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Abstract

Background—Hepatitis B virus (HBV) is highly endemic in Cambodia with an estimated pre-

vaccine hepatitis B surface antigen (HBsAg) prevalence of 9%. By 2005, a hepatitis B vaccination 

program was implemented to decrease infection rates in children. We conducted a serosurvey to 

evaluate the impact of the vaccination program in 2011.

Methods—A cross-sectional two-stage cluster survey was conducted to estimate HBsAg 

prevalence among children born from 2006 to 2007 in three provinces: Phnom Penh (urban), 

Kratie (rural), and Ratanakiri (remote). Demographic data, as well as written or oral vaccination 

history were collected. Children were tested for HBsAg. Factors associated with undervaccination 

and HBsAg positivity were modeled.

Results—Coverage of timely hepatitis B vaccine birth dose (administered at ≤24 hours) was 

55% in Phnom Penh, 36% in Kratie, and 22% in Ratanakiri. Coverage with ≥3 hepatitis B vaccine 

doses (HepB3) was 91% in Phnom Penh, 82% in Kratie, and 64% in Ratanakiri. When compared 

with children who were born in health facilities with a skilled birth attendant (SBA), children born 

at home without a SBA were more likely not to have received a timely BD (adjusted relative risk 

[aRR]=1.94; 95% CI=1.75–2.15) as were children born at home with an SBA (aRR=1.54; 95% 

CI=1.32–1.80). The proportion of children who tested positive for HBsAg was 0.33% in Phnom 
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Penh, 1.41% in Kratie, and 3.45% in Ratanakiri. In all three provinces, children who received their 

first dose after seven days of life and children who never received hepatitis B vaccine had the 

highest HBsAg prevalence.

Conclusions—Progress has been made in Cambodia in decreasing the burden of chronic HBV 

infection among children. Improvements in vaccination coverage will further decrease the burden 

disease.
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INTRODUCTION

Chronic hepatitis B virus (HBV) infection is a global public health problem that affects an 

estimated 240 million people, with the greatest burden of disease among Asians, most of 

whom acquire the infection from perinatal or horizontal transmission occurring during the 

first five years of life [1, 2]. Cambodia is considered highly endemic for chronic HBV 

infection, with an estimate by the World Health Organization (WHO) Regional Office for 

the Western Pacific of 9% hepatitis B surface antigen (HBsAg) seroprevalence in the 

general population [3], ranging from 7.7%–13% in various subpopulations of adults based 

on convenience sample data [4–9].

In response to the large burden of disease in Cambodia, the government introduced hepatitis 

B vaccine for all infants in a geographically phased manner starting in 2001, with a 

nationwide program in place by 2005. Since 2005, the schedule has been a birth dose (BD) 

within 24 hours of birth, and doses at 6, 10, and 14 weeks of age.

National BD and 3-dose hepatitis B vaccination coverage (HepB3) has been rising yearly 

since introduction from 25% in 2007 to 68% in 2011 for birth dose coverage and from 82% 

in 2006 to 94% in 2011 for HepB3 coverage [10]; however, coverage varied by province 

from 39%–97% for BD and 71%–159% for HepB3 in 2011 (unpublished official Ministry of 

Health immunization coverage data 2011, Figure 1). The range in provincial HepB3 

coverage signifies variable access to routine immunization services, while BD coverage 

variability is largely attributed to access to health facilities and/or skilled birth attendants 

(SBAs) during delivery, with persons in urban areas having greater access to both. In 2010, 

54% of all deliveries were in health facilities with provincial variation of 21%–93%; 

factoring in SBAs providing home care, 71% of deliveries were attended by an SBA, with 

provincial variation of 28%–99% [11]. Difficulties in knowing the true number of children 

eligible for vaccination also accounts for some of the variability in BD and HepB3 coverage 

by province, including coverage exceeding 100%.

In 2006, a nationally representative seroprevalence study conducted in Cambodia among 

five-year-old children born before vaccine introduction using a rapid point-of-care test found 

a HBsAg seroprevalence of 3.5% (95% Confidence Interval [CI] 2.4–4.8%) [12]. However, 

HBsAg seroprevalence ranged from 8.5% (95% CI 6–11.8%) in least developed provinces 

to 3.2% (95% CI 1.7–5.7%) in most developed provinces. Reasons for the lower HBsAg 
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prevalence in the 2006 study compared with the 9% national HBsAg estimate of the 

Regional Office for the Western Pacific in the general population have not been studied.

To assess the progress of the national immunization program in decreasing the burden of 

disease, we conducted serosurveys in three provinces to ascertain the hepatitis B vaccination 

coverage and HBsAg seroprevalence among children born after the national implementation 

of the hepatitis B vaccination program.

METHODS

In October 2011, we conducted three cross-sectional two-stage cluster surveys among 

children born from January 1, 2006 to December 31, 2007 in Phnom Penh, Kratie, and 

Ratanakiri provinces, which were selected to represent different regions of Cambodia with 

respect to population density (urban/rural/remote) and varying hepatitis B vaccination 

coverage (Figure 1). Phnom Penh is an urban province with urban poor, close quarters, good 

access to healthcare facilities, and 92% BD/90% HepB3 coverage in 2010. Kratie is a rural 

province, with 58% BD/74% HepB3 coverage in 2010. Ratanakiri is a remote sparsely 

populated province with few health facilities, and 47% BD/40% HepB3 coverage in 2010 

[11]. Because of differences in coverage, the survey was designed to estimate province-

specific HBsAg prevalence.

Sample size and sampling

Reported vaccination coverage was used to model expected province-specific HBsAg 

prevalence for sample size calculation [13]. The sample size of 1211 children in Phnom 

Penh, 563 children in Kratie, and 626 children in Ratanakiri was calculated based on the 

expected HBsAg seroprevalence and desired precision of 4.5%±1.5% in Phnom Penh, 5.9%

±2.5% in Kratie, and 6.6 %±2.5% in Ratanakiri with 95% probability. Less precision for the 

rural/remote provinces was considered acceptable considering the difficult field logistics and 

that higher precision would not likely change the outcome and program guidance. The 

design effect for the cluster sampling design was assumed to be 1.5 with a 10% non-

response rate, based on the design effect found in the 2006 national hepatitis B 

seroprevalence study which used a similar sampling design and testing methodology [12].

Sampling within provinces was done in two stages. In the first stage, 40 villages were 

chosen in Phnom Penh, 30 in Kratie, and 40 in Ratanakiri based on probability proportional 

to size sampling methodology. In the second stage, a fixed number of children born during 

2006 and 2007 were selected within each village. In order to find these children, one team 

started in the center, and one team started at the periphery of the village. Each team chose a 

random direction and visited houses sequentially searching for children within the target age 

group until the desired number were enrolled. Only one child was selected in each 

household. In the few instances where a selected village did not have enough children to 

meet the required sample size, the remainder was randomly selected from a neighboring 

village.
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Data Collection

If consent was obtained, a brief questionnaire was administered to the caregiver. The 

questionnaire collected demographic data, potential risk factors for infection and vaccination 

history. If written vaccination history was not available, vaccination history based on 

caregiver recall was obtained.

Specimen Collection and HBsAg Testing

Approximately 50uL of blood was collected from each child by finger prick and was tested 

in the field using the Alere Determine™ HBsAg point-of-care test strip (reported sensitivity: 

95%–100%; reported specificity: 96%–100%) [14–16].

Data management and analysis

The data were double entered and stored in Epidata v3.5.3 (Odense, Denmark). Data were 

analyzed in SAS v9.3 (Cary, NC, USA) and SUDAAN v10 (Research Triangle Park, NC, 

USA). Provinces were analyzed separately; analyses accounted for the two-stage cluster 

design. Wilson CIs are given for proportions that are outside the range of 20%–80%, 

otherwise Wald CIs are reported.

For each province, model-adjusted relative risks were calculated using a multivariable 

logistic model to summarize variables independently associated with not receiving a timely 

BD and not receiving at least three doses of hepatitis B vaccine. We defined “timely BD” as 

a dose of hepatitis B vaccine given within 24 hours of birth. We defined “≤7 day BD” as a 

dose of hepatitis B vaccine given within seven days of birth. The models included all 

variables with epidemiologic plausibility as well as those having a p-value <0.1 on 

individual variable analysis. The adjusted relative risks (aRR) from the three provincial 

models were similar in magnitude and direction for all variables; therefore the data were 

combined into a single overall model.

Human Subjects Rights and Ethics

Informed consent was obtained from the caregivers of all participants. The study protocol 

was approved by the Cambodia National Ethics Committee for Health Research and the 

Ethics Review Committee at the WHO Regional Office for the Western Pacific.

RESULTS

In Phnom Penh, 1240 eligible children were identified, of whom 1199 participated, and 

1196 were analyzed. In Kratie, 570 eligible children were identified, of whom 569 

participated and were analyzed. In Ratanakiri, 640 eligible children were identified, of 

whom 640 participated and 637 were analyzed. Two participating children were found to be 

born outside of the age group targeted and were excluded from analysis; an additional three 

children were excluded from the study analysis because they refused the blood test. One 

child was excluded because the test was done incorrectly and was not able to be repeated.
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Children in the three provinces were different with respect ethnicity, maternal education, 

location of birth and delivery attendant, school attendance, and vaccine card availability 

(Table 1), which reflect the variation in the underlying populations of the three provinces.

Timely BD coverage, ≤7 day coverage, and HepB3 coverage were higher in Phnom Penh 

(55%, 77%, 91%), when compared with Kratie (36%, 53%, 82%), and Ratanakiri (22%, 

30%, 64%) (Table 2).

Caregivers had increased awareness about hepatitis B in Phnom Penh (88%) and Kratie 

(86%), compared with Ratanakiri (61%). Caregivers reported several reasons why their child 

had not received at least three doses of hepatitis B vaccination. Of 198 caregivers in Phnom 

Penh, 39 (20%) reported they were too busy, 26 (13%) reported they did not know where to 

go for vaccination, 24 (12%) were not in the area when vaccine was due, and 21 (11%) 

forgot it was time. Of 147 caregivers in Kratie, 64 (44%) reported being too busy, 41 (28%) 

were not in the area when the vaccine was due, 32 (22%) did not know where to go for 

vaccination, and 26 (18%) forgot it was time. Of 287 caregivers in Ratanakiri, 86 (30%) did 

not know where to go for vaccination, 77 (27%) reported being too busy, 54 (19%) were not 

in the area when the vaccine was due, and 31 (11%) reported thinking vaccination was 

unimportant.

Factors Associated with Under-Vaccination

When compared with children who were born in health facilities with an SBA, children born 

at home without a SBA were more likely not to have received a timely BD (aRR=1.94; 95% 

CI=1.75–2.15) (Table 3). The risk of not receiving a timely BD was also greater among 

children born at home with an SBA when compared with children born in a health facility 

with an SBA (aRR=1.54; 95% CI=1.32–1.80). Children with mothers who had received at 

least a primary or secondary school education were approximately 30% less likely to be 

unvaccinated with a timely BD compared with those with mothers having no schooling 

(Table 3). In the provincial-specific models, Khmer ethnicity was significantly associated 

with the receipt of birth dose only in Kratie (aRR=0.8 95% CI=0.6–0.9); ethnicity was not 

significant when the data were pooled from all three provinces.

A different set of risk and protective factors were seen for under-vaccination with three 

doses of hepatitis B vaccine. A risk factor for under-vaccination was being born at home 

without an SBA (aRR=2.55, 95% CI=1.84–3.55), while being born at home with an SBA 

was not significantly different than being born in a health facility (aRR=1.11; 95% CI=0.78–

1.58). Protective factors included being of Khmer ethnicity, maternal primary or secondary 

education, caregiver knowledge of hepatitis B, and attendance at school by the child (Table 

3).

HBsAg Prevalence and Factors Associated with HBsAg Seropositivity

HBsAg was detected among 4 of 1196 (0.33%, 95% CI 0.1–0.9%) children in Phnom Penh; 

8 of 569 (1.41%, 95% CI 0.6–3.1%) children in Kratie, and 22 of 637 (3.45%, 95% CI 1.9–

6.3%) children in Ratanakiri.
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In all three provinces, children who received their first dose after seven days of life and 

children who never received hepatitis B vaccine had the highest HBsAg prevalence (Table 

4). Two children who received a timely BD were seropositive; one child had received only 

one subsequent dose approximately 10 weeks after BD administration; the other child only 

had caregiver-reported vaccination data provided, so dates of administration are unverified 

and based on recall.

In Phnom Penh, HBsAg prevalence was 0.2% (2/981) among children with vaccination data 

either by card or recall who received ≥3 doses, compared with 2% (2/100) among children 

who received <3 doses (RR=0.1, 95% CI 0.01–0.7). In Kratie, HBsAg prevalence was 1.7% 

(7/418) among children with vaccination data either by card or recall who received ≥3 doses, 

compared with 1.1% (1/93) among children who received <3 doses, (RR=1.6, 95% CI 0.2–

11.6). In Ratanakiri, HBsAg prevalence was 0.9% (3/347) among children with vaccination 

data either by card or recall who received ≥3 doses, compared with 8.6% (17/198) among 

children who received <3 doses (RR=0.1, 95% CI 0.03–0.4).

Discussion

The primary objectives of this evaluation were to assess vaccination coverage and burden of 

chronic HBV infection among vaccine-eligible children in three provinces. HBsAg 

seroprevalence was 0.33% among 4- to 5-year-old children in Phnom Penh, an urban 

province, 1.41% in Kratie, a rural province, and 3.45% in Ratanakiri, a remote province. 

These provincial estimates are considerably lower than the national pre-vaccine HBsAg 

prevalence estimate of 9% [3] and in two provinces were lower than the national prevalence 

estimate of 3.5% reported from the 2006 serosurvey [12]. However, these results cannot 

confirm a decrease in HBsAg prevalence nationally since heterogeneity in HBsAg 

prevalence exists throughout the country. What is notable is that the lowest seroprevalence 

estimates were in those areas with the highest vaccination coverage for timely BD coverage, 

≤7 day BD coverage, and HepB3 coverage. Much room for improvement exists, especially 

with regards to timely BD in all three provinces, as well as 3-dose coverage, especially in 

Ratanakiri. Increasing coverage can prevent further transmission.

We evaluated the impact of the timing of BD administration on the risk of HBsAg 

seropositivity, although this analysis was limited due to the low number of seropositive 

children. Children who did not receive any vaccine or received the first dose after seven 

days of life were more likely to be HBsAg seropositive, which is consistent with other 

published literature [17, 18]. However, we were unable to differentiate the impact of 

receiving a hepatitis B vaccine dose ≤24 hours compared to 2–7 days after birth though the 

study was not powered for this analysis. In China, one study found no difference in 

seroprevalence between children who received a dose within ≤24 hours compared to 2–7 

days, while a second study found that those who received a BD within 2–7 days were three 

times more likely to be HBsAg positive compared to children who received a BD within ≤24 

hours [19, 20]. Further research is needed to guide future policy recommendations on timing 

of the birth dose. This should not preclude countries from striving to achieve high coverage 

of a timely BD as recommended by WHO [21].
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We found that children were approximately two times more likely to miss a timely BD if 

they were born at home without an SBA when compared with children born in health 

facilities. Timely BD for a baby delivered without an SBA at home requires the mother to 

visit a health facility within 24 hours of delivery which can be challenging. Furthermore, in 

the remote province of Ratanakiri, where there are few health facilities that are far apart, the 

risk of not receiving a timely BD is greater. While less likely than home births without an 

SBA, children born at home with an SBA were 1.5 times more likely to not receive a timely 

BD when compared with children born in health facilities. This is an opportunity for 

improving timely BD administration, as all SBAs are trained and able to administer an 

injection. The ability of SBAs to provide timely BD can be strengthened by providing high-

quality training and ensuring that all SBAs have a supply of hepatitis B vaccine.

Concerted efforts have been made in Cambodia to increase facility-based deliveries. 

Hospital deliveries accounted for 22% of all births in 2005 and 54% of all births in 2010; a 

concomitant rise nationally in timely BD coverage has been observed from 25% in 2006 to 

57% in 2010 [10, 11, 22]. Until every child is delivered in a health facility, the Cambodian 

Ministry of Health is attempting to reach infants born at home via outreach services. In other 

countries with a high number of unattended home births, successful strategies, such as the 

use of simple injection devices (e.g. Uniject) and the use of the vaccine in a controlled-

temperature chain have been implemented to reach these infants [23–26].

We found that children born in health facilities were more likely to receive at least three 

doses of hepatitis B vaccine compared with children born at home without an SBA. In 

Indonesia, children delivered by an SBA were more likely to have received measles vaccine; 

in South Africa, children delivered at home were less likely to have received measles 

vaccine [27, 28]. We hypothesize that delivery by an SBA and delivery in a health facility 

could be surrogate markers for increased access to immunization services. Additionally, 

improving facility delivery rates could help improve both BD vaccination coverage and 

coverage for other routine vaccines by providing an opportunity to educate mothers of the 

need for vaccines.

This study had several limitations. First, the rapid test used in this study has a reported 

sensitivity of 95%; therefore the HBsAg prevalence in this study might be lower than the 

true seroprevalence [15]. Vaccination data collected by recall are not as reliable as 

vaccination card data, especially since we asked questions to the parents about an event that 

happened four to five years ago. We assessed only a few risk factors for low vaccine 

coverage and for acquiring chronic HBV infection. Other important factors such as low 

socioeconomic status and household crowding were not assessed [29–33]. Additionally, 

small numbers of HBsAg positive children limited stratification by receiving a birth dose 

and limited evaluation of the impact of ≥3 dose hepatitis B coverage.

Within a decade, high 3-dose hepatitis B vaccination coverage has been achieved as well as 

a steadily improving timely BD coverage. Applying the provincial estimates from this study 

to the proportion of the country’s population living in urban (37%), rural (58%), and remote 

(6%) provinces, and assuming that heterogeneity in baseline seroprevalence and BD and 3-

dose coverage can be explained by this geographical classification, we hypothesize that the 
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WHO Western Pacific Region’s hepatitis B control milestone to reduce chronic HBV 

infection prevalence to <2% in children aged <5 years by 2012 might have been achieved in 

Cambodia.

The Cambodia Ministry of Health along with all other countries in the Western Pacific 

Region has adopted a goal to reduce HBsAg prevalence to <1%. To reach this goal, 

continued improvements in 3-dose hepatitis B vaccination coverage and timely BD coverage 

are needed, especially in rural and remote areas. Improvements can be made in timely BD 

coverage by continuing efforts to increase facility births, by ensuring that national policies 

are implemented in all health facilities to administer a BD to all infants within 24 hours of 

delivery, and for SBAs who attend home deliveries to administer a timely BD vaccine as 

part of newborn care services [34].
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Figure 1. 3-dose hepatitis B vaccination coverage among 1 year-olds by province.a

Provinces selected for the study are noted (PP=Phnom Penh, KR=Kratie, RK=Ratanakiri).
aCambodia 2010 Demographic and Health Survey [11]
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