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Abstract

BACKGROUND

Hepatitis C virus (HCV) causes a large number of infections worldwide. New infections
seem to be increasing according to a report of the World Health Organization in 2015.
Although direct-acting antivirals are quite effective for most genotypes of the hepatitis
C virus, some genotypes fail to respond. Therefore, the trend of genotype distribution is

vital to better control the development of this infection.

AIM
To analyze the distribution and trends of the hepatitis C virus genotype before and after

the emergence of direct-acting antivirals in China

METHODS

We searched all literature published in five electronic databases -- China National
Knowledge Infrastructure, Wan Fang Data, VIP Chinese Journal Database, Chinese
Biomedical Literature Service System, and PubMed -- from 1 January 2010 to 31
December 2020. The search strategy combined medical subject headings and free-text
terms, including “hepatitis C virus” or “HCV” AND “genotype” or “subtype” AND”
China” or “Chinese”. Additional relevant articles were searched by manual selection.
Data were extracted to build a database. All of the data were totaled according to
regions, periods, routes of transmission, and sexes. The percentages in various

stratifications were calculated.

RESULTS

There were 76,110 samples from 30 provinces included in the study. G1 accounted for
58.2% of cases nationwide, followed by G2, G6, G3b, G3a, unclassified and mixed
infections (17.5%, 7.8%, 6.4%, 4.9%, 1.8%, and 1.2%, respectively). The constitution of
genotype varied among different regions, with G6 and G3b being more common in the

south and southwest, respectively (28.1%, 15.4%). The past ten years have witnessed a




decrease in G1 and G2 and an increase in G3 and G6 in almost all regions. The drug-use
population had the most abundant genotypes, with G6 ranking first (33.3%), followed
by G1 and G3b (23.4%, 18.5%).

CONCLUSION
G3 and G6 pose a new challenge for HCV infection. This study revealed the
distribution of HCV genotypes in China over the past 10 years, providing information

for HCV management strategies.
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Core Tip: This article comprehensively included the literature published in recent years
and reflects a picture of the genotype constitution of HCV, showing increases in
genotype 3 and genotype 6 owing to an increase in intravenous drug users, providing

the prevention direction for future HCV control.

INTRODUCTIO
According to the World Health Organization (WHO), there were 71 million people with

chronic hepatitis C (HCV) infection in 2015 worldwide, and approximately 1.75 million
new infections occurred in 2015. Unsafe health care procedures and injection drug use
are responsible for most new HCV infections 1l Tt is estimated that China has
approximately 10 million HCV infections [2l. A report from the Ministry of Health of
China found that new HCV infections rose from 70,681 to 242,897 between 2006 and
201781 Left untreated, 20% or more of chronic HCV infections will develop into

cirrhosis or hepatocellular carcinoma (HCC) [4l. As a result, 88 May 2016, the World




Health Assembly endorsed the Global Health Sector Strategy (GHSS) for 2016-2021 on
viral hepatitis, proposing to eliminate viral hepatitis as a public health threat by 203016l.
HCV is a single-stranded RNA that can easily mutate. It is classified into seven
confirmed genotypes and 67 subtypes I7l. Treatment is likely to be the most effective
available option right now. The revolution in HCV therapy has been attributed to
direct-acting antivirals (DAAs). The sustained virologic response rate has reached more
than 90% of the main known genotypes and subtypes. However, the pangenotype
regimen is not as effective in some of the genotypes, especially genotype 3b (G3b) with
cirrhosis [2. Limited data have shown that the SVR rate in G3b patients without
cirrhosis is 96% and is 50% in cirrhosis patients. Genotype 1 (G1) and genotype 3 (G3)
HCV infections are related to an increased risk for cirrhosis and HCC l. G3b also
progresses more rapidly than G1I8l. Therefore, the Chinese Guidelines for HCV in 2019
recommend genotyping before treatment in regions with more than a 5% prevalence of
G3b [2I. For treatment failure, genotyping is also needed to differentiate between relapse
and reinfection [, HCV genotypes and subtypes remain the cornerstones in the
management of HCV infection, even in the era of DAAs [10],

In addition, the geographic distribution of HCV genotypes offers information about the
origin of infection and possible transmission routes ['2l. The changes in distribution over
time could provide information to guide monitoring and improve prevention for
policy-makers. In this way, measures could be put into effect to avoid new and repeated
infections.

However, there have been only six articles about China HCV distribution nationwide,
four of which were cross-sectional studies ['3¢ and two of which were literature
reviews 317, The most recent cross-sectional study and review were both from 2017.
Most of these studies only included a few years or started in the 1990s. DAA officially
came onto the market in 2017 in China. No studies of the HCV genotype distribution
over the past 10 years have been published, although the first generation of DAA was
approved by the FDA in 2011[5, swiftly evolving into the fourth generation currently.
Our study included the genotype data of Chinese individuals from 2010 to 2020 and




explored the evolution of HCV genotypes over time and regions in the different risk

groups and both sexes.

MATERIALS AND METHODS

Search strategy

We searched all of the literature published in five electronic databases -- China National
Knowledge Infrastructure (CNKI), Wanfang Data, VIP Chinese Journal Database
(CQVIP), Chinese Biomedical Literature Service System (SinoMed), and PubMed --
from 1 January 2010 to 31 December 2020. The search strategy combined medical subject
headings and free-text terms included “hepatitis C virus” or “HCV” AND “genotype”
or “subtype” AND” China” or “Chinese”. To acquire more comprehensive data,
additional relevant articles were searched by manual selection from the references of
published literature.

Selection criteria

The inclusion criteria were as follows: 1) studies reporting the distribution of HCV
genotypes and with specific numbers of genotypes; 2) the sample sizes of genotypes
equal to or greater than 50; 3) the population included being Chinese; and 4) studies
adopting the Simmond genotype nomenclature system. Studies were excluded if they
met the following exclusion criteria: 1) redundant publication; 2) HIV/HCV or
HBV/HCV coinfection; 3) studies with no specific data of genotypes, no exact inclusion
time or not in the required period; 4) clinical trials; 5) sample size of genotypes less than
50; and 6) non-Chinese populations.

Data extraction

Data extraction from the included studies contained the following information: year of
publication, name of the first author, sampling time, risk group, province, route of
transmission, HCV genotyping region, genotyping method and method of HCV RNA
detection, ethnic group, sample size, numbers of subtypes in all populations and each
sex population.

Data analysis




The database was built in Microsoft Excel software, version 2019, and the 30 provinces
are divided into seven geographical regions according to the National Bureau of
Statistics of China and other relevant studies® North, South, Central, Northwest,
Northeast, Southwest, and Southeast. The regions to which samples belong were
determined by the areas where the infection was diagnosed. The periods were divided
into two parts according to the sampling year: the 2010-2015 period and the 2016-2020
period. Although DAAs were not approved until 2017 in China, many patients had
access to generic drugs from India before 2017. For the studies included, HCV
genotypes were totaled by different classifications: regions, periods, routes of
transmission, and sexes. Then, we calculated the percentage in various stratifications;
thus, the compositions of each genotype and subtype were obtained. Graphs were built

using Excel software, version 2019, and R software, version 4.0.3.

RESULTS

Literature screening

The criteria of screening identified 5480 articles from the five electronic databases
(CNKI=1878, Wanfang=1782, CQVIP=560, SinoMed =1146, PubMed=114), and another
eight articles were iﬁntiﬁed from the references of the articles above. The literature
screening procedure is shown in Figure 1.

The characteristics of the included studies

The overall data are extracted from 170 articles from five databases from January 1,
2010, to December 31, 2020, involvigg 76,110 samples from 30 provinces on the Chinese
mainland. These samples included injecting drug users (IDUs), volunteer blood donors,
formerly paid plasma donors (FDPs), sexually infected individuals, hemodialysis
patients, a mother-to-child transmission group, an invasive operation group, and other
unknown risk groups. The ten-year samples were classified into 2010 to 2015 and 2016
to 2020, comprising 30,466 and 7,607 samples in each period, respectively. The results
are shown in Table 1. All of the studies included adopted the Simmond system. The

methods used for genotyping varied from real-time fluorescent PCR, Tag Man probe




hybridization, and Sanger sequencing to nested RT-PCR and pyrosequencing gene chip
assays. The most common regions used for determining GT and subtypes were
Core/E1 and NS5b, which are currently considered to be the gold standard for HCV
genotyping 18191,

The genotype distribution of different regions

G1 accounted for 58.2% of all HCV infections, while G2 continued to follow G1 as the
second major genotype nationwide, accounting for up to 18.4%. G3 altogether ranked as
the third most predominant genotype, with 11.4%, and subtype 3b surpassed 3a (6.4%
vs. 4.9%). G6 was less common than G3 but exceeded 3a and 3b, causing 7.8% of the
infections. Mixed infection, unclassified genotype, and other genotypes (for example,
genotypes 4 and 5) accounted for 1.2%, 1.8%, and 0.7% of the total infections,
respectively.

In the Northeast, G1 and G2 were the two most popular genotypes, with both of them
accounting for more than eighty percent of all genotypes, and the proportion of G2 in
this area was 40.8%, ranking the highest in seven regions, compared with 4.9% to 31.7%
of other regions. The South is the only area where G1 constituted less than 50%, and the
second-most common was G6 rather than G2, accounting for almost 30%, while G3b,
G3a, G2 were less than 10%. The predominant genotype of the other five regions was
G1, accounting for 55% to 62.5% in each area. In the north and northwest, apart from
the unidentified ones and other genotypes, G3a, G3b, and G6 followed the majority G1
and G2 in order. However, in the central and eastern regions, G6 ranked third, G3b
ranked fourth, and G3a ranked fifth. The structure of the genotype in South and
Southwest China was quite different from that in other parts of China. The second most
predominant genotype was G6 and G3b, with G3 and G6 altogether explaining 34.1%
and 42.8% of all HCV infections, respectively. Mixed infection was more commonly
seen in East, South, and Central China, with rates of 3.1%, 2.4%, and 2%, respectively,
which are less than the 1% in other parts of the nation, as depicted in Figure 2A.

The time trend of the composition ratio of the HCV genotype




From 2010 to 2015, G1 accounted for 56.1% of the HCV infections on the Chinese
mainland, while G2 and G6 followed as the second and third genotypes with 20.5% and
7.46%, respectively. G3a, G3b, and mixed genotype ranked as the fourth and fifth
highest infections, and the unidentified type and other genotypes were the last two
ones. However, from 2016 to 2020, as G1 remained the most popular genotype, G3a,
G3b, G6, and unidentified genotypes increased, especially dramatically for G3b and the
unclassified genotype. In this period, G3b rose to the third genotype with 9%. These
changes are shown in Figure 2B.

As the genotype distribution varied from area to area, the time trend of genotype
distribution in the seven regions was also different. Except for the North, the proportion
of genotype 1 in the other six areas all decreased from 2010-2015 to 2016-2020. The
greatest decline was seen in the south at 13.1%, followed by the southwest at 11.1%. The
proportion of G2 increased by 0.6% in the southwest, while other areas all decreased
significantly. Mixed infections decreased in all regions other than the northwest.
Compared with the mostly declining trend of G1 and G2, G3a, G3b, and G6 displayed
the opposite tendency. G3b and G6 decreased only in the North, whereas G3a, G3b and
G6 increased in all the other parts of China, with the greatest increases of G3a in the
Northwest (7.3%), G3b in the Central (12.5%), and G6 in the South (12.8%), as shown in
Figure 3A and Figure 3B.

Composition ratio of HCV genotypes in different routes of transmission.

The composition ratio of HCV genotypes in different risk populations was distinctly
different, as shown in Figure 4A. G1 accounted for the majority of the population of
paid blood donor (PBD), blood transfusion or hemodialysis (BT or HD), and mother-to-
child (MTC) transmissions. In these three populations, mixed infection was the second
most predominant infection among paid blood donors, while G2 ranked second in the
other two populations. The sex and invasive operation (IO) groups shared almost the
same genotype composition except that G6 was higher and G3b was lower in the
invasive operation group than in the sex group. The genotype distribution among drug

users was quite different from all of the other risk groups. G6 ranked first, G1 and G3b




ranked second and third, respectively, and G3a ranked fourth. G6, G3a, and G3b had
larger proportions among drug users, sex, and invasive operation groups than other
risk populations.

The time trend also varied in the various risk groups, as revealed by Figure 4B. There
were no included studies from 2016-2020 in the PBD and IO groups. The distribution
rarely changed between the two periods in the DU group. However, in the BT or HD
populations, G1 and G2 showed obvious decreases, while G6 and 3b increased at the
same time, especially Gé6. In contrast, in the sex group, G1, G2, and G6 all decreased,
whereas the mixed infection rate increased dramatically. The MTC group had the
simplest composition, with only three subtypes. As time went on, G2 increased while
G1 and G6 decreased.

Composition ratio of HCV genotype in men and women

G1 and G2 were the two major genotypes in both sexes, except that G1 constituted a
larger proportion in men than in women (61.8% vs. 46.3%). In addition, women had
more G2 and G3a and less G3b and G6 than men. Regarding the changes over time, the
two populations also showed discrepancies. G1 decreased while G2 increased from
2010-2015 to 2016-2020 period and G2 became the majority of the female group in 2016-
2020 with 39.7% instead of G1 with 29.7%. At the same time, G1 and G2 in the male
group dropped. G3a, G3b, and G6 increased dramatically in both sexes, and the growth
was even greater in men. In terms of mixed infections, they decreased in men and

increased in women. The changes are demonstrated in Figure 5A and 5B.

DISCUSSION

The WHO estimated that 399,000 people had died from cirrhosis or HCC [l. A clinical
trial demonstrated that a 12-week pangenotypic regimen based on a Chinese population
achieved 100%, 100%, 95%, 76% and 99% SVR rates in genotypes 1a, 1b, 2, 3a, 3b and
6l°l, respectively. G1 is more likely to clear spontaneously than other genotypes 1201,
Studies have found that patients with cirrhosis and ongoing HCV infection of G3 had

an increased risk of fibrosis progression and HCC compared with other subtypes [2627],




Studies published about HCV genotypes obviously decreased from 2016 to 2020,
compared with those published from 2010 to 2015. However, the Southwest still had a
large number of studies, possibly due to the large proportion of G3 in this area and the
less ideal effectiveness of treatment for it.

At the whole-nation level, G1 remained the most common in the last ten years (the vast
majority of cases were G1b), and G2 was the second most popular. G3 remained the
third most prevalent, showing a tendency toward catching up to G2. G6 followed G3;
the mixed infection reached 1.2%, and other genotypes were less than 1%, in line with
previous studies [1315.21-23],

G1 remained the preponderant strain in all regions, accounting for more than 60% in
Central and East, although its proportion decreased significantly. G2 was more frequent
in northern China. Similar observations were made in a 1540-patient study [**l. G2a was
closely associated with blood transfusions and selling of blood before 1997124, HCV
genotypes changed distinctly after 993 as the transmission of blood transfusions
decreased [15]. G3a and G3b appeared to be concentrated in the southwest, and G6a was
confined to the south in that study. However, G3a and G3b were also prevalent in the
South, and G6 was not as common in the Central region, probably because of the
economic development and migration flows in these three adjacent zones, driven by
work, education, and transferring routes of transmission I, The unique composition of
the southwest and south could be a result of their special geographic locations or
caused by illegal drug transactions [°l. G3 and G6 spread from here to distant locations
[3l, resulting in the increases of G3 and G6 in other regions.

A multicenter, large-sample study reported that the Han Chinese population before
2012 had a relatively simple genotype constitution, with G1 dominating, G6 rarely seen,
and G3 Less common [1¢l. Du, Guoping et al Bl found that G1b decreased consistently
from 72% through 63.8% to 54%, while G2a fell mildly from 16.2% to 15.4%. In contrast,
G3a, G3b and Géa increased from 0.2%, 0.3% and 0.1%, respectively, to 5.4%, 7.1% and
7.5%, respectively, before and after 2000. Our study depicted the same trend over the

past 10 years; G1 tended to continue to drop P17.2:28 and G2 decreased steadily.




Simultaneously, G3a, G3b and G6 grew from 4.1%, 5.3% and 7.3% to 6.1%, 9.0% and
8.5%, respectively.

G1 declined in all regions except in the North. G2 decreased sharply in all regions but
increased in the southwest, perhaps because selling blood was prevalent in central and
northern areas in the 1990s [24], From 1993, anti-HCV was screened in all blood donor,
and HCV RNA was screened in them from 2015. Most of the remaining HCV infections
with G1 and G2 had histories of blood transfusion before 1993 since they are older than
G3 infected people 22°. G3 increased in all areas. G3b and G6 underwent the same
increase apart from a slight decrease in the North. Interestingly, Gé6a replaced G2a as
the second most prevalent subtype during 2001-2009 and continued to increase
thereafter 3%, reaching as high as 36.8% in the South during 2016-2020 in our study. G6
increased over time in Guangdong and spread from there to other parts of China 25l
Guangdong was responsible for one-sixth of all drug users in China at the time of 2015.
New drug users are still increasing, with an estimated more than 75,000 new drug users
in 201831, The other parts outside the south have also seen increases in G6. The South
might be responsible for this increase with the origin of spreading owing to
socioeconomic development. In addition, the higher viral load of Géa compared with
other genotypes is also a cause of the higher infection rate P2l. The same story occurred
in G3b in the southwest. Phylogeographic analysis indicated that G3b migrated from
Yunnan to Guangdong and then was transmitted to other regions [3l. Furthermore, a
poor response to DA As also poses challenges to G3b elimination.

The mixed strain increased in the northwest and decreased in other regions. Mixed
infection became more common, possibly owing to the increasing number of drug
users, coverage of hemodialysis, population mobility, and advancement of detection
methods 171,

Although G1 was the most prevalent in all risk groups, its share in the DU group was
the lowest, in accordance with a previous study [?l. G2 is no longer the second most
regular subtype in the various risk groups, except MTC and BT or HD populations,
surpassed by G6 in DUs, as well as 10 and mixed infection in PBD and by G3b in the




sex group. The constitution of the PBD population in our study was quite different from
that in previous studies, likely as a result of the Blood Donation Law in 1998. Illegal
blood donation was forbidden, and voluntary blood donation was advocated for. The
invasive operation group included higher proportions of G3 and G6, as observed in a
multicenter study [*°l, and had similar distributions to the sex group. Transmission by
IDU was more commonly seen in southern and western China, and G3 and G6 were
more frequent in this group 253435, According to the phylogenetic analysis and risk
factor study, Gba and G3b were more related to injecting drugs, and G3b could
originate from Yunnan Province pertaining to the southwest [283135] G3a was more
likely to spread by sex rather than by injecting drugs, according to an HIV/HCV
coinfection study . Although clean drug injection equipment is currently available,
the proportion of genotypes barely changed over these ten years, and the share of G3
and G6 in the whole country continued to increase. A study regarding IDU in 2012 in
Yunnan Province revealed that G6 increased while 3b and 1b decreased in the last five
years before 2012 5. A WHO desk review in 2019 found that less than half of countries
valued the necessary interventions for people who inject drugs [¥]. Nevertheless, in the
whole population of south and southwest China, G6 and G3b rose dramatically,
indicating spread from IDU to the general population. Therefore, the reuse of
contaminated syringes should be prevented, especially in the south and southwest, to
reduce the transmission of G3 and G6 [151. Moreover, screening and treating of patients
with HCV infection in this population are also essential to preclude spread to the
general population.

In contrast to a nationwide study showing that G1b and G2a constituted a larger
proportion in women than men and that 3a, 3b, and 6a exhibited the opposite ['4], G1b,
G3b and G6 accounted for a larger proportion in men than women in our study. From
2010 to 2020, G6 accounted for 6% of men compared with 4.5% of women, in line with a
blood volunteer study [3l. However, G6 in women surpassed that in men in 2016-2020,

likely because of the decrease in G1. In addition, according to a meta-analysis, female




drug addicts are increasing, and approximately 80% of them are engaging in sex work
371,

The main limitation of our study is that it was a literature review study based on
published studies, and publication bias is inevitable. Nevertheless, our research
contained as many as seventy thousand samples, well depicting a whole picture of the
HCV distribution over the last ten years, the associated data of which have been
lacking. Another limitation is that some of the samples were from patients in hospitals,
which might not reflect the situation of the general population. However, HCV is a very
silent disease without significant manifestations in the early phase of infection. It is
theoretically impractical to detect all infections. Furthermore, our study merely totaled
all the samples and calculated the proportions of the genotypes, and the exact
prevalence of each genotype was unavailable. Hence, to acquire the actual prevalence of
HCV genotypes, a cross-sectional study or survey consisting of samples from the whole

nation is needed. However, the cost-effectiveness of this type of study is controversial.

CONCLUSION

In conclusion, over the past ten years, the construction of HCV genotypes has changed
steadily. As various implementations were put into practice, G1 and G2 consistently
decreased, and G3 and G6 became new challenges for the moment, particularly G3b.
The two genotypes are mainly associated with IDUs. We should focus on the
management of this population in the future regarding prevention and therapy to

achieve the goal of WHO elimination in 2030.

ARTICLE HIGHLIGHTS

Research background

Hepatitis C virus (HCV) infection remains a major problem worldwide since the
infected population and new infections have not decreased much. DAA, a revolutionary
regimen to cure HCV, is highly effective except for some special genotypes. Genotype

distribution has undergone great changes since the transformation of the route of




transmission. Thus, being aware of the HCV genotype distribution is definitely helpful

in HCV infection management.

Research motivation

HCYV includes a variety of genotypes owing to different transmission routes in different
risk populations. Although the pangenotype regimen has become the best solution to
cure HCV currently, not all genotypes respond well. To better curb HCV infection and
reduce the disease and economic burden of HCV infection, knowing the present

genotype constitution would be quite helpful.

Research objectives
Our main objective was to describe the distribution of HCV genotypes in China over the
past ten years and to determine the trends of distribution in the future to better manage

HCV infection.

Research methods

We searched all of the literature published in five electronic databases over the past 10
years. Then, we carefully selected literature that fulfilled our inclusion criteria and
excluded literature that conformed to the exclusion criteria. After screening, the data of
the remaining studies were extracted to build a database. Data were totaled and
calculated according to different classifications: regions, time periods, routes of

transmission, and sexes.

Research results

A total of 76,110 samples from 30 provinces were included in the study. G1 accounted
for 58.2% nationwide, followed by G2, G6, G3b, and G3a. The constitution of genotypes
varied among different regions. G6 and G3b were more common in the south and
southwest (28.1%, 15.4%). The past ten years have witnessed a decrease in G1 and G2

and an increase in G3 and G6 in almost all regions. The drug-user population had the




most abundant genotypes, with G6 ranking first (33.3%), followed by G1 and G3b
(23.4%, 18.5%).

Research conclusions

However, G1 and G2 accounted for the majority of HCV infections, and their decreasing
tendency was clear and definite. G3 and G6 posed a new challenge in HCV infection.
This study revealed the distribution of HCV genotypes in China over the past 10 years,

providing information for HCV management strategies.

Research perspectives
How to curb the development of new HCV infections and effectively cure already

infected populations should be investigated in the future.
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