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ABSTRACT

Objectives Hepatitis C virus (HCV) infection is a major
public health problem in southwestern China. Our aim of
the study was to assess the prevalence of HCV infection
and its correlates in the Yi population of this region.
Methods A community-based survey was conducted to
investigate sociodemographic characteristics and other
associated factors for HCV infection in a rural area of
southwestern China. Blood samples were collected and
tested for antibodies to HCV. Anti-HCV positive samples
were further assessed for HCV RNA.

Results A total of 2558 participants aged >14 years were
included in our analysis. Of them, 2.8% (95% Cl 2.2% to
3.5%) were positive for HCV antibody. Multiple logistic
regression analysis revealed that sex (male vs female:
adjusted OR (aOR)=3.30, 95% Cl 1.80 to 6.07), marital
status (unmarried vs married: aOR=0.27, 95% Cl 0.09 to
0.80), ever using injection drug (a0R=28.65, 95% Cl 15.9
to 51.64) and ever having blood transfusion (a0R=7.64,
95% Cl 1.94 to 30.16) were significantly associated

with HCV infection (indicated by positive HCV antibody).
Stratified analysis by HIV infection found that in HIV-
negative individuals, sex (male vs female: aOR=3.84, 95%
Cl 1.88 to 7.85), ever using injection drug (a0R=22.15,
95% Cl 8.45 to 58.04), having multiple sexual partners
(@a0R=2.57, 95% Cl 1.26 t0 5.23), and ever having blood
transfusion (aOR=16.54, 95% Cl 4.44 to 61.58) were
significantly associated with HCV infection and in HIV-
positive individuals, ever using injection drug (aOR=8.96,
95% Cl 3.16 to 25.38) was associated with HCV infection.
Conclusion The data suggested a higher risk of HCV
infection in this area when compared with the rest of
China and some unique associated factors. Rapid scale-up
of targeted interventions are needed to prevent further
transmission and consequent morbidities.

INTRODUCTION

Chronic infection with hepatitis C virus
(HCV) is a major, growing public health
concern and one of the leading causes of
death globally.! Hepatitis B virus and HCV
infections accounted for 96% (95% CI 94%
to 97%) of viral hepatitis-related mortality

Strengths and limitations of this study

» The study was conducted in a rural area of Yi ethnic
minority in southwestern China where drug abuse is
a serious problem.

» Estimates provided in this study were community-
based, which suggested a high prevalence
of hepatitis C virus (HCV) infection in the rural area
of Yi ethnic minority.

» Positive HCV antibody as an indicator of HCV infection
might overestimate the burden of HCV infection.

» Young men who looked for jobs elsewhere were not
sampled, which might result in an underestimation
of the prevalence of HCV infection.

» There was no verification of self-reported
information.

in 2003." There were estimated 1.75million
people newly infected with HCV worldwide in
2015, bringing the global total of people with
hepatitis C infection to 71 million.*> Approxi-
mately 704000 people died of hepatitis C in
2013.” More than 90% chronic HCV infection
can be cured by direct-acting antiviral medi-
cations.® However, 75%-90% of those with
HCV infection were unaware of the infection
and received no treatment, which eventually
led to progressive liver fibrosis, cirrhosis and
an increased risk of liver cancer.*
Epidemiological data on HCV infection are
critical for developing public health strategies
towards HCV infection prevention, care and
treatment. HCV infection has various trans-
mission routes, of which the most important
one is direct percutaneous exposures to blood
(eg, transfusion or transplantation from
infectious donors and injecting drug use).*
Evidence for sexual transmission of HCV is
controversial.” Injection drug use (IDU) has
become the predominant route of HCV
infection in China since the establishment of

BM)

Cheng W, et al. BMJ Open 2017;7:€015717. doi:10.1136/bmjopen-2016-015717 1


http://bmjopen.bmj.com/
http://dx.doi.org/10.1136/bmjopen-2016-015717
http://dx.doi.org/10.1136/bmjopen-2016-015717
http://dx.doi.org/10.1136/bmjopen-2016-015717
http://crossmark.crossref.org

Open Access 8

a blood transfusion scrutiny system.” The Yi Prefecture is
along a major heroin trafficking route located in south-
western China, and is an endemic area for HIV.”8

HIV and HCV have overlapping transmission routes.”’
Persons with HIV/HCV coinfection generally have more
rapid progression of liver fibrosis, and the mortality of
hepatocellular carcinoma is higher among coinfected
patients than patients with HCV monoinfection.* "'

Several studies have described the prevalence of HCV
infection and its determinants among some Han popu-
lations such as IDUs and blood donors in China.® ™'
However, to date, few studies were community-based and
studied the Yi people. The primary purpose of this study
was to investigate the prevalence of HCV infection and its
associated factors in a rural area in Yi Prefecture. We also
explored the association between HCV and HIV as well as
HIV-HCV coinfection.

METHODS

Study area and population

The Yi Prefecture is located in Southwest of China. Most
residents are Yi ethnicity, a minority group in China.
Because of rugged mountainous terrains and sparsely scat-
tered population, it remains an underdeveloped place in
China." This region is noted for HIV epidemic because
of drug trafficking through the neighbouring Yunnan
Province.'® The study adopted a two-stage sampling
scheme. First, three counties (P, Z and M) were selected
from the Yi Prefecture on the basis of similar social demo-
graphic characters (such as gender structure, economic
status, custom, education level and sanitary facility) as
well as high prevalence of HIV infection. Second, four
towns were randomly selected from three counties (A and
B from P County, C from Z county and D from M county)
with a total of 27 villages for the study (figure 1). All local
residents aged=6 years, who had lived there for more
than 6 months, were invited to participate in the survey.
Considering the local geographic characteristic and high
authority of village chiefs, the village chiefs were asked for
assistance in participants’ enrolment.

Data and blood sample collection

Our study was conducted during the period from
October 2014 to August 2015. Experienced workers from
the local Center for Disease Control (CDC) were further
trained for the investigation. They informed all partici-
pants of the objectives, contents and potential risks of this
survey. Participants were personally interviewed using a
structured questionnaire, which covered demographic
characteristics (including age, sex, ethnicity, marital
status, education, occupation and annual income),
sexual behaviour (including age of first sex, frequency of
condom use and multiple sexual partners), drug misuse
behaviour (including age of starting drug misuse, mode
of drug misuse in the past 6 months and sharing syringe
in the past 3 months) and history of blood transfusion.

Each participant had a finger prick and provided about
1 mL of blood for testing HCV antibody by using the Diag-
nostic Kit for HCV antibody (Colloidal Gold) (product
of Livzon Pharmaceutical Group, Zhuhai, P. R. China,
batch number: 2014080200, 50 persons per kit). Colloidal
gold kits are simple, economic and reliable methods for
detecting HCV antibody."” Product specifications show
that the sensitivity and specificity of the colloidal gold
kits are both higher than 95%. A 5mL blood sample was
collected from those with a positive screening result and
transported to local township hospitals. Whole blood was
centrifuged at 1000rpm for 5min and plasma was sepa-
rated and stored at constant temperature of —20°C within
8hours, and then were transported in ice to Shanghai for
HCV RNA testing by using the HCV RNA Quantitative
Fluorescence Diagnostic Kit (PCR Fluorescence Probing,
level of detection: 25 IU/mL) (Sansure Biotech, San
Diego, USA and Changsha, China).

Ethical considerations

The procedures of this study were reviewed and approved
by the Ethical Review Committee of School of Public
Health, Fudan University. Each potential participant was
asked to sign a written informed consent. If the partic-
ipants were younger than 18 years of age, their parents
were asked to sign the written informed consent for
them. At the end of the study, participants with positive
results were informed of the results and provided with
appropriate medical consultations, further examinations
and treatments.

Statistical analysis

Data were entered using the EpiData software (V.3.1;
the EpiData Association) and were imported to SPSS
statistical package (V.17.0; IBM SPSS Institute) for
management and analysis. Descriptive data were gener-
ated for sociodemographic variables. The proportions of
positive anti-HCV and HCV RNA were calculated together
with their 95% CIs. In univariate analysis, Pearson X2 test
or Fisher’s exact test was used to test the significance
of associations between HCV infection and associated
factors and crude ORs with 95% CIs were calculated. We
then employed a stepwise selection approach (p value of
entry <0.05, p value of removal 20.1) to produce a final
multivariable model, which included important vari-
ables associated with HCV infection. Adjusted ORs and
95% ClIs were calculated for identified associated factors.
Stratified analysis was performed for individuals with and
without HIV infection. All p values were reported as being
two sided.

RESULTS

Atotal of 3164 individuals were recruited into our study. As
local Yi indigenous culture considers 14 years of age as the
start of adulthood for permitting sexual behaviours, the
current analysis included 2558 individuals aged 14 years
or older, who completed both the survey questionnaire
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Figure 1

and HCV testing. Table 1 shows the demographic char-
acteristics of the study participants. Participants were
predominantly Yi people (97%). Most participants were
women (65.1%), illiterate (64.7%), married (74.8%) and
farmers (91.6%).

Table 2 shows the results for positive HCV antibody
and HCV RNA testing. Of the participants, 2.8% (95%
CI 2.2% to 3.5%) were positive for HCV antibody. Out
of 71, 46 anti-HCV positive participants provided blood
samples for HCV RNA testing, and 71.7% (95% CI 56.5%
to 84.0%) of them were HCV RNA positive.

After adjustment for covariates, multiple logistic regres-
sion analysis showed that increased risks of HCV infection,

Flow chart demonstrating the selection of study participants. HCV, hepatitis C virus.

indicated by positive HCV antibody, were significantly
associated with sex (male vs female: aOR=3.30, 95%
CI 1.80 to 6.07), marital status (unmarried vs married:
aOR=0.27, 95%CI 0.09 to 0.80), ever using injection drug
(aOR=28.65, 95% CI 15.9 to 51.64) and ever having blood
transfusion (aOR=7.64, 95% CI 1.94 to 30.16) (table 3).
Tables 4 and 5 show the results for the correlates of
HCV infection with and without HIV infection. The
prevalence of HCV infection, indicated by positive HCV
antibody, was higher among HIV-infected individuals
than HIV-negative individuals (24.0%, 95% CI 16.6% to
31.5%vs 1.6%, 95% CI 1.1% to 2.2%). For HIV-negative
participants, significant predictors for HCV infection were
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Table 2 Proportions of positive hepatitis C virus (HCV)
antibody and HCV RNA in participants aged>14 years

Table 1 Demographic characteristics of the participants
aged >14 years
Characteristic No %
Total 2558
Township
A 524 20.5
B 520 20.3
C 967 37.8
D 547 21.4
Sex
Female 1664 65.1
Male 894 34.9
Age (years)
14-24 409 16.0
25-34 577 22.6
35-44 760 29.7
45-54 545 21.3
>55 267 10.4
Ethnicity
Han 70 2.7
Yi 2481 97.0
Other 3 0.1
Missing 4 0.2
Education
lliterate 1656 64.7
Primary school and above 900 35.2
Missing 2 0.1
Occupation
Farmer 2344 91.6
Student 155 6.1
Other 37 1.4
Missing 22 0.9
Annual income
<1000 405 15.8
1000-2999 906 35.4
3000-4999 590 23.1
5000-9999 309 12.1
>10000 324 12.7
Missing 24 0.9
Marital status
Unmarried 420 16.4
Married 1913 74.8
Divorced/Widowed 222 8.7
Missing g 0.1

sex (male vs female: aOR=3.84, 95% CI 1.88 to 7.85), ever
using injection drug (aOR=22.15, 95% CI 8.45 to 58.04),
having multiple sexual partners (aOR=2.57, 95% CI 1.26
to 5.23) and ever having blood transfusion (aOR=16.54,

Positive
No cases Positive rate (95% CI)
HCV antibody 2558 71 2.8% (2.2 to 3.5)
HCV RNA 46 33 71.7% (56.5 to 84.0)

95% CI 4.44 to 61.58). Among HIV-infected participants,
however, only ever using injection drug (aOR=8.96, 95%
CI 3.16 to 25.38) was significantly associated with an
increased risk of HCV infection.

DISCUSSION

In our study, 2.8% (95% CI 2.2% to 3.5%) of residents
aged =14 years were positive for HCV antibody. The prev-
alence was slightly lower (2.2%) when children were
included. The prevalence of HCV infection, indicated
by positive HCV antibody, in this region was signifi-
cantly higher than the prevalence among residents aged
15-59 years in China (0.62%).'"® This difference may be
explained, at least in part, by a high proportion of ever
using injection drug (3.48%) in the study area. Our
study sites are adjacent to the ‘Golden Triangle’ where
large amounts of illicit heroin are produced and traded,
resulting in a serious epidemic of drug abuse. This is also
supported by a study (HCV infection: 4.3%) conducted in
a rural area in Yunnan Province, China (2012), which was
also noted for drug abuse."

Consistentwith previous studies, IDUs had a higher prev-
alence of HCV infection (39.3%).2°2! HCV is transmitted
primarily through direct percutaneous routes, including
sharing contaminated needles or syringes.”” In the past
few years, some countries have implemented effective
needle or syringe exchange programmes and showed a
substantial decline of HCV infection.”” Opiate substitu-
tion therapy and provision of antiviral therapy in IDUs
also lead to a reduction of HCV transmission.”* Promo-
tion of opiate substitution therapy and high coverage of
needle and syringe programmes can substantially reduce
the risk of HCV transmission among IDUs.”>"*” China has
launched methadone maintenance treatment (MMT)
and needle and syringe exchange programmes (NSEP)
for IDUs in response to HIV epidemics. The MMT is
expanding, with a support from multiple ministries of
the central government, while the NSEP has received
less support both politically and financially.”® Therefore,
a scale-up of the NSEP and integration with other harm
reduction projects as well as a removal of the societal and
political barriers should be a priority for the Chinese
health authorities. Routine monitoring and surveillance
of HCV infection at MMT clinics would also provide
valuable information for evaluating the effects of MMT
and NSEP interventions.” Previous studies reported
that treatment uptake among IDUs remained very low,
making IDUs a priority in HCV treatment programmes.”’

4

Cheng W, et al. BMJ Open 2017;7:€015717. doi:10.1136/bmjopen-2016-015717



Open Access

panuiRuo)

snjeis [elep

(91’2 015¢°0) 280 (928 60€ 6666-0005

(80'z 01 €5°0) ¥O'} (1€) 8e 906 666¢—0001

aWooUl [enuuy

(000

Yo}
w0
—

1uepnIS

uolednaoQ

(e2) 8¢ 9591 NI

~—

(00 o € BThiTe)

(2t 0. ueH

P2°001 LY°0) LLO (202 192 GG

(691 01 2G°0) 86°0 (L'p) Le 092 aanl

«+(99°0018200) €270 (V0% 607 ve-v1

«(£0'90108°1) 0E°€ (1801 01 65°€) €29 (9 s 768 8[e

x93

~
[(e]
(o]
@)

«+(G9°0 01 22'0) 8€'0 (r'e ee

«(F€'00120°0) 2+'0 (80 ¥ ves v

(19 %S6) Hoe (19 %656) HO? (%) suonoayul jo oN sjuedionued jo oN onsueloeIRyD

Cheng W, et al. BMJ Open 2017;7:€015717. doi:10.1136/bmjopen-2016-015717



Open Access

"HO 9PNIO *HOO HO PaIsnipe ‘Hoe
"10°0>d.. 50°0>d,

b ©'1) oy 8zre onneboN

«OL0E01¥6°L) ¥9°2 «P1L2201G12) 9872 (9 ¥ 144 SBA

uoisnjsuely pooiq Buiney Joa

(69°2 01 /8°0) £G°} (6¢) 61 681 Ajreuoiseoop

8sn wopuo)

| (8°1) o €9le ON

«(r9'1G 01 6°GL) G9'8¢ (0062 01 85'G¢) 08°€V (€6€) 5 68 SOA

Bnip uonoalul Buisn Jeng

L L (e¢) €9 c16l paLIe

(19 %S6) Hoe (19 %656) HO? (%) suonoayul jo oN sjuedionued jo oN onsueloeIRyD

Cheng W, et al. BMJ Open 2017;7:€015717. doi:10.1136/bmjopen-2016-015717



Open Access

panuiRuo)

(6671 01 €L°0) LG0 (60 ¢ 12e 00001%

(L2 01 €€°0) 68°0 916 pAele] 6667-000€

L ‘1)L 98¢ 000>

(oo 9¢ 18410

(8'1) ot 9lge Jowued

(65’201 €L0) 8k (@ 21 IS8 anoqe pue [00yos Asewiid

|eAS] uoieoNpy

(21 ov €662 IA

Ayoluyiz

(8L 01 ¥2°0) LG'0 (18 625 S-S

! 921 9gs ve-5¢

(s1eak) by

(202t 1091 slews

~—
~—

! (62 v 98t a

(291 01€€°0) €20 (L2 L 61G <]

diysumo|

(12 %SG6) "Hoe (19 %8S6) HO2 (%) suonosjui jo oN sjuedionued jo oN onsueloeIRyD

Cheng W, et al. BMJ Open 2017;7:€015717. doi:10.1136/bmjopen-2016-015717



Open Access

"HO 9pnJd ‘OO ‘YO peisnipe ‘Yoe
"10°0>d., ‘50°0>d,

Cheng W, et al. BMJ Open 2017;7:€015717. doi:10.1136/bmjopen-2016-015717

b b (A 10v2 uMOUS{UN IO ON

b 16l €9cl JonaN

(09'2 01 95°0) 02" } (' ol 665 shem|y

«(€2°60192°1) /GC {02°201€1°2) ¥O'F (S'p) 91 41 SBA

sJsuped jenxas a|dinw BuineH

(€1 1e Love ON

~—
~—

(@21 01 2e00) ¥2'0 S0 1 14 PSMOPIAN/P&2I0AIT

«(98°0019100) 210 (c0) 1 LoV paLuewun

(12 %8S6) Hoe (19 %8S6) HO2 (%) suonosjui jo oN sjuedionued jo oN onsueloeIRYD




Open Access

panuizuo)

(S0°9Z 01 L+°0) 09°G (£'99) 2 e 00001}%

(92'¢ 0162°0) GO} (€'22)6 €e 6661-000€

b (€92) s 6l 000>

(cob) 1 b JEWite)

(9'¢2) 0¢ 121 Jowie

(27 01re6°0)0k'C (2'28) 9l 6% anoge pue |00yos Aewllid

[oAS] UoizEONP]

(9¢2) 0¢ 121 IA

Ayoruyig

(62°2 01 980°0) ¥¥°0 (sene ol S-S

! (r've) ok (87 ve-52

(s1eah) by

- 68 S 9G Sews

! (Z'1e) 61 09 a

(00 o L <]

diysumo|

(19 %S6) "Hoe (19 %8S6) HO2 (%) suonosjui jo oN sjuedionued jo oN onsueloeIRyD

Cheng W, et al. BMJ Open 2017;7:€015717. doi:10.1136/bmjopen-2016-015717



Open Access

"HO 9pnJd ‘OO ‘YO peisnipe ‘Yoe
"10°0>d., ‘50°0>d,

b (8'e2) o€ 9zl uMOUS{UN IO ON

F (r'e2) 81 i EN

(S0'2 01 €£2°0) 89°0 (e11) s 6¢ shem|y

Cheng W, et al. BMJ Open 2017;7:€015717. doi:10.1136/bmjopen-2016-015717

«{86°601€1°1) 092 (9'9¢) G1 87 SOA

sJsuped jenxas ajdinw BuineH

(AN 19 ON

~—
~—

(85°1L 01 2L°0) €70 Eve L2 PSMOPIAN/PS2I0AIT

(621 0r€L0) 87°0 (8she 6l paLeWUN

(12 %8S6) Hoe (19 %8S6) HO2 (%) suonosjui jo oN sjuedionued jo oN onsueloeIRYD

10



8 Open Access

Individuals who have ever undergone a blood transfusion
have a higher risk of HCV infection. Blood transfusion was
one of the main routes of HCV transmission.”” China has
taken steps to halt illegal blood collection, contributing
to a decrease of new HCV infections.*! However, care for
patients with chronic HCV infection is an ongoing chal-
lenge.™

Men had a higher prevalence of HCV infection than
women, probably because drug misuse was more common
in men (8.3%) than women (0.9%) in our study. Similar
results were found in Poland.”® Age was not independently
associated with HCV infection, which is inconsistent with
results from other studies,” * and different epidemiolog-
ical profiles might be a reason.™ For example, nosocomial
infection was a predominant risk factor in Taiwan, which
is age related.”® There were no significant differences in
the distributions of ethnicity, education level, occupation
and annual income between HCV-positive and HCV-nega-
tive individuals. Our study population was predominantly
Yi people (97%) with similar sociodemographic back-
ground and lifestyle. Married individuals had a higher
prevalence of HCV infection as evidenced by previous
studies.”

The prevalence of HCV/HIV coinfection was 1.2% in
the current study, equivalent to 24% of HCV in HIV-pos-
itive people. Results of the stratified analysis suggested
that the prevalence of HCV in HIV-positive individuals
was much higher than that in HIV-negative ones. A
further comparison showed that HIV-positive compared
with HIV-negative individuals had a constantly higher
prevalence of HCV infection across all subgroups, which
is likely resulted from depressed immunity due to HIV
infection.™ Another possible explanation is that people
at higher risk for HIV infection is also at higher risk for
HCYV infection."" These results highlighted the necessity
of routine HCV testing for all HIV-infected individuals,
and also suggested that preventing HIV infection should
be included as a part of HCV control strategies.

Among HIV-positive people, ever using injection drug
was the only significant factor for HCV infection. A strong
positive correlation has been reported between injection
drug use and HIV/HCV coinfection.™ In our study, of the
31 subjects with the coinfection, twenty-six (83.9%) were
ever IDUs. Having multiple sexual partners is a well-de-
fined risk factor for HCV infection,5 % however, it was not
significant in HIV-infected individuals. Having multiple
sexual partners is less important for HCV infection as
compared with ever using injection drug in HIV-infected
individuals.*

There are several limitations in this study. We used
anti-HCV as an indicator for HCV infection, and there
might be some false-positive results. Fifteen percent to
50% of patients with acute HCV infection clear HCV
spontaneously.” Our estimate for the prevalence of HCV
infection could be conservative, because many young
men who looked for jobs elsewhere were a high-risk popu-
lation for drug abuse and were not able to participate
in the study. In addition, the history of drug abuse and

other high-risk behaviours relied on self-reporting with
no further verification, which might result in a misclas-
sification bias for the estimation of associations between
study factors and HCV infection. The size of HIV-in-
fected people was small and there might be lack of an
adequate statistical power to detect certain associations.
The cross-sectional design did not allow us to know the
causal relationship between associated factors and HCV
infection.

Conclusion

Our results revealed a high risk of HCV infection, indi-
cated by positive HCV antibody and its significant
associations with drug abuse, sex, marital status and
blood transfusion. We also found that the correlates of
HCV infection varied in HIV-negative and HIV-positive
individuals. It is vital to implement comprehensive and
effective intervention programmes to reduce the risk of
HCV transmission and achieve adequate access to HCV
treatment, especially for people who are IDUs.
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