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Increasing Hepatitis B Vaccine Prevalence Among
Refugee Children Arriving in the United States,
2006–2012

Katherine Yun, MD, MHS, Kailey Urban, MPH, Blain Mamo, MPH, Jasmine Matheson, MPH, Colleen Payton, MPH, Kevin C. Scott, MD,
Lihai Song, MS, William M. Stauffer, MD, MSPH, Barbara L. Stone, MSPH, Janine Young, MD, and Henry Lin, MD

Objectives. To determine whether the addition of hepatitis B virus (HBV) vaccine to

national immunization programs improved vaccination rates among refugee children,

a marginalized population with limited access to care.

Methods.The sample included 2291 refugees younger than 19 years who completed

HBV screening after arrival in the United States. Children were categorized by having

been born before or after the addition of the 3-dose HBV vaccine to their birth

country’s national immunization program. The outcome was serological evidence of

immunization.

Results. The odds of serological evidence of HBV immunization were higher for

children born after the addition of HBV vaccine to their birth country’s national im-

munization program (adjusted odds ratio = 2.54; 95% confidence interval = 2.04, 3.15).

Conclusions. National HBV vaccination programs have contributed to the increase

in HBV vaccination coverage observed among US-bound refugee children.

Public Health Implications.Ongoing public health surveillance is needed to ensure that

vaccine rates are sustained among diverse, conflict-affected, displaced populations. (Am

J Public Health. 2016;106:1460–1462. doi:10.2105/AJPH.2016.303203)

Approximately 240 million people are
chronic carriers of hepatitis B virus

(HBV).1 Exposed children are more likely
than adults to become chronically infected,
placing them at risk for potentially fatal liver
disease.Disruptionof childhood transmission—
both maternal-child and child-child—is
a global health priority.1 The primary tool
is the HBV vaccine.

Following its introduction in 1981 to
1982, the HBV vaccine was slowly integrated
into national vaccine plans. Many highly
endemic nations in sub-Saharan Africa and
Southeast Asia were unable to introduce
universal childhood HBV vaccination until
the 2000s. As a result, vaccination coverage
in countries with endemic HBV varies
widely.1,2 Thailand incorporated the vaccine
in its Expanded Program on Immunization
(EPI) in 1992, and by 1995,more than 90% of
the 1-year-old children in that country had
received the 3-dose series.2 As a result, the
prevalence of HBV infection among these

children declined from 4.3% (prevaccine era)
to 0.7%.3 By contrast, neighboring Burma
(also known as Myanmar) did not introduce
the vaccine until 2005, and in 2012, only 58%
of the 1-year-old children in that country
had completed the series.2

HBV vaccination among refugee children
has not been well described, and it cannot
be assumed that refugees have experienced

improvements in coverage. Refugees are
often geographically or socially marginalized,
compromising access to mainstream health
services.4–6 Childhood vaccine programs may
be disrupted by conflict (e.g., Syria) or re-
strictions on movement (e.g., the Rohingya
in Myanmar).7 After fleeing their homes,
refugee children do not always have access to
national health services. Frequently, health
care both within and outside of camps is
instead coordinated through nonprofit or-
ganizations. Furthermore, refugees have no
vaccine requirement for entry into theUnited
States. Nonetheless, recent studies indicate
that HBV infection has become less common,
suggesting that HBV vaccination has in-
creased even among this marginalized
population.8

We describe the prevalence of HBV vac-
cination among refugee children resettled in
Minnesota; Philadelphia, Pennsylvania; and
Washington State from 2006 to 2012. We
hypothesized that the inclusion of HBV vac-
cine in EPIs was associated with higher rates of
HBVvaccination among refugee children.We
examined HBV serology results for children
born before and after the inclusion of the
vaccine in national EPIs to test this hypothesis.
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METHODS
In this retrospective study, we used

public health surveillance data from 3 refugee
health programs that have implemented
the Centers for Disease Control and Pre-
vention refugee domestic medical examina-
tion, which includes screening for HBV.
The sample comprised children younger than
19 years from Bhutan, Myanmar, Ethiopia,
Iraq, Laos, and Somalia with complete data
for hepatitis B surface antigen (HBsAg), an-
tibody to HBsAg (anti-HBs), antibody to
hepatitis B core antigen (anti-HBc), and
country of birth (n = 2291). Children with
negative HBsAg, negative anti-HBc, and
positive anti-HBs were categorized as
vaccinated.

To verify that children with complete
serology results did not constitute a biased
sample at higher risk for HBV, we used the c2

test and logistic regression to compare chil-
dren with complete and incomplete results
(data available as a supplement to the online
version of this article at http://www.ajph.
org). Children with incomplete serology
results were more likely to have arrived
in the United States from 2006 to 2008,

when most screening protocols did not in-
clude anti-HBs or anti-HBc. The prevalence
of positive HBsAg was comparable (3.0%
of children with incomplete serology
results and 3.3% of those with complete
results).

We used logistic regression to describe
the relation between serology results and
whether children had been born before or
after the inclusion of HBV vaccine into their
birth country’s EPI. Children born before
the incorporation of the vaccine into their
birth country’s EPI were categorized as “pre-
EPI.” Those born at the time of or after
the incorporation of HBV vaccine into the
EPI were categorized as “post-EPI.” For
each birth country, post-EPI was defined
as the year the 3-dose vaccine was introduced
in the entire country.9 An exception was
made for Iraq, for which we used 1996,
when the United Nations’ Oil-for-Food
Programme liberalized access to materials
needed for health and humanitarian pro-
grams.10 The model was adjusted for age,
because up to 20% of vaccinated adolescents
may have waning or anamnestic antibody
levels.11

RESULTS
The sample comprised 937 children born

pre-EPI and 1354 children born post-EPI.
Children’s families originated in Myanmar
(n = 1258), Somalia (n = 489), Iraq (n = 214),
Bhutan (n= 193), Ethiopia (n = 100), and
Laos (n = 37). The mean ages in the post- and
pre-EPI cohorts were 6.6 years (SD= 4.3)
and 13.0 years (SD= 3.8), respectively. The
time between arrival in the United States and
testing was comparable between groups (35.3
and 38.3 days, respectively), as was gender
(47.6% and 47.8% female, respectively). Most
children in the post-EPI cohort had been
born in Thailand (65.6%) and arrived in the
United States from 2010 to 2012 (55.5%).
Most children in the pre-EPI cohort had been
born in Myanmar (34.5%), Somalia (19.9%),
or Ethiopia (16.2%) and arrived in the United
States from 2006 to 2009 (59.9%). Other than
Somalia, each birth country had incorporated
HBV vaccine into the EPI by 2012.9

HBV infection was less common post-EPI
than pre-EPI (2.4% vs 4.6%; data available as
a supplement to the online version of this
article at http://www.ajph.org). Serological
evidence of vaccination was more common
post-EPI than pre-EPI both overall (69.7% vs
31.3%) and within each birth country (data
available as a supplement to the online version
of this article at http://www.ajph.org).
The odds of having serological evidence of
HBV vaccination were higher among chil-
dren born post-EPI, even after adjusting for
age (Figure 1; adjusted odds ratio = 2.54; 95%
confidence interval = 2.04, 3.15).

DISCUSSION
EPI expansions have positive effects even

for refugee populations. Countries that have
made national preventive health programs
accessible to refugee children should be
commended. However, because vaccination
post-EPIwas below theUS target for children
(95%) and many children have relatives who
are chronically infected with HBV,12 we
recommend that US-based refugee health
programs continue both HBV screening and
catch-up vaccination.

Given that 31.3% of the children born
pre-EPI had serological evidence of HBV
immunization, we believe that many refugee
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Note. EPI = Expanded Program on Immunization; HBV=hepatitis B Virus. Data are not shown for cells where
n < 30. Children born before the addition of HBV vaccine to their birth country’s EPI were categorized as
belonging to the “pre-EPI” birth cohort. Those born at the time of or after the incorporation of HBV vaccine into
the EPI were categorized as “post-EPI.” Age is in years at the time of arrival in the United States.

FIGURE 1—Serological Evidence of Hepatitis B Vaccination (Negative Hepatitis B Surface
Antigen [HBsAg], Positive Antibody to HBsAg, Negative Antibody to Hepatitis B Core
Antigen), by Birth Cohort and Age: Minnesota; Philadelphia, PA; and Washington State,
2006–2012
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children are being vaccinated later in life.
Given the resource limitations in refugee
camps and equivalent urban areas, children
are unlikely to have been tested for HBV
infection prior to vaccination. For this reason,
we also recommend that US-based refugee
health programs test children for HBV in-
fection even if they have a well-documented
history of vaccination.

Because most research on HBV has been
conducted in a limited number of high- and
middle-income countries, there is a paucity of
data on the epidemiology of HBV in other
countries. A comprehensive literature review
on the global epidemiology of HBV noted
that in many regions, data were limited to
a single country with an unusually strong
research infrastructure.1 Although refugee
health surveillance data are not a substitute for
national studies, surveillance data nonetheless
offer valuable insight into the epidemiology
ofHBV among highly vulnerable populations
in low-income countries. Public health
programs in high-income, refugee-receiving
countries should continue to contribute to
this field by publishing prevalence data for
large refugee cohorts.

The primary limitations to this study were
missing data (addressed in the Methods sec-
tion) and the use of birth country to categorize
children. Use of birth country may decrease
the observed difference between pre- and
post-EPI cohorts: (1) children born post-EPI
may nonetheless have limited access to vac-
cination for the reasons described in the in-
troductory section of this brief, and (2)
children born pre-EPI may be vaccinated
against HBV later in life but before coming to
the United States through catch-up vacci-
nation programs.

PUBLIC HEALTH IMPLICATIONS
HBV vaccine coverage has improved

among US-bound refugee children, partic-
ularly children born in countries where the
vaccine is included in the EPI. Ongoing
public health surveillance is needed to ensure
that vaccine rates are sustained among diverse,
conflict-affected, displaced populations.
US-based refugee health programs should
continue to test children for HBV
infection.
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