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Fig. 1 Comparison of the cutoff index value in the detection early stage of HBV infection.
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Evaluation of the sensitivity of bioluminescent
enzyme immunoassay for the detection
of hepatitis B surface antigen

Terumi Kaishima", Toshiko Fujii”,
Shintaro Nagashima”, Keiko Katayama”,
Michinobu Kamiyama?, Hiroshi Okuma?,

Junko Tanaka*

The aim of this study was to evaluate the sensitivity
of the bioluminescence enzyme immunoassay for
the detection of hepatitis B surface antigen (BLEIA®
EIKEN HBsAg) and to compare the sensitivity with
microparticle enzyme immunoassay (MEILA). Samples
were collected during the early infection phase from
six chimpanzees infected with hepatitis B virus (HBV)
genotype A or genotype C. In the early infection phase,
there was a direct correlation between HBV DNA and
HBsAg until the appearance of anti-HBc and anti-HBs.
The cut off value of BLEIA, 0.005I1U/mL, was estimated
to correspond to 400 copies/mL. BLEIA detected
HBsAg earlier than other methods. Therefore, the
measurement of HBsAg by BLEIA is suggested to be
useful for the investigation of HBV infection.
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Seroprevalence, genotypic distribution and potential risk
factors of hepatitis B and C virus infections among adults in

Siem Reap, Cambodia
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Cambodia

Aim: We investigated hepatitis B virus (HBV) and hepatitis C
virus (HCV) infections among adults in Siem Reap, Cambodia,
to consider the prevention strategy in cooperation with the
Ministry of Health in Cambodia.

Methods: Serological tests for determining HBV and HCV
infections and questionnaires were performed from 2010 to
2012 among the general population in the province of Siem
Reap. Multivariate logistic regression analysis was conducted
to clarify the factors related to HBV and HCV infections.

Results: There were 483 participants, comprising 194 men
and 289 women (age range, 18-89 years). The prevalence of
hepatitis B surface antigen was not very high at 4.6%, while
anti-hepatitis B core (anti-HBc) was high at 38.5%. All HBV DNA
samples were classified as genotype C. Anti-HBc showed the
trend that the older the age, the higher the positive rate
(P = 0.0002). The prevalence of HCV RNA and anti-HCV were

2.3% and 5.8%, respectively. HCV RNA was detected in 39.3%
of anti-HCV positive samples and most of them were classified
as genotype 6 (54.5%) and 1 (27.3%). Remarkably, in multivari-
ate logistic regression analysis, history of operation and
blood transfusion were significantly associated with the posi-
tivity for HBV infection and HCV RNA, respectively.

Conclusion: Our results showed that operation and blood
transfusion were potential risk factors for HBV and HCV infec-
tion, respectively, and supposed that horizontal HBV trans-
mission may be frequent in adults in Cambodia. Hence, for
reducing HBV and HCV infections, it is necessary to improve
the safety of blood and medical treatment.

Key words: adults, Cambodia, hepatitis B virus, hepatitis C
virus, seroepidemiology

INTRODUCTION

EPATITIS B VIRUS (HBV) and hepatitis C virus
(HCV) infections are serious problems globally.
Approximately 57% of cases of liver cirrhosis and 78%
of cases of primary liver cancer result from HBV or HCV
infection.' Worldwide, more than 2 billion people have
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been infected with HBV,"? and 240-350 million have
chronic infections,>* while approximately 150 million
people are chronically HCV infected.®

In the Western Pacific Region, the World Health Orga-
nization has estimated that there is 160 million people
with chronic HBV infections.! Most countries in the
region have an estimated rate of 1-2% for HCV
infection."¢

In Cambodia, one of the countries in the Western
Pacific Region, the prevalence of HBV and HCV infec-
tions is assumed to be high. Furthermore, according to
the GLOBOCAN 2012, liver cancer was the most
common cause of cancer death with the highest mortal-
ity of 21.5/100 000.” However, few data is available
about HBV and HCV infections among the general

© 2014 The Japan Society of Hepatology
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population in Cambodia. Therefore, we investigated the
HBV and HCV infections for seroprevalence, genotypic
distribution and risk factors among adults in the general
population of Cambodia, for planning a preventive
strategy in cooperation with the Ministry of Health in
Cambodia.

METHODS

Subjects

UR SERO-EPIDEMIOLOGICAL STUDY was per-
formed from 2010 to 2012 among the general
population in three villages/communes in Siem Reap, a
province located in northwestern Cambodia with a
population of 896 443.% The subjects were over the age
of 18 years, who are considered as adults in Cambodia.
All the residents in the village/commune were called
to participate in this study by village/commune chiefs.
Duty officers of the Ministry of Health in Cambodia
explained the study protocol to the participants before
they were enrolled in our study.

Ethical issues

This study was approved by the ethics committee for
epidemiological research of Hiroshima University in
Japan and that of the Ministry of Health in Cambodia.
We conducted the survey after obtaining written
informed consents from all participants.

Serological tests

Approximately 10 mL of blood samples taken from par-
ticipants were carefully centrifuged, and sera were
brought to Hiroshima University in Japan and tested for
hepatitis virus markers to determine the HBV and HCV
infections by the following methods.

For HBV infection, hepatitis B surface antigen
(HBsAg) was determined by reversed passive hemagglu-
tination assay (R-PHA). Passive hemagglutination
(PHA) or chemiluminescence immunoassay (CLIA) was
used to detect hepatitis B surface antibody (anti-HBs).
Hepatitis B core antibody (anti-HBc) was detected by
PHA or CLIA. HBV DNA was determined by real-time
polymerase chain reaction (PCR) with primers deduced
from HBV surface gene. HBV genotyping was performed
by either enzyme immunoassay or direct sequencing.
HBV infection was defined as the seropositivity for
HBsAg and/or anti-HBc.

For HCV infection, sera were tested for HCV antibody
(anti-HCV) by particle agglutination test (PA). HCV
RNA was detected by real-time PCR with primers
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deduced from the conserved region in the 5-non-coding
region of the viral genome. HCV infection was defined
as the seropositivity for anti-HCV.

Questionnaires

Questionnaire consisted of the basic background (sex,
age, occupation) and eight questions including current
health status, current periodic treatment, history of
disease or a major injury, history of injection or infu-
sion, operation, blood transfusion, tattoo and holes for
pierced earrings.

Statistical analysis

All data were analyzed using JMP version 9 (SAS Insti-
tute, Cary, NC, USA). The proportions were estimated
with the 95% confidence interval (CI). The y>-test or
Fisher's exact test and Mantel extension test for trend
were performed to evaluate the difference in the preva-
lence of hepatitis viral markers by sex, age and residence.
Univariate analysis using the y-test or Fisher's exact test
and multivariate logistic regression analysis using a step-
wise selection method were performed to identify the
potential risk factors (sex, age groups and eight ques-
tions) related to HBV and HCV infections by calculating
odds ratio (OR) and 95% CI. Multivariate logistic regres-
sion analysis was conducted in which terms were
retained if they reached the 0.25 level of significance.
Factors selected by the stepwise selection method and
age groups were included in a multivariate model.
For all analyses, P <0.05 was considered statistically
significant.

RESULTS

OTAL PARTICIPANTS WERE 483 adults, comprising

194 men (40.2%) and 289 women (59.8%). Ages
ranged 18-89 years as of 2013, and the average age was
40.7 £ 14.7 years.

According to the results of questionnaires, most par-
ticipants (301/483; 62.3%) answered that they did not
feel healthy at present. For medical history, 41.2% (199/
483) of them answered that in the past they had disease
or major injury. Most participants had received treat-
ment by injection or infusion (369/483; 76.4%), while
fewer participants had had an operation (46/483; 9.5%)
or blood transfusion (5/444; 1.1%).

In this study, among 483 Cambodian adults, the
prevalence of HBsAg, anti-HBs and anti-HBc was 4.6%
(95% CI, 2.7-6.4%), 30.2% (26.1-34.3%) and 38.5%
(34.2-42.8%), respectively (Table 1). The prevalence
of anti-HBc was significantly higher in men than in

© 2014 The Japan Society of Hepatology
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2 Test or Tisher's exact test

*Statistically significant variables.

Cl, confidence interval; CV, Chrey village; HBc, hepatitis B core; I1Bs, hepatitis B surface; HBsAg, hepatitis B surface antigen; 11CV, hepatitis C virus; KC, Krabei Riel commune; RV, Rohal village.
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women, while there was no difference between men
and women in the HBsAg positive rate. There were sig-
nificant differences among three residences in HBsAg,
anti-HBs and anti-HBc positive rates (P =0.0096,
<0.0001 and <0.0001). HBV DNA was detected among
all HBsAg positives, and they were classified as geno-
type C. Moreover, both anti-HBs and anti-HBc showed
the trend that the older the age, the higher the positive
rate (Mantel extension test for trend; P=0.0001,
0.0002) (Fig. 1a). A total of 164 participants (34.0%),
who were HBsAg negative and anti-HBc positive, had
previous HBV infection. We found 29 participants
(6.0%) who were positive for anti-HBs only, possibly
due to vaccination. The proportion of non-infected
persons who were negative for all HBV markers was
55.5% (268/483).

For HCV infection, the prevalence of HCV RNA,
which means HCV carrier rate, was 2.3% (95% CI, 0.95-
3.6%) and that of anti-HCV was 5.8% (95% CI, 3.7~
7.9%) (Table 1). HCV RNA was detected in 39.3% of
anti-HCV positive samples. Both anti-HCV and HCV
RNA positive rates tended to increase with age signifi-
cantly (Mantel extension test for trend; P=0.0004,
0.023) (Fig. 1b). There was no significant difference
between men and women in the prevalence of both
HCV RNA and anti-HCV, while anti-HCV positive rates
were significantly different among three residences
(P=0.0078). Of 11 HCV RNA positive samples, six were
classified as genotype 6 (54.5%) (6f [n=3], 6e [n=2],
6s [n=1]), three (27.3%) as genotype 1 (1b) and two
(18.2%) were unclassified. The other 17 anti-HCV posi-
tives were negative for HCV RNA, indicating previous
HCV infection (3.5%).

For HBV infection, in multivariate analysis, men
were significantly related to positivity for HBV infec-
tion (adjusted OR, 2.0; 95% CI, 1.3-3.1). Compared
with the age group of 18-29 years, all the older age
groups were significantly associated with positivity for
HBV infection in multivariate analysis. Remarkably,
history of operation was significantly associated with
positivity for markers of HBV infection in mult-
variate analysis (adjusted OR, 1.9, 95% CI, 1.0-3.7)
(Table 2).

Regarding HCV infection, the oldest age group
(60-89) was significantly associated with the positivity
for HCV RNA and also related to the positivity for
anti-HCV in multivariate analysis. Notably, history of
blood transfusion was significantly associated with
the positivity for HCV RNA in our multivariate
analysis (adjusted OR, 30.8; 95% CI, 1.0-575.3)
(Table 3).
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Figure 1 Age-specific prevalence of hepatitis B virus (HBV) and hepatitis C virus (HCV) infection markers among the general
population in Siem Reap, Cambodia. (a) The prevalence of HBV infection markers including hepatitis B surface antigen (HBsAg),
anti-hepatitis B core (anti-HBc) and hepatitis B surface antibody (anti-HBs). (b) The prevalence of HCV infection markers including
HCV RNA and anti-HCV. The prevalence of each marker is shown in the line and bar graph. Error bar indicates 95% confidence
interval. @&, HBs Ag; —#-, anti-HBc, =, anti-HBs; (&, HCV RNA; I, anti-HCV.

DISCUSSION

UR STUDY SHOWED that the HBsAg positive rate

was 4.6% (n=483) in adults among the general
population in Siem Reap Province, Cambodia, lower
than the reported HBsAg seroprevalence of 7.7-
10.8%.>"® Data from the Cambodia National Blood
Transfusion Center in 2012 also showed that the posi-
tive rate of HBsAg was 6.3% (3026/48298; 95% ClI,
6.05-6.48) among blood donors (Ministry of Health in
Cambodia, 2013, unpubl. data). Despite low prevalence
of HBsAg, in our study, the prevalence of anti-HBc was
as high as 38.5%. High anti-HBc prevalences of 58.6%"
and 72.4%' were reported, assuming that horizontal
infection might have occurred more frequently in adults
or after childhood. Additionally, the significant differ-
ences in the HBsAg positive rate between residences
suggests that HBsAg positive rates differ according to
areas with different lifestyles in Cambodia.

From multivariate analysis, we found that men were
significantly related to positivity for HBV infection
(adjusted OR, 2.0), while there were no significant sex
difference in positivity for HBsAg. This difference may
suggest that men have higher risk for anti-HBc positivity;
that means men have a higher risk for horizontal HBV
transmission than women.

In this study, from logistic regression analysis, the
older age groups had a higher risk for HBV infection.
However, the HBsAg positive rate was not significantly
different across the age groups. This discrepancy also

suggested ongoing horizontal transmission of HBV
among Cambodian adults; HBV infection rate is accu-
mulated and grows higher with older age. Another
reason why the older age group showed the higher
positive rate of HBV infection would be a cohort
effect.

Multivariate analysis particularly showed that history
of operation is a potential risk factor for HBV infection
in Cambodia (adjusted OR, 1.9). This result strongly
supports HBV horizontal transmission. Therefore, even
though the medical field in Cambodia now is restricted
by poor hygiene due to its low economic condition, it is
necessary to enhance the safety of medical treatment
and launch a HB vaccination program for adults to
prevent HBV infection.

Moreover, all HBV DNA positive samples belonged to
genotype C, which was also reportedly dominant in
Cambodia.*"* Our result is similar to those in previous
studies. In Japan, where genotype C is predominant as
in Cambodia, a study among HBV carriers in the birth
cohort during 1950-1985 estimated that horizontal
transmission was approximately sesquialterally as fre-
quent as vertical transmission.'”

On the other hand, our study showed that HCV RNA
positive rate was 2.3% (n = 483) and anti-HCV positive
rate was 5.8% in the adults among the general popu-
lation in Siem Reap Province, Cambodia. Although
anti-HCV rates were variously reported in the range of
2.3-14.7%,'%'11316 our results clarified that the preva-
lence of HCV infection in Cambodia was high.

© 2014 The Japan Society of Hepatology
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Table 2 Univariate and multivariate analyses of risk factors for HBsAg seropositivity, HBV infection among the general population in Siem Reap, Cambodia

n HBsAg HBV infectiont
Univariate analysist Multivariate analysis§ Univariate analysis# Multivariate analysis{
OR (95% CI) P AOR (95% CI) p OR (95% CI) p AOR (95% CI) P
Sex
Male 194 1.8 (0.8-4.3) 0.1591 23 (0.9-6.2) 0.0786 1.6 (1.1-2.3) 0.0191* 2.0 (1.3-3.1) 0.0029*
Female 289 1 1 1
Age group (years)
18-29 131 1 1 1 1
30-39 121 2.6 (0.8-8.5) 0.1159 1.8 (0.5-7.0) 0.3532 2.0 (1.1-3.4) 0.0137* 1.9 (1.1-3.4) 0.0270*
40-49 103 2.0 (0.5-7.2) 0.2980 1.1 (0.3-4.7) 0.8958 2.6 (1.5-4.5) 0.0007* 2.5 (1.4-4.6) 0.0030*
50-59 66 0.5 (0.05-4.5) 0.5170 0.3 (0.02-2.4) 0.3379 33 (1.8-6.1) 0.0001* 3.4 (1.7-6.8) 0.0006*
60-89 62 1.1 (0.2-5.9) 0.9486 0.7 (0.09-3.9) 0.7013 2.2 (1.2-4.2) 0.0132* 23 (1.2-4.7) 0.0169*
Residence
KC 186 1 1 1 1
cv 249 7.2 (1.6-31.3) 0.0024* 7.4 (2.1-47.4) 0.0085* 2.6 (1.7-4.0) <0.0001* 2.6 (1.7-4.1) <0.0001*
RY 48 4.0 (0.6-29.2) 0.1407 4.0 (0.4-36.3) 0.1873 2.5 (1.3-4.8) 0.0053* 2.4 (1.2-5.1) 0.0172*
Occupation
Farmer 266 0.6 (0.2-1.3) 0.1857 - 0.9 (0.6-1.3) 0.5989 -
Others 202 1 1
Healthy
Yes 180 0.5 (0.2-1.3) 0.1448 03 (0.1-0.9) 0.0513 0.8 (0.6-1.2) 0.3464 0.8 (0.5-1.2) 0.2890
No 301 1 1 1 1
Current periodic treatment
Yes 174 0.8 (0.3-2.0) 0.6367 - 1.0 (0.6-1.4) 0.8054 0.8 (0.5-1.2) 0.2660
No 302 1 1
History of disease or major injury
Yes 199 12 (0.5-2.8) 0.6782 - 1.4 (0.9-2.0) 0.1120 -
No 284 1 1
History of injection or infusion
Yes 369 0.8 (0.3-2.1) 0.6367 - 1.1 (0.7-1.6) 0.8220 -
No 111 1 1
History of operation
Yes 46 09 (0.2-4.1) 0.9309 - 2.2 (1.2-4.1) 0.0100* 1.9 (1.0-3.7) 0.0485*
No 432 1 1 1
History of blood transfusion
Yes 5 0 ~-¥ 0.6223 - 1.1 (0.2-6.6) 0.9257 -
No 432 1 1
Tattoo
Yes 48 0.9 (0.2-3.9) 0.8456 - 1.2 (0.7-2.3) 0.4774 -
No 354 1 1
Holes for pierced earrings
Yes 288 0.5 (0.2-1.4) 0.1863 - 0.6 (0.4-0.9) 0.0240* -
No 133 1 1

$HBV infection including HBsAg positive and/or anti-HBc positive, #y?-test or Fisher’s exact test.

#No positives for IBsAg.

§Logistic regression analysis with a stepwise selection method: R* =0.1207, model P=0.0058*, n=481.
{Logistic regression analysis with a stepwise selection method: R? = 0.0872, model P < 0.0001*, n=470.

*Statistically significant variables.

AOR, adjusted odds ratio; Cl, confidence interval; CV, Chrey village; B¢, hepatitis B core; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; KC, Krabei Riel commune; OR, odds ratio; RV, Rohal village.
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ty2-Test or Fisher's exact test.

tLogistic regression analysis with a stepwise selection method: R? = 02454, model P = 0.0003*, n = 426.
§Logistic regression analysis with a stepwise selection method: R? =0.1879, model P< 0.0001*, n = 435.

Table 3 Univariate and multivariate analyses of risk factors for HCV RNA and anti-HCV seropositivity among general population in Siem Reap, Cambodia 5
n HCV RNA Anti-HCV ‘§

Univariate analysist Multivariate analysist Univariate analysist Multivariate analysis§ 0\3

OR (95% CI) P AOR  (95% CI) P OR  (95% CI) P AOR  (95% CI) P §

S

Sex §
Male 194 1.2 (0.4-4.1) 0.7174 - 1.0 (0.4-2.1) 0.9220 - =
Female 289 1 1 >

Age group (years) —
18-29 131 1 1 1 1 a4
30-39 121 11 (0.07-17.5) 0.9550 12 (0.05-30.2) 0.9103 15 (0.3-6.7) 0.6240 25 (0.3-51.5) 0.4340 =
40-49 103 3.9 (0.4-38.1) 0.2080 42 (0.5-88.8) 0.2365 2.6 (0.6-10.8)  0.1627 438 (0.8-93.7) 0.1558 -
50-59 66 0 -q 0.4767 0 (0-15.4) 0.9906 238 0.6-12.7)  0.1772 55 (0.8-111.0)  0.1369 )
60-89 62 139 (1.6-118.4)  0.0020*  15.0 (24-290.4)  0.0143* 92 (2.5-34.4)  0.0001* 168 (3.0-314.0)  0.0084* ?

Residence s
KC 186 1 1 1 ~
cv 249 2.0 (0.5-7.7) 0.2930 - 5.6 (1.7-19.1)  0.0021* 6.2 (2.0-28.6) 0.0057*

RV 48 0 - 0.3758 - 55 (1.2-25.7)  0.0148* 7.4 (0.3-83.0) 0.1258

Occupation
Farmer 266 02 (0.03-0.8) 0.0088* 02  (0.02-0.7) 0.0265* 0.5 (0.2-1.0) 0.0531 -

Others 202 1 1 1

Healthy
Yes 180 0.4 (0.1-1.7) 0.1822 - 0.4 (0.2-1.1) 0.0715 0.3 (0.08-1.1) 0.0967
No 301 1 1 1

Current periodic treatment
Yes 174 1.5 (0.4-4.9) 0.5352 - 1.5 (0.7-3.3) 0.2634 -

No 302 1 1

History of disease or major injury
Yes 199 1.7 (0.5-5.8) 0.3630 - 1.1 (0.5-2.3) 0.8544 -

No 284 1 .

History of injection or infusion é:
Yes 369 1.4 (0.3-6.4) 0.6940 - 2.6 (0.8-8.8) 0.1085 - <
No 111 1 1 g

History of operation o
Yes 46 0.9 (0.1-7.5) 0.9517 - 1.1 (0.3-3.9) 0.8401 - T
No 432 1 1 Q

History of blood transfusion f
Yes 5 106 (1.1-103.1)  0.0121*  30.8 (1.0-5753)  0.0231* 43 (0.5-39.5)  0.1667 12.0 (0.5-160.3)  0.0697 =8
No 432 1 1 1 1 3

.

Tattoo o
Yes 48 0 -4 0.2156 - 0.3 (0.04-2.2) 0.2061 - 2
No 354 1 1 jorld

. . =]

Holes for pierced earrings A
Yes 288 0.7 (0.2-2.5) 0.5627 - 1.1 (0.5-2.8) 0.7924 - &
No 133 1 1 g

Q
£
)
W
®
%1

(No positives for FICV RNA.
*Statistically significant variables.

AOR, adjusted odds ratio; Cl, confidence interval; CV, Chrey village; HCV, hepatitis C virus; KC, Krabei Riel commune; OR, odds ratio; RV, Rohal village.
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In this study, the most frequent HCV RNA was geno-
type 6 (54.5%), followed by genotype 1b (27.3%).
Genotypes 6 and 1 were also reported in Cambodian
persons.'® Furthermore, viral RNA was detected in
39.3% of anti-HCV positive samples. In Japan, where
genotype 1b is predominant,® 70% of the individuals
with anti-HCV are assumed to have an ongoing infec-
tion with HCV RNA.'"'® The lower proportion of HCV
RNA among anti-HCV positive persons in Cambodia
compared to that in Japan was possibly caused by the
difference of genotype. It is known that response
to interferon-based therapy varies according to HCV
genotypes. Compared to other HCV genotypes, the
response rate to the therapy in genotype 1 is lower,'”*
and that in genotype 6 may be at an intermediate
level.'”2° Another possibility is host-oriented factors
such as their own immunity or food intake in Cambo-
dian people.

Additionally, from our multivariate analysis, partici-
pants aged of 60 years or older had high risk for anti-
HCV positivity (adjusted OR, 16.8) and HCV RNA
positivity (adjusted OR, 15.0). High risk of HCV infec-
tion may be attributed to unsafe blood transfusion or
other insufficiently sterilized medical manipulations in
the past. Other possibilities may be cohort effect or age
effect.

Furthermore, our multivariate analysis found that the
history of blood transfusion is a potential risk factor for
HCV RNA positivity in Cambodia (adjusted OR, 30.8).
Although all Cambodian blood donors now are
requested to be screened for HIV, HBV, HCV and syphi-
lis according to the Ministry of Health, it is a necessary
to perform the screening procedure more rigorously to
avoid infections from contaminated blood.

In conclusion, our results of HBV and HCV
seroprevalence, genotypic distribution and multivariate
analysis for risk factors supposed that horizontal HBV
transmission may be frequent in Cambodia. Particu-
larly, operation and blood transfusion were identified as
the risk factor for HBV and HCV infection, respectively.
Therefore, for reducing HBV and HCV infections, it is
necessary to launch a HB vaccination program for adults
and to improve blood safety and sterilization in hospital
in Cambodia.
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High prevalences of hepatitis B and C virus infections
among adults living in Binh Thuan province, Vietnam

Son Huy Do,'? Hiroko Yamada," Mayumi Fujimoto,' Masayuki Ohisa,' Junko Matsuo,’
Tomoyuki Akita," Keiko Katayama,” Nhon Van Nguyen,? Yuzo Miyakawa?® and

Junko Tanaka’

'Department of Epidemiology, Infectious Disease Control and Prevention, Institute of Biomedical and Health
Sciences, Hiroshima University, Hiroshima, *Miyakawa Memorial Research Foundation, Tokyo, Japan; and
2Department of Health, Binh Thuan Province, Phan Thiet City, Vietnam

Aim: Vietnam is one of the countries with the highest mor-
tality from liver cancer, which is mostly attributed to hepatitis
B virus (HBV) and hepatitis C virus (HCV) infections. For plan-
ning preventive strategies against these infections, we inves-
tigated prevalences of HBV and HCV infections among adults
living in Binh Thuan, Vietnam.

Methods: Our study consisted of a serological survey for
HBV and HCV infections and a questionnaire survey on their
risk factors. The sample size was calculated based on antici-
pated rate of hepatitis B surface antigen (HBsAg). Subjects
were randomly sampled using a multistage method. Confir-
mation and family-tree surveys were conducted to examine
persistent HBV infection and intrafamilial HBV transmission,
respectively.

Results: A total of 509 adults, comprised of 230 men (45.2%)
and 279 women (54.8%), were enrolled. Prevalences of HBsAg,
hepatitis B surface antibody and hepatitis B core antibody

were 15.3%, 60.3% and 71.7%, respectively. Most HBV DNA
positive sera were classified as genotype B (75.3%) and C
(11.7%). Of HBsAg positive subjects, 96.7% were persistently
infected and one acutely HBV infected person was identified.
Family-tree surveys suggested that horizontal extrafamilial
HBV transmission might have been frequent. Prevalences of
anti-HCV and HCV RNA were 3.4% and 1.8%, respectively. HCV
genotype 6a was prominent (55.6%).

Conclusion: In Binh Thuan, prevalences of HBV and HCV
infections are high, HBV genotype B and HCV genotype 6a are
predominant, and horizontal HBV transmission may still
occur. Therefore, raising the coverage of a universal HBV vac-
cination program may be an effective liver cancer control in
Vietnam.

Key words: general population, hepatitis B virus, hepatitis C
virus, seroepidemiology, Vietnam

INTRODUCTION

EPATITIS B VIRUS (HBV) and hepatitis C virus
(HCV) infections have been considered the
most important etiology of hepatocellular carcinoma
(HCC), which is the third most common cause of
cancer death among men globally.! Worldwide, nearly
2 billion people have been exposed to HBV? and
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170 million people are chronically infected with HCV.?
In the Asia-Pacific region, HBV is the leading cause of
chronic hepatitis which can evolve into liver cirrhosis
and HCC.*

Liver cancer has been the most frequent cause of
cancer death in Vietnam.” According to Globocan 2012,
Vietnam is one of the countries with the highest age-
standardized mortality of liver cancer of 23.7 (per
100 000 population).® Approximately 90% of patients
with HCC had evidence of HBV® and approximately
one-seventh of them were related to HCV.¢ Meanwhile,
prevalences of chronic HBV and HCV infections in
Vietnam were estimated to be approximately 12.0% and
2.0%, respectively.® Particularly, chronic HBV infection
was predicted to remain endemic in the next decade,
despite the achievement of the universal infant HBV
vaccination program.” However, data on prevalences of

259
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HBV and HCV infections among the general population
in Vietnam are limited. There have been few population-
based studies conducted in North Vietnam in the last
6 years, while nationwide researches have not been per-
formed. Therefore, we investigated HBV and HCV infec-
tions for seroprevalence, genotypic distribution and risk
factors among the adults living in Binh Thuan, a prov-
ince located in South Vietnam. Our population-based
study is hoped to provide updated and additional infor-
mation for planning preventive strategies against HBV
and HCV infections in Vietnam.

METHODS

Study design

E CONDUCTED A cross-sectional study among

adults aged 20 years or older in Binh Thuan prov-
ince. Based on the anticipated hepatitis B surface
antigen (HBsAg) rate of 20.0%, confidence level of 95%
and precision of 5%, sample size was determined to be
510. Participants were included by multistage sampling.
First, La Gi town was one of three cities/towns/districts
randomly chosen from 10 cities/towns/districts of Binh
Thuan province. Except La Gi town, in two of three areas
it is difficult to conduct this survey. Second, three wards,
including Binh Tan, Phuoc Hoi and Phuoc Loc, were
randomly selected from nine wards/communes of La Gi
town. Finally, participants were enrolled from the lists
of residents aged 20 years or older in three selected
wards by systematic random sampling.

Additionally, approximately 6 months after the initial
survey, all initial participants in Binh Tan ward were
recruited to the confirmation survey for differentiating
acute from persistent HBV infection among HBsAg posi-
tive individuals, as well as detecting incident HBsAg
positive cases and HCV infections among susceptible
persons.

In addition, for investigating the intrafamilial trans-
mission of HBV infection, all participants who were
persistently infected HBV, named “index persons”, iden-
tified in our confirmation survey as well as their family
members were invited to participate in the family-tree
survey.

Ethical issues

This study was approved by the Ethics Committee for
Epidemiological Research of Hiroshima University in
Japan and Binh Thuan Provincial Department of Health
in Vietnam. Informed consents were provided by all
participants.

© 2014 The Japan Society of Hepatology
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Questionnaire survey

An unsigned questionnaire was used to obtain data on
characteristics of participants such as age, sex, occupa-
tion and potential risk factors including current health
status, family history of liver diseases, history of hospi-
talization, surgery, blood transfusion, dental procedure,
injections, acupuncture, tattoos, skin-piercings, sharing
of razors, manicure service and skin-cutting cures.

Serological testing

Approximately 10 mL of blood was drawn from each
participant. After centrifugation, sera were kept at
—30°C and transported to Hiroshima University. All
sera were tested for HBsAg, hepatitis B surface antibody
(HBsADb), hepatitis B core antibody (HBcAb) and HBV
DNA. HBsAg was detected using a reversed passive
hemagglutination assay (Mycell II HBsAg; Institute of
Immunology, Tokyo, Japan). A chemiluminescence
immunoassay was used to detect HBsAb (Architect
Osabu; Abbott, Tokyo, Japan) and HBcAb (Architect
HBc II; Abbott). HBV DNA was detected by real-time
polymerase chain reaction {PCR) (TagMan Fast Univer-
sal PCR Master Mix (2X); Applied Biosystems, Foster
City, CA, USA) and the cut-off point for HBV DNA was
more than 10? copies. HBV genotyping was performed
by enzyme immunoassay (Immunis HBV genotype EIA;
Institute of Immunology), and some samples which
could not be determined by enzyme immunoassay were
identified by direct sequencing (BigDye Terminator v3.1
Cycle Sequencing Kit; Applied Biosystems). HBV expo-
sure was defined as the seropositivity for HBsAg and/or
HBcAD.

For HCV infection, HCV antibody (anti-HCV) and
HCV RNA were detected by particle agglutination assay
(Ortho HCV ADb PA test II; Ortho-Clinical Diagnostics,
Tokyo, Japan) and real-time PCR (TagMan Fast Virus
1-Step Master Mix; Applied Biosystems), respectively.
HCV infection was defined as the seropositivity for
anti-HCV.

Statistical analysis

Data were analyzed using JMP version 7.0.2 (SAS Insti-
tute, Cary, NC, USA). The proportions were estimated
with 95% confidence intervals (95% CI). The y-test or
Fisher's exact test were used as appropriate to compare
the proportions between different groups. Risk factors
for HBV and HCV infections were determined by calcu-
lating odds ratios (OR) and 95% CI using univariate and
multivariate logistic regression analyses with the step-
wise method in which factors were retained if they
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Table 1 Demographic characteristics of participants (n=509)

HBV/HCYV infections in Vietnham 261

Characteristics Total Men Women
n % n % n %
Age (years)
20-29 130 25.5 65 12.8 65 12.8
30-39 106 20.8 53 10.4 53 10.4
40-49 126 24.8 53 10.4 73 14.3
>50 147 28.9 59 11.6 88 17.3
Occupation
Farmer 75 14.7 35 15.2 40 14.3
Fisherrman 23 4.5 23 10.0 0 0
Health-care worker 19 3.7 4 1.7 15 5.4
Housewife 112 22.0 0 0 112 40.1
Officer 128 25.2 79 34.4 49 17.6
Trader 66 13.0 18 7.8 48 17.2
Worker 86 16.9 71 30.9 15 5.4
Total 509 100.0 230 45.2 279 54.8

reached the 0.25 level of significance. A P-value less than
0.05 was considered statistically significant.

RESULTS

Characteristics of participants

N 2012, 509 participants, comprised of 230 men

(45.2%) and 279 women (54.8%), were enrolled in
the study (Table 1). Age distribution ranged 20-81 years
old (average age, 40.8 £ 1.1 years).

Among 169 initial subjects in Binh Tan ward, 152
(89.9%) participated in the confirmation survey. There
was no significant difference in sex and age between
subjects participating in the initial survey and those in
the confirmation survey.

For family-tree surveys, four among 29 participants
who were identified to be persistently infected with
HBV agreed to participate. In total, 26 participants
including four index persons and their 22 family
members (parents, spouse or siblings of index persons)
were studied. Their age ranged 23-75 years old and the
male-to-female ratio was 1:1.36.

Questionnaire survey

Overall, 20.0% of participants had a family history of
liver disease. Most participants were exposed to injec-
tions (78.4%), while fewer participants had history of
surgery (18.9%), blood transfusion (6.1%) and tattoos
(6.7%) (Fig. 1).

Serological analyses

Prevalences of HBsAg, HBsAb and HBcAb among par-
ticipants were 15.3% (95% CI, 12.2-18.5%), 60.3%

(95% CI, 56.0-64.6%) and 71.7% (95% CI, 67.8-
75.6%), respectively. Based on different profiles of HBV
markers, prevalence of HBsAg positivity was 15.3% (78/
509), while prevalence of HBV exposure (positive for
HBsAg and/or HBcAb) was 71.7% (365/509). Among
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Figure 1 Potential risk factors among male and female partici-
pants in the sero-epidemiological study in Binh Thuan,
Vietnam in 2012 (n = 509). Differences in percentages of “yes”
answer between sexes were tested by y-test or Fisher’s exact test
as appropriate, and significant differences are indicated by
asterisks. B, Total (n=7509); B male (n=230); [J, female
(n=279).
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the 77 HBV DNA positive samples, 58 (75.3%) were
classified as genotype B, nine (11.7%) as genotype C,
four (5.2%) as genotype D and the remaining six (7.8%)
as unidentifiable.

Generally, prevalences of these HBV markers in men
and women were not significantly different (Fig. 2).
Conversely, the rates of HBcAb positivity and HBsADb
positivity tended to increase with age, while the HBsAg
positive rate was inclined to decrease with age (Fig. 2).
In univariate analysis, HBsAg seropositivity was related
to age of 50 years or over (OR=0.3; 95% CI, 0.1-0.6;
P < 0.001) and family history of liver disease (OR=3.1;
95% CI, 1.9-5.3; P<0.0001), while HBV exposure
was associated with age of 40-49 years (OR, 1.8; 95%
Cl=1.0-3.0; P<0.05) and age of 50 years or over (OR,
1.8; 95% CI = 1.1-3.1; P< 0.05) (Table 2). Multivariate
analysis identified that HBsAg seropositivity was related
to age of 50years or over (adjusted OR=0.3; 95%
Cl, 0.1-0.6, P<0.001), fishermen (adjusted OR, 3.5;
95% CI=1.1-10.1; P<0.05) and family history of
liver disease (adjusted OR=3.0; 95% CI, 1.7-5.2;
P <0.0001), whereas HBV exposure was still associated
with age of 40-49 years (adjusted OR=1.8; 95% CI,
1.0-3.1; P < 0.05) and age of 50 years or over (adjusted
OR=1.8; 95% CI, 1.1-3.1;-P < 0.05) (Table 2).
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Figure 2 Prevalences of hepatitis B virus markers among
adults living in Binh Thuan province, Vietnam. Sex- and age-
specific prevalence of hepatitis B surface antigen (HBsAg),
hepatitis B surface antibody (HBsAb) and hepatitis B core
antibody (HBcAb) are shown with 95% confidence intervals.
-1, HBsAg; -®-, HBsAb; -, HBcAb.
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Notably, of the 31 HBsAg positive participants at
the initial survey, 30 persons participated in the con-
firmation survey. Of the 30 participants, 29 (96.7%)
remained positive for HBsAg, indicating persistent infec-
tion, whereas the remaining one became negative for
HBsAg and positive for HBsAb, implying an acute infec-
tion at the initial survey. No HBsAg positive case was
observed among subjects who were negative for all HBV
markers at the initial survey, resulting in an incidence
rate of 0 (95% CI, 0-29.5/100 person-years).

Additionally, in family-tree surveys, four index
persons were positive for both HBsAg and HBcAb,
whereas HBsAg was detected in eight of 22 family
members. In total, 12 HBsAg positives among 26
persons in four families and the prevalence of HBsAg
was 46.2% (95% CI, 27.0-65.3%). In family 1, the
index person was the mother and only the oldest child
was positive for HBcAb, while four younger children
were negative for HBcAb (Fig. 3a). In families 2 and
3, the parents of the index persons were negative
for HBsAg. However, HBsAg was detected in two
index persons’ older sisters in family 2, and four
index persons’ siblings in family 3 (Fig. 3b,c).
The index person in family 4, the father, and his two
sons were positive for HBsAg (Fig. 3d).

For HCV infection, 17 (3.3%; 95% CI, 1.8-4.9%) of
the 509 participants were positive for anti-HCV, while
HCV RNA was detected 'in nine (1.8%; 95% CI, 0.6-
2.9%). Five (55.6%) of them were classified as genotype
6a. Each of the remaining four belonged to genotype
1b (11.1%), 2a (11.1%), 3a (11.1%) and Ge (11.1%),
respectively. Differences in anti-HCV and HCV RNA
rates between sexes were not significant (Fig. 4).
Although anti-HCV and HCV RNA rates tended to
increase with age (Fig. 4), only age of 50 years or over
was related to seropositivity for anti-HCV in univariate
analysis (OR=8.4; 95% CI, 1.2-67.3; P<0.05) and in
multivariate analysis (adjusted OR=6.4; 95% CI, 1.1~
120.6; P < 0.05) (Table 3). In 150 participants who were
initially negative for HCV infection, nobody was posi-
tive for anti-HCV or HCV RNA in the confirmation
survey, resulting in a HCV incidence of 0 (95% CI,
0-4.9/100 person-years).

DISCUSSION

E FOUND IN this survey that prevalence of
HBsAg among the adults living in Binh Thuan,
located in South Vietnam, was 15.3%. In North
Vietnam, HBsAg rates of 18.8%,% 19.0%° and 8.8%"
were reported. Despite the discrepancies due to the
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Table 2 Univariate and multivariate analysis of risk factors for HBV infection among adults living in Binh Thuan province, Vietnam (n = 509)

n % [BsAg seropositivity HBV exposuret
Univariate analysis$ Multivariate analysis§ Univariate analysis} Multivariate analysisq
OR 95% CI r AOR 95% Cl P OR 95% CI P AOR 95% CI P
Sex Female 230 548 1.0 1.0 1.0 1.0
Male 279 45.2 1.4 0.9-2.3 0.1548 1.0 0.6-1.8 0.9050 1.3 0.9-1.9 0.1622 1.3 0.8-2.0 0.1575
Age group (years) 20-29 130 255 1.0 1.0 1.0 1.0
30-39 106 20.8 0.9 0.5-1.8 0.8557 0.8 0.4-1.6 0.5564 1.2 0.7-2.0 0.5932 1.1 0.6-1.9 0.9420
40-49 126 248 0.7 04-14 03117 0.7 0.4-14 0.2893 1.8 1.0-3.0 0.0427 1.8 1.0-3.1 0.0416
50 and over 147 289 0.3 0.1-0.6 0.0006 0.3 0.1-0.6 0.0009 1.8 1.1-3.1 0.0247 1.8 1.1-3.1 0.0258
Occupation Worker 86 169 1.0 1.0 1.0 1.0
Farmer 75 147 1.0 04-23 09363 -~ 1.7 0.9-3.4 0.1321 -
Fisherman 23 45 25 08-7.1 0.0918 35 1.1-10.1 0.0223 1.9 0.7-5.7 0.2304 -
[Health-care worker 19 3.7 1.1 0.3-4.1 0.9411 - 0.6 0.2-1.6 0.3081 0.4 0.2-13 0.1333
Housewife 112 220 0.8 0.4-1.8 0.5949 - 15 0.8-2.7 0.2191 -
Officer 128 252 1.2 0.6-2.6 0.5844 - 1.4 0.8-2.6 0.2396 -
Trader 66 13.0 0.7 0.2-18 04149 - 1.5 0.8-3.1 0.2276 -
Unhealthy status No 439 86.3 1.0 1.0
Yes 70 13.7 1.0 0.5-2.1 0.9223 - 1.0 0.7-1.7 0.9552 -
Family history of liver disease ~ No 407 80.0 1.0 1.0 1.0 1.0
Yes 102 20.0 3.1 1.9-5.3 <0.0001 3.0 1.7-5.2 <0.0001 1.5 0.9-2.4 0.1499 1.5 0.9-2.6 0.1182
Hospitalization No 277 544 1.0 1.0 1.0
Yes 232 45.6 0.7 0.4-1.2 0.1702 0.7 0.4-1.2 0.1535 1.2 0.8-1.7 0.4727 -
Surgery No 413 81.1 1.0 1.0
Yes 96 18.9 0.6 0.3-1.3 0.2431 - 1.0 0.6-1.7 0.9681 -
Blood transfusion No 478 939 1.0 1.0 1.0
Yes 31 6.1 1.7 0.7-4.0 0.2471 2.4 0.9-6.2 0.0714 1.7 0.7-4.2 0.2543 -
Dental procedure No 213 419 1.0 1.0 1.0
Yes 296 58.1 0.7 0.4-1.1 0.1127 0.8 0.5-13 0.3084 0.9 0.6-1.3 0.5156 -
Injections No 110 216 10 1.0
Yes 399 78.4 0.9 0.5-1.6 0.7325 - 1.0 0.6-1.6 0.9771 -
Acupuncture No 421 82.7 1.0 1.0
Yes 88 17.3 0.9 0.4-1.6 0.6289 - 11 0.6-1.8 0.8157 -
Tattoos No 475 93.3 1.0 1.0
Yes 34 6.7 1.2 0.5-3.0 0.6971 - 1.3 0.6-3.0 0.5234 -
Piercings No 269 529 1.0 1.0
Yes 240 47.1 0.7 0.4-1.1 0.0948 - 0.8 0.5-1.2 0.2290 -
Sharing of razors No 412 809 1.0 1.0
Yes 97 19.1 1.3 0.7-2.4 0.3259 - 1.0 0.6-1.7 0.9118 -
Manicure service No 306 60.1 1.0 1.0
Yes 203 39.9 1.1 0.7-1.7 0.8220 - 0.8 0.6-1.2 0.3584 -
Skin-cutting cures No 318 625 1.0 1.0
Yes 191 375 0.9 0.5-1.4 0.5642 - 1.0 0.7-1.5 0.9943 -

tHepatitis B virus (HBV) exposure: seropositivity for hepatitis B surface antigen and/or hepatitis B core antibody.

$y2-Test or Fisher's exact test.

§Logistic regression analysis with the stepwise method: R? = 0.0932, model P-value < 0.0001, = 509.
{Logistic regression analysis with the stepwise method: R? = 0.0236, model P-value =0.0262, n = 509.

Bold text represents statistical significance.

AOR, adjusted odds ratio; Cl, confidence interval; OR, odds ratio.
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5y.0. | (died)
]
HBV DNA (-) [ HBV DNA (-) | HBV DNA (-) | HBV DNA (-) | HBV DNA (-) HBV DNA (-)
55y.0. /53 y. 0. 0 y.o. 9 y.o. 47 y. 0.
(b) Family-2 HBV DNA (-) HBV DNA (-)
65y. 0.
[ HBV DNA (+)
genotype B
43y. 0. 32y.o0.
(c) Family-3 HBV DNA () HBV DNA (-)
HBV DNA (+) | HBVDNA (+) |HBVDNA (+) |HBVDNA (+) |HBV DNA (+)
genotype B genotype B genotype B genotype B genotype B
39y.o0. 7y.0 35y.0. 2y.0 0y.0 28y.o0. 3y.0
(d) Family-4 HBV DNA () HBV DNA (+)
genotype B
20y.o.

/} Sample not available

O Index person

Figure 3 Trees of four families, including 26 subjects participating in the family-tree survey. Sex, age and results of hepatitis B
surface antigen (HBsAg), hepatitis B surface antibody (HBsAb), hepatitis B core antibody (HBcAb) and hepatitis B virus (HBV) DNA

testings of each subject are shown. (a) Family (F)1; (b) F2; (c) F3;

© 2014 The Japan Society of Hepatology

(d) F4.y. 0., years old.
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Figure 4 Prevalences of anti-hepatitis C virus (HCV) and HCV
RNA among adults living in Binh Thuan province, Vietnam.
Sex- and age-specific prevalence of anti-HCV and HCV RNA are
shown with 95% confidence intervals. {3, anti-HCV; --,
HCV RNA.

differences in study areas, study periods of time, study
methods and size, we can verify a high prevalence of
HBsAg in Vietnam. According to conventional classifi-
cation,” Vietnam remains an endemic country of HBV
infection. Additionally, compared to other Southeast
Asian nations*' and Japan,'? Vietnam is one of the
countries with the highest HBsAg seroprevalence. We
observed that 71.7% of participants in our study were
positive for HBcAb, the same high prevalence of 65.2~
79.2%®%° reported in North Vietnam. By comparing
the prevalence of HBsAg and HBcAb in our study, we
assumed that the horizontal infection may have
occurred more frequently in adults or after childhood
than by vertical transmission. Additionally, although
the prevalence of HBsAb was high at 60.3% (307/509),
only 62 (12.2%) participants were positive for HBsAb
but negative for HBcAb. We supposed that their HBsAb
seropositivity might not be related to the universal
HBV vaccine program, because all participants had been
born at least 10 years before the universal HBV vaccine
program for infants was introduced in Binh Thuan in
2002. These 62 participants might have been vaccinated
by themselves or might have been infected in the past
with a low titer of HBcAb now.

Generally, genotypes B and C are most prevalent in
Asian countries, while genotypes A and D are common

HBV/HCV infections in Vietham 265

in Europe and the USA." Our study among the general
population found that the most popular HBV genotype
is B (75.3%), followed by C (11.7%). Comparable HBV
genotype distribution of genotypes B and C were also
observed in Vietnam.'” However, genotype C was
reported to predominate over genotype B.'®'” These con-
flicts may be due to different study populations; geno-
type B was common among asymptomatic HBV infected
cases, whereas genotype C was prominent in patients
with liver cirrhosis and HCC.'®

From the result of logistic regression analysis in our
study, we did not find any sex difference in HBsAg posi-
tive risk and HBV exposure risk, the same result as in
other surveys in Vietnam.”' However, a prevalence study
in Japan reported that HBsAg positive rate among men
was higher than that among women.? Moreover, we
observed that persons aged 50 years or over had lower
risk for HBsAg positivity than those aged 20-29 years.
The same tendency was reviewed by Custer etal. in
Southeast Asia.'' The low HBsAg rates among older age
groups might have been observed from two hypotheses:
(i) the loss of HBsAg which was reported in the natural
course of HBV carriers in Japan;" and (ii) the cohort
effect in Vietnam, such as the Vietnam War (1954-1975).

Hence, the evidences of age-dependent increase of
HBcAD positive rate possibly imply ongoing horizontal
transmission of HBV among Vietnamese adults.
However, other reasons such as the differences in the
historical background at different ages should be addi-
tionally investigated.

Notably, from our analysis we observed that family
history of liver disease was a significant risk factor for
HBsAg positivity (adjusted OR = 3.0). Therefore, family
history of liver disease is considered an important pre-
dictor for HBV infection.

To our knowledge, this is the first study showing evi-
dence of common HBV acquisition in early childhood
in Vietnam through confirmation survey; most of the
HBsAg positive adults were confirmed to be persistently
infected. Additionally, we identified the case of acute
HBV infection. At initial survey, this person was positive
for HBsAg and HBcAb, and negative for HBsAb.
Approximately 6 months later, at confirmation survey,
the person became negative for HBsAg and positive for
HBsAb and HBcADb. Hence, we suggest that ongoing
HBV horizontal transmission in adulthood now occurs
in Vietnam.

Furthermore, serological profiles in our family-tree
surveys showed possibilities of different routes of HBV
spread in Vietnam. Because taking blood samples at the
same time for all members, particularly for children,

© 2014 The Japan Society of Hepatology
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Table 3 Univariate and multivariate analysis of risk factors for HCV infection among adults living in Binh Thuan province, Vietnam (n = 509)

n

%

Anti-IHCV seropositivity

FICV RNA seropositivity

Univariate analysist

Multivariate analysis$

Univariate analysist

Multivariate analysis§

OR 95% Cl p AOR 95% Ct P OR 95% Cl p AOR 95% ClI r
Sex Female 230 54.8 1.0 1.0 1.0 1.0
Male 279 452 1.5 0.6-2.4 0.1548 1.2 0.4-3.6 0.6974 1.5 0.4-5.8 0.5283 1.6 0.4-6.8 0.4677
Age group (years) 20-29 130 25.5 1.0 1.0 1.0 1.0
30-39 106 20.8 2.5 0.2-27.7 0.4459 2.1 0.2-45.7 0.5537 25 0.2-27.7 0.4459 2.5 0.2-53.8 0.4606
40~-49 126 24.8 53 0.6-46.3 0.0908 4.4 0.7-85.8 0.1839 1.0 0.1-16.7 0.9823 1.1 0.0-27.4 0.9602
50 and over 147 28.9 8.4 1.1-67.3 0.0171 6.4 1.1-120.6 0.0322 4.5 0.5-39.4 0.1331 4.8 0.8-92.4 0.1569
Occupation Worker 86 16.9 1.0 1.0 1.0
Farmer 75 14.7 0.8 0.2-2.8 0.6665 - 0.6 0.1-3.2 0.5072 -
Fisherman 23 4.5 0 - 0.1925 - 0 - 0.2920 -
[Health-care worker 19 3.7 0 - 0.2357 - 0 - 0.3378 -
Housewife 112 22.0 0.5 0.1-18 0.2781 - 0.4 0.1-2.1 0.2437 -
Officer 128 25.2 0.1 0.0-0.9 0.0125 0.2 0.0-1.2 0.1649 0 - 0.0138 -
Trader 66 13.0 0.4 0.1-2.1 0.2801 ~ 0.3 0.1-2.9 0.2826 -
Unhealthy status No 439 86.3 1.0 1.0
Yes 70 13.7 1.4 0.4-4.9 0.6353 - 0.8 0.1-6.3 0.8164 -
Family history of No 407 80.0 1.0 1.0
liver disease Yes 102 20.0 1.2 0.4-3.9 0.7146 - 1.1 0.2-5.6 0.8689 -
Hospitalization No 277 54.4 1.0 1.0
Yes 232 45.6 1.1 0.4-2.8 0.9009 - 1.5 0.4-5.7 0.5443 -
Surgery No 413 81.1 1.0 1.0
Yes 96 18.9 1.8 0.6-53 0.2580 - 2.2 0.5-8.9 0.2628 -
Blood transfusion No 478 93.9 1.0 1.0
Yes 31 6.1 1.0 0.1-7.5 0.9709 - 0 - 0.4408 -
Dental procedure No 213 41.9 1.0 1.0
Yes 296 58.1 13 0.5-3.7 0.5775 - 1.5 0.4-5.9 0.6014 -
Injections No 110 21.6 1.0 1.0
Yes 399 78.4 0.5 0.2-14 0.1633 ~ 0.5 0.1-2.2 0.3886 -
Acupuncture No 421 82.7 1.0 1.0
Yes 88 17.3 1.0 0.3-3.6 0.9683 - 0.6 0.1-4.8 0.6210 -
Tattoos No 475 93.3 1.0 1.0
Yes 34 6.7 0.9 0.1-6.8 0.8934 - 1.8 0.2-14.6 0.5911 -
Piercings No 269 52.9 1.0 1.0
Yes 240 47.1 2.1 0.8-5.8 0.1403 - 0.9 0.2-34 0.8696 -
Sharing of razors No 412 80.9 1.0 1.0
Yes 97 19.1 0.3 0-2.0 0.1595 0.2 0.0-1.3 0.1755 0.5 0.1-43 0.5403 -
Manicure service No 306 60.1 1.0 1.0
Yes 203 39.9 1.1 0.4-2.8 09117 - 0.8 0.2-3.0 0.6856 -
Skin-cutting cures No 318 62.5 1.0 1.0
Yes 191 37.5 0.9 0.3-2.5 0.8468 - 13 0.4-5.1 0.6653 -

tx2-Test or Fisher's exact test.
#Logistic regression analysis with the stepwise method: R? = 0.0862; model P-value = 0.0455, n = 509.
§Logistic regression analysis with the stepwise method: R* =0.0457, model P-value = 0.3883, n = 509.

Bold text represents statistical significance.

AOR, adjusted odds ratio; Cl, confidence interval; [1CV, hepatitis C virus; OR, odds ratio.
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within a family is considered an unusual event in
Vietnam, only four families of which a member was a
health-care worker agreed to participate in family-tree
survey. In family 1, there was no evidence of vertical
HBV transmission as the mother was persistently HBV
infected but none of her children were positive for
HBsAg. In families 2 and 3, because the parents were
negative for HBsAg, it was not obvious that children
were infected from their parents. There was another pos-
sibility that the HBsAg positive children might have
been horizontally infected from other persons who were
persistently infected with HBV and had a close relation-
ship with the children. In family 4, there was no evi-
dence of vertical transmission because the mother was
negative for HBsAg. These children might have been
horizontally infected from their father or from other
persons who were persistently infected with HBV and
had a close relationship with them. We could not iden-
tify the transmission mode by using only genotyping
results because all HBV DNA positive subjects in our
family-tree surveys were infected with HBV genotype B.
A recent study among HBV carriers in the birth cohort
during 1950-1985 in Japan estimated that horizontal
transmission was approximately sesquialterally as fre-
quent as vertical transmission.”® Therefore, it is possible
that for the first time our family-tree survey has sup-
posed that not only perinatal vertical transmission or
intrafamilial horizontal spread but also horizontal
infection of HBV from an extrafamilial source such as
babysitter or kindergarten classmate in early childhood
are important in Vietham. Hence, preventive strategies
for horizontal HBV transmission should be properly
considered, along with the universal HBV vaccination
for infants.

Regarding HCV infection, we revealed the anti-HCV
seroprevalence of 3.3% (95% CI, 1.8-4.9%), higher
than anti-HCV rate of 1.0% reported in North
Vietnam.?' Particularly, our study is the first population-
based investigation of HCV RNA prevalence in Vietnam,
observing a HCV RNA positive rate of 1.8% (95% CI,
0.6-2.9%), much higher than the HCV carrier rate in
Japan.? Thus, in our study, 52.9% of anti-HCV positive
individuals were seropositive for HCV RNA. This pro-
portion was as high as 100.0% (3/3) in participants
aged 20-39 years but declined to 42.9% (6/14) in par-
ticipants aged 40 years or older, suggesting that the
periods of infection were also different. Additionally, we
identified that HCV genotype 6a was the most frequent
(55.6%). In Vietnam, the predominance of HCV geno-
type 6a was also reported in blood donors? although
HCV genotype 1b was more frequent among patients
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with liver disease.” The discrepancy regarding HCV
genotypic distribution may be explained by the fact
that infection with HCV genotype 1b is more related
with progressive liver diseases in comparison with other
HCV genotypes.” Therefore, our results supposed that
HCV genotype 6a was prominent among the general
population.

From logistic regression analysis, we did not find any
sex difference in the risk of anti-HCV seropositivity as
well as in the risk of HCV RNA seropositivity. However,
our multivariate analysis revealed that age of 50 years or
over had a higher risk of anti-HCV seropositivity
(adjusted OR = 6.4). High risk of anti-HCV seropositiv-
ity among the elderly may be attributed to unsafe blood
transfusion and other insufficiently sterilized medical
manipulations in the past.

With participants randomly sampled from the whole
community, we provided sufficiently reliable results of
seroprevalences of HBV and HCV infections. Overall,
the high prevalence of HBcAb compared to that of
HBsAg supposed that horizontal transmission was more
frequent than expected. Another critical strength of this
study is that results of both confirmation survey and
family-tree surveys (in the former we could find one
acutely HBV infected person among a small cohort
during a short follow-up period, and in the latter all of
children may not be vertically HBV infected) more
strongly supported the importance of ongoing horizon-
tal transmission.

Hence, to reduce the burden of HCC and other
chronic liver diseases, it is crucial to raise the coverage of
the universal infant HBV vaccination and launch a HBV
vaccination program for adults in Vietham. Other mea-
sures for preventing HBV and HCV parenteral transmis-
sion such as blood safety and sterilization in medical
settings should be further improved.
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