
 

Original Article 
 
Distribution and genotyping of hepatitis C virus (HCV) infection in Gansu 
province, China 
 
Qiajun Du1 #, Xinghong Wu1 #, Linmei Chen1, Youli Zhao1, Hongwei Gao1, Yan Fen2, Shangdi Zhang1, 
Shan Gao1 
 
1 Laboratory Medical Center of Lanzhou University Second Hospital, Lanzhou 730030, Gansu Proviince, China 
2 The Second People's Hospital of Lanzhou City, Lanzhou 730080, Gansu Province, China 
 
# Qiajun Du and Xinghong Wu should be regarded as co-first authors. 
 
Abstract 
Introduction: The distribution of common subtypes of hepatitis C virus (HCV) in Gansu province were analyzed. This information provided a 
theoretical basis for the selection of appropriate antiviral treatment regimens. 
Methodology: We collected data on HCV antibody screening tests from 421,802 outpatients and inpatients at the Second Clinical Hospital of 
Lanzhou University from January 2018 to June 2022. Ribonucleic acid (RNA) viral load, HCV genotypes, and HCV quantification were 
analyzed retrospectively. The results of HCV positive detection rate, copy number, and genotype distribution were statistically analysed using 
SPSS 26.0. 
Results: A total of 421,802 HCV antibody screenings were performed resulting in 4,558 positive cases (1.081%). In addition, 2,345 cases 
(1.302%) were positive with quantitative HCV antibodies in 180,157 outpatients and inpatients. Quantitative HCV virus RNA was further 
measured in 2592 outpatients and inpatients. There were 825 positive cases for HCV, with a positivity rate of 31.83%. High-sensitivity 
quantification of HCV-RNA was performed in 6538 patients, among which 1336 were HCV-RNA positive infections (positivity rate of 
20.43%). Among the 1484 genotype tests, 4 genotypes and 10 subtypes were detected, including 4a, 1b, 2a, 2b, 3a, 3b, 6a, 6n, 1b/2a, and 2a/6a, 
with the majority of results from 2a (51.89%) and 1b (42.72%). 
Conclusions: The most prevalent genetic subtype in HCV-positive patients in Gansu was 2a, followed by 1b. In addition, 8 genotype subtypes 
appeared: 1a, 2b, 3a, 3b, 6a, 6n, 1b/2a and 2a/6a. Understanding the distribution of HCV genes in Gansu province is of significance for the 
optimization of virus treatment. 
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Introduction 

Hepatitis C virus (HCV) infection can lead to acute 
or chronic infections, with an increased incidence of 
hepatic cirrhosis and cancer in some patients over time 
[1]. It is a global epidemic and China is one of the 
countries with the highest incidence rates of HCV 
infection. Needle use, blood transfusions, and drug use 
are the most common ways to transmit HCV. Thus, 
certain population groups, such as drug users may have 
a higher prevalence of HCV infection [2]. 

HCV, a virus with a single positive-strand RNA, 
has six genotypes based on variability in the genome 
sequence. The 6 genotypes include a total of 67 
different subtypes [3]. Previous evidence has shown 
that different genotypes can affect the infectivity and 
treatment efficacy after HCV infection. In order to 
achieve optimal results, clinicians often choose tailored 

treatment regimens based on the results of HCV 
genotypes. In addition, HCV genetic distribution varies 
geographically. Some genotypes are predisposed to a 
specific geographic location, and the distribution of 
genetic subtypes varies depending on the population 
[4,5]. However, there is no information on HCV 
prevalence and the genetic subtypes among residents of 
Lanzhou City, Gansu, China. 

The distribution of HCV genotypes from 2018 to 
2022 was determined based on the HCV antibody 
testing results of patients treated at the Second Clinical 
Hospital of Lanzhou University. This study provided 
reliable epidemiological information for the prevalence 
of HCV infection in Lanzhou City, Gansu province, 
which may help select antiviral treatment regimens for 
different HCV subtypes to optimize treatment effects. 
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Methodology 
Study population 

The outpatients and inpatients were tested with the 
HCV screening test at the Second Clinical Hospital of 
Lanzhou University, Gansu province, from January 
2018 to June 2022. We used the laboratory information 
system (LIS) of the laboratory department to collect 
qualitative and quantitative HCV antibody test results 
from the patients. The HCV RNA viral load and 
genotyping status were also counted. Basic 
demographic characteristics, including age and gender 
were recorded. This study was approved by the Medical 
Ethics Committee of the Second Hospital of Lanzhou 
University. Written informed consent was received 
from all participants. 

 
Specimen collection 

The patients diagnosed with HCV were selected 
from the Second Hospital of Lanzhou University during 
2018-2022 after positive detection of HCV RNA 
antibody and were tested with DAAN HCV RNA 
nucleic acid quantitative detection kit (PCR-fluorescent 
probe method; State Food and Drug Administration 
standard No. 3400209; DAAN Gene, Guangzhou, 
PRC). Patients with serum viral copy number greater 
than 1×103 copies/mL were tested for the HCV RNA 
genotype (Tappe HCV genotyping detection reagent; 
PCR-fluorescent probe method; State Food and Drug 
registration 20163400890; TiB, Xiamen, PRC). 

Statistical analysis 
The difference in the distribution of HCV 

genotypes was tested by the Chi-square test, and p < 
0.05 was considered statistically significant. The data 
were statistically analyzed using SPSS 26.0 software. 

 
Results 
Qualitative and quantitative testing for HCV antibodies 

The total number of positive HCV antibody 
qualitative tests was 222,817 males and 198,985 
females among 421,802 patients examined at the 
Second Clinical Hospital of Lanzhou University from 
January 2018 to 2022, with an average age of 43.5 ± 
22.78 years (ranging from 0 to 101). There were 4558 
cases (1.08%) of positive HCV antibody (Table 1). 
Among them, patients aged 40-60 years had the largest 
numbers of positive antibodies, followed by the age 
group of > 60 years. A total of 2262 cases (49.63%) 
were detected in males, while 2296 cases (50.37%) 
were detected in females (Table 2). 

The association analysis between the results of 
qualitative HCV antibody test and age and gender 
showed that there were significant differences in HCV 
antibody serology tests based on gender (χ² = 18.910, p 
< 0.001). Additionally, HCV characterization results 
were re-differenced by age group (χ² = 1518.904, p < 
0.001) (Table 2). 

In addition, a total of 180,157 patients were tested 
for quantitative HCV antibodies, as shown in Table 1, 

Table 1. Qualitative and quantitative results of HCV antibodies in all patients from January 2018 to June 2022. 
Year Number of HCV 

antibody tests 
Number of positive 

HCV antibodies Positive rate (%) Number of quantitative 
HCV antibody tests 

HCV antibody 
quantification > 1 (n) Positive rate (%) 

2018 109050 1241 1.138 —— —— —— 
2019 111438 1251 1.123 26071 329 1.262 
2020 76682 825 1.076 57527 810 1.408 
2021 83666 830 0.992 62492 852 1.363 
2022 40972 411 1.003 34066 354 1.039 
Total 421802 4558 1.081 180156 2345 1.302 
HCV: hepatitis C virus. 

Table 2. Age and gender distribution, in terms of the number of patients and percentage, of HCV antibody-positive patients and HCV antibody 
quantitative results (>1). 
Year Age ≤ 20 years Age 20–40 years Age 40–60 years Age > 60 years 

Male Female Male Female Male Female Male Female 
HCV antibody-positive 
2018 8 (0.18) 3 (0.07) 90 (1.97) 65 (1.43) 305 (6.69) 307 (6.74) 202 (4.43) 261 (5.73) 
2019 2 (0.04) 6 (0.13) 87 (1.91) 86 (1.89) 269 (5.90) 284 (6.23) 255 (5.59) 262 (5.75) 
2020 5 (0.11) 9 (0.20) 56 (1.23) 51 (1.12) 198 (4.34) 175 (3.84) 173 (3.80) 158 (3.47) 
2021 0 (0.00) 5 (0.11) 46 (1.01) 38 (0.83) 204 (4.48) 211 (4.63) 163 (3.58) 163 (3.58) 
2022 4 (0.09) 2 (0.04) 26 (0.57) 17 (0.37) 95 (2.08) 114 (2.50) 74 (1.62) 79 (1.73) 
Total 19 (0.42) 25 (0.55) 305 (6.69) 257 (5.64) 1071 (23.50) 1091 (23.94) 867 (19.02) 923 (20.25) 
HCV antibody quantitative results (> 1) 
2019 1 (0.04) 3 (0.13) 24 (1.02) 14 (0.60) 73 (3.11) 96 (4.09) 47 (2.00) 71 (3.03) 
2020 3 (0.13) 6 (0.26) 46 (1.96) 41 (1.75) 197 (8.40) 186 (7.93) 175 (7.46) 156 (6.65) 
2021 6 (0.26) 3 (0.13) 51 (2.17) 47 (2.00) 210 (8.96) 185 (7.89) 172 (7.33) 178 (7.59) 
2022 0 (0.00) 0 (0.00) 27 (1.15) 10 (0.43) 98 (4.18) 95 (4.05) 63 (2.69) 61 (2.60) 
Total 10 (0.43) 12 (0.51) 148 (6.30) 112 (4.78) 578 (24.65) 562 (23.97) 457 (19.49) 466 (19.87) 
HCV: hepatitis C virus. 
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among which 2,345 patients (1.30%) were regarded as 
HCV-positive (> 1). The age and gender of the 2,345 
HCV antibody-positive patients are presented in Table 
2, with 1,193 (50.87%) male patients and 1,152 
(49.13%) female patients. HCV infection with positive 
results were concentrated in patients in the 40-60 years 
old group (48.61%), and in the > 60 year old group 
(39.36%). There were no statistically significant 
differences between the results of quantitative HCV 
antibody tests between different genders (χ² = 1.134, p 
= 0.287). Nevertheless, HCV antibody quantification 
results varied statistically significantly between 
different age groups (χ² = 472.029, p < 0.001). 

 
HCV-RNA detection status 

A total of 2,592 outpatients and inpatients had their 
HCV RNA quantified from January 2018 to June 2022. 
Out of them, 1,767 patients had negative results and 825 
had positive results (results over 5.0E + 2), with a 
positive rate of 31.83% (Table 3). An analysis of the 
gender and age distributions of HCV-RNA 
quantification positive infections was shown in Table 4. 
As a result, HCV-RNA-positive infections occurred 
mainly in the 40-60 years age group, followed by the > 
60 years age group, with a smaller proportion in the 
other age groups. The results of HCV-RNA 
quantification differed by gender and were statistically 

significant. Similarly, there was variability in HCV-
RNA quantification results across different age groups 
(χ² = 99.483, p < 0.001). 

The results of high-sensitivity HCV-RNA 
quantification tests in 6,538 patients are shown in Table 
3. A total of 1,336 patients had HCV-RNA positive 
infections (> 1.5E), including 664 female (49.70%) and 
672 male (50.30%) patients. The majority of high-
sensitivity HCV-RNA positive patients were in the 40-
60 years group (52.99%) and the least were in the ≤ 20 
years group (1.12%). The relationship between 
quantitative detection of high-sensitivity HCV-RNA 
and gender and age was shown in Table 4. There were 
significant differences in the results of high-sensitivity 
HCV-RNA testing in different genders (χ² = 12.449, p 
< 0.001). Furthermore, the high-sensitivity HCV-RNA 
assay revealed statistically significant differences 
between age groups (χ² = 52.024, p < 0.001). 

 
HCV genotyping  

The results of 1484 HCV genotype tests showed 
that there were 4 genotypes and 10 genotypic subtypes, 
including 1a, 1b, 2a, 2b, 3a, 3b, 6a, 6n, 1b/2a, and 2a/6a. 
The main genotypes were 2a and 1b, with an incidence 
of 770 (51.89%) and 634 (42.72%) cases, respectively. 
In addition, two different genetically mixed subtypes 
were present. The genotype of the patients is shown in 

Table 3. HCV RNA quantification and high-sensitivity HCV RNA quantification from January 2018 to June 2022. The numbers indicate the 
number of patients. 

Year 
HCV RNA 

quantification tests 
(n) 

HCV RNA quantification > 
500 (n) Rate (%) 

High-sensitivity HCV RNA 
quantification tests 

(n) 

High-sensitivity HCV RNA 
quantification > 15 

(n) 
Rate (%) 

2018 936 309 33.013 1192 245 20.554 
2019 600 202 33.667 1610 313 19.441 
2020 482 166 34.440 1431 299 20.894 
2021 409 108 26.401 1587 319 20.101 
2022 165 40 24.242 718 160 22.284 
Total 2592 825 31.83 6538 1336 20.43 
HCV: hepatitis C virus. 

Table 4. Age and gender distribution of HCV RNA quantification (> 5E+2 IU/mL) and high-sensitivity HCV RNA quantification (> 15 IU/mL). 
The numbers indicate the number of patients and percentage. 
Year Age ≤ 20 years Age 20–40 years Age 40–60 years Age > 60 years 

Male Female Male Female Male Female Male Female 
Hepatitis C virus RNA quantification > 5E+2 IU/mL 
2018 3 (0.36) 2 (0.24) 28 (3.39) 13 (1.58) 86 (10.42) 63 (7.64) 49 (5.94) 65 (7.88) 
2019 1 (0.12) 1 (0.12) 17 (2.06) 20 (2.42) 43 (5.21) 45 (5.45) 43 (5.21) 33 (4.00) 
2020 1 (0.12) 2 (0.24) 7 (0.85) 6 (0.73) 47 (5.70) 31 (3.76) 34 (4.12) 38 (4.61) 
2021 0 (0.00) 0 (0.00) 4 (0.48) 7 (0.85) 32 (3.88) 28 (3.39) 17 (2.06) 20 (2.42) 
2022 0 (0.00) 0 (0.00) 1 (0.12) 4 (0.48) 9 (1.09) 12 (1.45) 9 (1.09) 5 (0.61) 
Total 5 (0.61) 4 (0.48) 57 (6.91) 50 (6.06) 217 (26.30) 179 (21.70) 152 (18.42) 161 (19.52) 
High-sensitivity hepatitis C virus RNA quantification > 15 IU/mL 
2018 3 (0.22) 1 (0.07) 27 (2.02) 26 (1.95) 51 (3.82) 80 (5.99) 26 (1.95) 31 (2.32) 
2019 1 (0.07) 1 (0.07) 28 (2.10) 22 (1.65) 79 (5.91) 94 (7.04) 34 (2.54) 54 (4.04) 
2020 2 (0.15) 3 (0.22) 23 (1.72) 26 (1.95) 74 (5.54) 77 (5.76) 42 (3.14) 52 (3.89) 
2021 0 (0.00) 2 (0.15) 35 (2.62) 16 (1.20) 104 (7.78) 62 (4.64) 46 (3.44) 54 (4.04) 
2022 1 (0.07) 1 (0.07) 11 (0.82) 5 (0.37) 51 (3.82) 36 (2.69) 34 (2.54) 21 (1.57) 
Total 7 (0.52) 8 (0.60) 124 (9.28) 95 (7.11) 359 (26.87) 349 (26.12) 182 (13.62) 212 (15.87) 
HCV: hepatitis C virus. 
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Table 5. Both male and female patients had 2a and 1b 
as their predominant genotypes, and the number of 
infected males was comparable to that of infected 
females. The distribution of HCV genotypes by gender 
showed statistically significant differences (χ² = 61.169, 
p < 0.001). The males had more 3a and 3b genotypes 
than females, and the rest of the genotypes were present 
in about the same number of men and women. HCV 
genotype distributions differed statistically 
significantly in different age groups (χ² = 46.981, p = 
0.003), with highest distribution in the 40-60 years old 
group (Table 6). 

 
Discussion 

Globally, hepatitis C is a serious health problem that 
needs to be addressed. According to the World Health 
Organization (WHO) reports, around 71 million people 
are estimated to be infected with HCV worldwide [6]. 
HCV is typically diagnosed through three clinical 
laboratory tests: antibody testing for HCV, testing for 
HCV-RNA viral load, and genotyping [7]. Screening 
for HCV antibodies may delay the diagnosis of 
infection since seropositivity may occur weeks to 
months after viral exposure. Further, some 
hemodialysis or immunocompromised patients may 
have false-negative screening results [8]. Some studies 
have found that false-positive HCV tests may also be 
observed in patients with autoimmune diseases. Thus, 
molecular testing and subsequent genotyping tests are 
particularly important. 

HCV-RNA genotype and subtype information are 
important for guiding the selection of treatment and 
prevention of recurrence. There is an association 

between HCV-RNA viral load and liver damage. In 
addition, evidence has shown that some genetic 
subtypes of HCV can be characterized by high viral 
loads of HCV-RNA [9]. Among Chinese HCV-infected 
patients, HCV 2a displays a higher viral load than other 
genotypes. The viral load and genotype of HCV 
infection should be determined before antiviral therapy 
because the optimal treatment for an individual depends 
on their viral load and HCV genotype. In addition, viral 
load and HCV subtype are crucial factors in 
determining the efficacy of therapeutic agents. In 
China, patients with chronic HCV infection are 
currently treated with a combination of pegylated 
interferon alpha (PEG-IFNa) and ribavirin (RBV, Pr) 
[4]. According to a randomized trial, genotype 1 
infections were less responsive to interferon treatment 
compared with genotypes 2 and 3 [10]. Interferon-α 
(IFN-α) plus zinc is more effective in targeting 
genotype 1 [11]. Therefore, it is important to choose 
different treatment regimens for the three common 
genotypes. 

The emergence of potent direct-acting antivirals 
(DAAs) has revolutionized the treatment of hepatitis C 
virus. However, due to high costs, large numbers of 
undiagnosed patients, high reinfection rates in certain 
risk groups and host and viral genetic differences 
directly affecting the efficacy of the same drug, the 
most appropriate antiviral therapy can be administered 
after the correct determination of HCV genotype [12]. 
In this study, the genotypes of 1484 HCV infected 
patients were predominantly 2a and 1b, which was 
consistent with the genotyping trend in the northwest of 
mainland China [9]. According to previous reports, 

Table 5. HCV genotype subtype distribution from January 2018 to June 2022. The numbers indicate the number of patients. 
Year Genotype 1 Genotype 2 Genotype 3 Genotype 6 Hybrid 

subtype 1a 1b 2a 2b 3a 3b 6a 6n 
2018 0 93 108 0 5 6 0 0 2 
2019 2 169 208 0 5 12 0 1 0 
2020 2 147 195 1 7 7 2 0 0 
2021 0 156 187 0 6 8 4 0 0 
2022 0 69 72 0 6 4 0 0 0 
Total (%) 4 (0.27) 634 (42.72) 770 (51.89) 1 (0.07) 29 (1.95) 37 (2.49) 6 (0.40) 1 (0.07) 2 (0.13) 
HCV: hepatitis C virus. 

Table 6. Distribution of HCV genotypes in patients of different genders and age groups. The numbers indicate the number of patients and 
percentage. 
Group Genotype 1 (%) Genotype 2 (%) Genotype 3 (%) Genotype 6 (%) Hybrid 

subtype (%) χ² p 1a 1b 2a 2b 3a 3b 6a 6n 
Gender            
Male 1 (0.13) 328 (43.85) 358 (47.85) 1 (0.13) 26 (3.48) 28 (3.74) 4 (0.53) 1 (0.13) 1 (0.13) 61.169 0.000 Female 3 (0.41) 306 (41.58) 412 (55.98) 0 (0.00) 3 (0.41) 9 (1.22) 2 (0.27) 0 (0.00) 1 (0.14) 
Age (years)            
≤ 20 0 (0.00) 7 (46.67) 8 (53.33) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 

46.981 0.003 20~40 0 (0.00) 121 (50.84) 101 (42.44) 0 (0.00) 7 (2.94) 5 (2.10) 3 (1.26) 0 (0.00) 1 (0.42) 
40~60 3 (0.36) 340 (41.16) 426 (51.57) 0 (0.00) 21 (2.54) 31 (3.75) 3 (0.36) 1 (0.12) 1 (0.12) 
> 60 1 (0.25) 166 (40.99) 235 (58.02) 1 (0.25) 1 (0.25) 1 (0.25) 0 (0.00) 0 (0.00) 0 (0.00) 
HCV: hepatitis C virus. 
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genotype 1b was the main prevalent subtype of HCV 
infection worldwide [5]. In Guizhou, China, the 6a 
strain is the most dominant in hepatitis C, which may 
be related to the fact that the samples are all HIV/HCV 
co-infected [13]. Latin American epidemiological 
statistics on hepatitis C show that genotype 1 is still the 
predominant hepatitis C type in Latin America; this is 
similar to the results of this study [14]. The same results 
have been confirmed in related studies in Japan [15]. 
Although mixed genotypes for HCV infection were rare 
in our country, this study found one case each with 
mixed genotypes in males and females. Additionally, 
different genotype distributions may reflect different 
modes of infection transmission. The widespread use of 
blood transfusions and blood products was found to be 
associated with the prevalence of HCV subtype 1b. 
Conversely, 1a was strongly linked to the use of 
intravenous drugs [16]. Accurate determination of HCV 
typing is essential to eliminate the threat of HCV to the 
public in Gansu province and to select a complete anti-
HCV therapy [17]. 

Various studies have examined the relationship 
between the genotype of HCV infection and gender and 
age in China and abroad. There was variation in the 
genotyping of HCV based on gender and age groups in 
this study. Males and females may have different 
immune responses, with different HCV genotypes. This 
observation was similar to the study conducted by 
Uccellini and his group in the Americas [18]. In this 
study, a similar proportion of males and females with 
HCV infection underwent genotyping (50.40% versus 
49.60%). Infection with genotype 2 is more common in 
women than in men, while genotypes 1 and 3 are more 
common in males. In addition, the proportion of 
genotype 3 in males was about three times higher than 
that in females. HCV genotyping was concentrated in 
the 40-60 years and > 60 years age groups, accounting 
for 82.95% of all cases. Furthermore, age-related 
differences may be related to transmission routes [19]. 
Contrary to the patients in 40-60 years old group, who 
had a wide range of infection modes, the patients in 
over-60 years age group might be infected with HCV 
primarily through transfusion. This study updated the 
genotype distribution characteristics in Gansu, China, 
and provided relevant information for individualized 
treatment as well as prevention of HCV infection. 

This study had several limitations. First, due to 
consideration of the window of time of HCV infection, 
repeat testing to confirm the diagnosis was not excluded 
in this study. Patients on antiviral therapy at different 
points may have a different HCV-RNA viral load. As a 
result, we included patients with duplicate items in our 

statistical analysis. In addition, the detailed information 
of baseline clinical characteristics, including disease 
history and concomitant therapies was not available for 
the patients included in the study.  

 
Conclusions 

In this study, we determined the detection rates of 
different HCV testing methods, and explored the 
distribution of HCV infection in Gansu province, 
China. Furthermore, the genotypes in the Gansu region 
showed a polygenic distribution, and varied in different 
gender and age groups. The results of the study may 
help guide the treatment and prevention of HCV 
infection. 
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