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Abstract

The US-affiliated Pacific Island countries (USAPI) is an endemic region for hepatitis B virus 

(HBV) infection. Universal infant hepatitis B vaccination was introduced in the USAPI in the 

mid-1980s to mitigate the HBV burden. We assessed the impact of universal infant vaccination 

on the HBV infection prevalence over time among children born in the 1980s, 1990s, and 2000s 

in the USAPI. Demographic and serologic data from serial sero-surveys conducted between 1985 

and 2015 were obtained. Descriptive statistics and analysis of variance were performed. From 

data obtained from 4827 children (2–11 years), HBV prevalence decreased markedly: 8.4% in the 

1980s; 2.5% in the 1990s; and 0.2% in the 2000s (P < 0.0001) as vaccination coverage increased: 

76.4% in the 1980s; 87.3% in the 1990s; and 97.5% in the 2000s (P < 0.0001). These findings 

underscore the protective effect of universal infant hepatitis B vaccination over time on the HBV 

burden in an HBV endemic region.
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1. Introduction

Hepatitis B virus (HBV) infection is a vaccine-preventable disease and a global health 

problem, especially in the World Health Organization Western Pacific Region (WPRO) 

[1,2]. WPRO accounts for more than half of HBV-infected persons worldwide yet makes 

up 28% of the world population [2,3]. The United States-affiliated Pacific Island countries 

(USAPI) are part of WPRO and include American Samoa, the Commonwealth of the 

Northern Mariana Islands, Guam, the Federated States of Micronesia (FSM), the Republic 
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of the Marshall Islands, and the Republic of Palau. The USAPI are disproportionately 

burdened by HBV infection [4,5]. All the islands and territories that make up the USAPI are 

considered intermediate (2–7% hepatitis B surface antigen [HBsAg] prevalence) or highly 

(>7% HBsAg prevalence) endemic regions for HBV infection [4]. Chronic HBV infection 

leads to liver complications (liver cirrhosis and hepatocellular cancer [HCC]) and up to 25% 

of chronically-infected people will die prematurely from complications of chronic HBV 

infection [6]. Chronic HBV infection is an important risk factor for HCC in Guam [7].

Perinatal and early horizontal transmission of HBV infections are central to the high 

prevalence of HBV in the USAPI [8]. The risk of chronic infection is 90% among those 

acquiring HBV infection during infancy and 25–50% among those acquiring infection 

during childhood [9]. Because HBV infection during childhood is less likely to be 

symptomatic and the consequences of chronic HBV infection such as cirrhosis and HCC 

are not usually evident until adulthood, HBV infection among children usually goes 

unrecognized. Infection with HBV and the attendant complications can be prevented with 

a hepatitis B vaccination series commencing at birth. Hepatitis B vaccination is the most 

effective means of preventing HBV infection [10]. The hepatitis B vaccine confers a 

protective antibody response that prevents HBV infection and its complications in greater 

than 90% of healthy persons who receive the complete series [11]. Immunity from the 

hepatitis B vaccine can last three decades or longer [12]. In response to the burden of HBV 

infection, hepatitis B vaccination was introduced into the routine infant vaccination schedule 

in the USAPI beginning in the mid-to-late 1980s. In this study, we evaluate the impact of 

universal infant vaccination on the prevalence of HBV infection over time among children 

born in the 1980, 1990s, and 2000s in the USAPI from data obtained between 1985 and 

2015.

2. Methods

2.1. Data collection and measures

Demographic and serological data were obtained from published and unpublished serial 

cross-sectional sero-prevalence surveys conducted in the six USAPI countries. Data were 

obtained from children aged 2–11 years in 1985, 1986, 1991, 1995, 2000, 2007, 2010, 

2013, and 2015. School-aged (5–11 years) participants were recruited from all (private and 

public) schools on the participating islands while data from children less than five years 

old that were included in this study were obtained from sero-surveys of households in the 

USAPI [8,13]. Some data from FSM were obtained by population proportionate sampling of 

households [8] while some data from American Samoa from the 1980s were obtained from 

randomly selected households [13]. Demographic data that were collected included year of 

birth, age, and sex of each participating child. Based on year of birth, we categorized all 

participating children into three birth cohorts. Children born between 1980 and 1989 were in 

the 1980 birth cohort; children born between 1990 and 1999 were in the 1990 birth cohort; 

and children born between 2000 and 2010 were in the 2000 birth cohort. Vaccination status 

for each child was obtained from vaccination registry records. Participants who received at 

least the birth dose of the hepatitis B vaccine were considered vaccinated. Blood samples 

were obtained from all participants and tested for HBsAg by rapid test or standard ELISA 
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test [8,13]. A positive HBsAg test was classified as a current HBV infection. Informed 

consent for data and blood sample collection was obtained from parents or guardians of the 

participating children. All studies were reviewed and approved by the Ethics Review Board 

of the World Health Organization’s Western Pacific Regional Office or the Institutional 

Review Board of the Centers for Disease Control and Prevention.

2.2. Analysis

We generated descriptive statistics to characterize the demographic characteristics of the 

sample and estimated the prevalence of current HBV infection and hepatitis B vaccination 

coverage for each birth cohort. A one-way analysis of variance was done to determine 

whether there were significant differences in the prevalence estimates of current HBV 

infection and hepatitis B vaccination coverage across the three birth cohorts. A two-tailed 

level of statistical significance was set at P < 0.05 and all analyses were conducted using 

Statistical Analysis System (SAS) version 9.3 (SAS Institute, Cary, NC).

3. Results

Table 1 shows the demographic characteristics, prevalence of HBV infection and hepatitis 

B vaccination coverage by birth cohort. A total of 4827 children took part in the surveys: 

1323 (27.4%) were in the 1980 birth cohort; 362 (7.5%) were in the 1990 birth cohort; and 

3142 (65.1%) were in the 2000 birth cohort (Table 1). Mean age by birth cohort was 7.8 

years (1980 birth cohort), 4.8 years (1990 birth cohort) and 6.7 years (2000 birth cohort). 

Females made up 58.3% of the 1980 birth cohort, 50% of the 1990 birth cohort, and 

53.6% of the 2000 birth cohort. The prevalence of HBV infection progressively decreased 

over time by birth cohort starting at 8.4% (111/1323) in the 1980 birth cohort, then 2.5% 

(9/362) in the 1990 birth cohort, and down to 0.2% (6/3142) in the 2000 birth cohort 

(Fig. 1). Correspondingly, the prevalence of hepatitis B vaccination progressively increased 

from 76.4% (1011/1323) in the 1980 birth cohort, to 87.3% (316/362) in the 1990 birth 

cohort, and to 97.5% (3063/3142) in the 2000 birth cohort (Fig. 1). There were significant 

differences in the prevalence of HBV infection and hepatitis B vaccination across all three 

birth cohorts (p < 0.001).

4. Conclusion

This analysis demonstrated a progressive decline in the prevalence of HBV infection among 

a sample of children born after the implementation of universal infant vaccination in the 

USAPI that corresponded with a progressive increase in hepatitis B vaccination coverage. 

These findings point to the success of the introduction of universal infant hepatitis B 

vaccination in the USAPI. The high prevalence of HBV infection and low prevalence 

of hepatitis B vaccine among older children in this study (children born in the 1980s) 

just as universal infant hepatitis B vaccination was started and the progressive decline in 

the prevalence of HBV infection and concurrent increase in vaccination coverage among 

younger children (born in the 1990s and 2000s) as universal infant hepatitis B vaccination 

became established in the USAPI support this. The efficacy of the hepatitis B vaccine in 

preventing mother-to-child transmission ranges from 75% to 95% [14–16] and the vaccine 

offers long-term protection from HBV infection [12], making vaccination at birth essential 
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for prevention [1]. Hepatitis B vaccination reduces the risk of HBV infection by almost 

fourfold in infants born to infected mothers [16]; therefore, maintaining a high level of 

hepatitis B vaccination coverage can result in a significant reduction in the burden of HBV 

infection. Given that the endemicity of HBV infection in the USAPI was driven by new 

HBV infections among infants and children [8], it is likely that with continued vaccination 

of infants and children, the USAPI can attain and maintain the WPRO country goal of 

hepatitis B surface antigen prevalence of less than 1%. High infant vaccination coverage can 

confer long-term immunity from HBV infection in the population [17,18]. As these infants 

become adults, the risk of horizontal transmission in the population is significantly reduced, 

women of reproductive age are at decreased risk of infection, and this prevents vertical 

transmission of HBV to the next generation of children.

Maximal hepatitis B vaccination coverage is essential to sustaining the decline in HBV 

infection in the USAPI. Institutionalizing policies and standing orders in all hospitals and 

healthcare centers to ensure that all newborn infants receive the hepatitis B vaccination 

is critical to increasing and maintaining high levels of hepatitis B vaccination coverage. 

Improving access to skilled delivery care at the time of childbirth is another effective 

strategy to increase hepatitis B vaccine birth dose coverage [15,16]. Although most infants 

are born in hospitals in the USAPI [19,20], infants that are not born in hospitals are unlikely 

to be vaccinated against HBV or to receive the birth dose [21]. Home visits to provide timely 

vaccination and integration of vaccination at the first postnatal visit of these infants would be 

beneficial to improving hepatitis B vaccination coverage [2,22].

There are limitations to this study. Data were collected using different methodologies and 

we did not sample participants from the same islands across all three birth cohorts. This 

may have affected the estimates of HBV prevalence or hepatitis B vaccination coverage, 

thereby limiting the generalizability of the study findings. The estimates of hepatitis B 

vaccination and HBV infection in this study could also be limited because not all children in 

the participating schools took part in the sero-prevalence survey. We also used the birth dose 

of hepatitis B vaccine as a proxy for hepatitis B vaccination coverage; however, the complete 

vaccine series confers optimal protection from HBV infection [11,12].

In conclusion, the study findings show that in an HBV endemic region, high hepatitis B 

vaccine coverage corresponded with a significant decrease in HBV infection over time. The 

progressive decline in the prevalence of HBV infection points to the protective effect of the 

hepatitis B vaccine on disease burden and transmission risk when hepatitis B vaccination 

coverage is high. With continued universal hepatitis B vaccination, HBV elimination in the 

USAPI is an achievable goal.
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Fig. 1. 
Trends in the prevalence estimates of HBV infection and hepatitis B vaccination by birth 

cohort.
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