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Molecular epidemiology of hepatitis C virus ==

genotypes in different geographical regions
of Chinese mainland and a phylogenetic
analysis
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Abstract

Background Hepatitis C virus (HCV) infection remains a major public health problem in Chinese mainland. Investiga-
tion of the distribution of genotypes contributed to the prevention, diagnosis and treatment of HCV infection. There-

fore, we conducted a study on the distribution of HCV genotypes and phylogenetic analysis to provide an up-to-date
understanding of the molecular epidemiology of genotypes in Chinese mainland.

Methods Our retrospective multicenter study enrolled 11,008 samples collected between August 2018 and July
2019 from 29 provinces/municipalities (Beijing, Hebei, Inner Mongolia, Shanxi, Tianjin, Gansu, Ningxia, Shaanxi, Xinji-
ang, Heilongjiang, Jilin Liaoning, Henan, Hubei Hunan, Anhui, Fujian, Jiangsu, Jiangxi, Shandong, Shanghai Zhejiang,
Guangdong, Guangxi, Hainan, Chongging, Guizhou, Sichuan and Yunnan). Phylogenetic analysis of each subtype

was performed to infer the evolutionary relationship of sequences from diverse regions. Two independent samples t
tests were used for the comparison of continuous variables, and chi-square tests were used for the comparison of cat-

egorical variables.

Results Four genotypes (1, 2, 3 and 6) were found, including 14 subtypes. HCV genotype 1 was dominant, account-
ing for 49.2%, followed by genotypes 2, 3 and 6, accounting for 22.4%, 16.4%, and 11.9%, respectively. Additionally,
the top five subtypes were 1b, 23, 3b, 6a and 3a. Proportions of genotypes 1 and 2 decreased while genotypes

3 and 6 increased over past years (P<0.001). Genotypes 3 and 6 were concentrated in the population aged 30

to 50 years, and male carriers had lower proportions of subtypes 1b and 2a than female carriers (P<0.01). Genotypes
3 and 6 were more prevalent in southern parts of Chinese mainland. Nationwide spreads of subtypes 1b and 2a were
associated with sequences from northern parts of Chinese mainland, while subtypes 3a, 3b and 6a were associated
with sequences from southern parts of Chinese mainland.

Conclusions HCV subtypes 1b and 2a remained the most common subtypes in Chinese mainland, and their propor-
tions decreased over the past years, while the proportions of genotypes 3 and 6 increased. Our investigation provided
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an accurate epidemiological picture of the circulating viral strains in Chinese mainland, contributing to the preven-

tion, diagnosis and treatment of HCV infection.
Trial registration: Not applicable.
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Background

Hepatitis C virus (HCV) is a leading cause of liver cir-
rhosis and hepatocellular carcinoma [1, 2]. It was esti-
mated that the prevalence of HCV was 0.7% worldwide,
with approximately 56.8 million HCV infections. In Chi-
nese mainland, the prevalence of HCV was 0.7% [3]. Data
from the Chinese Center for Disease Control and Pre-
vention showed that the incidence of HCV infection in
2021 was 14.38 per 100,000, and with more than 200,000
people infections [4]. This incidence is higher than the
new interim target (annual incidence <5 per 100,000) to
eliminate viral hepatitis proposed by the World Health
Organization (WHO) [5]. HCV infection remains a
major public health problem in Chinese mainland. More
effort is needed to accomplish the goal of eliminating
viral hepatitis by 2030 [6].

There are 8 HCV genotypes, and many subtypes have
been reported. HCV genotype is associated with progno-
sis and the effect of antiviral treatment [7-11]. Genotype
testing is recommended in the guidelines prior to antivi-
ral therapy because genotype is the guidance of treatment
[12-14]. The distribution of HCV genotypes varies in dif-
ferent regions worldwide [15]. Genotypes 1, 2 and 3 are
distributed around the world, both genotypes 4 and 5 are
primarily found in North Africa [16], and genotype 6 is
mainly distributed in southeast Asia and southern China
[15]. Additionally, the distribution of HCV genotypes
varied in diverse geographical areas of Chinese mainland;
genotypes 1 and 2 were more prevalent in northern parts
of Chinese mainland, while genotypes 3 and 6 were more
prevalent in southern parts of Chinese mainland [17, 18].
Strategies for the management of HCV infection should
consider the regional distribution of HCV subtypes [19].
Therefore, investigation of the geographical distribution
of HCV genotypes is important.

A previous study from 2013 to 2017 showed that the
geographic distribution of HCV genotypes was differ-
ent in diverse regions. Another important finding was
that only genotypes 1, 2, 3 and 6 were found in China,
and the most prevalent subtypes were subtypes 1b
(52.2%), 2a (28.7%), 3b (7.1%), 6a (6.4%) and 3a (4.6%)
[17]. However, the proportion of HCV genotypes may
have been changed due to the main transmissions of
HCYV gradually becoming intravenous drug abuse, soci-
oeconomic advancement and migration [19]. Moreover,

direct antiviral agents (DAAs) have been available in
China since 2017, and the diagnosis and treatment of
HCV infection have improved. With an increasing
number of patients diagnosed with HCV infection [20],
the data after 2017 were closer to the true distribution
of HCV genotypes. Therefore, we conducted a study on
the distribution of HCV genotypes and phylogenetic
analysis to provide an up-to-date understanding of the
molecular epidemiology of hepatitis C virus genotypes
in different geographical areas of Chinese mainland.

Method

Study population and sample collection

This is a nationwide, retrospective, cross-sectional study
conducted from August 2018 to July 2019. Individu-
als were from 29 provinces/municipalities/autonomous
regions located in the northern region of China (Bei-
jing, Hebei, Inner Mongolia, Shanxi and Tianjin), the
northwestern region of China (Gansu, Ningxia, Shaanxi
and Xinjiang), the northeastern region of China (Hei-
longjiang, Jilin and Liaoning), central China (Henan,
Hubei and Hunan), the eastern region of China (Anhui,
Fujian, Jiangsu, Jiangxi, Shandong, Shanghai and Zheji-
ang), the southern region of China (Guangdong, Guangxi
and Hainan), and the southwestern region of China
(Chongqing, Guizhou, Sichuan and Yunnan). All indi-
viduals were screened for serum anti-HCV antibodies
for the first time, and 16,806 individuals were positive.
Finally, 11,008 patients who were positive for HCV RNA
were included in our study, and 5798 individuals were
excluded due to negative HCV RNA. The proportion of
enrolled patients to the total population of the province/
municipality is shown in Additional file 1: Fig. S1. Geno-
type testing was performed for all serum samples, and a
total of 10,751 samples were successfully tested for geno-
type and subtype, while 257 samples failed to genotype
due to the HCV viral load being below 1000 IU/ml. A
total of 7796 serum samples were tested for HCV viral
load quantification at Hang Zhou Dian Medical Labora-
tory CO., LTD. The other 3212 patients had already been
tested for HCV viral load quantification at the local hos-
pital, and their test results were not available. Genotyping
and viral load quantification data were provided by Hang
Zhou Dian Medical Laboratory CO., LTD. Additionally,
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sex, age and geographical information corresponding to
the samples were collected.

TagMan PCR HCV typing and Sanger sequencing
confirmation

The samples were stored at a temperature between 2
and 8 C before detection. The same serum samples were
used for the HCV viral load quantification test first and
then for the genotype test. If the patient had already
been tested for HCV viral load quantification at the local
hospital, we did not repeat the test and only performed
the genotype test. Two commercially available detec-
tion kits approved by the China Food and Drug Admin-
istration were chosen to detect the HCV genotypes by
following the manufacturer’s instructions. All samples
were detected by the Sanger sequencing Diagnostic Kit
for Hepatitis C Virus Genotyping (DaAn, Guangzhou,
China) to confirm the HCV genotypes or the TIB HCV
TagMan PCR kit (Triplex International Bioscience, Xia-
men, China) to detect the HCV 1b, 2a, 6a, 3a and 3b
subtypes and mixed infections. The low detection limit
of the Diagnostic Kit for Hepatitis C Virus Genotyping
is 5000 IU/ml, and that of the TIB HCV TagMan PCR
kit is 1000 IU/ml. The two kits are complementary to
each other. If the genotype was not determined by one
method, it was tested by the other method, which helped
to maximize the successful detection of genotypes.

Viral load quantification

HCYV viral load quantification was performed on a popu-
lation of 7796 samples using a commercially available kit
(HCV Real Time RT-PCR Kit, liferiver, Shanghai, China)
by following the manufacturer’s instructions. The low
detection limit of the kit was 25 IU/ml. The other 3212
patients had already been tested for viral load quantifica-
tion at the local hospital, and their test results were not
available. And in this study we used 7796 samples to cal-
culate the mean viral loads of subtypes.

Phylogenetic analysis

Only serum samples genotyped by first-generation
sequencing techniques could provide sequence data for
phylogenetic analysis. A total of 2044 partial NS5B par-
tial sequences were available for the construction of
phylogenetic trees. The trees were constructed by Fast-
Tree 2.1.11 (Lawrence Berkeley National Lab, Berkeley,
California, USA) using the maximum likelihood (ML)
method algorithm with the General-Time—Reversible
(GTR)+gamma nucleotide substitution model [21, 22]
and visualized by FigTree version 1.4.4. A bootstrap anal-
ysis with 1000 replicates was used to assess the reliability.
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Statistical analysis

Two independent samples ¢ tests were used for the com-
parison of continuous variables, and chi-square tests
were used for the comparison of categorical variables.
A two-sided P value<0.05 was considered statistically
significant. SPSS version 24.0 (IBM Corp., Armonk, NY,
USA) was used for data analysis.

Results

Distribution of HCV genotypes

Figure 1 shows the flow of the study participants. A total
of 10,751 samples were successfully tested for genotype
and subtype, while 257 samples failed to genotype. A total
of four genotypes (1, 2, 3 and 6) and 14 subtypes were
found, while genotypes 4, 5, 7 and 8 were not detected.
HCV genotype 1 was dominant, accounting for 49.2%
(n=5294), followed by genotypes 2, 3 and 6, account-
ing for 22.4% (n=2409), 16.4% (n=1765), and 11.9%
(n=1283), respectively. Genotype 6 had the most diverse
subtypes (6a, 6n, 6k, 6u, 6g 6v 6e and 6¢). Additionally,
Fig. 2a shows that the top five subtypes were 1b (48.5%,
n=>5215), 2a (22.4%, n=2406), 3b (10.3%, n=1103), 6a
(10.1%, n=1090) and 3a (6.2%, n=662). Figure 2b shows
that the proportions of subtypes 1b and 2a were signifi-
cantly decreased (P<0.001) and subtypes 3a, 3b and 6a
were significantly increased (P<0.001) compared to the
data from a previous study [17].

Distribution of HCV subtypes in diverse regions
The distribution of the HCV subtypes varied in the dif-
ferent regions. Figure 3a and b show the distribution of
HCV subtypes in seven regions of Chinese mainland
(north, northwest, northeast, central, east, south and
southwest) and diverse provinces/municipalities, respec-
tively. Overall, subtype 1b was dominant in Chinese
mainland, except for subtype 6a, which had a significant
prevalence in the southern region. Subtype 2a was the
second most common subtype in most regions, includ-
ing the northern, northwestern, and northeastern regions
and central China. However, subtype 3b was second most
common in the southwestern region, and subtype 1b was
second most common in the southern region.
Specifically, in central China, subtype 1b was domi-
nant, accounting for 66.6%, followed by subtype 2a
(28.3%), 6a (2.3%), subtype 3b (1.6%) and subtype 3a
(1.1%). In the eastern region, subtype 1b was dominant,
accounting for 62.4%, followed by subtype 2a (17.4%), 3b
(7.8%), 3a (5.1%), 6a (5.0%), 1a (1.1%) and other rare sub-
types of genotype 6 (1.1%). In the northern region, sub-
type 1b was dominant, accounting for 59.5%, followed by
subtypes 2a (36.8%), 3b (1.5%), 6a (1.2%) and 3a (0.8%).
In the northwestern region, subtype 1b was dominant,
accounting for 48.5%, followed by subtypes 2a (35.2%),
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Fig. 1 The flowchart of study participants. HCV hepatitis C virus, PCR polymerase chain reaction, RNA ribonucleic acid, TIB Triplex International

Biosciences

3a (8.3%), 3b (5.8%) and 6a (1.6%). In the northeastern
region, subtype 1b was dominant, accounting for 44.0%,
followed by subtypes 2a (41.8%), 3b (8.4%), 6a (2.8%) and
3a (2.5%). In the southwestern region, subtype 1b was
dominant, accounting for 34.2%, followed by subtypes 3b
(26.4%), 3a (13.0%), 6a (12.0%), and other rare subtypes of
genotypes 6 (7.2%) and 2a (6.3%). In the southern region,
subtype 6a was dominant, accounting for 40.0%, followed
by subtype 1b (30.9%), 3b (11.8%), 3a (9.4%), 2a (4.3%), 1a
(2.4%) and other rare subtypes among genotype 6 (1.2%).
The more detailed description of the distribution of sub-
types in diverse regions and provinces/municipalities are
shown in Table 1.

Geographical distribution of each HCV subtype

The geographical distribution of each subtype in diverse
regions is shown in Table 2. The geographical distribu-
tion of each subtype in diverse provinces/municipalities
is shown in Additional file 3: Table S1.

HCV subtype 1b was found most frequently in the
eastern region (21.4%) and gradually decreased from cen-
tral China (17.9%) to the northern region (15.1%), north-
eastern region (13.1%) and northwestern region (10.0%).
The lowest prevalence was found in the southern region
(9.7%).

The prevalence of HCV subtype 2a gradually
decreased from northern parts of Chinese mainland to
southern parts of Chinese mainland. The percentage
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Fig. 2 The proportion of HCV subtypes and comparison with previous data. We described the proportion of HCV subtypes (a) and made
a comparison with previous data from January 2013 to January 2017 (b). The horizontal axis represents different HCV subtypes, and the vertical axis
represents the percentage of HCV subtypes in two studies. P<0.01 is marked by ** and P<0.001 is marked by ***
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Fig. 3 The distribution of HCV subtypes in diverse regions in Chinese mainland. a and b shows the distribution of HCV subtypes in seven
regions of Chinese mainland and diverse provinces/municipalities, respectively. In a, the horizontal axis represents diverse regions of Chinese
mainland, and the vertical axis represents the percentage of HCV subtypes. In b, the horizontal axis represents diverse provinces/municipalities,
and the vertical axis represents the percentage of HCV subtypes. The data in this figure are consistent with those in Table 1

of subtype 2a was highest in northern parts of Chi-
nese mainland, 27.0% in the northeastern region, 19.8%
in the northern region and 15.7% in the northwestern
region, with a lower prevalence in the southwestern
region (5.2%) and southern region (3.0%).

The prevalence of HCV subtype 3a gradually
increased from northern parts of Chinese mainland
to southern parts of Chinese mainland, showing a
trend similar to that of subtype 3b, which was oppo-
site to the prevalence of subtype 2a. Both subtypes 3a
and 3b were found most frequently in the southwest-
ern region, were highly prevalent in southern region
and had the lowest prevalence in central China. For

subtype 3a, the prevalence was as high as 38.5% in the
southwestern region, followed by the southern, east-
ern, northwestern, northeastern and northern regions,
which had prevalence of 23.1%, 13.7%, 13.4% 5.9%, and
2.9%, respectively. For subtype 3b, the prevalence was
as high as 46.8% in the southwestern region, followed
by the southern, eastern, northeastern, northwestern
and northern regions, which had prevalence of 17.4%,
12.6%, 11.9% and 5.6% and 3.7%, respectively. The prev-
alence of subtypes 3a (2.4%) and 3b (2.0%) was lowest
in central China.

Subtype 6a was most prevalent in the southern region
(60.0%), especially in Guangdong Province (42.4%), fol-
lowed by the southwestern and eastern regions, which
had prevalence of 21.5% and 8.3%, respectively. Other
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Table 1 The distribution of HCV subtypes in diverse regions and provinces/municipalities/autonomous regions in Chinese Mainland

Area Number HCV subtype, %

1a 1b 2a 2b 3a 3b 6a 6 others
Central 1402 0 66.6 28.3 0 1.1 1.6 23 0.1
Henan 1124 0 659 323 0 0.8 03 0.6 0.1
Hunan 91 0 79.1 2.2 0 33 1.1 14.3 0
Hubei 187 0 64.7 17.1 0 2.1 9.6 6.4 0
East 1787 1.1 62.4 17.4 0.1 5.1 7.8 5.0 1.1
Jiangsu 492 04 65.0 138 0 26 89 6.7 24
Shandong 403 0 68.2 28.8 0 0.5 22 0.2 0
Zhejiang 191 1.0 419 1.6 0 18.8 24.1 11.5 1.0
Anhui 238 0 744 214 0 0 34 04 04
Shanghai 185 1.6 56.8 124 0 135 86 59 1.1
Fujian 228 53 513 206 04 6.1 6.6 83 13
Jiangxi 50 0 82.0 6.0 20 20 20 6.0 0
North 1346 0.2 59.5 36.8 0 0.8 15 1.2 0
Hebei 956 0.2 59 37.7 0 0.6 14 1.2 0
Shanxi 209 0 589 388 0 0.5 14 0.5 0
Tianjin 78 0 66.7 218 0 3.8 38 38 0
Inner Mon- 101 0 46.5 178 0 89 21.8 4.0 1.0
golia
Beijing 2 0 100 0 0 0 0 0 0
Northwest 1075 0.2 48.5 35.2 0 8.3 5.8 1.6 0.6
Xinjiang 497 0 549 221 0 12.7 89 1.2 0.2
Gansu 334 0 46.7 509 0 03 0.6 0.3 1.2
Shaaxi 233 0.9 373 40.3 0 9.9 6.9 43 04
Ningxia 11.0 0 45.5 364 0 18.2 0 0 0
Northeast 1553 0 44.0 41.8 0 25 8.4 2.8 0.4
Liaoning 855 0 419 359 0 35 13.7 44 0.6
Heilongjiang 473 0 446 505 0 1.1 2.5 1.1 0.2
Jilin 225 0 51.1 458 0 1.8 0.9 04 0
Southwest 1955 0.9 34.2 6.3 0 13.0 26.4 12.0 7.2
Chongging 689 1.0 334 8.1 0 12.2 224 216 13
Yunnan 789 0.8 18.1 6.5 0 17.2 385 44 144
Sichuan 403 0.5 68.2 4.0 0 7.2 10.2 6.2 37
Guizhou 74 2.7 284 14 0 8.1 23 338 27
South 1633 24 30.9 4.3 0.1 9.4 11.8 40.0 1.2
Guangdong 1201 14 356 54 0.1 9.1 9.5 385 04
Hainan 280 36 14.3 2.1 0 10.0 171 489 39
Guangxi 152 79 237 0 0 10.5 19.7 36.2 2.0

The proportion of subtypes in diverse regions is shown in bold. The highest proportion of subtype in diverse regions is shown in bold italics

rare subtypes among genotype 6 were most prevalent in
the southwestern region (72.5%), especially in Yunnan
Province (59.1%).

Population distribution of HCV subtypes

The data in Fig. 4a show the distribution of subtypes
among different age groups, and the mean age of the
HCV carriers was 51 years old. Subtype 1b had the high-
est proportion among each group, especially in carriers

aged 19 to 29 years old. A relatively lower proportion of
subtype 1b and higher proportions of genotypes 3 and 6
were found in HCV carriers aged 30 to 49 years old than
in other age groups. The mean age of female carriers
was significantly older than that of male carriers (53 ver-
sus 50, P<0.001) (Fig. 4b). The data in Fig. 4c show that
male carriers had higher proportions of subtypes 3a, 3b,
6a, and other rare subtypes among genotype 6 and lower
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Table 2 The geographical distribution of each subtype in diverse regions in Chinese Mainland
Subtype Region, %
North Northwest Northeast Central East Southwest South
b 15.1 10.0 13.1 17.9 21.4 12.8 9.7
2a 19.8 15.7 27.0 16.5 12.9 52 30
3a 29 134 59 24 13.7 38.5 23.1
3b 3.7 56 11.9 2.0 12.6 46.8 174
6a 17 1.6 4.0 29 83 21.5 60.0
6 others 0.5 3.1 3.1 05 104 72.5 9.8
The highest geographical distribution of each subtype in diverse regions is shown in bold italics
a b
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Fig. 4 The distribution of HCV subtypes among dlfferent age groups. The horizontal axis represents different age groups (19-29, 30-39, 40-49,
50-59,>60 year), and the vertical axis represents the percentage of different subtypes (a). b compares the age of HCV-infected patients in different
sexes. The horizontal axis represents different sexes, and the vertical axis represents age. ¢ shows the proportions of subtypes in different sexes. The
horizontal axis represents diverse HCV subtypes, and the vertical axis represents the percentage of diverse HCV subtypes in different sexes. P<0.01

is marked by ** and P<0.001 is marked by ***

proportions of subtypes 1b and 2a than female carriers
(P<0.01).

HCV subtypes and viral load

The mean viral loads of subtypes 1a, 1b, 2a, 3a, 3b, 6a and
other rare subtypes among genotype 6 were 4.1E+ 06,
3.8E+06, 9.6E+05, 4.0E+06, 3.8E+06, 1.4E+06 and
6.7E+06 IU/ml (Table 3). The highest mean viral load

was found in other rare subtypes among genotype 6, fol-
lowed by subtypes 1a, 3a, 1b, 3b, 6a and subtype 2a. For
most subtypes, more than 70% of carriers had a viral load
concentrated in the range from 1.0E +05 to 1.0E+07 IU/
ml, except for subtype 2a and other rare subtypes among
genotype 6. Moreover, the highest proportion of viral
load was concentrated in the range from 1.0E+06 to
1.0E+07 IU/ml in most subtypes but not subtype 2a,
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Table 3 Viral load among each HCV subtype
Subtype Viral load (Log, 4, IU/ml) Mean, IU/ml
(number)

<3 3-4 4-5 5-6 6-7 7-8
1a (n=70) 0.0% 7.1% 7.1% 34.3% 35.7% 15.7% 4.1E+06
1b (n=3730) 0.2% 3.9% 7.6% 26.0% 53.0% 9.3% 3.8E+06
2a(n=1787) 0.6% 12.9% 23.8% 36.1% 26.0% 0.6% 9.6E+05
3a (n=502) 0.0% 4.0% 10.4% 27.1% 46.8% 11.8% 40E+06
3b (n=820) 0.0% 2.3% 9.6% 30.4% 47.6% 10.1% 3.8E+06
6a(n=727) 0.3% 7.6% 16.5% 32.6% 42.4% 0.7% 1.4E+06
6 others* 0.0% 4.5% 8.3% 22.3% 44.6% 20.4% 6.7E+06
(n=157)

*6 others include subtypes 6n, 6k, 6u, 6g 6v 6e and 6¢. The highest distribution of viral load among each subtype is shown in bold italics

which was concentrated in the range from 1.0E+05 to
1.0E+06 IU/ml.

Phylogenetic analysis

A total of 2044 sequences from 142 districts and coun-
ties in 28 provinces and municipalities were available for
phylogenic analysis, containing subtypes 1b (n=993),
2a (n=471), 3a (n=136), 3b (n=198) and 6a (n=246).
The proportion of each subtype that we used for phylo-
genic analysis was between 18.0% and 22.6% of the over-
all. Additional file 3: Table S2 shows the distribution of
subtypes used for phylogenic analysis. We performed
phylogenetic analysis of each subtype based on NS5B
sequences to explore the genetic relationship between
sequences from diverse regions of Chinese mainland
(Fig. 5 and Additional file 2: Fig. S2).

For subtype 1b (Fig. 5a), the sequences were mainly
divided into four clusters, and most sequences were
from northern parts of Chinese mainland (including
the northern, northeastern and northwestern regions).
Cluster I mainly contained sequences from northwest-
ern region, while clusters II, III and IV mainly contained
sequences from central China and the southern region,
northern parts of Chinese mainland, and the southwest-
ern and eastern regions, respectively. Additionally, the
phylogenetic analysis showed that most sequences from
the northern, northwestern and northeastern regions
were clustered, indicating a close genetic relationship
between sequences from these regions. Most sequences
from central China were clustered with sequences from
the southern and northern regions. Most sequences from
the eastern were clustered with sequences from central
China and the northeastern region. Most sequences from
the southwestern region were clustered with sequences
from the northwestern region and central China. Most
sequences from the southern region were clustered with
sequences from central China. These results indicate that

sequences with close genetic relationships are generally
geographically bordering.

For subtype 2a (Fig. 5b), there were two clusters, and
most sequences were from northern parts of Chinese
mainland. Cluster I mainly contained sequences from
the northwestern region, and cluster II mainly con-
tained sequences from the northeastern and northern
regions. The phylogenetic analysis showed that most
sequences from the northern, northwestern and north-
eastern regions were clustered, indicating a close genetic
relationship between sequences from these regions.
Most sequences from central China were clustered with
sequences from the northern parts of Chinese mainland.
For subtype 3a (Fig. 5¢), most sequences were from the
southwestern and southern regions, and fewer sequences
were from the northwestern and eastern regions. There
were four clusters: both Clusters I and II mainly con-
tained sequences from the southwestern and southern
regions, while sequences from the northwestern region
were concentrated in Cluster I, and cluster IV mainly
contained sequences from the southwestern region.
Additionally, the phylogenetic analysis showed that
most sequences from other regions were clustered with
sequences from the southern and southwestern regions,
indicating that the national spread of subtype 3a was
associated with sequences from the southwestern and
southern regions.

For subtype 3b (Fig. 5d), most sequences were from the
southwestern and southern regions, and fewer sequences
were from the northern parts of Chinese mainland. There
were four clusters; both Clusters I and IV mainly con-
tained sequences from the southwestern region, cluster II
mainly contained sequences from the southwestern and
northeastern regions, and cluster III mainly contained
sequences from the northern parts of Chinese mainland
and southwestern region. The main result of phylogenetic
analysis was that most sequences from the southwestern
region were clustered with sequences from the southern
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Fig. 5 Phylogenetic analysis of each HCV subtype. Maximum likelihood trees were constructed by NS5B partial sequences. a-e shows
the phylogenetic analysis results of HCV subtypes 1b, 2a, 3a, 3b and 6a. Maximum likelihood trees are presented by radial tree layout. Regions are

specified according to color.
region Northeastern region

region. Most sequences from the eastern and north-
eastern regions were clustered with sequences from the
southwestern region, indicating that the national spread
of subtype 3b was associated with sequences from the
southwestern and southern regions.

For subtype 6a (Fig. 5e), most sequences were from the
southern and southwestern regions, and fewer sequences
were from the eastern region. There were five clusters:
Cluster I mainly contained sequences from the south-
western, southern and eastern regions, and clusters II
to V mainly contained sequences from the southwestern
and southern regions. The phylogenetic analysis showed
that most sequences from the southwestern and eastern
regions were clustered with sequences from the southern
region, suggesting a close genetic relationship of these
sequences.

Discussion

In the present study, investigation of the geographical
and population distribution of HCV genotypes showed
that the distribution varied in different populations and
geographic regions in Chinese mainland. Our data were
closer to the true distribution of HCV genotypes as more
patients were diagnosed with HCV infection [20]. The
top five subtypes were subtypes 1b (48.5%), 2a (22.4%), 3b

Southern regionmmmmmSouthwestern region
Central China. The bar below the figure shows the scale for nucleotide substitutions per site

Northwestern regionmmmmmNorthern region Eastern

(10.3%), 6a (10.1%) and 3a (6.2%), and genotypes 4, 5, 7
and 8 were not found, which is similar to the data from
a previous study carried out in 2017. Moreover, both
studies revealed that the prevalence of subtypes 1la and
2b was rare, less than 1% [17]. The difference is that the
proportion of HCV subtypes was changed and genetic
diversity increased. The proportion of subtypes 1b and 2a
decreased, while 3b, 3a, 6a and other rare subtypes among
genotype 6 increased compared to a previous study,
which may be explained by changes in transmission, soci-
oeconomic advancement migration and improvement of
screening and diagnosis of HCV infection [19, 20]. Addi-
tionally, another study indicated that the proportion of
genotypes 3 and 6 gradually increased from 1993 to 2017,
especially in southern regions [23]. Moreover, genotype
3, especially subtype 3b, obtained a relatively lower sus-
tained virological response than the other genotypes [9,
24, 25]. Therefore, we should pay more attention to geno-
type 3. Our data revealed the increasing trend of geno-
type 3, especially in southern parts of Chinese mainland,
which provided a basis for strategies of HCV manage-
ment, thus contributing to the goals to eliminate viral
hepatitis by 2030.

The proportion of subtypes varied in different regions
in Chinese mainland. Our data showed more diversity of
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subtypes and a higher prevalence of genotypes 3 and 6
in southern parts of Chinese mainland than in northern
parts of Chinese mainland. To some extent, this may be
related to the unique geographical conditions of southern
parts of Chinese mainland, which bordered south and
southeast Asia, where the predominant genotypes were
3 and 6, respectively [16]. Our previous research found
a close genetic relationship between genotype 3-infected
patients from southwestern and southern regions of Chi-
nese mainland and patients from Vietnam [26]. Addi-
tionally, other studies indicated that genotype 6a in
Guangdong Province and genotype 6xg in Yunnan origi-
nated from Vietnam and Myanmar, respectively [27, 28].
In addition, the southwestern region of Chinese main-
land is vital for drug smuggling, and infections of geno-
types 3 and 6 are mainly transmitted by intravenous drug
abuse [29, 30]. Thus, these may explain genotypes 3 and 6
were most common in southern parts of Chinese main-
land. Northern region of Chinese mainland bordered
eastern Europe, where genotypes 1 and 3 were two major
genotypes. The northeastern region of Chinese mainland
neighbors the high-income Asia Pacific (the Republic of
Korea and Japan), where the major genotypes were geno-
types 1 and 2 [16]. Thus, this may explain the high preva-
lence of genotypes 1 and 2 in northern parts of Chinese
mainland.

Moreover, our data showed that the distribution of
subtypes in diverse regions was different, which was not
investigated by previous studies [17, 18]. Subtype 1b was
most prevalent in the eastern region, and subtype 2a was
most prevalent in the northeastern region. Subtypes 3a
and 3b and other rare subtypes among genotype 6 were
most prevalent in the southwestern region, and subtype
6a was most prevalent in the southern region. Regard-
ing province, subtypes 1b and 2a were most prevalent in
Henan Province, subtypes 3a and 3b and the rare subtype
among genotype 6 were most prevalent in Yunnan Prov-
ince, and subtype 6a was most prevalent in Guangdong
Province. The result was slightly different from the result
from a previous study, which indicated that genotypes
1, 2, 3 and 6 were most prevalent in Jiangsu, Jilin, Yun-
nan and Hainan provinces, respectively [17]. Notably, the
prevalence of subtype 6n was higher than that of subtype
6a in Yunnan Province, which is in contrast to the general
distribution pattern in other areas.

Additionally, the distributions of subtypes were differ-
ent in terms of age and sex. Our data showed that the
proportions of genotypes 3 and 6 were much higher in
patients aged from 30 to 50 years, showing more diver-
sity of subtypes. Additionally, the proportion of sub-
types by sex was different. Apart from these, we found
that females with HCV infection were older than males,
which is in accordance with the results of a previous
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study [17]. The different distribution of subtypes in popu-
lations may be explained by the different behaviors and
transmission. In addition, among the patients who were
diagnosed with HCV infection for the first time, 58.1%
were over 50 years old, and 84.4% were over 40 years old.
Therefore, we should pay more attention to the older age
population when screening for HCV infection, which
helps to optimize strategies for the management of HCV
infection to improve the diagnosis rate.

The phylogenetic analysis for each subtype indicated
a different molecular transmission among each sub-
type. Both subtypes 1b and 2a were mainly prevalent in
northern parts of Chinese mainland, and the close evo-
lutionary relationship of sequences from these regions
indicates that they may have the same ancestor. Then,
there was a national spread from northern parts to south-
ern parts of Chinese mainland. Both subtypes 3a and
3b were mainly prevalent in southern parts of Chinese
mainland, and the phylogenetic analysis indicated that
sequences from southern parts of Chinese mainland may
have the same ancestor. Then, there was a national spread
from southern parts to northern parts of Chinese main-
land. Moreover, subtype 6a was mainly prevalent in the
southern region and spread to other regions.

There are some limitations of our study. First, we did
not use a multistage stratified sampling method, so the
findings on changes in genotype proportions may be
influenced by sample selection. However, we enrolled a
large number of patients covering 29 provinces/munici-
palities, 207 districts and counties in Chinese mainland,
which could improve the representativeness of our data.
Second, 257 patients failed to genotype, probably because
the viral load was too low to be successfully detected.
Another reason may be unidentified genotype infection
that needs to be further explored.

Conclusions

HCV subtypes 1b and 2a remained the most common
subtypes in Chinese mainland, but their proportions
decreased over the past years, while the proportions of
genotypes 3 and 6 increased. Our investigation of the
geographic and population distributions of HCV sub-
types and the phylogenetic analysis of each subtype
provided an accurate epidemiological picture of the cir-
culating viral strains in Chinese mainland. It is vital to the
prevention, diagnosis and treatment of HCV infection
and finally contributes to eliminating viral hepatitis as
proposed by the WHO.
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