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SUMMARY

A case-control study was conducted in Linxian, Henan Province in China to explore potential
risk factors for hepatitis C virus (HCV) infection unassociated with injection drug use. One
hundred and ninety-two persons (417 % male, 95-8 % aged >60 years) were recruited from an
earlier cohort. Of these, 48 were HCV positive and 144 HCV negative. Residence in a plain region
and 3-10 injections in a health setting per year were significantly associated with HCV in both
univariate and multivariate analysis (P <0-01). In rural China, the geographic distribution of
HCYV infection was heterogeneous and associated with injections in a health setting, a pattern
which differed from the epidemics in injection drug users in urban cities.
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The prevalence of hepatitis C virus (HCV) infection is
around 1-2% in most countries [1], while in some
African countries (Egypt, Cameroon, Guinea), the
prevalence exceeds 10 % [2]. China is a country with
an intermediate prevalence of this infection. Accord-
ing to a nationwide study in 1992 [3], HCV prevalence
was reported to be 3-2% overall and 3-1% in some
rural areas. Other smaller studies have reported a
prevalence of 0-3 % in rural populations from various
Chinese provinces [4, 5]. Surprisingly, a study in a co-
hort in Linxian, Henan Province using blood samples
collected in 2000 from people aged > 55 years gave an
HCV prevalence of 9-6% [6], a figure much higher
than the national average. Despite the high HCV
prevalence in Linxian, no human immunodeficiency
virus (HIV) infection has yet been diagnosed, nor was
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there association with injection drug use, a factor
contributing to both HIV and HCV infections in
many countries, including China [7]. The discrepant
observation raised our suspicions about any alterna-
tive risk factors related to HCV infection in rural
China.

To test our hypothesis, we re-interviewed HCV-
positive participants recruited in an earlier cohort and
made comparisons with HCV-negative participants in
a case-control study. This earlier cohort was estab-
lished in 2000, comprising 500 participants from the
Linxian Nutritional Intervention Trial (NIT) con-
ducted for oesophageal and gastric cancer prevention
in 1985. All of the 48 HCV-positive subjects detected
in the 2000 cohort were recruited as cases in the
current case-control study, with a 3:1 ratio of age-
matched (Table 1a) HCV-negative subjects as con-
trols. Their plasma samples were collected in 2000
and tested for HCV antibody by HCV enzyme im-
munoassay (EIA). A supplemental recombinant
immunoblot assay (RIBA) was performed on positive
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Table la. Characteristics of the study population
in Linxian, Henan Province: demographics and
residential location

Total HCV + HCV-

Characteristics n (%) n (%) n (%)
Commune

Yaocun 65 (33'9) 20 41:7) 45 (31:3)

Rencun 36 (188) 14 (292) 22 (153)

Donggang 44 (229) 3  (6:8) 41 (932

Hengshui 47 (24'5) 11 (234) 36 (766)
Residential location

Plain area 102 (53-1) 32 (66:7) 70 (48:6)

Mountain area 90 (46'9) 16 (333) 74 (514
Gender

Male 80 (41:7) 19 (396) 61 (42:4)

Female 112 (58:3) 29 (60-4) 83 (57-6)
Age (yr)

<59 9 @&7) 3 (63 6 (42

60—64 40 (20-8) 10 (20:8) 30 (20-8)

65-69 52 (27-1) 12 (250) 40 (278)

70-74 48 (25:0) 13 (27'1) 35 (24'3)

=75 43 (22:4) 10 (20:8) 33 (229

samples [6]. A questionnaire survey was administered
to inquire about the participants’ behaviours between
1985 and 2000 through face-to-face interview. Apart
from demographic information, the questionnaire ex-
plored potential risk factors for HCV infection, ran-
ging from history of blood transfusion, blood/plasma
donation, medical care procedures (including injec-
tion, surgical and dental operation), daily activities
(including sexual activities and the sharing of razors)
and household contacts. For those unavailable at the
time of the interview, their spouses, siblings, or child-
ren responded to the questionnaire on their behalf.
The study was approved by the Chinese University of
Hong Kong Clinical Research Ethical Committee. All
patients provided written informed consent for the
survey, collection of samples and subsequent analysis.
Data input was performed with EpiData and ana-
lysed by using SPSS version 13.0 (SPSS Inc., USA).
The frequencies of demographic characteristics and
risk factors between cases and controls were com-
pared by y* analysis. Odds ratio (with 95 % confidence
intervals) measuring potential associations of risk
factors with HCV infection was estimated by simple
logistic regression analysis. Individual factors were
tested as being significant before inclusion into multi-
variate analysis with the Enter method. Age and
gender were adjusted because of their significance in
previous studies. No interaction between subjects and
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services was considered on the assumption of an even
distribution of healthcare services in both plain and
mountain regions.

There were a total of 192 participants in our study,
48 of whom were HCV positive. None of the partici-
pants was an injection drug user. Participants resided
in four communes of Linxian: Yaocun (n=065),
Rencun (n=36), Donggang (n=44) and Hengshui
(n=47) (Table 1a). Individual home address was
recorded and participants were divided into two cat-
egories according to the main geographic character-
istics: plain region and mountain region. Slightly
more than half of the participants resided in the plain
area. Over half of the participants were female and
more than 90 % were aged >60 years. One third of
the participants had undergone at least one cytology
procedure, a common diagnostic method for oeso-
phagus cancer that was used in the NIT study.
Regarding possible risk factors associated with HCV
infection, more than 70% of participants reported
having received injections in a local clinic or hospital
1-10 times per year. Forty percent had undergone
intravenous blood sampling but only 5% reported
ever having received a transfusion. However, 60 %
of the study population reported having undergone
surgical operation, which included dental procedures.
Current active HBV co-infection (defined as being
positive for both HBsAg and HBcAb) was seen in
only 6-4% of the study population, while past infec-
tion occurred in 54:6 % of the population. The pres-
ence of both HBsAg- and HBcAb-positive results was
used to indicate HBV co-infection in the subsequent
statistical analyses.

Table 15 shows the results of univariate and multi-
variate analyses. Residence in plain region (P <0-05),
having received injections 3-10 times per year
(P<0-01) and skin piercing (P <0-05) were strongly
associated with HCV infection. We included sig-
nificant factors (P <0-05) obtained from univariate
analyses for conducting the multivariate analysis.
Age and gender were also adjusted in multivariate
analyses since the previous study had shown their
possible significance. Living in plain region (OR 2-9,
95% CI 1-4-6-1, P<0-01) and having received injec-
tions 3-10 times per year previously (OR 52, 95%
CI 1-5-18-0, P<0-01) still remained significant in the
multivariate analysis.

Overall, our study indicated that a high number of
reported injections per year was specifically associated
with a higher risk of acquiring HCV. Other studies
have revealed that injection was related to HCV when
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Table 1b. Characteristics of the study population in Linxian, Henan: risk factors associated with HCV infection

HCV + HCV-
Characteristics n % n % OR P 95% CI aOR 95% CI
Plain area 32 667 70 486 2-114 0-032  1-068-4-187 2-868**  1:357-6:065
Male gender 19 396 61 424 0891 >01 0-458-1-736 0-887 0-421-1-869
3-10 injections per year 28 583 34 236 5-147 0-006 1-601-16-550  5-215**  1-514-17-966
Intravenous blood sampling 20 417 63 438 0918 >0-1 0-474-1-780 n.a. n.a.
Surgery operationf 28 583 91 632 0-815 >0-1 0-419-1-588 n.a. n.a.
HBYV co-infection 1 32 10 127 0230 >0-1 0-028-1-878 n.a. n.a.
Transfusion 3 63 7 49 0:766 >0-1 0-190-3-089 n.a. n.a.
Skin piercing} 48 100 133 924 1-361 0-068  1:247-1-485 n.a. n.a.

n.a., Not available.

Odds ratio with 95 % confidence interval and P value of y? test are reported in the table as OR, P and 95 % CI. Odds ratio
with 95% CI of multivariate logistic regression are reported as adjusted OR (aOR) and 95% CI in the table.

1 Dental surgery is included.

1 Skin piercing included: acupuncture, ear piercing, tattoo and other medical procedures involving a wound in skin or

membrane such as venepuncture, haemodialysis, etc.
**P<0-01.

it was administered under poor hygienic conditions
[8, 9]. Linxian, a county which is still relatively under-
developed, relies on traditional agricultural activities
to support the population’s livelihood. Since the local
medical care system is not well developed, injections
were usually given in local village clinics, many of
which lacked standard infection control procedures
compared to city hospitals. Moreover, although dis-
posable syringes were introduced into the community
about 10 years ago, their widespread use is only
just emerging in recent years. In an earlier study in
Linxian [6], the authors speculated that the majority
of infection had occurred between 1985 and 2000.
It can be deduced that HCV infection might have re-
sulted from the use of unclean syringes in local village
clinics, before the use of disposable ones became
standard practice.

The geographic distribution of participants in the
study suggested that residence in a plain region was
also significantly associated with HCV infection, an
observation supporting the phenomenon of spatial
variation of the infection across the four communes.
In Linxian, the plain region is larger both in size and
population, and is conveniently linked by transport to
the city centre, while the mountain region is often
small and isolated. The convenient location of the
plain region implies that residents were better con-
nected to each other, which might have accelerated
the dissemination of infectious diseases, if there were
any. The relatively isolated locations of the mountain
region may mean a less mobile population. There was
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a lesser chance for infections to be introduced into
these isolated localities, and a propensity for existing
infections to be geographically confined without sig-
nificant spread. It is possible therefore that endemic
HCYV infection has become established and widely
disseminated in plain regions, which was possibly
aggravated by the use of unclean syringes in health
services.

In the last decade, there has been wide media
coverage of the transmission of HIV through com-
mercial blood donation. Such practice and its associ-
ation with HCV infection had been reported in the
adjacent province of Shanxi [10], and it is still the
most important risk factor for blood-borne infections
such as HCV and HIV in some rural parts of this
province. The risk of blood-borne infections is high
in commercial blood donation because of the use of
contaminated equipment and the reinfusion of pooled
red cells to donors. However, no similar practice of
commercial blood donation had been reported in our
study population, and therefore, unsurprisingly, HI'V-
1 co-infection had not been commonly diagnosed.
These observations suggested that the HCV infection
was less likely to be introduced to this population by
commercial blood donation, and was more likely a
result of poor hygiene as well as substandard infection
control practice in local healthcare settings.

Our study carries a number of limitations. First, the
study population was relatively old with a high pro-
portion (95:8%) aged > 60 years. Our questionnaire
focused on the participants’ recall of activities and
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behaviours occurring in the 6 years preceding the in-
terview. Therefore, it might be difficult for re-
spondents to remember specifically the details or the
precise frequency of their risk activities. Furthermore,
some questionnaires were completed with the assist-
ance of family members of those unavailable for in-
terview. As a result, this may undermine the accuracy
of the answers, thereby affecting the determination of
the correlation between risk factors and HCV preva-
lence. Similarly, sampling bias was an inherent prob-
lem as the patients had been recruited from the pool
of 500 participants previously enrolled in a cohort in
2000, who were the surviving subjects of the NIT 1985
cohort. While patients in the original cohort might
have been randomly drawn from the community, the
20-year lag period and the small size of the final
sample could have led to potential bias. As a relatively
isolated and less mobile community, the case-control
study has enabled us to explore the presence of alterna-
tive risk factors for HCV in a rural setting, although
these findings require further validation.

In conclusion, our study suggests that whereas
needle-sharing in injection drug users was the main
driving force of the global spread of HCV around the
world, injection in healthcare settings could be a sig-
nificant risk factor in some areas. HCV is common in
residents of a rural Chinese community in Henan
Province, China. The HCV prevalence varied in
communes while injection in healthcare settings was a
risk factor for the infection. The geographic variation
further suggested that the endemicity of HCV infec-
tion could be associated with yet unknown factors,
different from those for the epidemic in injection drug
users.

ACKNOWLEDGEMENTS

The authors thank Xiudi Sun, Yu Zhang, four inter-
viewers and 102 village physicians for their assistance
in the field study, the 192 study participants for their
cooperation, staff at Stanley Ho Centre for Emerging
Infectious Diseases, The Chinese University of Hong
Kong for administrative support in the course of
conducting the study. This study was supported by

https://doi.org/10.1017/50950268809991269 Published online by Cambridge University Press

HCYV in rural China 1035

the Research Fund for the Control of Infectious
Disease (RFCID), Food and Health Bureau, the
Government of the Hong Kong SAR.

DECLARATION OF INTEREST

None.

REFERENCES

1. Wasley A, Alter MJ. Epidemiology of hepatitis C:
geographic differences and temporal trends. Seminars in
Liver Disease 2000; 20: 1-16.

2. World Health Organization. Hepatitis C — global
prevalence (update). Weekly Epidemiological Record
1999: 75: 425-427.

3. Xia GL, et al. Prevalence of hepatitis B and C virus
infections in the general Chinese population. Results
from a nationwide cross-sectional seroepidemiologic
study of hepatitis A, B, C, D and E virus infections in
China, 1992. International Hepatology Communications
1996; 5: 62-73.

4. Chen YD, et al. Hepatitis C virus infections and geno-
types in China. Hepatobiliary and Pancreatic Diseases
International 2002; 1: 194-201.

5. Qu JB, et al. Urban-rural comparison of HBV and
HCYV infection prevalence in eastern China. Biomedical
and Environmental Science 2000; 13: 243-53.

6. Zhang M, et al. Hepatitis C virus infection, Linxian,
China. Emerging Infectious Diseases 2005; 11: 17-21.

7. Miller CL, et al. The future face of coinfection: preva-
lence and incidence of HIV and hepatitis C virus coin-
fection among young injection drug users. Journal of
Acquired Immune Deficiency Syndrome 2004; 36: 743—
749.

8. El Katsha S, et al. Informal health providers and the
transmission of hepatitis C virus: pilot study in two
Egyptian villages. East Mediterranean Health Journal
2006; 12: 758-67.

9. Stoszek SK, et al. Prevalence of and risk factors for
hepatitis C in rural pregnant Egyptian women.
Transactions of the Royal Society of Tropical Medicine
and Hygiene 2006; 100: 102-107.

10. Qian HZ, et al. Hepatitis C virus infection in former
commercial plasma/blood donors in rural Shanxi
Province, China: the China Integrated Programs for
Research on AIDS. Journal of Infectious Diseases 2005;
192: 1694-700.


https://doi.org/10.1017/S0950268809991269

