using PCR-SSP was first 
introduced by Okamoto et al (1991) and a commercial kit 
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for HCV genotyping using PCR-SSOP has been 
introduced by Innogenetics and is based on hybridization 
of 5'UTR amplification products with genotype specific 
probes (Stuyver et al, 1993). Although all these methods 
are able to identify correctly the major genotypic groups, 
the direct nucleotide sequencing method which is 
sequencing of a specific PCR-amplified portion of the 
HCV genome, is the reference standard and the most 
definitive method (Abdulkarim et al, 1998). It is efficient 
in discriminating among HCV subtypes and remains the 
gold standard (Simmonds et al, 1995). However 
sequencing of amplified DNA does not usually identify 
mixed infections with two different HCV genotypes. 
Multiple genotypes of HCV have been isolated throughout 
the world. It is clear that HCV genotypes are important 
epidemiologic markers and may alter the sensitivity and 
specificity of diagnostic assays for the detection of HCV. 
Although not efficient by itself, HCV genotyping in 
combination with other markers, such as quantitative 
evaluation of HCV RNA, may be beneficial in the routine 
pretreatment evaluation of chronic HCV infection and in 
the selection of candidates for interferon treatment. In 
conclusion, the PCR-direct sequencing method developed 
by this study, could be useful for clinical laboratories to 
identify the HCV genotypes. Moreover this data could be 
helpful for epidemiologic studies of HCV in Koreans.
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국문 초록

 HCV는 single stranded RNA 바이러스로서 감염 시에는 만성간염 및 간경화 간암으로 진행될 수 있는 

가능성이 높다. HCV는 6종의 주된 genotype과 그에 따른 많은 종류의 subtype이 보고되고 있으며, 세계 각 

지역별로 그 분포는 매우 다양하다. 여러 가지 HCV genotype 중에서 1b 형에 감염되었을 경우 간경화나 

간암으로 진행할 가능성이 높으며 치료효과도 떨어진다는 보고가 있어, 최근 HCV 환자의 치료에 있어서 

HCV 바이러스 정량검사와 함께 HCV genotyping 검사의 임상적 활용이 높아지고 있다. 본 연구에서는 

PCR-direct sequencing을 이용한 HCV genotyping 검사방법을 이용하여, 한국인 만성 HCV 간염환자에서 

HCV genotype의 분포를 조사하였다. 검체로는 232명의 한국인 만성간염환자의 혈청을 사용하였으며, HCV 
5'UTR 영역에서 선택한 2쌍의 primer로 nested PCR을 실시하였다. 증폭된 PCR산물 (215 bps)은 2% agrose 
gel로 전기영동을 하고 sequencing을 실시한 후 GeneBank의 BLAST 프로그램을 사용하여 HCV genotype을 

분석하였다. HCV genotyping을 실시한 232명에서 5종류의 genotype, HCV 1b, 2a, 2b, 2c, 3a, 이 발견되었

으며, HCV genotype 4, 5, 6 은 검출되지 않았다. 발견된 HCV genotype 중에서 HCV 1b의 검출률이 53.9%
로 가장 높았고, 다음은 HCV 2a가 35.8%로 높게 나타나, 위 두 가지 HCV genotype을 합하면 거의 90%였

다. 다음으로 HCV genotype 2b가 3.9%, 3a가 3.4% 그리고 2c가 3.0%의 순서로 검출되었다. 본 결과는 한국

인 만성 HCV간염 환자의 치료 및 예후관리에 참고가 될 것으로 사료된다. 또한 PCR-direct sequencing을 

이용한 HCV genotyping 검사는 간편하고 분명하게 결과를 판독할 수 있어 임상실험실에서 유용하게 사용

될 수 있을 것으로 판단된다.




