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The hepatitis C virus (HCV) genome contains a positive-sense single-stranded RNA molecule, and it is clas-
sified into 8 genotypes and 87 subtypes. Globally, over 350,000 people die from liver cirrhosis and hepato-
cellular carcinoma caused by HCV each year. Here, the genotype distribution of HCV was estimated in the
population in Cheonan, Korea using Sanger sequencing. In addition, the correlation between HCV RNA
level and genotype was assessed using real-time polymerase chain reaction (PCR); similarly, the correla-
tion of HCV RNA level with isolation year (2007-2016) was determined using 463 consecutive serum samples
obtained from patients at Dankook University Hospital, Cheonan, Korea. In 2007, genotype 1b (54.2%) was
predominant, followed by genotypes 2a (41.7%), 1a (2.1%) and 3a (2.1%); whereas in 2016, the predominant
genotype was 2a (49.0%), followed by genotypes 1b (46.9%), 3b (2%), and 4a (2%). Neither age nor sex was cor-
related with HCV genotype. Furthermore, the mean HCV RNA level decreased significantly from 2012 to
2016 (p < 0.05). However, no significant correlations between genotype and HCV RNA level were found.
Overall, the findings revealed that genotypes 2a and 1b were the most common in Cheonan, and the preva-
lence of HCV genotype 1b tended to decrease over the past decade.
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Introduction

The World Health Organization (WHO) reported that
globally, 1.75 million people are infected with the hepatitis
C virus (HCV) every year, and about 71 million people
were living with chronic HCV infection in 2015. Globally,
the prevalence of HCV infection is 1.0%, with the highest
rates in the Mediterranean region (2.3%), followed by
Europe (1.5%), and South Asia (0.5%) [1]. In 2009, the
average seroprevalence of HCV infection in Korean
population was estimated to be 0.78% (95% confidence
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interval, 0.71-0.81), as determined using the anti-HCV
antibody assay. However, high seroprevalence rates of
1.53% and 2.07% were reported in Busan City and Jeolla
Province in South Korea, respectively. The area with the
lowest prevalence was Jesu Island (0.23%) [2].

The genome of HCV, a member of the genus Hepacivirus,
family Flaviviridae, contains a 9.7-11.8-kb positive-
sense single-strand RNA molecule [3, 4]. Globally, HCV
has been classified into 8 genotypes and 87 subtypes [5,
6], with the genotypes varying geographically [7].
Approximately 83.4 million people have been diagnosed
with HCV genotype 1 worldwide, accounting for 46.2% of
all cases, with most of these patients living in East Asia.
Genotype 3 is the second most common genotype world-
wide (54.3 million cases, 30.1%), with almost all cases
detected in South Asia. Genotypes 2 and 4 have been



detected in ~16.5 million (9.1%) and 15.0 million (8.3%)
patients, respectively, with the latter being mostly dis-
tributed in North Africa and the Middle East [8]. Geno-
type 6 has been detected in 9.8 million (5.4%) patients.
In Korea, liver cancer was reportedly the sixth most fre-
quent cancer, ranking second in cancer-related mortality
in 2014. Furthermore, HCV infection was identified in
10% of patients with hepatocellular carcinoma (HCC) in
Korea in 2010s [9], with HCV genotype 1b associated
with a higher risk of HCC than genotypes 2a, 2c, or
other genotypes worldwide [10-12]. In Korea, the most
frequently detected genotypes are genotypes 1b and 2a;
however, the related studies are limited [2, 13, 14].

In 2016, major public health concerns forced the World
Health Assembly to endorse a global strategy for elimi-
nating HCV by 2030. Additionally, the WHO set targets
for the successful treatment of 80% of eligible persons
with chronic HCV infection, and to increase the rate of
diagnostic screening to 90% by 2030 [1, 15]. In contrast
to hepatitis B virus infection, there are currently no vac-
cines available to prevent HCV infection, and improved
treatment strategies are urgently needed. Some recent
drugs, including HCV direct-acting antivirals (DAAs),
have been developed for the treatment of hepatitis C
[16]; they were first approved by the US Food and Drug
Admnistration in 2011, and the Korean regulatory
authorities approved them in 2015 [17]. The duration of
DAA therapy depends on the presence of cirrhosis, HCV
genotype, and previous treatment failure [16]; however,
limited knowledge regarding the prevalence of HCV gen-
otypes in Korea reduces the efficacy of therapies.

Accordingly, in this study, the genotype distribution of
HCV was estimated in the population in Cheonan,
Korea from 2007 to 2016, and the findings were com-
pared with those from other areas of Korea and coun-
tries. Furthermore, the correlations among the HCV
RNA level, HCV genotypes, and isolation years were
evaluated.

Materials and Methods

Sample collection

Between 2007 and 2016, serum samples were collected
from 591 patients attending Dankook University Hospital,
Cheonan, Korea. Samples from 128 patients were
excluded owing to poor detection of the target sequence;
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thus, samples from 463 patients were included, in which
HCV RNA was detected and analyzed for genotype. As
all data were collected retrospectively using medical
records, informed consent from patients was not
required. The correlation of sex, age group, HCV RNA
level, and isolation year with genotypes was investi-
gated. The study was ethically approved by the institu-
tional ethics committee of Dankook University Hospital
(Approval no. 2020-08-024).

Reverse transcription quantitative polymerase chain
reaction (RT-qPCR)

HCV real-time PCR proceeds with PCR amplification
and detection steps based on fully automated sample
pre-processing (nucleic acid extraction and purification)
using COBAS AmpliPrep/COBAS TagMan (CAP/CTM)
HCV Quantitative Test, v2.0 (part no. 05532264 190
Roche Diagnostics, Basel, Switzerland) on COBAS p 480
analyzer (Roche Diagnostics). Reverse transcription,
amplification, and HCV RNA quantitation were imple-
mented using HCV Master Mix reagent in CAP/CTM
HCV test kit including Z05 and Z05D DNA polymerase,
a primer pair to the 5 UTR region of HCV, and
fluorescent-labeled oligonucleotide probes specific for
HCV and the HCV Quantitation Standard (QS). The
amplified RNA was detected based on an HCV-specific
gene and a QS-specific probe; thus, the amplification
products of HCV and QS were detected independently.
HCV viral RNA was quantified based on QS, where a
specific amount of HCV QS was mixed with each sample
and a control, before being subjected to sample extraction,
reverse transcription, PCR amplification, and detection
with HCV RNA. The analyzer calculated the HCV RNA
level by comparing the HCV and QS signals obtained
from each sample and the control, leading to the accurate
quantification of HCV RNA. Furthermore, the analyzer
allowed for HCV targets to be simultaneously detected,
identified, and the QS amplified in human plasma or
serum.

HCV sequencing

RNA extraction was performed with 300 pl of serum
contained in the serum-seperating tube (SST) using
QIAamp MinElute virus spin kit (Qiagen, Germany) on
QIAsymphony extraction equipment (Qiagen). After
extraction, 8 pl of RNA was reverse transcribed to
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c¢DNA, and ¢cDNA was synthesized using Transcriptor
First Strand ¢cDNA Synthesis Kit (Roche Diagnostics).
RT-PCR and sequencing were performed using HCV
genotyping Kit (BioSewoom Inc., Korea) as follows
according to the manufacturer's instructions. After
combining 13 ul of PCR mixture, 2 pl of primer mixture,
and 5 pl of distilled water in a PCR tube, 5 ul of DNA
was added, and PCR was performed using MJ Research
PTC-200 Thermal Cycler (Bio-Rad Laboratories, USA)
under the following conditions: 95C 1 cycle for 10 min;
50 cycles at 94°C for 30 s, 54C for 30 s, and 72C for
1 min; and 72C 1 cycle for 5 min. Following the reaction,
PCR products were subjected to electrophoresis, and the
results were analyzed based on the PCR band size (core
gene: 408 bp, 5 untranslated region: 293 bp). Purifica-
tion was performed to remove dNTPs and primer dimers
remaining in the sample. Subsequently, 1 ul of the puri-
fied PCR product was placed in a PCR tube, 9 ul of the
sequencing mixture was added, and a sequencing reac-
tion was performed using ABI genetic analyzer (Applied
Biosystems, USA). The HCV genotype was identified
using the LANL HIV database (http://hcv.lanl.gov/con-
tent/sequence/BASIC_BLAST/basic_blast.html).

Statistical analysis

HCV genotype frequencies were estimated using chi-
square tests; whereas means of HCV RNA levels were
compared using i-tests (o = 0.05). All statistical analyses
were performed using SPSS v.26.

Results

Characteristics of HCV genotypes

Between 2007 and 2016, 463 patients underwent test-
ing for HCV RNA quantification and HCV genotype
identification at Dankook University Hospital. The HCV
genotype 2a was the most common (n = 234, 50.5%), fol-
lowed by genotypes 1b (n = 209, 45.1%), 3a (n =7, 1.5%),
la (n =5, 1.1%), 2b (n = 3, 0.6%), 4a (n = 2, 0.4%), 6a
(n =1, 0.2%), 1b+2a (n = 1, 0.2%), and 3b (n = 1, 0.2%;
Table 1).

The prevalence of HCV infection in men (55.1%; 255/
463) was higher than that in women (44.9%; 208/463),
with an overall male-to-female ratio of 1.2:1; however,
the difference was not statistically significant (p > 0.05;
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Fig. 1. Distribution of hepatitis C virus (HCV) genotypes by
sex.

Table 1). The distribution of HCV genotypes by sex is
delineated in Fig. 1.

Mean patient age was 56.6 £ 13.6 years (= SD; range,
13-87 years; Table 1). Although no significant age differ-
ences in HCV genotypes were observed (p > 0.05), signif-
icant differences were observed in disease prevalence
(p <0.001, by chi-squared test), with the highest preva-
lence found in patients aged 50-59 years (26.8%; 124/
463), followed by those aged 40-49 years (23.5%; 109/
463) and 60-69 years (20.7%; 96/463). The lowest preva-
lence was detected in patients aged 10-19 years
(0.6%; 3/463), and no infection was recorded in patients
aged 0-9 years (Table 2).

Table 1. Distribution of the hepatitis C virus (HCV) geno-
types/subtypes during the period from 2007 to 2016 in
Cheonan, Korea.

Sex (N, %)
HCV Number of
genotype participants Tital Male % Female %
(N = 463) (%) (n) (n)
1a 5 1.1 3 60 2 40
1b 209 45.1 106 507 103 49.3
2a 234 50.5 135 577 99 423
2b 3 0.6 1 333 2 66.7
3a 7 1.5 6 85.7 1 14.3
3b 1 0.2 1 100
4a 2 04 1 50 1 50
6a 1 0.2 1 100
1b + 2a 1 0.2 1 100
Total 463 255 551 208 449




Table 2. Distribution of HCV genotypes by age.
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HCV Age group (N, %)
genotype 10-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89
la 1(20) 3 (60.0) 1(20)
1b 1(.5) 2(1.0) 19 (9.1) 52 (24.9) 57 (27.3) 42 (20.1) 28 (13.4) 8 (3.8)
2a 2(.9) 3(1.3) 11 (4.7) 51(21.8) 61 (26.1) 51(21.8) 46 (19.7) 9(3.8)
2b 2 (66.7) 1(33.3)
3a 3 (429 2 (28.6) 1(14.3) 1(14.3)
3b 1 (100)
4a 2 (100.0)
6a 1 (100)
1b+2a (mixed) 1 (100)
Total 3(.6) 6(1.3) 33(7.1) 109 (23.5) 124 (26.8) 96 (20.7) 75 (16.2) 17 (3.7)
HCV, hepatitis C virus.
Comparison of HCV RNA level by genotype and year 10.00
The result of HCV RNA level was expressed in
international units (IU)/ml, with each unit representing S 800
approximately viral load of 2.7 copies/ml according to the %:, 6.00 = é = = =
kit insert for RT-qPCR test used in this study. The %
correlations between HCV RNA level and genotype are g 4.00 1219
shown in Table 3, with the most predominant genotypes E o4
being genotype 2a (mean, 2.61E+06 IU/ml, SD, g 86
4.10E+06 IU/ml) and genotype 1b (mean, 3.15E+06 IU/ 200 2
1b+2a  1b 2a 2b 3a 3b 4a

ml, SD, 4.77E+06 IU/ml), with a mean difference of
0.54E+06 IU/ml. There were no significant correlations
between the mean HCV RNA level and HCV genotype
(p > 0.05; Table 3, Fig. 2).

The mean HCV RNA level was 4.18E+06 IU/ml in
2012, and it decreased significantly to 2.36E+06 TU/ml
in 2014, 2.15E+0.6 IU/ml in 2015, and 2.31E+0.6 IU/ml

Table 3. HCV RNA level by genotype.

HCV Total
genotype  (n = 259) Mean Min Max
1b+2a (mixed) 1 1.22E+06  1.22E+06  1.22E+06
1b 104 3.15E+06  1.19E+02  3.54E+07
2a 144 261E+06  1.14E+03  2.24E+07
2b 3 3.56E+06  7.24E+04  1.05E+07
3a 4 7.85E+05 2.83E+05  1.16E+06
3b 1 2.02E+06  2.02E+06  2.02E+06
4a 2 1.29E+06  3.33E+05  2.24E+06

HCV, hepatitis C virus.
The unit of RNA level is [U/ml.

Fig. 2. HCV RNA level according to genotype is delineated.
No significant correlations between the mean HCV RNA level
and HCV genotype was noted.
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Fig. 3. HCV RNA level according to year from 2012 to 2016
is shown. Statistically significant findings between years are
indicated with connected lines.
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Table 4. HCV RNA level by year.

Year Number Mean Min Max

2012 46 418E+06  1.19E+02  1.56E+07
2013 50 3.20E+06  2.99E+02  3.54E+07
2014 58 236E+06  1.25E+03  2.24E+07
2015 56 2.15E+06  6.54E+03  1.10E+07
2016 49 231E+06  4.98E+03  1.59E+07

HCV, hepatitis C virus.
The unit of RNA level is IU/ml.

in 2016 (p = 0.029, 0.006, and 0.021, respectively; Table 4,
Fig. 3).

Distribution and dynamics of HCV genotypes from 2007
to 2016

In 2007, genotype 1b was predominant (54.2%),
followed by genotypes 2a (41.7%), 1la (2.1%), and 3a
(2.1%). In 2016, the predominant genotypes had shifted
to 2a (49.0%), 1b (46.9%), 3b (2%), and 4a (2%). Notably,
subtype 1b decreased from 54.2% in 2007 and 56.4% in
2008 to 36.6% in 2009, increased significantly to 61.0%
in 2010, decreased to 32.1% in 2015, and increased again
t0 46.9% in 2016 (p = 0.79; Fig. 4). Alternatively, subtype
2a increased from 41.7% in 2007 and 43.6% in 2008, to
56.1% in 2009, decreased to 36.6% in 2010, increased to
42.9% and 41.3% in 2011 and 2012, respectively, before
increasing significantly to 60.0%, 62.1%, and 62.5% in
2013, 2014, and 2015, respectively, and then decreasing
to 49% in 2016, revealing overall statistically significant

W mixed (2b+2a) 2a ®mW3b
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100% 209 2900 1 2
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Fig. 4. Dynamics and distribution of HCV genotypes from
2007 to 2016.
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differences in genotype prevalence by year (p = 0.005;
Fig. 4).

Discussion

In this study, the 10-year dynamics of HCV infection,
and the distribution of HCV genotypes in Cheonan,
Korea were investigated. Five genotypes (1, 2, 3, 4, and
6) were detected, with genotypes 2a and 1b being the
most common. The prevalence of genotype 2a increased
slightly from 2007 to 2016; whereas that of genotype 1b
decreased over the same period. Additionally, between
2013 and 2015, HCV genotype 2a showed a marked
increase in Cheonan area. Furthermore, genotype 1b
showed an increase, particularly in 2010, compared with
the findings of other studies in Korea [2, 13, 14]. Thus, it
was concluded that these genotypes were endemic
during these years. Notably, the HCV RNA levels were
not significantly correlated with genotype; however, the
RNA levels of genotype 1b were higher than those of
genotype 2a, and the mean HCV RNA level decreased
over time.

The findings of this study are consistent with those of
previous studies in Korea, insofar as the most common
genotypes were genotypes 1b and 2a [2, 13, 14, 18].
Genotype 1b is globally well-distributed, being found in
East Asia, Southeast Asia, America, Europe, and Canada
[19-23]. Moreover, genotype 1b is predominantly distrib-
uted in East Asian countries, including Mongolia (98%),
Japan (64.3%, 62.3%, 70.8%), mainland China (52.18%),
and Taiwan (45.5%) [24-27];
decrease in the prevalence of HCV genotype 1b has been

however, a notable
observed in Japan [26]. Similarly, the present study, a
decrease in subtype 1b was observed over time, as sub-
type 2a became predominant.

Similar to the findings here, Lee et al. (2008) found
that HCV genotype 2a was predominant in Jeju Island,
Korea [18]. HCV genotype 2 is most commonly found in
West Africa and parts of South America [8, 28]. The
present study showed that genotype 2a is predominant
in Cheonan, similar to that in some other East Asian
countries, including Japan and mainland China. Previ-
ous studies have found that HCV genotype 2 is predomi-
nant in northeast China, but its prevalence decreased
from northern to southern China. Furthermore, in
Japan, genotypes 2a and 2b showed prevalence rates of



17.6% and 10.3%, respectively [25, 26]. Consistent with
these findings, HCV genotypes 1a, 2b, 3a, 4a, and 6a
were identified in some cases in the present analysis of
population in Cheonan, Korea.

In a previous Korean study, HCV genotype 3a showed
a prevalence of 1%, similar to the results of the present
study (1.5%) [2]. HCV genotype 3 is the next most com-
mon genotype globally, and is more frequently distrib-
uted in South Asia [8]. For example, in Malaysia, HCV
genotype 3 was detected in 61.9% of cases [29]; however,
both Kim et al. (2013) and Han et al. (1997) mentioned
that no previous studies have reported the distribution
of HCV genotype 6 in Korea [2, 13]. Seong et al. (2013)
found that HCV genotype 6¢ was detected in 1% of
young Korean males with chronic HCV infection, and a
history of intravenous drug use and tattooing [14]. In the
present study, genotype 6a was identified in a single
patient (0.2%). Comparatively, HCV genotype 6 has
been detected more frequently in Southeast Asian coun-
tries, such as Vietnam, Cambodia, Thailand, Myanmar,
Singapore, Laos, and mainland China [21, 23, 25, 29—
31]. Additionally, HCV genotypes 3 and 6 are widely dis-
tributed among intravenous drug users [32]. HCV geno-
type la is notably rare in Korea, and was detected in just
five cases (1.1%) in this study. Indeed, genotype la is
rarely found in Asia [20], however, sequence analysis
confirmed that the HCV outbreak in the Korean hospital
from November 2015, one of the largest healthcare-asso-
ciated outbreaks ever detected in Korea (triggered
through the misuse of single-use medical devices) was
caused by HCV genotype 1a [33].

The present study revealed that HCV genotypes 1b
and 2a markedly increased in 2010, and between 2013
and 2015, respectively, thereby showing endemic
features. Previous research revealed that HCV RNA
levels in patients with HCV genotype 1b were signifi-
cantly higher than those in patients with HCV genotype
2a [13]. Similarly, in the present study, HCV RNA levels
of genotype 1b were higher than those of genotype 2a;
however, this difference was not statistically significant.
Despite this result, these findings may be clinically
important for improving the understanding of HCV
infections.

In this study, HCV nonstructural 5A (NS5A) L31/Y93
mutation analysis using nested RT-PCR and sequencing
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was investigated on 57 patients with genotype 1b among
enrolled 463 patients in 2015-2016 (data not shown).
NS5A-Y93H were detected in 8 cases, and NS5A-L31M
was found in 1 case. In 9 positive cases, 2 cases with
Y93H variant had history of previous treatment failure
with interferon-based regimen, and one of them had
liver cirrhosis. The rest of 7 positive cases were
treatment-naive patients, and no one had cirrhosis. The
mean HCV RNA levels showed no significant difference
between Y93H variant group and Y93 wild-type strain
group (p > 0.05, data not shown). Resistance to HCV
DAAs is an important consideration for selecting
treatment regimen. NS5A-L.31 and NS5A-Y93 were
frequently detected resistance-associated substances
(RASs) in both genotype-specific and pangenotypic
DAAs failure cases [34, 35]. Although pangenotypic
DAAs may retain activity against RASs at key positions
including 31 and 93 in the NS5A region and showed
improved therapeutic efficacy in most cases, potential
RASs other than L31/Y93 were reported in treatment-
naive patients as well as in patients treated with these
drugs [35, 36]. The assessment of RASs in untreated
HCV patients may be important for optimal drug use
and monitoring treatment effectiveness, even in the era
of pangenotypic DAAs.

The present study is important to help clarify the
prevalence of genotypes in Korea, in addition to demon-
strating the practical and clinical implications of the
information. However, this study has some notable lim-
itations. First, only the distribution of HCV genotypes in
Cheonan Province, Korea was analyzed. Second, the
source or route of infection was not investigated.

In summary, the prevalence of HCV genotype 1b
tended to decrease over the decade from 2007 to 2016.
Notable outbreaks of HCV genotype 1b occurred in 2010,
and those of genotype 2a occurred from 2013 to 2015.
The HCV RNA levels have been decreasing in Cheonan
since 2012, and they were higher in patients with geno-
type 1b than in those with genotype 2a. Further studies
are needed to determine the distribution and dynamics
of HCV genotypes across various regions of Korea. Stud-
ies on the epidemiology of HCV, particularly the rela-
tionships between genotype and RNA levels, may also
improve our understanding of optimal treatment strate-
gies for HCV infection in this province within Korea.
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