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Abstract

Background: Hepatitis B virus (HBV) infection is one of the major public health problems globally as well as in Cam-
bodia. Continuous information on HBV infection burden is required to implement effective disease control strategies.
This study aimed to determine the prevalence and genotype distribution of HBV infection in Cambodia through a
systematic review with meta-analysis.

Methods: Four databases (PubMed, Web of Science, Scopus, and Google Scholar) were used to search published
studies reporting either HBV prevalence or genotype distribution in Cambodia until August 21, 2020. Reviews,
modeling studies, and studies conducted among Cambodian permanently living abroad were excluded. The Free-
man-Tukey double arcsine transformation was implemented to achieve approximate normality. The DerSimonian and
Laird method was used to compute pooled estimates based on the transformed values and their variance. Possible
publication bias was assessed by the Egger test and the funnel plot.

Results: A total of 22 studies were included, covering 22,323 people. Ten studies reported HBV prevalence in the
general population. The HBV infection prevalence was 4.73% (95%Cl: 2.75-7.17%) in the general population and
19.87% (95%Cl: 10.95-30.63%) in high-risk/co-infected groups. By sub-group analysis, the prevalence was 6.81% (95%
Cl: 4.43-9.66) in adults older than 15 years old, 2.37% (95% CI:0.04-7.05) in children 6-15 years old, and 2.47% (95% Cl:
0.96-4.59) in children less than five years old. The prevalence of HBV infection decreased over time. Predominant HBV
genotypes were genotypes C and B with 82.96% and 16.79%, respectively.

Conclusions: The decrease in HBV infection prevalence in Cambodia demonstrates the effects of national hepatitis B
immunization, improved clinical hygiene, and the use of disposable devices. However, the estimated HBV prevalence
among the general population indicates an intermediate endemicity level of HBV infection. Therefore, population
screening and linkage to care, high vaccination coverage, health promotion, and HBV surveillance are essential to
meet the WHO 2030 goal.

Keywords: Hepatitis B, Genotype, Prevalence, Epidemiology, Cambodia

Background

Hepatitis B virus (HBV) infection is a major public health
c 2 poe— problem globally. The virus that causes hepatitis B can
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In 2015, the number of people living with chronic HBV
infection was estimated at 257 million, and 887 000 died
mainly as the result of hepatocellular carcinoma (HCC)
[1]. Therefore, at the 69" world health assembly in 2016,
194 member states committed to eliminate viral hepatitis
by 2030 [2].

Cambodia is located in the World Health Organiza-
tion (WHO) Western Pacific Region, which is reported
to have the highest prevalence of HBV infection (6.2%
of the adult population) among all WHO regions [1].
The WHO Western Pacific region bears over 45% of
the global HBV burden [3]. However, the prevalence of
HBV infection varies considerably among state mem-
bers, ranging from 1.0% to 18.8% [3]. HBV infection is
one of the public health burdens in Cambodia. Children
infected with HBV before five years old are more likely to
develop chronic infections [1]. Therefore, administration
of the hepatitis B vaccine (Hep B) within 24 h of birth,
followed by three doses of pentavalent vaccine (at 6, 10,
and 14 weeks of life), have been introduced into Cam-
bodia’s national immunization program since 2005 [4].
Prior to the implementation of Hep B vaccine, the prev-
alence of HBV infection was reported at 2.02% (95% CI
0.27-3.77%) among children born between 1999 to 2005
in Siem Reap province [5]. The latest large-scale nation-
wide study on the prevalence of HBV infection in 2017
found a prevalence of 0.56% (95% CI 0.32—0.98%) among
children aged 5-7 years, and 4.39% (95% CI 3.53-5.45%)
in their mothers [6].

Cambodia has made a tremendous effort to combat
HBV by achieving the 2017 target of lowering the HBV
prevalence among children to less than 1 percent [4].
Eliminating mother-to-child transmission is another
milestone on which the government of Cambodia is
focusing. Moreover, some tasks must be done to move
towards the global target of hepatitis B elimination by
2030, including boosting the awareness program, pre-
vention, and treatment strategy. To implement effective
strategies, more information on HBV infection is needed.
This systematic review and meta-analysis aimed to esti-
mate the prevalence of HBV infection and its genotype
distribution in Cambodia.

Methods

Literature and search strategy

Four literature databases, PubMed, Web of Science, Sco-
pus, and Google Scholar were used, and the last search
was conducted on August 21, 2020. The keywords were:
hepatitis B, hepatitis B surface antigen, HBV, HBsAg,
epidemiology, prevalence, seroprevalence, DNA, geno-
type, and Cambodia. The search was modified to match
the particular structure of each database (Supplementary
Table 1).
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Study selection

We included all the published studies reporting HBV
infection prevalence or genotype distribution among
people living in Cambodia or Cambodian temporally
living abroad. However, we excluded reviews, modeling
studies, studies conducted among Cambodian perma-
nently living abroad or duplicated articles that studied
the same population during the same period.

All studies extracted from literature databases were
reviewed independently by two reviewers (BE & PO).
First, the duplicated records were removed using the
Endnote reference manager. Then, the title and abstract
were screened to eliminate irrelevant studies, and the
full texts of potentially eligible studies were assessed for
inclusion. Furthermore, the snowballing approach was
used to identify additional studies. The final inclusion
decision was based on consensus or by a third reviewer
(AS) if no consensus was reached.

The following information was extracted indepen-
dently by two reviewers (BE & PO): year of the study,
year of publication, first author, study design, study
population, study setting, diagnostic method, sam-
ple size, number of positive cases, and genotype
distribution.

Quality assessment

The quality of each included study was assessed sepa-
rately by two reviewers (BE & PO) following the Guide-
line of Recommendation Assessment, Development
and Evaluation (GRADE) guideline [7]. The quality of
evidence was classified into four categories (high, mod-
erate, low, and very low quality).

Data management and analysis

EndNote X9 was employed to manage citations.
Extracted data were recorded in Microsoft Excel and
analyzed with STATA® 16, using the ‘metaprop’ package.
Given that the included studies were conducted at differ-
ent periods, on different population groups, and in dif-
ferent geographic locations, a random-effect model was
employed because of the expected heterogeneity across
studies [8, 9]. The Freeman—Tukey double arcsine trans-
formation was implemented to achieve approximate
normality. Then, the DerSimonian and Laird method
was used to compute the pooled estimates based on the
transformed values and their variance. The Wald method
was then used to calculate the confidence intervals for
the pooled estimates [9]. The Cochran’s Q test was used
to determine heterogeneity, and the I* index was used to
quantify it. When the p-value of the Cochran’s Q test was
less than 0.05, heterogeneity was considered significant.
I? of > 50% was considered as substantial heterogeneity.
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Among the general population, subgroup analysis
was performed to minimize the heterogeneity and for
group comparison. A p-value less than 0.05 was consid-
ered statistically significant.

The Egger test and funnel plot were used to assess pos-
sible publication bias.

Study guideline

This systematic review was conducted following the 2020
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) guidelines [10]. (Supplemen-
tary Table 2 and 3).

Results

General overview

A total of 663 studies were identified through database
search. After removing duplicates, followed by titles
and abstracts screening, 32 studies were eligible for full
text and bibliography assessment. Out of them, 20 stud-
ies met the inclusion criteria, and two additional stud-
ies were included from manual citation screening. Thus,
the quantitative analysis included 22 studies that covered
22,323 people. (Fig. 1). The summary of all included stud-
ies is presented in Table 1.
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Seventeen studies reported only the prevalence of HBV
infection [5, 6, 11-25], four studies reported only HBV
genotype distribution [26-29], and one study reported
both the prevalence and genotype distribution of HBV
infection [30]. Among the studies that reported HBV
prevalence, ten were conducted among the general popu-
lation, and eight investigated the high-risk/co-infection
population. (Table 1).

Overall prevalence estimate

Of the 18 prevalence studies, 10 studies were conducted
among the general population between 1990 to 2017 [5,
6, 13, 15, 19, 21-23, 25, 30]. In the general population,
HBYV infection pooled prevalence was 4.73% (95% CI:
2.75-7.17%), ranging from 1.42% (95% CI: 1.01-1.97%)
to 10.81% (95% CI: 9.13-12.77%), with large hetero-
geneity across studies (I*=99.23%, Cochran’s Q test
»<0.001). Pooled HBV infection prevalence in high risk/
co-infection population between 1998 to 2017 [11, 12,
14, 16-18, 20, 24] was 19.87% (95% CI 10.95-30.63%),
ranged from 2% (95% CI: 1.53-2.62%) to 54.07% (95% CI:
47.30-60.69%), with large heterogeneity across studies
(I>=99.23%, Cochran’s Q test p <0.001). (Fig. 2).
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Fig. 1 Flow chart of selecting published studies through database searching. At first, 663 studies were identified via databases, and 2 studies were
identified via citation screening. After abstract screening and full-text assessment, 22 studies were included in the quantitative synthesis
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Study Case Total Prevalence (95% ClI)
General Population

Chhour Y. M. -Children 1 44 2.27 (0.40, 11.81)
Soeung S. C. —Children 55 1558 [l— 3.53 (2.72, 4.57)
Mao B. —Children 34 2402 1.42 (1.01, 1.97)
Fujimoto M. —Children 5 248 = 2.02 (0.86, 4.63)
Thuring E. G. —Adults/Children 41 505 - 8.12 (6.04, 10.83)
Sarmati L. —Adults/Children 15 164 - 9.15 (5.62, 14.54)
Ork V. —Mothers/Children 103 4546 m 2.27 (1.87,2.74)

Ol H. S. -Adults 92 1200 | = 7.67 (6.29, 9.31)
Sa-Nguanmoo P. —Adults 121 1119 10.81 (9.13, 12.77)
Yamada H. —Adults 22 483 | = 4.55 (3.03, 6.80)
Subtotal (1*2 =96.28%, p = 0.00) (} 4.73 (2.75,7.17)
High Risk/Co-infection Population

van Griensven J. -PLWHIV 341 3098 ] 11.01 (9.95, 12.16)
Rouet F. -PLWHIV 27 209 - 12.92 (9.03, 18.14)
De Weggheleire A. -PLWHIV 311 3045 ] 10.21 (9.19, 11.34)
Narin P. -HCC 113 209 —a— 54.07 (47.30, 60.69)
Chassagne F. -HCC 221 511 - 43.25 (39.02, 47.58)
Nouhin J. -HCV 51 2548 m 2.00 (1.53, 2.62)
Buchy P. -Elevate ALT/AST 37 90 —a— 41.11 (31.51, 51.44)
Ohshige K. -CSWs 19 202 - 9.41 (6.10, 14.22)
Subtotal ("2 =99.24%, p = 0.00) O 19.87 (10.95, 30.63)

0

Fig. 2 Estimated prevalence of HBV infection in Cambodia, 1990 and 2020. This figure shows the pooled prevalence of HBV infection in Cambodia
in the general and high-risk/co-infection populations. The blue square presents the prevalence of HBV infection in each individual study with its
95% confidence interval. The red diamond represents the pooled prevalence of HBV infection in each population group. PLWHIV: People Living with
HIV; HCC: Hepatocellular Carcinoma; HCV: Hepatitis C Virus; ALT/AST: Alanine Aminotransferase/Aspartate Aminotransferase

T T I I I
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Prevalence of HBV infection among the general population
based on participants’age

Nine studies provided age information of the subjects,
and subgroup analysis was conducted in three age cat-
egories: less than 5 years (4 studies), 6-15 years (4 stud-
ies),>15 years (5 studies). The estimated HBV infection
prevalence in adults older than 15 years was 6.81% (95%
CI4.43-9.66%) and was higher than the other age groups
(p=0.022). (Table 2).

Prevalence of HBV infection among the general population
based on study area

Six of the ten studies on the general population were con-
ducted exclusively in rural areas [5, 19, 21, 23, 25, 30].
Two studies were performed nationwide[6, 22], one study
was conducted in urban areas [13], and one study was
conducted in both urban and rural areas [15]. The esti-
mated prevalence was 5.98% (95% CI: 3.50—-9.06%), 0.04%
(95% CI: 0.00-0.39%) and 2.56% (95% CI: 2.17-2.97%)
among studies conducted in rural areas, urban areas and
nationwide, respectively. (Table 2).

Prevalence of HBV among the general population based

on study period

The prevalence of HBV infection among the general
population in Cambodia was also estimated based on the
study period. Three studies were conducted before 2005
[13, 21, 23], and six were conducted after 2005 [5, 6, 15,
19, 22, 25]. One study published in 2010 did not specify
the samples collection period [30]. The results showed
that the prevalence of HBV infection decreased over
time: 7.58% (95% CI: 5.31-10.19%) for the studies con-
ducted before 2005 and 3.32% (95% CI: 1.84-5.19%) for
the studies conducted after 2005 (p =0.020). (Table 2).

Genotype distribution

Five studies reported HBV genotype distribution in Cam-
bodia [26—30]. They were published between 1990 and
2020 with a sample size range of 12 to 100. Of the eight
well-known genotypes of HBV (A-H), genotypes A, B,
and C were identified. The predominant HBV genotype
was type C (82.96%). (Fig. 3).
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Table 2 Sub-group analysis of HBV prevalence among general population in Cambodia, 1990 to 2020

Group  Sub-group Prevalence (%) (95% Cl)  Test for subgroup 12 Index (%) Cochran’s Q Number of Study
differences p-value test p-value
Age
Children (<5 years-old) 247 (0.96-4.59) 0.022 92.92 <0.001 4(6, 15,22, 23)
Children (6-15 years-old) 2.37(0.04-7.05) 98.85 <0.001 4(5,6,13,23)
Adults (> 15 years-old) 6.81 (4.43-9.66) 92.12 <0.001 5(6, 19, 23, 25, 30)
Study Area
Rural 5.98 (3.50-9.06) 0.032 93.67 <0.001 7(5,15,19,21, 23, 25, 30)
Urban 0.04 (0.00-0.39) N/A - 2(13,15)
Nationwide 2.56 (2.17-2.97) N/A - 2(6,22)
Study Period
Before 2005 7.58(5.31-10.19) 0.020 N/A - 3(13,21,23)
From 2005 3.32(1.84-5.19) 94.82 <0.001 6(5,6,15,19,22,25)

N/A Not applicable

Study Case Total Proportion (95% CI)
Genotype A
Srey C. T. (2002) 0 22 — 0.00 (0.00, 14.87)
Huy T. T. (2003) 0 12 — 0.00 (0.00, 24.25)
Sa—-Nguanmoo P. (N/A) 1 100 @ 1.00 (0.18, 5.45)
Chuon C. (2014) 0 26 — 0.00 (0.00, 12.87)
Ko K. (2017) 0 82 [ 2 0.00 (0.00, 4.48)
Subtotal (12 =0.00%, p = 0.92) 0.00 (0.00, 1.02)
Genotype B
Srey C. T. (2002) 6 22 —_— 27.27 (13.15, 48.15)
Huy T. T. (2003) 4 12 _— 33.33 (13.81, 60.94)
Sa-Nguanmoo P. (N/A) 13 100 --— 13.00 (7.76, 20.98)
Chuon C. (2014) 2 26 —-— 7.69 (2.14, 24.14)
Ko K. (2017) 16 82 —-— 19.51 (12.38, 29.37)
Subtotal (I1*2 =39.95%, p = 0.15) O 16.79 (10.28, 24.37)
Genotype C
Srey C. T. (2002) 16 22 _ 72.73 (51.85, 86.85)
Huy T. T. (2003) 8 12 —_— 66.67 (39.06, 86.19)
Sa-Nguanmoo P. (N/A) 86 100 —— 86.00 (77.86, 91.47)
Chuon C. (2014) 24 26 —a— 92.31 (75.86, 97.86)
Ko K. (2017) 66 82 — 80.49 (70.63, 87.62)
Subtotal (I1*2 =34.47%, p =0.19) O 82.96 (75.75, 89.21)
T T T T

T
0 20 40 60 80 100
Fig. 3 HBV genotype distribution in Cambodia, 1990 and 2020. This figure shows the distribution of HBV genotypes in Cambodia from the studies
published between 1990 and 2020. The blue square presented the proportion of genotype in each individual study with the 95% confidence
interval. The red diamond represents the pooled proportion of each genotype. N/A: not applicable
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Publication bias

The Egger test showed no evidence of publication bias,
with a p-value =0.20. The funnel plot also illustrated
a distribution of HBV prevalence studies among the
general population in Cambodia close to symmetry.
(Supplementary Fig. 3).

Discussion

Endemicity of hepatitis B infection is classified into three
levels: high (>8% of HBsAg prevalence), intermediate
(2-7% of HBsAg prevalence), and low (<2% of HBsAg
prevalence) [31]. Our estimated HBV prevalence of 4.73%
(95% CI: 2.75-7.17%) in the Cambodian general population
classifies the country among those with intermediate ende-
micity. This estimate is similar to the previously reported
prevalence of 4.39% (95% CI: 3.53%—5.45%) among mothers
of 5-7 years old children in the 2017 nationwide study [6].
Compared to neighboring countries at a similar period, our
reported HBV prevalence is lower (5.1-6.42% in Thailand,
10.79-11.2% in Vietnam, and 8—8.74% in Laos) [32-35].

In countries with intermediate HBV endemicity, both
horizontal and vertical transmission routes exist, but
vertical transmission represents the main transmission
mode [31]. Therefore, HBV screening among pregnant
women to identify those at risk of transmitting it to their
babies, and implementation of prevention measures in
childhood can remarkably reduce the spread of the virus
and the future occurrence of HCC.

Based on participants’ age, the prevalence of HBV infec-
tion among adults (>15 years old) was about three folds
significantly higher than that among children. We believe
that the difference was due to a cohort effect. Indeed, all
those older than 15 were born before 2005, the year of
implementation of the nationwide Hep B vaccine at birth
in Cambodia, and most of them had not received the
birth dose. Therefore, they were at a higher risk of HBV
infection than those born after 2005, especially if they
were born to a chronic HBV mother. Correspondingly,
by year of study, HBV infection prevalence was higher in
studies conducted before 2005 (7.58%) than those con-
ducted after 2005 (3.32%). Health care waste manage-
ment (HCWM) issued by the Ministry of Health of the
Kingdom of Cambodia in July 2008 might have contrib-
uted to decreasing HBV prevalence, alongside vaccination
programs [36]. These guidelines define all types of health
care waste and the requirements for their identification,
labeling, and classification. Also, the technical require-
ments for the segregation, collection, storage, handling,
and disposal of waste generated by healthcare facilities are
described. The HCWN regulations have certainly contrib-
uted to protecting health care workers, waste handlers,
and the community from exposure to injury or infec-
tion, including hepatitis B. Moreover, disposable devices
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for invasive procedures (syringes, small surgery kits, ear-
piercing, needles) have become more available in the last
decade. Therefore, unsafe medical practices such as reus-
ing syringes/needles for multiple patients would spon-
taneously diminish. In a nutshell, the difference in HBV
prevalence among the two cohorts can be explained by
the direct and indirect impact of the nationwide Hep B
vaccination program, the improvement of clinical hygiene,
HCWM, and use of disposable devices in Cambodia.

Our review found a higher prevalence of HBV infection
in rural areas than in urban areas. But the included studies
conducted in urban areas were performed only on the chil-
dren population, while the studies conducted in rural areas
were performed on both children and adults. Therefore, the
lower HBV prevalence in urban areas could result from an
imbalance in the study population (Supplementary Fig. 1).
However, it is noteworthy that the estimated prevalence of
HBYV infection among children (<15 years old) was higher
in rural areas than in urban areas (3.88% vs 0.04%) (Sup-
plementary Fig. 2). Even though the number of studies in
each area was small, this difference might be explained by
the Hep B vaccination coverage. It has been reported that
the coverage of at least three doses of Hep B vaccine varied
by region and was higher in urban areas (91%) than in rural
(82%) and remote (64%) areas [15]. Nonetheless, the pos-
sibility of different risk factors across the two areas cannot
be ruled out. Further studies on socio-behavioral factors
affecting HBV transmission in different areas are needed.

We noticed that the prevalence of HBV infection
decreased over time. In 2017, Cambodia achieved the
national and regional goal of reducing hepatitis B preva-
lence in children to less than 1% [4]. These are the results
of improved clinical hygiene, increased use of disposable
products, and expanded coverage of the nationwide Hep
B vaccination program since 2005. Twelve years later,
Vichit O., et al. reported that 78.4% of children aged
5-7 years received the birth dose of Hep B vaccine, and
92.3% of them received three doses of the pentavalent
vaccine [6]. However, only 5.97% of their mothers had
ever received the Hep B vaccine [37].

HBV genotypes B and C are predominant in the Asia
Pacific region [38]. In our study, all the five studies
describing HBV genotypes in Cambodia consistently
reported the predominance of genotype C, which is a
known factor for HBeAg positivity and risk of HCC [39].

There were some limitations in this study. The inconsist-
ency of diagnostic methods and different test generations
might have influenced the estimated prevalence. Also,
with the limited access to grey literature in Cambodia, our
review was performed among published studies indexed in
the four databases searched, which may not be comprehen-
sive. Therefore, the calculated prevalence might be higher/
lower than the actual prevalence. However, the results of
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the Egger test and the funnel plot showed no publication
bias. Furthermore, some of the included studies had a
small sample size. As a result, the DerSimonian and Laird
estimator of the between-study variance might have bias
[40-42]. The inclusion of some low-grade studies might
have affected the pooled prevalence. Moreover, the number
of studies reporting HBV genotypes in Cambodia between
1990 and 2020 was small, with limited information on the
geographical location. Therefore, HBV genotype distribu-
tion by geographical location could not be performed.

To the best of our understanding, this is the first system-
atic review and meta-analysis of HBV prevalence and its
genotype distribution in Cambodia. We followed the strict
rules of the PRISMA reporting guidelines. Thus, the results
of the present study give an insight into the prevalence of
HBYV infection in Cambodia. Future studies need to address
these limitations to obtain more accurate results.

Conclusion

This systematic review and meta-analysis addressed the
variation of HBV prevalence and its genotype distribu-
tion in Cambodia. We observed that HBV prevalence
decreased over time as a result of the implementation of
Hep B vaccine, the improvement of clinical hygiene, and
the use of disposable devices. However, the estimated
HBV prevalence among the general population indi-
cates an intermediate endemicity level of HBV infection.
Therefore, population screening and linkage to care, high
vaccination coverage, health promotion, and HBV sur-
veillance are essential to meet the WHO 2030 goal.
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