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Conclusions

Vaccination in school- and non-school-based settings was successful, suggesting that a
nationwide HPV vaccination campaign using either approach would be successful using
either approach.

Introduction

Cervical cancer is the fourth most prevalent cancer in women and the fourth most frequent
cause of cancer-related deaths among women worldwide [1]. These deaths are largely concen-
trated in the developing world, with approximately 85% of the deaths from cervical cancer
occurring in low- and middle-income countries [2]. In Haiti, cervical cancer is the second
leading cause of cancer-related deaths among women, resulting in 563 deaths annually [3].
Most cases of cervical cancer are caused by infection with a high-risk strain of human papillo-
mavirus (HPV) [4-6]. In the Caribbean region, the prevalence of the high-risk strains HPV
16/18 in women with normal cervical cytology is estimated to be 15.8% [7].

Cervical cancer can be prevented through the screening and treatment of early lesions, as
well as the administration of HPV vaccine [8-10]. There are currently three HPV vaccines
available: the bivalent, quadrivalent, and nanovalent vaccines [11, 12]. The World Health
Organization (WHO) recommends vaccination against HPV in girls aged 9 to 14, targeting
primarily those who are not yet sexually active [13]. For girls aged 9 to 14, a two-dose schedule
is recommended for cost effectiveness and to facilitate higher coverage in adolescents.

The HPV vaccine has already been introduced in many developing countries, such as
Rwanda, Botswana, Thailand, South Africa, Mexico, and Kenya, through a variety of delivery
strategies, including health facility-based (i.e., non-school-based) and school-based programs
[5, 14-20]. The Haitian Ministry of Public Health and of the Population (MSPP) considers cer-
vical cancer a national public health priority and is willing to support the implementation of
structures necessary for the introduction of the HPV vaccine in Haiti, including the launch of
a nationally accessible screening program.

In 2009, a three-dose HPV vaccination pilot program was launched in Mirebalais, in central
Haiti, supported by an initiative of Zanmi Lasante/Partners in Health (PIH). Secondary
schools in the area were targeted with the goal of vaccinating 3,806 students. Zanmi Lasante
reported that despite difficulties, including the earthquake of 2010, 86.8% of the targeted popu-
lation received the second dose and 75.8% received the third dose of the HPV vaccine [21].

This study describes the results from a second HPV vaccination program in Haiti. In 2016,
the Haitian Study Group on Kaposi’s Sarcoma and Opportunistic Infections (GHESKIO)
introduced the two-dose HPV vaccine in an urban setting in Haiti for the first time using two
community-based vaccination strategies: a non-school-based approach and a school-based
approach. The objective of this study was to assess the completion of the vaccination series
among participants from both approaches, as well as to assess whether certain participant and
guardian characteristics were associated with the completion of the vaccination series.

Methods and materials
HPV awareness and vaccination program

In 2016, GHESKIO, in collaboration with the MSPP and PIH, received 4,000 doses of the
quadrivalent HPV vaccine from Merck Pharmaceuticals, effective against HPV 6, 11, and
high-risk HPV 16 and 18.
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In preparation for this vaccination effort, community health workers were trained to raise
awareness of HPV, cervical cancer, modes of prevention, and the use of the HPV vaccine.;
Awareness campaigns targeting adolescent girls were conducted at the GHESKIO clinic and
throughout the neighboring communities and target schools from July 2016 through April
2017. As part of the campaign, meetings were organized in the community at large with school
directors, parents, teachers, and students to educate them on HPV, cervical cancer, and the
importance of the HPV vaccine.

From August 1, 2016 to April 5, 2017 participants of the vaccination program received up
to two doses of GARDASIL® at a six-month interval, in accordance with WHO standards
both then and now [22]. Participants were recruited via two community-based approaches:
non-school-based and school-based. The non-school based group was vaccinated at the
GHESKIO clinic in downtown Port-au-Prince and the school-based group was vaccinated at
their respective schools.

Eligible participants were adolescent girls aged 9 to 14 who were willing to receive the vac-
cine and had parental consent. Participants with a history of allergy, asthma, or ongoing acute
illness were excluded. The HIV status of participants was not an exclusion criterion.

For the non-school-based approach, eligible girls and their guardians were recruited from
the GHESKIO adolescent and pediatric clinics. Guardians were invited to bring the adolescent
girls to the GHESKIO clinic for vaccination. A participant’s guardian was defined as the per-
son who accompanied them to their first vaccination dose (e.g., family member, family friend,
neighbor).

For the school-based approach, medical staff went to designated schools near the GHES-
KIO clinic to administer vaccines to eligible girls. Medical staff included nurses, community
workers, and a data clerk. Thirteen schools were selected based on previous experiences work-
ing with the GHESKIO community team and the willingness of school directors to participate
in the vaccination program. To receive the vaccine, recruited participants were required to
have a signed permission sheet provided at school or sent to their home. The participant’s
guardian was defined as the individual who signed the permission sheet.

For both approaches, participants were assigned a field worker and given an appointment
for their second dose during the first dose of the vaccination. For participants who missed
their second dose appointment, the assigned field worker would conduct three phone calls,
and if the participant could not be reached by phone, the assigned field worker would make a
home visit. Additionally, girls who received the first dose of HPV vaccine and their families
were invited to an end-of-year party held by GHESKIO, to maintain contact as an effort to
ensure retention for the second dose of HPV vaccine.

Data collection and analyses

A standardized questionnaire was administered to participants and their guardians in the non-
school cohort and to participants only in the school cohort. The questionnaire was adminis-
tered prior to vaccination, on the day of administration of each dose of the HPV vaccine. For
the non-school cohort, the guardian was the person accompanying the participant to the vacci-
nation. For the school cohort, the guardian was the person who signed the vaccination consent
form,; basic personal information and authorization to vaccinate were obtained via a letter sent
out to participants’ guardians, since they did not accompany the girls to school for the vaccina-
tion. The questionnaire was designed specifically for this study, and was administered in Cre-
ole, the native Haitian language. The study questionnaire can be found in S1 File. Side effects
that occurred within 15 minutes of any vaccination dose were recorded in the questionnaire.
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Comparisons were conducted between participants who received the first dose only and
participants who received both doses using chi-square tests for categorical variables and Fish-
er’s exact tests when patient count was fewer than 5 for any category. Wilcoxon rank-sum tests
were used for continuous variables. Logistic regressions were used to identify characteristics
associated with HPV vaccination series completion; covariates included age (continuous), edu-
cation level (lower than secondary school, secondary school), menarche (yes, no), having been
previously followed as patient in the GHESKIO clinic (yes, no), neighborhood distance from
GHESKIO clinic (<1 kilometer, >1 kilometer; 1 kilometer was selected as a proxy for whether
participants had ease of access to a GHESKIO health facility, measured from GHESKIO clinic
to the central point of each neighborhood using the Google Maps ruler tool), guardian age
(continuous), and guardian relationship to participant (mother, other). Given the low avail-
ability of information on participants’ HIV status in the school cohort, it was not included in
the regression model. Due to the low frequency of participants receiving only the first dose,
the regression analysis was performed among all participants rather than by cohort, and cohort
was included as a variable in the regression. P-values <0.05 were considered statistically signif-
icant. All statistical analyses were conducted using SAS version 9.4 (SAS Institute, Inc., Cary,
North Carolina).

Ethics statement

This project was approved by the GHESKIO Institutional Review Board (Comite des Droits
Humains) on June 25, 2016. Parental consent was obtained prior to vaccination and docu-
mented in the study questionnaire; in the school cohort written parental consent was obtained,
and in the non-school cohort parental consent was obtained verbally. Permission to conduct
the project was obtained from the Ministry of Health (MSPP), who provided supervising staff
to participate in this vaccination campaign.

Results
Vaccination consent and completion

A total of 2,445 adolescent girls participated in the awareness campaigns. 1,698 girls partici-
pated in the non-school cohort and 747 in the school cohort. The majority of participants in
the awareness program consented and received the first dose of the HPV vaccine (non-school:
1,307 [77.0%], school: 687 [92.0%]). The vast majority of participants who had the first dose
also received the second dose of the HPV vaccine in both the non-school (n = 1,199 [91.7%])
and school cohorts (n = 673 [98.0%]). Among all girls participating in the awareness program,
70.6% of girls in the non-school cohort and 90.1% of girls in the school cohort received both
doses of the HPV vaccine. The mean time to the second vaccination was 5.8 months, ranging
from 4.4 to 7.6 months. According to WHO guidelines, if the interval of time between dose 1
and 2 is less than 5 months, a third dose is recommended at least 6 months after dose 1. In our
study, 0.2% (n = 5) participants received dose 2 within 5 months of receiving dose 1, none of
which received a third dose. Overall, both the non-school and school cohorts completed the
HPV vaccination series successfully.

Characteristics of adolescents with >1 dose of the HPV vaccine

Opverall, the mean age of participants at the first vaccination was 11.7 years old (standard devia-
tion [SD] = 1.5 years) and more than half had not experienced menarche at the time of the
first vaccination (65.3%, Table 1); this was similar in the school and non-school cohorts. Par-
ticipants previously followed as patients in the GHESKIO clinic represented 30.6% and 36.7%
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Table 1. Characteristics of participating adolescents with at least 1 dose of HPV vaccine and their guardians, overall and by cohort.

All Participants, N(%) Non-School, N(%) School, N(%)
Total Received 1st|  Received Total Received 1st |  Received Total Received 1st| Received
dose only both doses dose only both doses dose only | both doses

Parameter (N=1,994) | (N=122) | (N=1,872) |P-value*| (N=1,307) | (N=108) | (N=1,199) | P- | (N=687) | (N=14) | (N=673) | P-
value® value®

Participant Characteristics

Age, mean (SD) 11.7 (1.5) 11.7 (1.5) 11.7(15) | 0714 11.8 (1.4) 11.7 (1.4) 11.8(1.4) | 0424 | 11.5(1.6) | 11.4(1.7)| 115(1.6) 0.691

Previous GHESKIO clinic 541 (27.1) 24(19.7) 517 (27.6) | 0.055 470 (36.0) 24 (22.2) 446 (37.2) | 0,002 | 71(10.3) 0(0.0)|  71(10.5) | 0.382

patient, n (%)°

Experienced menarche, n (%) 690 (34.6) 32(26.2) 658 (35.1) 0.044* 480 (36.7) 30 (27.8) 450 (37.5) | 0.044* | 210 (30.6) 2(14.3) 208 (30.9) | 0.247
HIV data available, n (%) 563 (28.2) 34 (27.9) 529 (28.3) 524 (40.1) 33 (30.6) 491 (41.0) 39(5.7) 1(7.1) 38 (5.6)

HIV positive, n (%)° 38 (6.7) 4(3.3) 34(1.8) | 0276 38 (7.3) 4(12.1) 34 (6.9) | 0.287 0(0.0) 0(0.0) 000) | -
Education data available, n 1,961 (98.3) | 118 (96.7) | 1,843 (98.5) 1,274 (97.5) | 104 (96.3) | 1,170 (97.6) 687 (100) 14 (100) | 673 (100)

(%)

Secondary school, n (%)° 398 (20.3) 17 (13.9) 381 (20.4) 0.101 205 (16.1) 14 (13.5) 191 (16.3) | 0.446 193 (28.1) 3(21.4) 190 (28.2) | 0.767
Neighborhood <1km from 916 (45.9) 67 (54.9) 849 (45.4) 0.040* 769 (58.8) 65 (60.2) 704 (58.7) | 0.766 147 (21.4) 2(14.3) 145 (21.5) | 0.745
GHESKIO clinic, n (%)¢
Guardian Characteristics
Age

Mean (SD) 35.4 (10.3) 33,6 (10.1) 35.5(10.3) 0.017* 33.7 (11.0) 33.3(10.3) 33.8(11.0) | 0.614 38.5 (8.0) 35.9(7.7) 38.6 (8.0) | 0.157

Min-Max [Q1, Q3] (18-77) [28, | (18-63) [27, | (18-77) [29, (18-77) [25, | (18-63) [27, | (18-77) [25, (19-71) | (25-54) [31, (19-71)

41] 40] 42] 40] 39] 40] [33,43] 42] (33, 43]
Sex, female, n (%) 1,757 (88.1) 100 (82.0) 1,657 (88.5) 0.030* | 1,093 (83.6) 87 (80.6) 1,006 (83.9) | 0.368 664 (96.7) 13 (92.9) 651 (96.7) | 0.382

Relationship to girl, mother, 1,075 (53.9) 40 (32.8) 1,035 (55.3) | <0.001* 439 (33.6) 27 (25.0) 412 (34.4) | 0.049" | 636 (92.6) 13 (92.9) 623 (92.6) | 1.000
n (%)

Abbreviations: GHESKIO, Haitian Study Group on Kaposi’s Sarcoma and Opportunistic Infections; HIV, human immunodeficiency virus; HPV, human
papillomavirus; Max, maximum; Min, minimum; N, number; Q1: first quartile; Q3: third quartile; SD, standard deviation. Notes: * P< 0.05 was considered statistically
significant.

* P-values were calculated for the comparison between girls who received the 1st dose only and girls who received both doses using Wilcoxon rank-sum tests for
continuous variables and chi-square for categorical variables. Fisher’s exact test were used when a count was <5.

® Indicated that the participant has been previously followed as patient in the GHESKIO clinic.

¢ Proportions are presented among those with data available.

4 Distance from the neighborhood where the girl and guardian were living relative to GHESKIO clinic.

https://doi.org/10.1371/journal.pone.0252310.t001

of the school and non-school cohorts, respectively. HIV status was not available for most par-
ticipants (71.8%), especially for the school cohort (unavailable for 94.3%), but prevalence of
HIV was low (6.7%) among those with data available. More than half (58.8%) of the non-
school cohort were from neighborhoods within 1 kilometer of the GHESKIO clinic, whereas
only around one fifth (21.4%) were from neighborhoods within 1 kilometer of the GHESKIO
clinic in the school cohort.

The mean age of guardians was 35.4 years old (SD = 10.3 years) and the vast majority
(88.1%) of participants had female guardians. In the non-school cohort, a third of the guard-
ians were the participants’ mother (33.6%), followed by extended family (26.7%) and compan-
ions other than father, older sibling, or godparents (25.6%). Most of these other companions
were friends or neighbors of the participants’ parents. In the school cohort, almost all guard-
ians were the participants’ mother (92.6%).

Vaccination side effects

A total of 50 participants (2.5%) who received the first dose and 157 participants (8.4%) who
received the second dose experienced malaise within two days. Among the non-school cohort,
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Fig 1. Side effects within two days among participants with at least 1 dose of the HPV vaccine by cohort. *® a Only 55 participants (non-school:41,
school: 14) and 66 participants (non-school: 22, school: 44) reported specific side effects at dose 1 and dose 2, respectively. However, a total of 50 and
157 participants reported malaise within 2 days at dose 1 and dose 2, respectively. b A non-prespecified event reported by one participant in the non-
school cohort was allergic reaction after vaccine.

https://doi.org/10.1371/journal.pone.0252310.g001

the most commonly reported side effect within two days was arm ache at both dose 1 (1.9%;

n = 25) and dose 2 (1.6%; n = 19) (Fig 1). For the school cohort, the most common side effects
were fever at dose 1 (1.6%; n = 11), and arm ache (3.0%; n = 20) and headache (2.1%; n = 14)
at dose 2.

Characteristics associated with vaccination series completion

In univariate assessments among all participants who received the first HPV vaccine dose, a
higher percentages of girls who received both doses lived less than 1 kilometer from the GHES-
KIO clinic (54.9 v. 45.4%; P = 0.040, Table 1), and had experienced menarche (35.1% v. 26.2%;
P =0.044), compared to girls who only received one dose. Receiving both doses was associated
with having an older Guardian (35.5 v. 33.6 years old; P = 0.017) who is female (88.5% v.
82.0%; P = 0.030) and the girl’s mother (55.3% v. 32.8%; P<0.001).

Overall, the proportion of participants who were patients at GHESKIO among those who
completed the vaccination series was not quite statistically different from that of participants
who have not been a patient at the clinic (P = 0.055; Table 1). However, in the non-school
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cohort, 37% of patients who completed the HPV vaccine series were previously followed at a
GHESKIO clinic versus only 22% among patients who did not complete the series (P<0.002).
In the non-school cohort, among patients who received the first dose and had never been a
patient at a GHESKIO clinic (n = 837), 753 (90.0%) completed the vaccination series. For this
subset of girls, participant and guardian characteristics were not significantly different between
those who completed the vaccine series and those who did not.

After adjusting for participant age, education, whether the participant was a GHESKIO
patient or not, cohort (school or non-school), neighborhood distance from GHESKIO clinic,
and guardian characteristics, girls who had experienced menarche had 1.87 times higher odds
of completing the vaccination series than those who had not experienced menarche (95% con-
fidence interval [CI], 1.11-3.14; P = 0.019; Table 2). Participants previously followed as a
patient at the GHESKIO clinic had 2.17 times the odds of receiving a second dose than partici-
pants who were not (95% CI, 1.32-3.58; P = 0.002). Additionally, participants who received
the vaccine in a school-based setting had 4.17 times higher odds of vaccination series comple-
tion than those who were vaccinated in a non-school-based setting (95% CI, 2.14-8.12;
P<0.001). Participants with guardians aged 26 to 35 years had lower odds of completing the
vaccination series, compared to those with guardians aged 46 or above (odds ratio 0.64, 95%
CI, 0.36-1.15, P = 0.006). Participant age, education, living within 1 kilometer of GHESKIO
clinic, and guardian relationship were not significantly associated with vaccination series com-
pletion in multivariable regressions.

Discussion

This study demonstrates that both non-school and school-based approaches to HPV vaccina-
tion in an urban setting in Haiti resulted in high rate of 2-dose HPV vaccination series comple-
tion. Among all girls who participated in the awareness program in the non-school and school
cohort, 77.0% and 92.0% received a first dose of the vaccine, and 70.6% and 90.1% received
both doses of the HPV vaccine, respectively.

The high consent rate (92.0%) and vaccination series completion rate among girls who par-
ticipated in the awareness program (90.1%) in the school-based setting of this vaccination pro-
gram are consistent with findings from other studies assessing a school-based approach in
resource-limited countries [23]. In Rwanda, media campaigns followed by a national HPV
vaccination program in 2011 targeting girls in the sixth grade resulted in 88,927 of the 94,141
(94%) eligible girls in school in the country receiving the three-dose vaccination series in a
school-based setting [15, 16]. In a national school-based HPV vaccination program in South
Africa, 91% of schools were reached with vaccination sessions, and 86.6% of fourth grade girls
more than 8 years old received the two-dose vaccination series [19]. The high adherence
between doses observed in our program (98.0%) is also consistent with that observed in Part-
ners In Health/Zanmi Lasante’s 2009 school-based program in rural communities (75.8%)
[21].

Participants vaccinated in the non-school-based setting were still likely to receive both
doses of the vaccine: 70.6% of the girls who participated in the awareness program at the health
center also received the second dose of the vaccine. This is also supported by findings in
resource-limited regions. As part of the 2011 national HPV vaccination program in Rwanda
discussed above, the health facility-based program, which targeted sixth-grade girls absent
from school on vaccination days and girls of eligible age but were not enrolled in school, vacci-
nated 85.2% of all eligible girls nationally [15]. In Mexico, the roll out of HPV vaccines in 2008
and delivered through mobile health clinics for girls aged 12 to 16 years in targeted
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Table 2. Multivariable regression of completion of the vaccination series among participating adolescents who received at least 1 dose of HPV vaccination.”

All participants (N = 1,960)

Variable Adjusted OR | 95% CI P-Value
Participant characteristics
Participant age (years) 0.92 | (0.78,1.08) 0.311
Participant education
Secondary 1.10 | (0.62,1.97) 0.744
<Secondary Reference
Experienced menarche
Yes 1.87 | (1.11, 3.14) 0.019*
No Reference
Patient at GHESKIO clinic”
Yes 2.17 | (1.32,3.58) 0.002*
No Reference
Cohort
School 4.17 | (2.14, 8.12) <0.001*
Non-school Reference
Neighborhood distance from GHESKIO clinic®
<1km 1.05 | (0.71,1.57) 0.800
>1km Reference
Guardian characteristics
Guardian age (years)
18 to 25 1.23 (0.64, 2.36) 0.220
26 to 35 0.64 (0.36, 1.15) 0.006"
36 to 45 1.13 (0.59, 2.16) 0.419
46 or older Reference
Guardian relationship
Mother 1.50 | (0.93,2.42) 0.098
Other? Reference

Abbreviations: CI, confidence interval; GHESKIO, Haitian Study Group on Kaposi’s Sarcoma and Opportunistic Infections; OR, odds ratio. Note:

* P<0.05 were considered statistically significant.

* Multivariable regression analysis include all the variables listed in the table as independent variables, and completion of the HPV vaccination series as the dependent

variable. Patients with missing information education level, menarche, GHESKIO patient history, neighborhood, or guardian information (1.7%; n = 34) were excluded

from the regression.

® Indicated that the participant has been previously followed as patient in the GHESKIO clinic.

¢ Distance from the neighborhood where the girl and guardian were living relative to GHESKIO clinic.

4 Other guardian relationships included other family members (father, aunt/uncle, cousin, sibling, grandparent, parent/sibling-in-law, unspecified family member),

godparents, friends of family, neighbor, and caregiver (“akonpayate”).

https://doi.org/10.1371/journal.pone.0252310.t002

municipalities with low human development index achieved 98% and 81% of coverage of the
first and third dose of the vaccine, respectively [20].
This study also shows that that after the initial consent and first dose of vaccination, patient
attrition was low, with successful completion of the HPV vaccination series observed in 91.7%
and 98.0% in the non-school and school cohort, respectively. The results suggest that reaching
the targeted adolescents and obtaining initial consent may be the largest obstacles to adoles-

cent girls receiving an initial HPV vaccination in the context of urban Haiti but that high

retention of girls for the second dose can be feasibly achieved in both school and non-school

settings.
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As previous research has shown, a successful expansion of an HPV vaccination campaign
to a national-level in a low-to-middle-income country requires local and international support
and financial investment [24-26]. A key aspect highlighted by similar programs in Mozam-
bique was that out-of-school and unenrolled girls would be missed by school-based vaccina-
tion programs; an adaptable model that would allow communities to target this demographic
via both school-based and non-school based vaccination programs is recommended. The high
rate of successful completion in our study in both the non-school and school cohorts, provides
evidence that such adaptable models would be appropriate in Haiti.

This study is subject to some limitations. The vaccination campaign was conducted only in
the metropolitan area of Port-au Prince and findings may not be generalizable to all of Haiti.
Additionally, this study did not record information for participants who did not consent to the
vaccine after participating in the awareness program, or reasons for non-completion of vaccine
series, which would be useful information to capture in future studies. This study also only
included patients who voluntarily agreed to participate in the awareness program, who may
have already had an interest in the vaccine, and may have behaved different from a more gen-
eral population of adolescents who are not willing to learn about HPV and vaccination. Fur-
ther, the multivariable regressions could be biased due to unmeasured confounding from
unavailable variables, such as HIV status, socioeconomic status, and guardian education level.
Finally, this study did not recruit adolescent boys to receive the HPV vaccine. Any long-term
HPV vaccination program will have to account for the vaccination of adolescent boys to pre-
vent HPV-related cancers.

Public health implications

Since 2006, safe and effective vaccines against HPV have been available, yet by 2014, only 0.1%
and 1.0% of all female aged 10-20 years were estimated to have received the full course of HPV
vaccination in low-middle-income and low-income countries, respectively [27, 28]. Thus, the
populations with the highest HPV incidence and mortality remain unvaccinated, and there is a
need for rapid roll-out of the vaccine to these regions.

Studies on HPV vaccination programs in low- and middle-income countries show both
school-based and health facility-based strategies achieved high overall success measured by
vaccine uptake and adherence between doses [5, 23]. The success of different types of strate-
gies, including both school-based and health-facility-based approaches, supports that there is
no “gold standard” for designing an HPV vaccination program [23]. The high vaccination cov-
erage and adherence between first and subsequent vaccine doses across the assessed studies
suggest that approaches implemented by vaccination programs should be tailored to the chal-
lenges and needs of the region in which it is implemented.

Obstacles identified by other HPV vaccination programs in low- and middle-income coun-
tries include reaching and maintaining follow-up [5]. The high adherence of our program
shows that initial recruitment is feasible in both school and non-school settings and that series
completion is very high among girls who initiate the series. Future efforts are warranted for
the expansion of the reach and education of girls and guardians about HPV vaccination and
cervical cancer, especially outside of a school setting.

This study is the first of its kind in an urban Haitian setting, and the results support that a
large-scale HPV vaccination program in urban Haiti would be well-received. It demonstrates
the successful completion of the two-dose HPV vaccination series in both school-based and
non-school-based settings, with over 90% of patients completing the vaccination series in both
settings conditional on consent and administration of the first dose. The findings support the
future feasibility of similar HPV vaccination programs in Haiti.

PLOS ONE | https://doi.org/10.1371/journal.pone.0252310  June 24, 2021 9/12


https://doi.org/10.1371/journal.pone.0252310

PLOS ONE

A community approach to HPV vaccination in Haiti

Supporting information

S1 File. HPV vaccination questionnaire administered by GHESKIO (Creole) for school-
based and non-school based strategies.
(PDF)

S1 Dataset.
(XLSX)

Acknowledgments

We would like to acknowledge the GHESKIO and MSPP staff who participated in this project
on a voluntary basis, Partners in Health for providing guidance and insight, Merck Pharma-
ceuticals for providing the vaccine, and our colleagues for providing feedback on the manu-
script and analyses: Erin Cook, Henry Ulmer, and Pierre Cremieux (Analysis Group, Inc.).

Author Contributions

Conceptualization: Cynthia Riviere, Tatiana Bell, Yonie Cadot, Christian Perodin, Benedict
Charles, Claudin Bertil, Jean William Pape, Marie Marcelle Deschamps.

Data curation: Cynthia Riviere, Tatiana Bell, Yonie Cadot, Christian Perodin, Benedict
Charles, Claudin Bertil, Jean William Pape, Marie Marcelle Deschamps.

Formal analysis: Jazreel Cheung, Shalmali Bane, Hoi Ching Cheung, Marie Marcelle
Deschamps.

Investigation: Cynthia Riviere, Tatiana Bell, Yonie Cadot, Benedict Charles, Claudin Bertil,
Jean William Pape, Marie Marcelle Deschamps.

Methodology: Cynthia Riviere, Tatiana Bell, Yonie Cadot, Christian Perodin, Benedict
Charles, Claudin Bertil, Jean William Pape, Marie Marcelle Deschamps.

Project administration: Cynthia Riviere, Tatiana Bell, Christian Perodin, Benedict Charles,
Claudin Bertil, Marie Marcelle Deschamps.

Resources: Cynthia Riviere.

Supervision: Cynthia Riviere, Tatiana Bell, Yonie Cadot, Christian Perodin, Benedict Charles,
Claudin Bertil, Jean William Pape, Marie Marcelle Deschamps.

Writing - original draft: Jazreel Cheung, Shalmali Bane, Hoi Ching Cheung.

Writing - review & editing: Cynthia Riviere, Tatiana Bell, Yonie Cadot, Jazreel Cheung, Shal-
mali Bane, Hoi Ching Cheung, Jean William Pape, Marie Marcelle Deschamps.

References

1. BrayF, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: GLO-
BOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J
Clin [Internet]. 2018 Nov 1 [cited 2021 Feb 11]; 68(6):394—424. Available from: https://doi.org/10.3322/
caac.21492 PMID: 30207593

2.  Human papillomavirus (HPV) and cervical cancer [Internet]. [cited 2021 Feb 11]. https://www.who.int/
en/news-room/fact-sheets/detail/human-papillomavirus-(hpv)-and-cervical-cancer

3. ICO/IARC Information Centre on HPV and Cancer. Haiti: Human Papillomavirus and Related Cancers,
Fact Sheet 2018 2019 [Internet]. [cited 2021 Feb 11]. https://hpvcentre.net/statistics/reports/HTI_FS.
pdf

4. Walboomers JMM, Jacobs M V., Manos MM, Bosch FX, Kummer JA, Shah KV, et al. Human papillo-
mawvirus is a necessary cause of invasive cervical cancer worldwide. J Pathol [Internet]. 1999 [cited

PLOS ONE | https://doi.org/10.1371/journal.pone.0252310  June 24, 2021 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252310.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252310.s002
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
http://www.ncbi.nlm.nih.gov/pubmed/30207593
https://www.who.int/en/news-room/fact-sheets/detail/human-papillomavirus-(hpv)-and-cervical-cancer
https://www.who.int/en/news-room/fact-sheets/detail/human-papillomavirus-(hpv)-and-cervical-cancer
https://hpvcentre.net/statistics/reports/HTI_FS.pdf
https://hpvcentre.net/statistics/reports/HTI_FS.pdf
https://doi.org/10.1371/journal.pone.0252310

PLOS ONE

A community approach to HPV vaccination in Haiti

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

2021 Feb 11]; 189(1):12-9. Available from: https://pubmed.ncbi.nim.nih.gov/10451482/ PMID:
10451482

Ladner J, Besson M-H, Audureau E, Rodrigues M, Saba J. Experiences and lessons learned from 29
HPV vaccination programs implemented in 19 low and middle-income countries, 2009—2014. BMC
Health Serv Res [Internet]. 2016 Dec 13 [cited 2021 Feb 11]; 16(1):575. https://doi.org/10.1186/
$12913-016-1824-5 PMID: 27737666

Formana D, de Martel C, Lacey CJ, Soerjomatarama I, Lortet-Tieulent J, Bruni L, et al. Global burden of
human papillomavirus and related diseases [Internet]. Vol. 30, Vaccine. Vaccine; 2012 [cited 2021 Feb
11]. Available from: https://pubmed.ncbi.nim.nih.gov/23199955/

Bruni L, Albero G, Serrano B, Mena M, Gomez D, Munoz J, et al. ICO/IARC Information Centre on HPV
and Cancer (HPV Information Centre). Human Papillomavirus and Related Diseases in the World. Sum-
mary Report [Internet]. 2017 [cited 2021 Feb 11]. www.hpvcentre.net

Katz IT, Wright AA. Preventing Cervical Cancer in the Developing World. N Engl J Med [Internet]. 2006
Mar 16 [cited 2021 Feb 11]; 354(11):1110—1110. Available from: https://doi.org/10.1056/NEJMp068031
PMID: 16540609

Small W, Bacon MA, Bajaj A, Chuang LT, Fisher BJ, Harkenrider MM, et al. Cervical cancer: A global
health crisis [Internet]. Vol. 123, Cancer. John Wiley and Sons Inc.; 2017 [cited 2021 Feb 11]. p. 2404—
12. https://jhu.pure.elsevier.com/en/publications/cervical-cancer-a-global-health-crisis/ PMID:
28464289

Sherris J, Herdman C, Elias C. Cervical cancer in the developing world. West J Med [Internet]. 2001
[cited 2021 Feb 11]; 175(4):231-3. Available from: /pmc/articles/PMC1071564/ https://doi.org/10.1136/
ewjm.175.4.231 PMID: 11577044

Lowy DR, Schiller JT. Prophylactic human papillomavirus vaccines [Internet]. Vol. 116, Journal of Clini-
cal Investigation. J Clin Invest; 2006 [cited 2021 Feb 11]. p. 1167-73. https://doi.org/10.1172/JCI28607
PMID: 16670757

Food and Drug Administration. Package Insert—Gardasil 9.

World Health Organization. WHO | Human Papillomavirus (HPV) position paper. WHO [Internet]. 2019
[cited 2021 Feb 11]; http://www.who.int/immunization/policy/position_papers/hpv/en/

Paul P, Fabio A. Literature review of HPV vaccine delivery strategies: Considerations for school- and
non-school based immunization program [Internet]. Vol. 32, Vaccine. Vaccine; 2014 [cited 2021 Feb
11]. p. 320-6. https://doi.org/10.1016/j.vaccine.2013.11.070 PMID: 24295804

Binagwaho A, Wagner CM, Gatera M, Karema C, Nutt CT, Ngabo F. Atteinte d’'un niveau de couverture
élevé pour le programme national Rwandais de vaccination contre le papillomavirus humain. Bull World
Health Organ [Internet]. 2012 Aug [cited 2021 Feb 11]; 90(8):623-8.

Torres-Rueda S, Rulisa S, Burchett HED, Mivumbi NV, Mounier-Jack S. HPV vaccine introduction in
Rwanda: Impacts on the broader health system. Sex Reprod Healthc [Internet]. 2016 Mar 1 [cited 2021
Feb 11]; 7:46-51. https://doi.org/10.1016/j.srhc.2015.11.006 PMID: 26826045

Human Papillomavirus Vaccination Coverage Among School Girls in a Demonstration Project—
Botswana, 2013 [Internet]. [cited 2021 Feb 11]. https://www.cdc.gov/mmwr/preview/mmwrhtml/
mm6440a5.htm

Klinsupa W, Pensuk P, Thongluan J, Boonsut S, Tragoolpua R, Yoocharoen P, et al. 016.3 Hpv vaccine
introduction in thailand. Sex Transm Infect. 2015 Sep; 91(Suppl 2):A61.2-A61.

Delany-Moretlwe S, Kelley KF, James S, Scorgie F, Subedar H, Dlamini NR, et al. Human papillomavi-
rus vaccine introduction in South Africa: Implementation lessons from an evaluation of the national
school-based vaccination Campaign. Glob Heal Sci Pract [Internet]. 2018 Oct 1 [cited 2021 Feb 11]; 6
(3):428-38. https://doi.org/10.9745/GHSP-D-18-00090 PMID: 30143561

Progress Toward Implementation of Human Papillomavirus Vaccination—the Americas, 2006-2010
[Internet]. [cited 2021 Feb 11]. https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6040a2.htm

Partners In Health/Zanmi Lasante, Raymonville M, Marsh S, Joseph J-P, Ivers L, Peckarsky M, et al.
Results from a school-based pilot HPV vaccine intervention in Haiti’s Central Plateau. Partners In
Health/Zanmi Lasante; 2011. [Internet]. 2011 [cited 2021 Feb 11]. https://files.givewell.org/files/DWDA
%202009/PIH/HPV%20vaccine%20in%20Haiti%20Summary,%20Nov%202011.pdf

Immunization, Vaccines and Biologicals [Internet]. [cited 2021 Feb 11]. https://www.who.int/teams/
immunization-vaccines-and-biologicals/diseases/human-papillomavirus-vaccines-(HPV)

Ladner J, Besson MH, Rodrigues M, Audureau E, Saba J. Performance of 21 HPV vaccination pro-
grams implemented in low and middle-income countries, 2009—-2013. BMC Public Health [Internet].
2014 Jun 30 [cited 2021 Feb 11]; 14(1).

Soi C, Gimbel S, Chilundo B, Muchanga V, Matsinhe L, Sherr K. Human papillomavirus vaccine delivery
in Mozambique: Identification of implementation performance drivers using the Consolidated

PLOS ONE | https://doi.org/10.1371/journal.pone.0252310  June 24, 2021 11/12


https://pubmed.ncbi.nlm.nih.gov/10451482/
http://www.ncbi.nlm.nih.gov/pubmed/10451482
https://doi.org/10.1186/s12913-016-1824-5
https://doi.org/10.1186/s12913-016-1824-5
http://www.ncbi.nlm.nih.gov/pubmed/27737666
https://pubmed.ncbi.nlm.nih.gov/23199955/
http://www.hpvcentre.net
https://doi.org/10.1056/NEJMp068031
http://www.ncbi.nlm.nih.gov/pubmed/16540609
https://jhu.pure.elsevier.com/en/publications/cervical-cancer-a-global-health-crisis/
http://www.ncbi.nlm.nih.gov/pubmed/28464289
https://doi.org/10.1136/ewjm.175.4.231
https://doi.org/10.1136/ewjm.175.4.231
http://www.ncbi.nlm.nih.gov/pubmed/11577044
https://doi.org/10.1172/JCI28607
http://www.ncbi.nlm.nih.gov/pubmed/16670757
http://www.who.int/immunization/policy/position_papers/hpv/en/
https://doi.org/10.1016/j.vaccine.2013.11.070
http://www.ncbi.nlm.nih.gov/pubmed/24295804
https://doi.org/10.1016/j.srhc.2015.11.006
http://www.ncbi.nlm.nih.gov/pubmed/26826045
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6440a5.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6440a5.htm
https://doi.org/10.9745/GHSP-D-18-00090
http://www.ncbi.nlm.nih.gov/pubmed/30143561
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6040a2.htm
https://files.givewell.org/files/DWDA%202009/PIH/HPV%20vaccine%20in%20Haiti%20Summary,%20Nov%202011.pdf
https://files.givewell.org/files/DWDA%202009/PIH/HPV%20vaccine%20in%20Haiti%20Summary,%20Nov%202011.pdf
https://www.who.int/teams/immunization-vaccines-and-biologicals/diseases/human-papillomavirus-vaccines-(HPV)
https://www.who.int/teams/immunization-vaccines-and-biologicals/diseases/human-papillomavirus-vaccines-(HPV)
https://doi.org/10.1371/journal.pone.0252310

PLOS ONE

A community approach to HPV vaccination in Haiti

25.

26.

27.

28.

Framework for Implementation Research (CFIR). Implement Sci [Internet]. 2018 Dec 13 [cited 2021
Feb 11]; 13(1). Available from: https://pubmed.ncbi.nim.nih.gov/30545391/

Soi C, Babigumira JB, Chilundo B, Muchanga V, Matsinhe L, Gimbel S, et al. Implementation strategy
and cost of Mozambique’s HPV vaccine demonstration project. BMC Public Health [Internet]. 2019 Oct
29 [cited 2021 Feb 11]; 19(1):1406. https://doi.org/10.1186/s12889-019-7793-y PMID: 31664976

Soi C, Shearer J, Chilundo B, Muchanga V, Matsinhe L, Gimbel S, et al. Global health systems partner-
ships: A mixed methods analysis of Mozambique’s HPV vaccine delivery network actors. BMC Public
Health [Internet]. 2020 Jun 5 [cited 2021 Feb 11]; 20(1). https://doi.org/10.1186/s12889-020-08958-1
PMID: 32503479

Bruni L, Diaz M, Barrionuevo-Rosas L, Herrero R, Bray F, Bosch FX, et al. Global estimates of human
papillomavirus vaccination coverage by region and income level: A pooled analysis. Lancet Glob Heal
[Internet]. 2016 Jul 1 [cited 2021 Feb 11]; 4(7):e453-63. Available from: https://pubmed.ncbi.nim.nih.
gov/27340003/

Oberlin AM, Rahangdale L, Chinula L, Fuseini NM, Chibwesha CJ. Making HPV vaccination available
to girls everywhere [Internet]. Vol. 143, International Journal of Gynecology and Obstetrics. John Wiley
and Sons Ltd.; 2018 [cited 2021 Feb 11]. p. 267—76. https://pubmed.ncbi.nim.nih.gov/30144050/

PLOS ONE | https://doi.org/10.1371/journal.pone.0252310  June 24, 2021 12/12


https://pubmed.ncbi.nlm.nih.gov/30545391/
https://doi.org/10.1186/s12889-019-7793-y
http://www.ncbi.nlm.nih.gov/pubmed/31664976
https://doi.org/10.1186/s12889-020-08958-1
http://www.ncbi.nlm.nih.gov/pubmed/32503479
https://pubmed.ncbi.nlm.nih.gov/27340003/
https://pubmed.ncbi.nlm.nih.gov/27340003/
https://pubmed.ncbi.nlm.nih.gov/30144050/
https://doi.org/10.1371/journal.pone.0252310

