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Abstract
To provide information on human papillomavirus (HPV) prevalence and the distribution of individual

HPV types in Pacific Islands, we conducted a population-based survey in Vanuatu, South Pacific. Nine

hundred and eighty-seven women between 18 and 64 years of age were included. GP5þ/6þ-mediated PCR

assaywas used forHPV testing. The prevalence of 44HPV types was 28.4% corresponding to an age (world)-

standardized prevalence of 25.0% [95% confidence interval (CI), 21.9%–28.0%]. The prevalence of high-

risk (HR) HPV types was 21.7% (age-standardized prevalence of 19.2%; 95% CI, 16.4%–22.0%). Among

840 women with adequate cytologic results, 13.6% showed cervical abnormalities, including 3.6% with

high-grade squamous intraepithelial lesions (HSIL) and 0.8% with invasive cervical carcinoma. HPV

prevalence declined from 46.1% in women aged �21 to 15.3% in those �45 years. Being single was

significantly associated with HPV positivity. HR HPV findings by PCR assay and hybrid capture 2 (HC2;

conducted in Vanuatu)weremoderately correlated (k test¼ 0.59). The positive predictive values ofHRHPV

positivity forHSIL orworsewere 27.6% for PCRand35.2% forHC2amongwomenaged�30.Nearly half of

screening-positivewomen couldnot be reevaluatedmainly on account of thedifficulty to trace backwomen.

The availability of a rapid HPV testing method that allows see-and-treat approaches at the same visit would

be, therefore, essential. On account of their high cumulative burden of cervical lesions, also women older

than 40 years should be included in at least the first screening round in unscreened populations.Cancer Prev

Res; 5(5); 746–53. �2012 AACR.

Introduction
Oceania is a very diverse continent with respect to the

burden of cervical cancer (1, 2) and of its cause, that is
infection with high-risk (HR) human papillomavirus
(HPV) types (3).Cervical cancer age-standardized incidence
rates are low (below 8 in 100,000) in well-screened popula-
tions in Hawaii, Australia, and New Zealand, but they are
15.6 in 100,000 in French Polynesia, the only population-
based cancer registry in lower resource Oceanic islands (1).
Approximate estimates of cervical cancer incidence sug-
gested the existence of substantially more elevated rates in
other island nations (e.g., 31.4 in 100,000 in Fiji; ref. 2).

The Republic of Vanuatu is located in the South Pacific
Ocean and consists of more than 80 islands including the

most populous, Efate, where the capital Port Vila is situated.
Vanuatu has a fast growing population estimated to be
221,000 in 2007. Eighty percent of the population lives in
rural, isolated villages that have minimal access to basic
health care and education services. Christianity is the pre-
dominant religionbutmany indigenous beliefs survive, and
Vanuatu culture retains a strong diversity through local
regional variations and through foreign influence. Teenage
pregnancies and arranged marriages are common.

The age-standardized incidence rate of cervical cancer in
Vanuatu was estimated to be approximately 17 per 100,000
in 2008, but cancer ascertainment is incomplete and mor-
tality data not available (2). Pathology, radiotherapy, and
palliative care are not available and the use of traditional
remedies (mainly plants) is frequent. With respect to HPV
prevalence, a study of different screening modalities in 488
women aged between 30 and 50 years based on hybrid
capture 2 (HC2) was carried out in Port Vila in 2006. It
showed an overall prevalence of HRHPV types of 9.0% (4).

The aims of our present new survey of HPV prevalence in
Vanuatu were to fill some knowledge gaps with respect to
HPV prevalence in a broader age range, notably young
women, and the distribution of individual HPV types in
women with and without cervical lesions. This information
was not available from the studybyMcAdamand colleagues
(4) and is deemed to be essential to introduce and monitor
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the impact of HPV vaccine (5). We, therefore, conducted a
new survey in Vanuatu using a well-validated PCR assay for
HPV testing and HC2.

Material and Methods
Subjects
Between February 2009 and January 2010, a survey was

conducted by the Ministry of Health of Vanuatu in collab-
oration with the University of Queensland (Brisbane,
Queensland, Australia), and the International Agency for
Research on Cancer (IARC; Lyon, France).Women between
ages 18 and 64 were invited to join the present survey by
poster andflier advertisements, andnurse "awareness" visits
to villages around Santo Urban, Espiritu Santo Island, and
Port Vila, Efate Island (the first and third largest islands in
Vanuatu, respectively). Support to our present study was
asked to community leaders, including religious leaders and
chiefs, and radio publicity was also used in Port Vila.
Women who were pregnant or had undergone gynecologic
surgery were not eligible. A total of 998 women visited 6
study clinics located in hospitals and family planning
organizations in Port Vila (887) and Santo Urban (111)
andprovidedwritten consent. They underwent an interview
on lifestyle factors and medical history and a gynecologic
examination. Although there were very few refusals among
womenwho were personally invited, participation rates are
difficult to estimate due to the uncertainty on the number of
women who had been reached by information about the
present study. The age distribution of participating women,
however, was very similar to the age distribution of Vanuatu
population according to the last census survey except for a
slight excess of participation among women aged between
25 and 34 years of age (43.9% in our study compared
with 31.4% in Vanuatu female population) and a lack
among women aged 45 years or older (11.2% vs. 20.9%,
respectively).
Women underwent a direct light unmagnified speculum

examination of the cervix. Trained nursing staff collected
exfoliated cervical cells with Cervex-Brush (Rovers Medical
Devices). Cells were placed in a vial containing PreservCyt
media (Cytyc-Hologic) and used for liquid-based cytology
and HPV testing. Cytology was read at the Victorian Cytol-
ogy Service according to the Australian Modified Bethesda
System 2004 (6). Briefly, in the Australian System, atypical
squamous cells of undetermined significance and atypical
squamous cells, possible high-grade lesions, are classified,
respectively, as low-grade squamous intraepithelial lesions
(LSIL) and high-grade squamous intraepithelial lesions
(HSIL). Cytology samples from 152 women were inade-
quate mainly due to insufficient cell yield.
Women with visible abnormalities of the cervix sugges-

tive ofmalignancy, HPV-positive findings according toHC2
or HSIL cytology, were recalled to have a colposcope-aided
examination and, if appropriate, a colposcopically-directed
biopsy and treatment (cryotherapy or loop electrosurgical
excision of the cervix transition zone) by local gynecolo-
gists. Among women younger than 30 years, only HPV-

positive HSILs were recalled. Histology examinations were
conducted by accredited Australian diagnostic pathology
providers (4).

The present study had the approval of the Parliament of
Vanuatu and the Human Experimentation Ethics Commit-
tee of the University of Queensland and of the IARC Ethics
Committee.

HPV testing and genotyping
HPV testing and genotyping were conducted at the VU

University Medical Centre (Amsterdam, The Netherlands)
according to aprotocol similar to that used inprevious IARC
HPV Prevalence Surveys (7, 8). DNAwas extracted from the
PreservCyt sample using magnetic beads (Macherey-Nagel)
on a robotic system (Hamilton Robotics) according to the
manufacturer’s instructions. b-Globin PCR analysis was
conducted first to confirm the presence of human DNA in
all specimens (9). The presence of HPV DNA was deter-
mined by conducting a general primer GP5þ/6þ-mediated
PCR, which permits the detection of a broad spectrum of
genital HPV types at the subpicogram level (10). HPV
positivity was assessed by hybridization of PCR products
in an enzyme immunoassay with 2 oligoprobe cocktails
that, together, detect the following 44 mucosal HPV types:
HPV6, 11, 16, 18, 26, 30, 31, 32, 33, 34, 35, 39, 40, 42, 43,
44, 45, 51, 52, 53, 54, 55, 56, 57, 58, 59, 61, 64, 66, 67, 68,
69, 70, 71, 72, 73, 81, 82, 83, 84, 85, 86, 89, and 90.
Subsequent HPV genotyping was conducted by reverse-line
blot hybridization of GP5þ/6þ PCR products (11). HPV
types considered HR types for this analysis comprised
HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and
68; all other HPV types were considered low-risk. Eleven
women were excluded because their samples were b-globin
negative, leaving 987 (98.9%) women with valid PCR-
based HPV findings (of whom 840 had adequate cytology).

HR HPV testing (Digene HC2 High-Risk HPV DNA
testing from QIAGEN) was conducted according to manu-
facturer’s instructions in the Hematology Laboratory, Vila
Central Hospital, Port Vila, Vanuatu. The performance of
HC2 results was not possible for 75 women due to tempo-
rarymalfunctioning of HC2 equipment. HC2 findings were
therefore available for 912 (92.4%) women who also had
PCR-based HPV findings.

Statistical analyses
Age-standardized HPV prevalence was computed to

allow comparisons with other IARC surveys (7). Age-
specific HPV prevalence for 5-year age groups was applied
to the world standard population, as routinely done for
cancer incidence and mortality rates (1). Odds ratios
(ORs) for HPV positivity and corresponding 95% confi-
dence intervals (CI) were computed by unconditional
logistic regression adjusted for (i) age group (�24; 25–
29, 30–34, 35–39, 40–44, and �45 years) or (ii) age
group and all variables significantly associated to HPV
positivity in the age-adjusted model. Risk trends were
assessed by considering variable categories as continuous
variables. The agreement made between HC2 and the PCR
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assay with respect to 13 HR HPV types included in HC2
was evaluated with k statistics and by computing the
sensitivity and specificity of HC2 compared with the PCR
assay.

Results
The prevalence of all HPV types according to the PCR

assaywas 28.4% (95%CI, 25.6%–31.3%) corresponding to
an age-standardized prevalence of 25.0% (95% CI, 21.9%–
28.0%; Table 1). The prevalence of HR HPV types was
21.7% (95% CI, 19.1%–24.4%). On account of the large
number of frequently HPV-positive young women in the
present study, the corresponding age-standardized preva-
lence was slightly lower (19.2%; 95% CI, 16.4%–22.0%)
than the crude prevalence. Multiple HPV types accounted
for 37.1% of HPV-positive women. Among 840 women
with adequate cytologic results, cervical abnormalities were
diagnosed in 114 (13.6%) women, of whom 71.9% were
HPV-positive. Cytologic abnormalities included 80 LSIL
and 34 HSIL or worse (HSILþ). All women with HSILþ and
an additional 39 women who were positive at HC2 but an
inadequate cytology or LSIL, were recalled. Among 39
women (53.4%)whohad a biopsy, histologic findingswere
normal in 16; cervical intraepithelial neoplasia (CIN) grade
1 in 7; CIN2 in 3; CIN3 in 8 women, and invasive cervical
carcinoma in 5 (including a woman with an adenocarci-

noma). In addition, invasive cervical carcinoma was clin-
ically detected in 2 women with inadequate cytology and
HC2-negative findings. HPV16 was confirmed as the most
common type (9.0% overall; Table 1). Among HR types,
HPV18, 51, 52, 56, and 59 were each found in more than
2% of women. Among low-risk types (detected in 13.7% of
all women, detailed distribution available in Supplemen-
tary Appendix), HPV6 and 11 were rare.

Table 1. Prevalence of HPV types by cytologic findings and overall among 987 women, Vanuatu
2009–2010

Normal cytology (N ¼ 726) Abnormal cytology (N ¼ 114) Total (N ¼ 987)a

HPV type Single Multiple Total (%) Single Multiple Total (%) Single Multiple Total (%)

HPV�
— — 561 (77.3) — — 32 (28.1) — — 707 (71.6)

HPVþ 109 56 165 (22.7) 49 33 82 (71.9) 176 104 280 (28.4)
High-risk HPVþ 65 51 116 (16.0) 39 31 70 (61.4) 117 97 214 (21.7)
Low-risk HPVþ 44 42 86 (11.8) 10 23 33 (28.9) 59 76 135 (13.7)
High-risk infections
16 27 20 47 (6.5) 17 14 31 (27.2) 47 42 89 (9.0)
18 4 5 9 (1.2) 1 6 7 (6.1) 8 13 21 (2.1)
31 5 4 9 (1.2) 4 3 7 (6.1) 10 7 17 (1.7)
33 2 2 4 (0.6) 0 1 1 (0.9) 2 5 7 (0.7)
35 2 1 3 (0.4) 2 4 6 (5.3) 4 5 9 (0.9)
39 3 5 8 (1.1) 1 5 6 (5.3) 6 11 17 (1.7)
45 3 6 9 (1.2) 1 5 6 (5.3) 5 14 19 (1.9)
51 3 13 16 (2.2) 3 1 4 (3.5) 6 16 22 (2.2)
52 2 7 9 (1.2) 1 8 9 (7.9) 4 20 24 (2.4)
56 3 9 12 (1.7) 4 8 12 (10.5) 8 20 28 (2.8)
58 1 3 4 (0.6) 1 1 2 (1.8) 2 5 7 (0.7)
59 7 6 13 (1.8) 3 4 7 (6.1) 10 13 23 (2.3)
68 3 2 5 (0.7) 1 4 5 (4.4) 5 7 12 (1.2)

Low-risk infections
6 0 2 2 (0.3) 0 1 1 (0.9) 0 3 3 (0.3)
11 0 3 3 (0.4) 0 0 0 0 4 4 (0.4)

a147 inadequate cytology are included in the total.

Table 2. ORs for HPV16/18 positivity and
corresponding 95% CIs according to cytologic
findings among 280 women HPV-positive by
PCR assay, Vanuatu 2009–2010

Cytology
HPV-positive
women

HPV16/18-
positive (%) ORa (95% CI)

Normal 164 54 (32.9) 1 (—)
LSIL 53 20 (37.7) 1.22 (0.64–2.34)
HSILþ 32 18 (56.3)b 2.80 (1.25–6.28)
Inadequate 31 14 (45.2) 1.73 (0.78–3.83)

aAdjusted for age.
bIncluding 4 invasive cervical carcinomas positive for HPV16
and 1 positive for HPV18.
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Table 2 shows that the proportion of HPV16 and/or 18
among women positive for HPV by PCR assay substantially
increased with the severity of cervical lesion (ORs for HSILþ

vs. normal cytology ¼ 2.80; 95% CI, 1.25%–6.28%). All
women with invasive cervical carcinomas were HPV-posi-
tive by PCR assay: 4 for HPV16, and 1 each for HPV18, 35,
and a combination of HPV30 and 52.
Figure 1 shows the age-specific prevalence of HPV,

classified hierarchically into (i) HPV16 and/or 18, (ii)
other HR types, and (iii) low-risk types only. HPV prev-
alence decreased from 46.1% among women aged �21
years to 15.3% in women aged �45. HR HPV type
prevalence by HC2 showed a similar age pattern. The
proportion of cytologic abnormalities was highest
(17.4%) in women aged 25 to 29 years and then
remained stable at about 11% from age 30 to 34 years
onward (Fig. 1).
Table 3 shows the relationship between HPV positivity

and various potential risk factors. HPV prevalence was
significantly lower in rural Efate (OR, 0.55; 95% CI,
0.35%–0.88%) and, nonsignificantly, in Espiritu Santo,
than in Port-Vila. OR for HPV positivity in women aged
�45 compared with those �24 years was 0.25 (95% CI,
0.14%–0.45%) and the downward trend with age was
highly statistically significant. Other significant risk factors
for HPV positivity in the age-adjusted analysis included
being a current smoker (OR, 1.77; 95%CI, 1.08%–2.91%),
or single (OR, 1.46; 95%CI, 1.04%–2.04%) and reporting a
high number of lifetime sexual partners (OR for �5 vs. 1 ¼
1.67; 95% CI, 1.10%–2.54%). There were no significant
associations between HPV positivity and age at first sexual
intercourse, number of births, and use of hormonal contra-
ceptives. Age at first marriage and first birth were unrelated
to HPV positivity. Multivariate analysis led to a slight
attenuation (<20%) of all the significantly elevated ORs
except that for being single (Table 3).
HR HPV positivity by PCR assay and HC2 were 21.2%

and 16.2%, respectively, among 912 women for whom
both tests were available. Seventy-five percent of women
were double-negative and 12.5% were double-positive

(Table 4). Seventy-nine (8.7%) women were PCR-positive
but HC2-negative whereas 18 (2.0%) were PCR-negative
but HC2-positive (k test¼ 0.59, i.e., moderate agreement).
Sensitivity and specificity of HC2 compared with the PCR
assay were 59.1% and 95.3%, respectively (Table 4). Sen-
sitivity and specificity were similar for different HR types.
HPV53 (6 women) and 66 (3 women) predominated in
HC2-positive women who were only infected by low-risk
types according to the PCR assay (data not shown).
The relative sensitivity of HC2 compared with the PCR
assay improved to 62.5% when women with inadequate
cytology were excluded on account of higher proportion of
HC2-negative results among women with inadequate
cytology.

Table 5 shows the prevalence of HSILþ (corresponding to
the positive predictive value) among women testing posi-
tive for one or more HR HPV type by PCR assay or HC2.
Restricting our analysis to, respectively, 188 and 136 wom-
en with PCR-based or HC2-based positivity to HR HPV
types, 61.2% and 52.2% of women, respectively, did not
have cytologic abnormalities. Infection with HR HPV in
women younger than 30 years was significantly more likely
to be associated with LSIL than among older women (P <
0.001 for both HPV tests). Conversely, infection with HR
HPV in women 30 years or older was significantly more
likely to be associated with HSILþ cytology (27.6% for PCR
and 35.2% for HC2) than among younger women (P <
0.001 for both HPV tests; data not shown in tables).
Although comparisons were based on small numbers, the
positive predictive values of HR HPV positivity for HSILþ

among women aged 40 or older were 36.8% for PCR and
30.0% forHC2, not inferior to those amongwomenaged30
to 39 years (Table 5).

Discussion
Our present survey disclosed high prevalence (28.4%) of

HPV infection and HR HPV infections (21.7%) among the
general female population in Vanuatu, notably among
women younger than 25 years (41.8% and 31.7%,

Figure 1. Age-specific prevalence
of HPV by HPV type(s), HC2
positivity, and cytologic
abnormalities (LSIL or worse) among
987 women, Vanuatu 2009–2010.
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respectively). Few population-based surveys similar to our
present one have been carried out in Oceania and none
from the lowest resource islands included either women

younger than 30 years or provided HPV type–specific dis-
tribution. This information is important to introduce and
monitor the impact of HPV vaccine (5).

Table 3. ORs for HPV positivity and corresponding 95%CIs according to selected risk factors among 987
women, Vanuatu 2009–2010

Risk factors
Number of
women

HPV-positive
(%) ORb (95% CI) ORc (95% CI)

Region
Efate, Port-Vila 747 229 (30.7) 1 (—) 1 (—)
Efate, rural areas 129 28 (21.7) 0.55 (0.35–0.88) 0.51 (0.30–0.84)
Espiritu Santo 111 23 (20.7) 0.69 (0.42–1.13) 0.79 (0.46–1.33)

Age group, y
18–24 249 104 (41.8) 1 (—) 1 (—)
25–29 235 70 (29.8) 0.59 (0.41–0.86) 0.63 (0.42–0.93)
30–34 198 46 (23.2) 0.42 (0.28–0.64) 0.50 (0.32–0.79)
35–39 121 31 (25.6) 0.48 (0.30–0.78) 0.57 (0.34–0.96)
40–44 73 12 (16.4) 0.27 (0.14–0.54) 0.31 (0.15–0.64)
45þ 111 17 (15.3) 0.25 (0.14–0.45) 0.33 (0.18–0.62)

c2 for trend P < 0.001 P < 0.001
Smoking statusa

Nonsmoker 688 170 (24.7) 1 (—) 1 (—)
Ex-smoker 210 75 (35.7) 1.32 (0.93–1.87) 1.30 (0.90–1.87)
Current 78 34 (43.6) 1.77 (1.08–2.91) 1.47 (0.88–2.47)

Marital statusa

Married 692 170 (24.6) 1 (—) 1 (—)
Separated/divorced/widowed 42 10 (23.8) 0.97 (0.46–2.03) 1.40 (0.63–3.13)
Single 248 99 (39.9) 1.46 (1.04–2.04) 1.53 (1.07–2.18)

Age at first sexual intercourse,a y
12–17 325 107 (32.9) 1 (—) 1 (—)
18–19 383 104 (27.2) 0.81 (0.58–1.13) 0.93 (0.65–1.31)
20–32 263 67 (25.5) 0.82 (0.57—1.19) 0.94 (0.63–1.41)

c2 for trend P ¼ 0.258 P ¼ 0.744
Lifetime sexual partnersa

1 282 72 (25.5) 1 (—) 1 (—)
2 202 55 (27.2) 1.12 (0.74–1.71) 1.07 (0.70–1.65)
3 203 59 (29.1) 1.26 (0.83–1.91) 1.10 (0.72–1.70)
4 103 29 (28.2) 1.22 (0.72–2.04) 1.05 (0.61–1.80)
5–30 185 64 (34.6) 1.67 (1.10–2.54) 1.36 (0.88–2.12)

c2 for trend P ¼ 0.018 P ¼ 0.213
Number of birthsa

1 213 77 (36.2) 1 (—) 1 (—)
2 204 50 (24.5) 0.66 (0.43–1.03) 0.69 (0.44–1.09)
3 160 41 (25.6) 0.82 (0.49–1.36) 0.87 (0.51–1.46)
4–10 278 53 (19.1) 0.67 (0.40–1.13) 0.78 (0.46–1.34)
Nulliparous 125 57 (45.6) 1.37 (0.87–2.17) 1.32 (0.82–2.13)

c2 for trendd P ¼ 0.191 P ¼ 0.420
Use of hormonal contraceptivea

Never 293 90 (30.7) 1 (—) 1 (—)
Past 208 37 (17.8) 0.60 (0.38–0.93) 0.59 (0.37–0.94)
Current 465 148 (31.8) 1.10 (0.79–1.53) 1.18 (0.83–1.67)

aSome figures do not add up to the total because of a few missing values.
bAdjusted for age.
cAdjusted for age, region, smoking status, marital status, lifetime sexual partners, as appropriate.
dAmong parous women only.
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HPV prevalence had been previously reported in
Hawaiian women (25.6%; ref. 12) and among non-Indig-
enous and Indigenous women in Australia (41.5% and
47.5%, respectively; ref. 13). Similarly to our survey, the
highest HPV prevalences were detected in women youn-
ger than 25 years, but findings must be compared with
caution due to the use of a PCR assay (PGMY09/
PGMY11) that has higher analytic sensitivity than
GP5þ/6þ (12, 13). Conversely, HPV prevalence in the
survey in Vanuatu can be confidently compared with that
in the other IARC HPV Surveys in the framework of which
the present study has been conducted. The age-standard-
ized HPV prevalence in Vanuatu (25.0%) ranks as the
third highest, after that in Guinea (51.5%; ref. 8) and
Mongolia (36.7%; ref. 14). It is similar to the prevalence
detected in Nigeria and more elevated than that found in
other areas at high-risk for cervical cancer in Asia and
South and Central America (7). We previously showed

that HR HPV prevalence is strongly correlated interna-
tionally with cervical cancer incidence rates, especially
among women aged 35 years or older (15), pointing to
existence of a high burden of the disease in Vanuatu. This
possibility is confirmed by the high prevalence of invasive
cervical carcinoma (0.8%) in our study population.

Our present findings on the prevalence of individual
HPV types among Vanuatu general female population
contribute substantially to present knowledge on HPV
infection in Oceania, as no information from the region
could be included in the most recent meta-analysis of
HPV type distribution among women with normal cytol-
ogy (16). HPV16 was by far the most frequently detected
type in Vanuatu (6.5% among women with normal
cytology and 9.0% in all women). The next frequent HR
types were HPV56, 52, 59, 51, and 18, with each a
prevalence above 2.0%. Infections with vaccine types
HPV16 and/or 18 accounted for 49.5% of HR HPV

Table 4. Agreement in the detection of high-risk HPV types between HC2 and PCR assay among 912
women, Vanuatu 2009–2010

HC2-negative HC2-positivea

Total

HPV test n (%) n (%) n (%)

PCR-negative 642b 685 (75.1) 18 34 (3.7) 719 (78.8)
PCR low-risk only 43 16
PCR high-risk 79c (8.7) 114 (12.5) 193 (21.2)
Total 764 (83.8) 148 (16.2) 912 (100)

NOTE: k test ¼ 0.59.
aThe sensitivity and specificity of HC2 versus PCR assay were, respectively, 59.1% (95% CI, 51.8%–66.1%) and 95.3% (95% CI,
93.5%–96.7%).
bIncluding 5 HSILs.
cIncluding 2 invasive cervical carcinomas with inadequate cytology but positive for HPV16 and HPV52/30 at PCR.

Table 5. Prevalence (positive predictive value) of cytologic abnormalities amongwomen testingpositive for
HR HPV types by age group and HPV test, Vanuatu 2009–2010

Cytologya

Normal LSIL HSILþ; cancers

HPV test Age, y HR HPVþ n (%) n (%) n (%)

PCR 15–29 112 69 (61.6) 33 (29.5) 10 (8.9)
30–39 57 36 (63.2) 7 (12.3) 14; 4 (24.6)
40þ 19 10 (52.6) 2 (10.5) 7; 3 (36.8)
Total 188 115 (61.2) 42 (22.3) 31; 7 (15.5)

HC2 15–29 82 43 (52.4) 30 (36.6) 9 (11.0)
30–39 34 16 (47.1) 5 (14.7) 13; 3 (38.2)
40þ 20 12 (60.0) 2 (10.0) 6; 2 (30.0)
Total 136 71 (52.2) 37 (27.2) 28; 5 (20.6)

aTwenty-six and 12 women who were positive for HR HPV types by PCR assay and HC2, respectively, had to be excluded because of
inadequate cytology.
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positivity in the general female population and they
ranged between 48.1% among women younger than 25
years and 53.9% among women aged 45 or older. Among
HPV-positive women, the prevalence of HPV16 or 18 was
similar in women with normal cytology (32.9%) and LSIL
(37.7%) but significantly higher in women with HSILþ

(56.3%).
Risk factors associated with cervical HPV infection in the

age-adjusted analysis in our present study were consistent
with previous IARC HPV Surveys, that is, high number of
lifetime sexual partners (17), being single, or current smo-
kers (18). In fact, 71.4% of women in our present study
reported 2 lifetime sexual partners or more (mean ¼ 3.1).
The corresponding proportion was lower in previous IARC
HPV Surveys (8, 14, 17). In agreement with previous stud-
ies, high parity and age at first sexual intercourse and first
birth were unrelated to HPV positivity (19). In a multivar-
iate analysis that included all risk factors significantly asso-
ciated to HPV positivity in the age-adjusted analysis, the
only association that was not weakened and remained
statistically significant was the one with being single. In
fact, we discovered a complex relationship between age,
marital status, and lifetime sexual partners. Multiple part-
ners were frequently reported among women younger than
30 years regardless of their marital status, whereas among
older women, high number of sexual partners was concen-
trated among noncurrently married women. This interest-
ing finding shows that the presence of high-risk sexual
behaviour in Vanuatu is concentrated among the young
generations and among older women who do not have a
husband.

Of note, McAdam and colleagues (4) reported 9% HR
HPV prevalence based on HC2 testing of 488 women aged
between 30 and 50 years from Port Vila, Vanuatu. Women
had been recruited in a way similar to that used in the
present study. HR HPV prevalence in the study by McAdam
and colleagues was not significantly lower than HC2-based
findings in our present study in the same age groups
(12.0%).

Our present survey also confirmed a substantial burden
of precancerous and cancerous cervical lesions in the
general female population of Vanuatu (4). Not only the
prevalence of HSILþ in our present study was much
higher than in well-screened populations in Western
countries (20) but also it tended to increase steadily with
a woman’s age. Among women aged 30 years or older,
27.6% of HR HPV–positive women by PCR had a con-
current HSILþ and the positive predictive value of the PCR
assay or HC2 was very high also among women aged 40
years or older. High positive predictive value in middle-
age women has been also reported in sub-Saharan Africa
(21) and represents a strong incentive not to exclude
women older than 40 or even 50 years from at least the
first screening round in high-risk and previously
unscreened populations. The choice of HPV-based pri-
mary screening is especially valuable in middle-aged
women in low-resource countries on account of the loss
on sensitivity of visual inspection techniques as the squa-

mous–columnar junction withdraws in the endocervix
(22, 23).

Ofnote,wewere able to compare the performances of our
PCR assay done in The Netherlands and HC2 done in
Vanuatu. We found a fairly good agreement. HC2 was, as
expected, less sensitive than PCR (24, 25). Shortcomings of
locally conducted HC2 in our present study included a
temporary malfunctioning of HC2 equipment and the
relatively high proportion of HC2-negative findings in
PCR-positive women in the presence of inadequate
cytology.

Our present survey has strengths and weaknesses.
Strengths include the relatively large number of women,
especially those younger than 30 years. Our findings
allow to establish the baseline prevalence on HPV types
in the anticipation of a possible introduction of HPV
vaccination in Vanuatu. The use of a high-quality, clin-
ically validated PCR assay conducted in a central labora-
tory adds to our study value in terms of comparability
with other studies, notably previous IARC HPV Surveys.
The extent to which our study women are representative
of the general female population in Vanuatu is difficult to
evaluate. However, HPV infection is asymptomatic and
the knowledge on the topic was very limited in our study
population. Self-selection of women by level of HPV risk,
notably by sexual behavior, is therefore unlikely to have
occurred.

A severe limitation of our study is that, despite repeated
efforts, it has not yet been possible to reexamine nearly
half of the women with positive HC2 findings or HSIL
and provide them with appropriate histologic confirma-
tion and treatment. Compliance to recall was poor among
Vanuatu women and addresses and mobile numbers were
often unreliable. Difficulties to follow-up screening-pos-
itive women, together with the clear urgency of cervical
prevention measures in such a high-risk population,
point to the strong need for access to a rapid HPV testing
method that allows see-and-treat approaches at the same
visit.
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