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Objectives: The relationship between HCV genotype and the development of
more serious liver disease has not been clearly established. This study was to in-
vestigate the distribution pattern of HCV genotypes in Korea and their relationship
to the viremic level and to progression of chronic liver disease.

Methods: Study population was 2717 patients with type C chronic liver diseass.
They were divided into 4 groups: 83 patients with near-normal ALT (group 1), 64
patients with elevated ALT (group 2), 20 patients with decompensated liver cirrho-
sis (group 3) and 50 patients with hepatocellular carcinoma (group 4). HCV geno-
types were determined by reverse transcription polvmerase chain reaction (RT-PCR)
using mixed primer sets, and then the fidelity of genotyping was confirmed by
cloning and sequencing. HCV RNA concentration was measured by quantitative
competitive RT-PCR for 23 patients in group 2.

Results: The genotypes could be determined in 166 (76%) out of 217 patients.
Type 1b and type 2a were predominantly occurring over the other types in some-
what similar frequency (45% and 51%, respectively). The genotype distribution of
type 1b and 2a among four different groups showed 42% and 54% in group 1,
49% and 45% in group 2, 53% and 47% in group 3 and 41% and 57% in group 4.
thus there was no significant difference in genotype distribution among 4 different
disease groups. However, the viremia levels in patients with genotype 1b infection
were significantly higher than those with genotype Z2a,

Conclusion: Genotype 2a infection is as prevalent as genotype 1b in Korea, and
genotype 2a infection may pose no less risk for progression of disease despite
lower replication level than genotype 1b infection.
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Chronic hepatitis C is typically a slowly progres-
sive, asymptomatic disorder that is seldom cured
spontaneously, eventually resulting in liver cirrhosis
and hepatocellular carcinoma (HCC) in some pa-
tients”. An astonishingly high proportion of indivi-
duals acutely infected with hepatitis C virus (HCV)
become chronically infected (approximately 80%),
and more than 20% of these individuals will then
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develop liver cirrhosis and eventually HCC®. Al
though hepatitis B virus is a major efiologic agent
in chronic liver diseases and HCC in Korea, it has
been revealed that HCV also plays an important
role® .

One of the most important characteristics of
HCV is genetic heterogeneity of its genome. Var-
ious HCV isolates can be divided into genetically
distinct groups as a result of accumulation of mu-
tations during the evolution of these viruses™”., A
total of nine such major genetic groups and at
jeast 30 subgroups have been identified to date
on analysis of complete or partial HCV genomic
sequences®®. Although many genotypes are
widely distributed around the world, there are cle-
arly distinct differences in their regional distri-
bution® '”, The predominant HCV genotype was
reported to be type 1b in Korea'". However, the
fidelity of genotyping has not been checked by
DNA sequencing.

Besides epidemiological significance, HCV ge-
notypes have also important diagnostic and clinical
implications'™ '®. Recently, a number of studies
have shown their influence on the progression of
liver disease and on the outcome of interferon
therapy in HCV-infected patients. Genotype 1b is
reported to be more prevalent in patients with cir-
rhosis and HCC than in patients with chronic
hepatitis''®. However, the findings in these stu-
dies were not considered against a background of
predominant type 1 infection in the countries
where these studies were performed. Thus, the re-
lationship between HCV genotypes and the deve-
lopment of more serious liver disease has not
been clearly established yel. It now seems to be
fairly well documented that patients infected with
genotype 1b respond less well to interferon the-
rapy than those infected with genotypes 2a or 2h.
HCV types might show different rates of replication
and thus different levels of viremia'"'®, Therefore,
the lower response to interferon in type 1b may
be due to higher viremia, and results in poor cli-
nical outcome.

The present study was to investigate the diver-
sity of HCV genotypes in Korea and its relation-
ship to the viremic level and to the progression of
chronic liver disease,
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MATERIALS AND METHODS

1. Patients

We consecutively enrolled 217 patients who
tested positive either for anti-HCV or for serum
HCV RNA by RT-PCR. Those who simultaneously
had HBsAg in their sera were excluded. The
patients consisted of 200 anti-HCV-positive pa-
tients and 17 HCV RNA-positive patients out of
89 anti-HCV-negative patients with chronic liver
diseases. Among 200 patients who tested positive
for anti-HCV, the positivity of HCV RNA was 75%
(149/200). The mean age of 217 patients was 56+
12 years (range, 13-78 vyears) with a male to
female ratio of 1.8(139/78). They were divided into
four groups: 1) group 1 consisted of 83 patients
with persistently normal or near normal ALT levels.
Near normal ALT level was defined as occasional
ALT fluctuations within 5 1U above the upper fimit
of normal (40 U/ 2) group 2 consisted of 64
patients who presented with elevated ALT but
were asymptomatic and did not show any sign of
portal hypertension. Although liver biopsy was not
performed in most of these patients, this group
was supposed to reflect the patients with chronic
hepatitis or compensated chronic liver disease; 3)
group 3 consisted of 20 patients who presented
with any clinical sign of portal hypertension such
as ascites, variceal bleeding or hepatic encepha-
lopathy. This group of patients reflected those with
decompensated liver cirrhosis; 4) group 4 con-
sisted of 50 patients with HCC. The diagnosis of
HCC was made as previously described®. The
mean ages of group 1, 2, 3 and 4 were 52, 52,
59 and 64 years, respectively. The mean age of
group 3 or group 4 was significantly higher than
those of group 1 or group 2.

2. Serological Tests

The sera that had been collected on the first
visit were tested for HBsAg (AUSRIA-II, Abbott
Laboratories, Chicago L) and anti-HCV (HCV-
EiA, Abbott Laboratories, North Chicago, IL) using
commercially available kits. Aliquots of sera were
stored at ~70T for reverse transcription polyme-
rase chain reaction (RT-PCR) to detect HCV RNA.
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3. HCV RNA Detection and Genotyping

HCV RNA detection and genotyping was per-
formed by nested RT-PCR using type-specific
primers. Extraction of HCV RNA and reverse tran-
scription was performed according to Romeo et
a®. PCR of HCV cDNA was performed by Cha-
yama et al”” with some modifications. The modi-
fications were as follows: amplification of the
cDNA was performed by nested PCR instead of
one step method, in which the first round PCR
was performed with universal primers (#13, #14)
and the second round PCR was performed with
mixed primer sets (No. 6 and No. 7)*". No. 6 was
equimolar mixtures of anti-sense primer #14 and
sense primers #121, #61, #59, #7Tr7 and #1114,
each concentration of which was 10 umol/L, res-
pectively. No. 7 was equimolar mixtures of anti-
sense primer #14 and sense primers #57, #117,
#113, #Tr7 and #111, Each of the amplifications
consisted of denaturation at 94C for 3 min and
extention at 72C for 7 min and then 35 cycles of
denaturation at 94°C for 30 sec, annealing at 57°C
for 30 sec and extenticn at 72°C for 30 sec, and
finally extention at 72°C for 5 min, respectively.
Each genotype was determined by its charac-

teristic DNA size®",

4. Fidelity of Genotype

Genotyping fidelity was confirmed by two ways.
Firstly, 50 random serum samples, the genotypes
of which had been tested in our laboratory, were
sent to another laboratory in Japan (Osaka Red
Cross Blood Center). Genotypes were determined
there using type-specific primers derived from
HCV core region, different from ours which were
derived from NS5 region. Secondly, the genotypes
of 20 random samples were determined by cloning
and sequencing of NS5 region.

5. Quantitation of HCV RNA by Compe-
titive RT-PCR

Serum samples from 23 patients which consist-
ed of 14 type 1b and 9 type 2a, randomly
selected in group 2, were measured for HCV RNA
concentrations. Quantitation was performed by
competitive RT-PCR using nested primers. The
outer primers were JR12 and JR19, and the inner

primers were JR13 and JR14%. The size of inter-
nal control HCV RNA was larger than native HCV
RNA by 71 base pairs. After the extraction of RNA
from 60uL serum, 1:10 volumes of RNA were
mixed with serial dilutions of internal control RNA,
Samples were ampiified in the same way as that

for genotype determination®.

6. Statistical Analysis

Only viremic patients in whom HCV genotype
could be detected were considered for statistical
analysis. X* test was used as appropriate for an-
alysis of genotype distribution in different groups.
Comparison of HCV RNA concentrations (logarithm
of copies/mL) was performed by Wilcoxon rank
sum test,

RESULTS

1. Fidelity of Genotyping

Among 50 serum samples the genotypes of
which were tested again in Osaka Red Cross
Hospital, the concordance rate was at least 90%
(45/50). Among 20 serum samples, the genotypes
of which were confirmed by cloning and sequen-
cing, the concordance rate was 90% (18/20).

2. Diversity of HCV Genotypes Among all
Patients

HCV RNA was detected and, therefore, the
genotypes could be determined in 166 (76%) out
of 217 patients. The distribution of genotypes in
these 166 patients is shown in Table 1. Type tb
and type 2a were predominant{45% and 51%,
respectively) over the rest of the genotypes(la,
2b, 3), the percentage of which was less than 3%
in total. There were no significant differences in
male-to-female ratio (1.3 vs 2.1) and mean age
(57.6 vs 54.3 years) between patients with type 1b
infection and those with type 2a infection.

3. Diversity of Genotypes in Different
Patient Groups

The positive rates of HCV RNA were 71%
(59/83) in group 1, 83% (53/64) in group 2, 85%
(17/20) in group 3 and 74% (37/50) in group 4, and
they were not statistically different among different
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Table 1. Distribution of HCV Genotypes in Different Patient Groups

Groups 1a 1b 2a 20 3a Total
Group 1 12%) 25(42%) 32(54%) 59(100%)
Group 2 1(20; ) 26(49%) 24(45%) 1(2%) 1(2%) 53(100%)
Group 3 - 9(53%) 8(47%) 102%) 17(100%)
Group 4 15(41%) 21(57%) 1(3%) 37(100%)
Total 201%) 75(45%) 85(51%) 2(1%) 2(1%) 166(100%)

Group 1: patients with near-normal ALT: Group 2 patients with elevated ALT: Group 3: patients with decom-
pensated liver cirhosisi Group 4 patients with hepatocellular carcinoma. HCV genotype was classified according to
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Fig. 1. Comparison of HCV RNA concentration
in serum between HCV genotypes.
Mean
serum HCV RNA concentrations in cases
with genotype 1b(meanxSD: 57t19
log copies/ml) significantly exceeded that
in cases with genotype 2a(meanxSD:
41%06 log copies/ml) (p=0.01).

groups (p=0.3). In each group, both type 1b and
type 2a were predominant over the rest (Table 1).
Frequencies of major genotypes (1b and 2a) were
not significantly different among four groups
(p=0.7), although frequency of type 1b tended to
increase as the disease progressed. Type la
which is most prevalent in the United States was
found in only two (0.8%) patients.
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4. Comparison of HCV RNA Concentration
Between Type 1a and 1b HCV Infection

HCV RNA concentration (logarithm of copies/
mL) was 57x19(mean * SD) in patients with
genotype 1b infection and 4.1+0.6 in patients with
genotype 2a infection. The difference was signifi-
cantly different (p=0.01) (Fig. 1).

DISCUSSION

The analysis of the diversity of HCV genotype
in a country is important for understanding the
molecular basis of the route of transmission of
HCV as well as viral virulence and interferon
resistance. RT-PCR is the mainstay of HCV ge-
notype determination, followed by several different
methods; (1) a second round of PCR amplification
with  type-specific primers; (2) hybridization with
type-specific probesi (3) digestion with different
restriction enzymes to determine a specific restric-
tion fragment length polymorphism (RFLP)®: or (4)
analysing sequences directly or after cloning.
However, methods that do not include sequence
analysis are not definitive.

Our present study disclosed that, among
Korean patients with type C chronic liver disease,
the predominant HCV genotype was type 1b and
type 2a(45% vs 51%) and the prevalence rates of
the two genotypes were similar. In contrast, the
previous study in Korea which was not confirmed
by sequence analysis showed that genotype 1b
was predominant (75%) over 2a(25%). This dis-
crepancy might result from various technical fac-
tors previously described or it can be attributed to



HEPATITIS C VIRUS GENOTYPES IN KOREA AND THEIR RELATIONSHIP TO CLINICAL
OUTCOME IN TYPE C CHRONIC LIVER DISEASES

clinical factors. In the present study, the technical
factor for the potentially incorrect genotyping was
evaluated with sequence analysis in 20 samples,
which gave the concordance rate of 90%. There-
fore, the fidelity of this study might be considered
as acceptable. With regard to clinical bias, the
number of enrolled patients and the method of
patient selection can affect the result. For exam-
ple, the genotype distribution can vary significantly
in different geographic areas of the same country,
as has been observed in China®. Furthermore,
the observed geographical distribution of HCV
genotypes could vary depending on which group
of individuals was studied'*®2¥. The genotype
distribution has been found to be different in
patients with chronic liver disease compared to
blood donors®™ ?®, In addition, the genotype distri-
bution has differed in intravenous drug abusers
compared to other groups of HCV-infected in-
dividuals'®, The result of the present study is con-
sidered to more accurately represent the genotype
distribution than the previous one because of the
inclusion of a larger number of patients and the
inclusion of patients with variable chronic liver
diseases. This distribution pattern in Korea is
unigue among Asian countries, because genotype
1b is more predominant in most Asian countries
than 2a®. The proportion of genotype 1a and
genotype 2a has been reported to be 68% and
24%, respectively, in China, 74% and 24%, res-
pectively, in Japan and 65% and 30%, respec-
tively, in Taiwan,

In the present study, there was no significant
difference in the distribution of HCV genotypes at
different stages of chronic liver disease, suggesting
that progression of type C chronic liver disease to
decompensated liver cirrhosis or development of
HCC is not strongly associated with HCV geno-
types. These findings are consistent with previous
reports from Japan®?. In contrast, Pozzato and
co-workers' in Italy found that infection with HCV
isolates of genotype 1b was associated with more
severe liver disease than infection with HCV iso-
lates of other genotypes. There are several possi-
ble explanations for this discrepancy. Firstly, the
background genotype distribution pattern might
affect the result; the role of the genotype 1b in
advanced liver disease might be exaggerated

where the genotype 1b was predominant. Secon-
dly, small number of enrolled patients or confoun-
ding factors such as age and duration of viral
infection might cause clinical bias. In fact, in the
study of Pozzato et al'”, the mean age of patients
infected with genotype 1b was significantly higher
than that of patients infected with other genotypes,
and the number of patients was not large enough.
In our study, age and sex differences were not
observed between genotype 1b and 2a, although
the duration of viral infection could not be eva-
luated because most of the patients had sporadic
community-acquired infection. Prospective
long-term follow-up studies are also warranted to
clarify the association of specific genotype with
more likelihood of progression to advanced liver
disease in various geographical areas, especially
in areas where genotypes other than 1b are as
prevalent as type 1b.

HCV RNA concentrations were significantly
lower in patients with type 2a than in those with
type 1b. The result is consistent with some
previous reports” " but not with others which did
not observe such a difference in the level of
viremia®?. This discrepancy might result from the
difference in the study design or the variability of
viremia level in a patient over time. Irrespective of
viremia level, it seems that genotype is less likely
to affect the long-term clinical outcome because
there was no significant difference in the overall
clinical outcome among HCV genotypes, as shown
in this study. Longitudinal study to determine HCV
RNA levels in sequential serum samples obtained
from a large number of patients may be required
to make clear this point,

There is substantial evidence that the genotype
status of HCV-infected patients is important in de-
termining the outcome of interferon therapy. Multi-
variate analysis of factors that might predict the
outcome of interferon therapy in patients chro-
nically infected with HCV demonstrated that geno-
type status, liver histology and pretreatment level
of viremia are important predictive factors¥ % %
Among them, genotype status most efficiently
contributed to the treatment outcome™; infection
with type 2a or 2b predicted a more favorable res-
ponse to interferon therapy than infection with type
1b (78% vs. 9%)®. The difference in therapeutic
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response according to genotype, together with the
finding that the viremic level can be different
among different genotypes, suggests that there
are particular groups (eg. genotype 2a) of patients
who might get maximal benefit from antiviral the-
rapy.

In summary, we found that type 2a HCV infec-
tion is as prevalent as tb in Korea, Although
there is a difference in viremia level among pa-
tients with different genotype infection, it seems
that they have similar risk for progression to ad-
vanced diseases. On the basis of differences in
response to antiviral therapy among genotypes
and the higher prevalence of genotype 2a in
Korea, it is warranted to see if the response rates
of chronic viral hepatitis C to interferon are higher
than those in other countries, although it still
remains to be seen whether there wil be a
greater increase in survival time in treated than in
untreated patients with the passage of a few
decades.
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