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Abstract. French Polynesia is considered to be moderately endemic for chronic hepatitis B virus infection, with
an estimated 3% of the population having hepatitis B surface antigen (HBsAg). From 1990 to 1992, a 3-dose hepati-
tis B vaccination series was introduced into the routine infant immunization schedule in French Polynesia, including
a birth dose (BD). In 2014, a nationally representative 2-stage cluster survey was undertaken to evaluate the impact
of the vaccination program on HBsAg prevalence among school children (∼6 years of age) in Cours Préparatoire
(CP). Documented vaccination data were reviewed for all eligible children; children with consent were tested for
HBsAg with a rapid point-of-care test. In total, 1,660 students were identified; 1,567 (94%) had vaccination data for
review and 1,196 (72%) participated in the serosurvey. Three-dose vaccination coverage was 98%, while timely BD
coverage, defined as a dose administered within 24 hours of life, was 89%. Receipt of the second and third doses
was often delayed, with 75% and 55% receiving a second and third dose within 1 month of the recommended age,
respectively. No children tested positive for HBsAg. French Polynesia’s vaccination program has achieved high cov-
erage and an HBsAg seroprevalence of 0% (0–0.5%) among CP school children, but timeliness of vaccination could
be improved.

INTRODUCTION

Globally, an estimated 240 million people have chronic
hepatitis B virus (HBV) infection and an estimated 600,000 die
of the consequences of this infection yearly.1,2 The burden of
disease is greatest among those living in the World Health
Organization (WHO) Western Pacific Region (WPR), most of
whom acquire the infection from perinatal or horizontal trans-
mission occurring during the first 5 years of life.3,4 To help
combat this public health problem, the member states of the
WPR committed to controlling chronic HBV infection, defined
as a hepatitis B surface antigen (HBsAg) seroprevalence < 1%
among children aged ≥ 5 years by 2017.5

French Polynesia, a country in the WPR, has historically
been considered endemic for hepatitis B; the WHO Regional
Office of the Western Pacific has estimated that 3% of the
population is HBsAg seropositive.6 However, the actual sero-
prevalence in French Polynesia is unknown, since a nationally
representative serosurvey has never been conducted although
two surveys have been done subnationally in Tahiti and the
Austral Islands. In 1987, a small convenience sample survey
of 50 persons on the island of Tahiti found an HBsAg preva-
lence of 2%, while a cluster survey of 957 individuals in the
Austral Islands found a prevalence of 10.5%.7,8

To decrease the burden of chronic HBV infection, hepati-
tis B vaccine was introduced into the routine infant immu-
nization schedule in French Polynesia in a phased manner
starting in 1990, with nationwide implementation by 1992.
Until 2014, the recommended schedule was to administer a
birth dose (BD) to all infants within 24 hours, as well as
doses at 1 and 6 months of age. In 2014, this schedule was
changed to a BD within 24 hours of birth and subsequent
doses at 2 and 10 months of age. In administrative records,
3-dose hepatitis B vaccination (HepB3) coverage has been
≥ 95% since 1999. In 2012, a census school-based survey

found that HepB3 coverage was 98.3% among preschool
children.9 In addition to provision of the standard BD within
24 hours, French Polynesia’s perinatal hepatitis B prevention
program includes screening pregnant women for HBsAg and
providing hepatitis B immunoglobulin to neonates born to
HBsAg-positive mothers.
To assess the progress of the national immunization pro-

gram in reaching the 2017 WPR hepatitis B control goal, a
serosurvey was undertaken to ascertain the HBsAg sero-
prevalence among children aged ∼6 years throughout French
Polynesia years in Cours Préparatoire (CP), who were born
after the national implementation of the hepatitis B vaccina-
tion program. A secondary objective was to assess hepatitis B
vaccination coverage in this population.

METHODS

From January to March 2014, we conducted a nationwide,
cross-sectional, school-based, stratified 2-stage cluster survey
among children in CP, equivalent to first grade in the American
school system. School enrollment was estimated to be > 99%.
Setting. French Polynesia has a population of approxi-

mately 270,000 spread over approximately 67 islands. There
are five major groups of islands: Leeward, Windward,
Austral, Marquesas, and Tuamotu-Gambier. Of the popu-
lation, 75% lives on the Windward Islands and 13% lives on
the Leeward Islands.
Sample size and sampling. In 2012, there were 4,742 stu-

dents in CP in French Polynesia. Assuming a seroprevalence
of 1% with a precision of ±0.5%, a design effect of 1.5, a
2-sided 95% confidence interval (CI), α = 0.05, and account-
ing for the finite population correction factor, a minimum
sample size of 1,542 children was needed. Given 15% non-
response because of refusals/absence, 1,814 children were
targeted for enrollment.
A stratified single-stage cluster survey approach was used.

To help ensure selection of some outer islands, where popu-
lation sizes are smaller, two strata were defined. The inner
island strata included all public and private schools with
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CP students in the Leeward and the Windward Islands. The
outer island strata included all public and private schools
with CP students in the Marquesas, Tuamotu-Gambier, and
Austral Islands. For the inner island strata, the school was the
primary sampling unit (PSU). From this stratum, 25 schools
were chosen by probability proportional to size (PPS). For the
outer island strata, all schools were pooled together by island,
thus making the island the PSU. In this outer island stratum,
five PSUs were chosen by PPS. All CP students in selected
schools were targeted for enrollment.
Data collection. Consent was requested from all parents/

caregivers before participation in the serosurvey. To describe
possible biases that might have resulted from refusal of chil-
dren to participate in the serosurvey, data were collected on
key demographic characteristics and routine vaccination cov-
erage among all children in the schools using a standard
form. These data were also collected from children who did
not undergo testing for HBsAg. All vaccination data for the
survey were obtained from public health vaccination records;
no vaccination data were collected by parental recall.
Specimen collection and HBsAg testing. Approximately

50 μL of blood was collected from each consented child by
finger prick and tested in the field using the Alere Determine™

(Chiba, Japan) HBsAg point-of-care test strip (reported
sensitivity = 95–100%; reported specificity = 96–100%).10–12

The test reports either a positive or negative result. If no
control line appears, the test is considered invalid.
Data management/analysis. Data were collected using a

standardized data collection form, entered into an Excel
spreadsheet (Microsoft Corp., Seattle, WA), and analyzed using
survey methodology in SAS v9.3 (SAS Institute Inc., Cary,
NC). Participants were defined as those who had consent for
HBsAg testing; nonparticipants were those without consent
for HBsAg testing. The BD was considered timely if adminis-
tered within 24 hours of birth; the second dose was consid-
ered timely if administered between 30 and 60 days of life,
and the third dose was considered timely if administered
between 180 and 210 days of life. Complete and timely vac-
cination was defined as receiving at least three timely doses
of hepatitis B vaccine as defined above, with ≥ 4 weeks
between each dose. Estimates and Wilson 95% CI for vac-
cination coverage and population characteristics were cal-
culated using Taylor series variance estimation methods
and accounting for the survey design and sampling weights.
Weights used for population characteristics, vaccination cover-
age, and seroprevalence estimates were adjusted for non-
response, and weighted proportions are presented. Rao–Scott
χ2 P values were calculated for comparisons of categorical
variables, such as coverage among participants and nonpartici-
pants. For seroprevalence, we used a logit-based interval to
calculate the 95% CI.13 The finite population was not taken
into account in the analysis.
Human subjects’ rights and ethics. Informed consent was

obtained from parents/caregivers before testing. The study
protocol was approved by the Ethics Committee of the French
Polynesian Ministry of Health and the Ethics Review Com-
mittee at the WHO Regional Office for the Western Pacific.
Centers for Disease Control and Prevention (CDC) deter-
mined the activity to be human subjects’ research, but CDC
involvement did not constitute direct engagement in human
subjects’ research; therefore, it did not require CDC Institu-
tional Review Board review.

RESULTS

Among the 30 PSUs chosen, only 29 PSUs were visited
because one PSU no longer had eligible children during the
2013–2014 school year. In total, 1,660 children were identi-
fied in the 29 PSUs. Of the 1,660 students, 1,567 (94%) had
vaccination data available for review, and 1,196 (72%) had
parental consent to participate and were tested for hepatitis B
(Figure 1). Documented vaccination data or serological data
on HBsAg were available of 1,621 (98%) students.
Nonparticipants were from 28 of the 29 clusters, with a

median nonparticipation percentage within clusters of 18%
(range = 2–59%). Participants and nonparticipants of the
serosurvey were compared (Table 1). Participants had a mean
age and standard deviation of 6.5 ± 0.3 years compared with
nonparticipants mean age of 6.5 ± 0.4 years. Nonparticipants
were more likely to have been born outside French Polynesia
(nonparticipants 10% versus participants 4%, P = 0.007) and
were less likely to have vaccination data to review (nonpartici-
pants 92% versus participants 96%, P = 0.05).
Among eligible students with vaccination data, 98% (95%

CI = 97–99%) received at least three doses of hepatitis B
vaccine; coverage with ≥ 3 doses was higher among the par-
ticipants (99%; 95% CI = 98–99%) compared with nonpar-
ticipants (96%; 95% CI = 93–97%) (χ2 P value = 0.0002)
(Table 2). There were 14 children who received other child-
hood immunizations but failed to receive any dose of hepati-
tis B vaccine; eight of these children were born outside
French Polynesia, although it is unknown when they immi-
grated to French Polynesia. Every PSU had ≥ 3 dose cover-
age of ≥ 92% among those children with available data.
For those with vaccination data, 1,372 (89%; 95% CI =

86–92%) received a timely BD; timely BD coverage was
higher among participants (91%) than among nonparticipants
(81%) (Table 2). An additional 57 (3%) children received the
BD between 2 and 7 days of life; reasons for the delay in BD
receipt are unknown. By PSU, timely BD coverage ranged
from 68% to 100%; three PSUs had a timely BD coverage
of < 80%.
Of 1,547 CP students who received the second dose of

hepatitis B vaccine, 1,149 (75%; 95% CI = 72–79%) received
it in a timely manner. Hepatitis B vaccine was administered
early (< 30 days of life) to 182 (12%) children; another 216
(13%) received it after 60 days of life (Figure 2). Of these
216 children with delayed vaccination, 131 (59%) missed the
dose at 1 month of age and were not caught up at 2 months
of age when they received the first dose of pentavalent vac-
cine (diphtheria, tetanus, pertussis–Haemophilus influenzae
type b–inactivated polio vaccine); the median delay between
receipt of the first dose of pentavalent vaccine and the second
dose of hepatitis B vaccine was 19 weeks (interquartile range
[IQR] = 5–99 weeks).
Of 1,534 CP students who received the third dose of hepa-

titis B vaccine, 863 (55%; 95% CI = 52–59%) received the
dose in a timely manner. Hepatitis B vaccine was adminis-
tered early (< 180 days of life) to 122 (9%) CP students,
whereas 549 (36%) received the dose after 210 days of life
(Figure 2). There was no significant difference in timeliness
between participants and nonparticipants (data not shown).
The median interval between doses 1 and 2 was 33 days
(IQR = 30–41 days); the median interval between doses 2
and 3 was 158 days (IQR = 149–189 days).
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TABLE 1
Characteristics of the enrolled Cours Préparatoire students by serosurvey participation status, French Polynesia, 2014

Total Participants Nonparticipants

n N Weighted % n N Weighted % n N Weighted (%)

Male* 871 1,650 53 620 1,191 53 251 459 56
Island group
Inner island strata

Leeward 196 1,660 17 167 1,196 20 29 464 7
Windward 1,261 1,660 70 854 1,196 65 407 464 86

Outer island strata
Austral 39 1,660 3 34 1,196 4 5 464 1
Marquesas 98 1,660 6 87 1,196 7 11 464 3
Tuamotu-Gambier 66 1,660 4 54 1,196 4 12 464 3

Enrolled in private school 476 1,660 19 284 1,196 16 192 464 30
Born in French Polynesia* 1,479 1,577 95 1,100 1,153 96 379 424 90
Vaccination data reviewed 1,567 1,660 95 1,142 1,196 96 425 464 92

*Data missing from questionnaire.

FIGURE 1. Enrollment and results of the hepatitis B surface antigen serosurvey, French Polynesia, 2014.
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Receipt of a timely BD plus two or more doses, irrespective
of timing of these subsequent two doses, was seen in 1,366
(89%; 95% CI = 85–91%) of the students; again, coverage
was higher among participants in the serosurvey. Only 658
(42%; 95% CI = 39–46%) students received the complete
series in a timely manner. (Table 2).
Among the 1,196 children tested for HBsAg, 1,195 were

HBsAg negative (Figure 1). One child had an invalid result
and refused a retest. Therefore, without the invalid result,
the prevalence was 0% (95% CI = 0–0.5%).

DISCUSSION

In this evaluation, we found no French Polynesian CP stu-
dents who were positive for HBsAg; this is in contrast to the
3% adult population estimate. This decline is the result of the

strong hepatitis B vaccination program that French Polynesia
has been advancing for the past two decades. Vaccination cov-
erage with at least three doses of hepatitis B vaccine is 98%;
this is consistent with a 2012 national vaccination survey that
found 98.4% of preschool children completed the hepatitis B
vaccine series.9 Furthermore, all selected PSUs had a 3-dose vac-
cination coverage of > 90%, in line with the “Reach Every Com-
munity” strategy outlined in the Global Vaccine Action Plan.14

There are several reasons that French Polynesia has been
able to attain such remarkable progress in hepatitis B con-
trol. First, French Polynesia has a strong government com-
mitment to routine immunization, with adequate financial and
human resources. Second, French Polynesia has a relatively
small birth cohort of approximately 4,500 infants born yearly.
This small cohort is spread over 67 islands, but there is a system
in place to ensure that every child has access to vaccination

TABLE 2
Completeness and timeliness of hepatitis B vaccine receipt among eligible Cours Préparatoire students by serosurvey participation status, French
Polynesia, 2013–2014

Total Participants Nonparticipants

χ2 P valuen N Weighted % n N Weighted % n N Weighted %

Number of doses of hepatitis B received 0.13
0 14 1,567 0.7 (0.4–1.3) 6 1,142 0.3 (0.1–0.9) 8 425 1.9 (0.9–3.7)
1 5 1,567 0.3 (0.1–0.9) 2 1,142 0.1 (0.02–0.5) 3 425 0.8 (0.2–3.8)
2 15 1,567 0.8 (0.5–1.4) 7 1,142 0.6 (0.2–1.4) 8 425 1.6 (0.7–3.2)
3 1,522 1,567 98 (96–98) 1,119 1,142 98 (97–99) 403 425 95 (93–97)
4 11 1,567 0.7 (0.4–1.2) 8 1,142 0.7 (0.4–1.4) 3 425 0.6 (0.2–1.8)

Timing of BD
BD ≤ 24 hours* 1,372 1,566 89 (86–92) 1,025 1,141 91 (89–93) 347 425 81 (74–87) 0.002
BD ≤7 days 1,429 1,566 92 (89–94) 1,062 1,141 94 (92–96) 367 425 86 (80–91) 0.002

Timing and completeness of doses
BD ≤ 24 hours and ≥ 2 additional doses† 1,366 1,566 89 (85–91) 1,024 1,141 91 (88–93) 342 425 81 (73–86) 0.001
Complete and timely three doses‡ 658 1,566 42 (39–46) 488 1,141 43 (39–48) 170 425 39 (35–45) 0.27
BD = birth dose. Bold values are considered statistically significant ≥ 0.05.
*One child missing date of birth so unable to calculate timing of BD.
†Two additional doses irrespective of timing of doses.
‡Complete and timely vaccination is defined as receiving at least three doses of hepatitis B, with the timing of the first dose ≤ 24 hours, the second dose between days 30–60 of life, and the

third dose between days 180–210 of life, with ≥ 4 weeks between each dose.

FIGURE 2. Vaccination timeliness: cumulative proportion of Cours Préparatoire students vaccinated with each hepatitis B dose by age (in weeks)
compared with the EPI Schedule, French Polynesia, 2013–2014. The vertical reference bars indicate age at vaccination recommended by the
national program. The first dose was considered timely if it was given within 24 hours of birth; the second dose, if it was given between days 30 and
60 of life; and the third dose, if it was given between days 180 and 210 of life.
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services. Almost all islands have an immunization focal point,
and the Ministry of Health makes routine immunization ser-
vices accessible mostly through clinics, but also through out-
reach services, such as in Tuamotu-Gambier, where some
children reside on a few atolls. Almost 100% of children are
born in health facilities, simplifying access to and provision
of BD.15 Finally, public acceptance of all vaccines is high.
Achieving high 3-dose coverage is vital to achieving hepa-

titis B control; however, timeliness is also critical to help
protect infants as early as possible. Timeliness of vaccine
administration is a problem in many countries for different
vaccines and can lead to immunity gaps among those at highest
risk for the disease.16–23 In this survey, we found that timeli-
ness of receipt of all three doses could be improved. Timely
BD coverage was < 80% among CP students in three of
29 schools. Other countries have similar challenges, such as
the United States, where only 72.4% of children receive the
BD within 3 days of life in 2014.24 Timing of BD is critical to
preventing perinatal transmission. Evaluating the problems and
finding solutions to improve timeliness of BD should be a pri-
ority for the hepatitis B prevention program.25–27 Timeliness
of administration of the second and third doses also needs
improvement, since delays might leave children unprotected
from horizontal transmission. For the French Polynesia
program, one simple solution is to stress the importance
of reviewing vaccination records at every visit and provid-
ing catch-up doses as needed. For example, in this cohort,
139 children could have received a timely second dose of
hepatitis B vaccine if the clinician had provided the second
dose at the time of the 2-month visit, at the same time as
the first doses of pentavalent and pneumococcal vaccines.
Children in French Polynesia rarely receive more than two
vaccines at one visit; therefore, it is assumed that health-
care providers chose to delay hepatitis B vaccination further
rather than delay other vaccines.
In the analysis, we did not account for the finite popula-

tion of French Polynesia because of the complexity of the
analysis, given high vaccination coverage and no children
with HBsAg positivity. The finite population analysis would
have accounted for the high sampling rate, which would reduce
variance. Since we did not account for this, we are presenting
more conservative confidence limits for vaccination coverage.
In addition, we presented a logit-based confidence limit for
the seroprevalence, as methodology for doing this with zero
cases in a finite population has not been well defined; this was
the most conservative CI of various methodologies attempted.
This study was subject to a few limitations. First, we obtained

a 76% participation rate in the seroprevalence portion of
this study. Participants and nonparticipants were not similar
on key characteristics, which could have introduced bias into
our results. However, if we were to use 3-dose vaccination as
a surrogate for immune protection (because the 3-dose series
protects > 95%), we could account for the serologic status
or vaccination status for 98% of the selected CP students.25

We did see significant differences in hepatitis B vaccination
between participants and nonparticipants, which could trans-
late to a higher burden in nonparticipants who were less likely
to receive a timely BD. Vaccination data were not available
for everyone, and some data quality issues existed in the
vaccination data. We did not identify reasons for failure to
receive the complete series or reasons why vaccines were
delayed, though anecdotal evidence suggested that if a child

was sick on the day of vaccination, the vaccination was delayed
for about a month. This study did not account for children not
enrolled in school, but school enrollment was > 99%, so this
bias is minimal. Finally, we could not account for the contribu-
tion to the zero seroprevalence rate in the study population
provided by the provision of hepatitis B immunoglobulin to
newborns born to HBsAg-positive mothers, as maternal HBsAg
status was not documented in the vaccination records.
French Polynesia has successfully met the WPR hepatitis B

control goal of < 1% HBsAg seroprevalence among children
at least 5 years of age. With a continued highly effective vacci-
nation program, French Polynesia should be able to eliminate
chronic HBV infections in future generations.
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