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Abstract
Since the majority of heroin abusers use injection as the primary route of admission, heroin abuse
contributes significantly to the transmission of hepatitis C virus (HCV). We determined HCV
infection and its genotype distribution among injection heroin users in Wuhan, the largest city in the
central China. Eight hundred seventy eight (84%) out of 1046 serum specimens from the injection
drug users were positive for HCV antibody. Out of randomly selected 122 specimens positive for
HCV antibody, seventy-eight (64%) had detectable HCV RNA with genotype 6a as the predominant
strain (50%), followed by 3b (32.2%), 1a (8.1%), 1b (6.5%), and 3a (3.2%). HCV RNA levels in
male heroin users were significantly higher (P = 0.013) than those in the female subjects. Although
there was no significant difference in HCV RNA levels among the specimens positive for HCV 6a
and 1a/1b, the samples with 6a or 1a/1b contained higher levels of HCV RNA than the specimens
positive for HCV 3b (P = 0.019, P = 0.012, respectively). These findings indicate that there is a high
prevalence of HCV infection with genotypes 6a and 3b as predominated strains among injection
heroin users in Wuhan, China.
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Hepatitis C virus (HCV) is estimated to chronically infect more than 170 million people
worldwide, causing a spectrum of liver disease ranging from an asymptomatic carrier state to
end-stage liver disease. While HCV infection through contaminated blood products decreased
dramatically due to improved HCV screening tests, injection drug users (IDUs) became the
primary source of new HCV infection (Alter, 1997; Alter, 1999; Thomas et al., 1994). IDUs
comprise the largest risk group for HCV infection (Alter, 1999; Lauer and Walker, 2001;
Mathei et al., 2002). Rates of HCV infection among past and current IDUs are extremely high
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generally ranging from 70 to over 90% (antibody positive for HCV) in the United States (Diaz
et al., 2001; Thomas et al., 1995). Although HCV infection is epidemically worldwide, there
is a large degree of geographic variability in its distribution. HCV genotypes have unique
patterns of geographic distribution, which is associated with differences in response to
interferon treatment (Pascu et al., 2004; Teo and Hayes 2004). Sequence comparisons of
variants from different geographical areas have led to the identification and classification of
at least six HCV major genotypes, many of which contain a number of more closely related,
yet distinct subtypes of the virus (Forns and Bukh, 1999; Stuyver et al., 1994; Wyld et al.,
1997).

China is facing an extraordinary re-emerging problem with drug abuse (Liu Z et al., 2006).
Injection drug use, predominately heroin injection, has accelerated in China following
economic reforms that began in 1979. Although China has a long history of opiate abuse,
injection as a route of administration of heroin did not emerge until the late 1980s when the
southern borders were opened and there was an increase in the trade with West (McCoy et al.,
2001). Drug abuse has become a major problem since then. The total number and geographic
locations of drug abusers in China remain unclear. The cumulative number of registered drug
users in China has increased from 70,000 in 1990 to 1.14 million in 2004 (Liu Z et al., 2006;
Zhao et al., 2004). Many cities and counties across China have reported illegal drug users.
Wuhan is a large city in the central part of China, and holds convenient communication with
other parts of the country. Although the high prevalence of HCV infection among injection
drug users has been reported in many parts of China, there has been no report about HCV
infection and its genotype distribution in Wuhan, the largest city in central China where there
has been a explosive growth of injection drug use in the recent years.

In order to determine the prevalence of HCV infection and genotypic distribution among
injection heroin users in Wuhan city, a total of 1046 serum specimens were collected from
injection drug users in the two-detoxification centers in Wuhan city during the period from
April 2005 to October 2005. These specimens are collected for the surveillance program of
Wuhan CDC that is currently monitoring over 1000 injection drug users in Wuhan city. These
specimens are anonymous, and unlinked to any subject identifiers. Out of those specimens
positive for HCV antibody, we selected 122 samples positive for HCV RNA to determine HCV
viral loads and HCV genotype distribution. HCV antibody in serum was detected by a
commercial EIA system (Kehua Biotechnology Inc. Shanghai, China). The total RNA was
extracted from 200μl of serum, RNA precipitates were re-suspended in 20 μl of RNase-free
water, one tenth of total RNA (2μl) was subjected to reverse transcription (RT) using the 20ul
RT System (Promega, Madison, WI). HCV RNA in serum was measured by the real time RT-
PCR as described in our earlier study (Yang et al., 2002). HCV RNA+ samples were genotyped
by direct sequencing of RT-PCR products representing core- and E1-encoding regions (C/E1)
of the HCV genome, location from start of the reference strain H77 genome 843 → 1316. The
first-round PCR was performed with a 50 μl reaction volume containing 10ul cDNA, 1×PCR
buffer, 0.4 μM primer forward (493S-H77, 5-GCAACAGGGAACCTTCCTGGTTGCTC-3),
location from start of the reference strain H77 genome 834 → 859 and 0.4μM primer reverse
(987R-H77, 5-CGTAGGGGACCAGTTCATC- ATC AT-3), location from start of the
reference strain H77 genome 1306 → 1328 (Ray et al., 2000), 0.2 mM deoxynucleoside
triphosphates, 1.5 mM MgCl2, and 1.5 U of Perkin–Elmer AmpliTaq Gold DNA polymerase.
All reagents were purchased from Invitrogen (Carlsbad, Calif.). This reaction was incubated
at 94°C for 2 min; 30 cycles of 94°C for 15 s, 60°C for 15 s, and 72°C for 30 s; and 72°C for
5 min. The second round of PCR was performed in the same way as the first round except for
the primers (502S-H77, 5-AACCTTCCTGGTTGCTCTTTCTCTAT -3, location from start of
the reference strain H77 genome 843 → 868 and 975R-H77, 5-
GTTCATCATCATATCCCATGCCAT-3), location from start of the reference strain H77
genome 1293 →1316. The amplified products were then analyzed by electrophoresis in a 1.5%
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agarose gel stained with ethidium bromide. PCR products were purified with Wizard PCR
Preps DNA Purification System (Promega, Madison, WI) prior to sequencing to analyze the
genotypes of HCV. The sequences were determined in a PRISM version 3100 automated
sequencer (ABI, Foster City, CA, USA). The sequences of the specimens were compared with
those in the National Center for Biotechnology Information Nucleotide Sequence Database.

Core-E1 sequences (474bp, depending on genotype) were grouped according to genotype, and
phylogenetic analysis was performed using the PHYLIP SUITE version 3.5p (PHYLIP,
1993). Nucleotide sequences were aligned by using Clustal X (v.1.83) Program (Jeanmougin
et al., 1998) and unrooted phylogenetic trees were constructed by using algorithms from the
DNADIST, NEIGHBOR, SEQBOOT, and CONSENSE programs in the PHYLIP. The NJ
trees were bootstrapped 1000 times with the SEQBOOT programmed to obtain the final
phylogenetic trees. HCV strains were identified as being significantly related if their bootstrap
value was ≥70%. The following controls in GeneBank were used to construct the phylogenetic
tree: 1a.HC J1 (D00831), 1a.HCV 1 (M62321), 1a.HCV H (M67463), 1b.ARG2 (M74815),
1b.HCV N (AF139594), 1b.HEBEI (L02836), 1c.SR037 (D16191), 2a.AF403230
(AF403230), 2b.DK8 (L16657), 2c.BEBE1 (D50409), 2e.JK020 (D49745), 2i.HN4 (X76415),
2k.VAT96(AB031663), 3a.CB (AF046866), 3a.DK12 (L16630), 3a.K3A (D28917), 3b.HCV
Tr (D49374), 3b.ST (D11443), 3b.TH527 (D37839), 3c.NE048 (D16612), 3d.NE274
(D16620), 3e.NE145 (D16618), 3f.NE125 (D16614), 3h.SOM1 (AF216786), 3k.JK070
(D49752), 4a.ED43 (Y11604), 4c.Z6 (L16678), 4d.DK13 (L16656), 4r.1196E1 4 (D43677),
5a.FR741 (D50466), 5a.SA13 (AF064490), 6a.EUHK2 (Y12083), 6a.HK2 (L16634),
6a.VN506 (D88469), 6b.NB56 (AY231583), 6b.TH580 (D37841), 6d.VN235 (D84263),
6e.VN843 (D88478), 6f.TH552 (D37845), 6g.JK065 (D49751), 6h.VN085 (D88466),
6i.TH555 (D37849), 6j.TH553 (D37848), 6k.VN405 (D84264), and 6l.VN530 (D88471).

The HCV partial C/E1 nucleotide sequences determined in this study have been deposited in
the GenBank sequence database and have been assigned the accession numbers EF185923 to
EF185965, EF185967 to EF185971, EF185975, EF185977 to EF185982, EF185985 to
EF185988, EF185990, and EF185991. The Statistical Package for the Social Science (SPSS
11.1.0, Inc., Chicago, IL) was used for management and analysis of study data. The differences
in distribution of categorical variables were assessed by the Pearson Chi-squared test. The
nonparametric Kruskal-Wallis test was utilized to test for differences in HCV viral load among
different genotypes and age groups. For comparison of HCV viral load in male and female
subjects, duration of drug abuse and needle sharing, the nonparametric Mann-Whitney test was
utilized. Eight hundred seventy eight (84%) out of 1046 serum specimens from the injection
drug users were positive for HCV antibody. We then randomly selected 122 HCV antibody
positive specimens from injection heroin users for HCV RNA analysis by the real-time RT-
PCR. Sixty-four percent (78/122) of these specimens had detectable HCV RNA. The mean ±
standard deviation (SD) of HCV RNA levels among 78 specimens was 4.48 ± 0.91 log 10
copies/ml. We also analyzed the genotype distribution among those HCV RNA+ specimens.
Out of 78 HCV RNA positive specimens, we were able to determine HCV genotypes in 62
specimens using the phylogenetic analysis of a partial HCV C/E1 region (Figure 1). We
identified five HCV genotypes (1a, 1b, 3a, 3b and 6a) in these 62 specimens (Table 1), with
the predominant genotype 6a (50%), followed by 3b (32.2%), 1a (8.1%), 1b (6.5%), and 3a
(3.2%), respectively. We further analyzed the relationship of HCV genotype distribution with
other factors. Since sample size of HCV positive specimens for HCV genotypes1a and 1b was
too small to be statistically analyzed, we combined all the positive specimens for these two
genotypes into one group as 1a/1b. As shown in the Table 1, there is no association between
HCV genotype distribution and the factors (gender, age, duration of heroin injection and needle
sharing). However, HCV RNA levels in the male heroin users were significantly higher (P =
0.013) than those in the female subjects. The subjects infected with HCV genotype 1 (1a /1b)
or 6a had higher levels of HCV RNA than the subjects with HCV 3b, while the sample size
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for 3a is too small to be analyzed. In addition, the subjects at age of 40 above had higher levels
of HCV RNA than other two age groups (Table 2).

The present study is the first report about HCV infection and its genotype distribution in
Wuhan, the largest city with 8,400,000 residents in central China. When compared with HCV
infection rate among IDUs in other parts of China, Wuhan appears to have higher rate (84%)
of HCV infection than other cities in China. The studies on injection drug abusers in Shanxi,
Chongqing, and Guangxi showed that the seroprevalence of HCV is 7.5%, 44.0%, and 72%,
respectively (Fang and Wang, 2001; Pruett et al., 1994; Rebecca et al., 2004). Among 122
randomly selected specimens positive for HCV antibody, seventy-eight (64 %) also were
positive for HCV RNA, suggesting that majority of HCV-infected injection heroin users in
Wuhan area have chronic infection. This high rate of chronic HCV infection among injection
heroin users is consistent with the findings in other developed countries (Alter, 1999; Dore et
al., 2003), indicating that injection drug use also is the primary mode of HCV transmission
among injection heroin users in Wuhan city.

A genotyping analysis of sixty two HCV RNA positive specimens was able to identify five of
six major HCV genotypes with the predominant strain 6a (50%) followed by 3b (32.2%), 1a
(8.1%), 1b (6.5%), and 3a (3.2%). This pattern of distribution, however, differs from those
reported in other parts of China. In Shanxi, 1b (78.9%) is the predominant genotype of HCV
in drug users, which is followed by 2a (15.8%) and 1b/2a (5.3%) (Pruett et al., 1994). The study
in Chongqing showed that the HCV 2a and 1b accounted for 46.9% and 33.7%, respectively,
while the prevalence of mixed genotype 1b/2a is 19.4% (Fang and Wang, 2001). Interestingly,
HCV genotype distribution in Wuhan is consistent with that reported from Guangxi, Guizhou,
and Kunming regions (Ding et al., 1999; Lu et al., 2005; Rebecca et al., 2004). In Guangxi,
the main HCV genotypes included 6a (38%), 3b (37%), and 1a (19%), whereas genotypes 6e
(4%), 3a (2%), and 1b (1%) were present in only a few IDUs. The circulation of uncommon
genotype HCV 6a also has been reported in Guizhou (Ding et al., 1999; Rebecca et al.,
2004). In Kunming, subtype 3b was found in 33.3% of the samples, while genotypes 6, 1b,
and 2a variants were detected in equal numbers (Lu et al., 2005). It is known that HCV
genotypes 3 and 6 are common throughout Southeast Asia, especially in Vietnam and Thailand
(Verachai V et al., 2002; Wyld et al., 1997), which is geographically close to Guangxi and
Kunming, China. In the last decade the Kunming area has become a significant center for
trafficking drugs into China and other Asian countries (Beyrer et al., 2000). Since Wuhan is
the hinge of traffic and transportation in central part of China, the high prevalence of HCV
infection with multiple genotypes among the heroin users in Wuhan city provides direct
evidence that Wuhan city may have a key role during the drug trafficking and distribution in
the inner parts of China. In addition, because of the unique geographic location of Wuhan city,
the “floating” population of heroin users from other parts of China such as Kunming may
contribute to the prevalence of predominated strains 6a and 3b in the city.

Another interesting finding of our study is that HCV genotype distribution among female
heroin users was not as diversified as that among male subjects. About 90% (30/34) of HCV-
infected women in our cohorts were positive for 6a (55.9%) and 3b (35.3%), only 3 out of 34
female subjects were infected with 1a or 1b. In contrast, 7 out of 36 HCV-infected male subjects
were positive for 1a or 1b. This difference could be due to the fact that the female heroin users
seldom shared syringes with unfamiliar person and strangers. However, since injection drug
use was determined by self-reporting, underreporting of injection drug use by the female drug
users participated in this study could also contribute to our finding. Nevertheless, this finding
supports the studies by others showing that needle/syringe sharing is associated with level of
closeness or familiarity among injection partners (Barber et al., 1992; Sherman, 2001). Because
of the sample size was small for HCV infection with minor strains (1a, 1b and 3a) among the
subjects in this study, the observed differences between male and female should be subjected
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to future investigations. In consistent with this reported finding that higher HCV RNA levels
have been associated with increased age (Castro et al., 2002; Kao et al., 1996; Poynard et al.,
2000), our study showed that the subjects aged 40 or above had significantly higher levels of
HCV RNA than the younger age groups. Our study also revealed that the viral loads of male
patients were significantly higher than female subjects. Some studies have shown that genotype
1b infection of HCV in male subjects was significantly associated with higher viral loads (Lee
et al., 2006; Yu et al., 1999). There were significant differences in virus load associated with
infection with different genotypes of HCV (Berger et al., 1996; Chan et al., 1995; Lu et al.,
1998; Mahaney et al., 1994; Matsumoto et al., 1994; Orito et al., 1994; Yamada et al., 1995).
Our finding that HCV RNA levels in the specimens with genotypes 6a or 1a/1b were
significantly higher than those positive for genotype 3b provides a possible mechanism for the
higher prevalence of HCV infection with genotypes (6a, or 1a/1b) among the subjects of this
study.

The high rate infection with HCV 6a strain among the heroin abusers in Wuhan city is
troublesome, since studies have shown that the rate of sustained virological response to
combination therapy with IFN-α and ribavirin was only 30% for HCV genotype 6 (Lu et al.,
2005). In addition, IDUs in China do not routinely have access to the treatment for HCV
infection. Thus, it is likely that the HCV strains such as 6a that are highly resistant to the
treatment are being transmitted to the majority of drug abuse population (through injection) as
well as general population (through sexual activities) in China (Zhang, 2002). Future studies
are imperative to develop and implement effective interventions to prevent dissemination of
HCV infection in the world’s most populous nation, China.
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Figure 1.
Phylogenetic tree of HCV strains from 70 injecting heroin users at two detoxification centers
in Wuhan. The analysis was performed on 474nt within C-E1 region of HCV by using the
neighbor-joining method in the PHYLIP package. Bootstrap analysis values (percentages) are
shown in italics. The bar at the base of the figure shows the scale for nucleotide substitution
per site. Analyzed samples indicated with two digits at the head of a capital letter e.g., 35C, or
five digits represented the IDs of samples e.g. 51153; Accession numbers were used for the
IDs of the genotype-known reference strains with two digits indicating genotypes at the head
of the number (e.g. 3k.D88471) and were labeled by •.
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Table 1
HCV Genotype Distribution and Other Factors

Prevalence of HCV Genotypes (%)

Factor (No. of Subjects) 6a 3a 3b 1a or 1b

Gender
 Male (29) 13 (44.8) 1 (3.4) 9 (31.1) 6 (20.7)
 Female (33) 18 (54.5) 1 (3.1) 11 (33.3) 3 (9.1)
Age (Year)
  ≤ 30 (22) 12 (54.5) 1 (4.5) 5 (22.7) 4 (18.3)
 31–40 (22) 9 (40.9) 1 (4.5) 11 (50.1) 1 (4.5)
 > 40 (18) 10 (55.6) 0 (0.0) 4 (22.2) 4 (22.2)
Years of Injection Drug Use
  ≤ 2 (10) 6 (60.0) 0 (0.0) 3 (30.0) 1 (10.0)
 > 2 (52) 25 (48.1) 2 (3.9) 17(32.7) 8 (15.3)
Needle Sharing
 Yes (23) 11 (47.8) 0 (0.0) 8 (34.8) 4 (17.4)
 No (39) 20 (51.3) 2 (5.2) 12 (30.7) 5 (12.8)

Derived from χ2 tests of association or Fisher’s exact tests comparing HCV genotypes within the risk factors, P > 0.05.
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Table 2
HCV RNA Levels and Other Factors

HCV RNA (log10copies/ml)

Variable (No. Subjects) IQRa Median P

Gender
 Male (29) 4.52–5.76 5.41
 Female (33) 3.96–5.16 4.6 0.013b
Age (Year)
 >40 (18) 4.74–6.00 5.59
  ≤ 30 (22) 4.23–5.20 4.73 0.019c
 31–40 (22) 3.91–5.49 4.42 0.028c
Needle Sharing
 Yes (23) 4.09–5.67 4.82
 No (39) 4.17–5.54 4.85 0.925b
Genotype
 3b (20) 3.93–4.83 4.16
 6a (31) 4.24–5.65 5.1 0.019d
 1a,1b (9) 4.74–6.11 5.67 0.012d

a
Interquartile range

b
Using Mann-Whitney test, HCV RNA levels of female patients were significantly different (P < 0.05) from male patients.

c
Using Kruskal-Wallis test, Correction α is 0.025, HCV RNA levels were significantly higher (P < 0.025) in subjects aged above 40 than the subjects at

age of 30 or below.

d
There were only two genotype 3a specimens which can be detected HCV RNA level, we excluded them in our statistics. Using Kruskal-Wallis test,

Correction α is 0.025, HCV RNA levels were significantly higher (P < 0.025) in subjects with genotype 6a and 1a,1b infection than subjects with genotype
3b infection.
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