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Abstract

Background Human papillomavirus (HPV) vaccination could prevent cervical and other HPV-associated cancers
attributable to vaccine-associated HPV types. However, HPV vaccination coverage among women aged 9-18years
old is low in China. Common barriers include poor financial affordability, minimal public engagement, and low con-
fidence in domestically produced HPV vaccines. Pay-it-forward offers an individual a free or subsidized service then
an opportunity to voluntarily donate and/or create a postcard message to support future people. This study aims to
assess the effectiveness of pay-it-forward as compared to standard-of-care self-paid vaccination to improve HPV vac-
cine uptake among adolescent girls aged 15-18years, who are left out in the current pilot free HPV vaccination task
force in some parts of China.
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Methods This is a two-arm randomized controlled trial in Chengdu, China. Eligible adolescent girls (via caregivers) will
be randomly selected and recruited through four community health centers (one in the most developed urban areas,
one in higher middle-income and one in lower middle-income suburban areas, and one in the least developed rural
areas) using the resident registration list. A total of 320 participants will be randomized into two study arms (user-paid
versus pay-it-forward vaccination) in a 1:1 ratio. The intervention assignment will be blinded to recruiters and partici-
pants using envelop concealment until the research assistants open the envelop to determine which treatment to
deliver to each individual. The primary outcome of the study will be HPV vaccine uptake by administrative data. Sec-
ondary outcomes include costs, vaccine hesitancy, and the completion rates of the 3-dose HPV vaccination series.

Discussion This study will investigate an innovative pay-it-forward strategy’s effectiveness and economic costs to
improve HPV vaccination among 15-18-year-old adolescent girls. Study findings will have implications for increasing
HPV vaccine uptake in places where HPV vaccines are provided for a fee.

Trial registration Chinese Clinical Trial Registry (ChiCTR), ChiCTR2200055542. Registered on 11 January 2022.

Keywords Randomized controlled trial, Human papillomavirus (HPV), Vaccination, Vaccine hesitancy, Pay-it-forward
(PIF), China
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Background
Globally, about 341,831 people die from cervical cancer
annually and over 15% of these deaths occurred in China
in 2020 [1, 2]. An estimated 170 women die from cervi-
cal cancer each day in the country [1, 2]. Human papillo-
mavirus (HPV) vaccination is a cost-effective preventive
measure [2]. The Chinese Center for Drug Evaluation of
National Medical Products Administration (NMPA) offi-
cially approved the imported bivalent vaccines (2v-HPV)
in 2016, quadrivalent HPV vaccines (4v-HPV) in 2017 and
the 9-valent HPV vaccine (9v-HPV) in 2018. Since 2019,
NMPA approved two domestically produced 2v-HPYV,
Cecolin and Walrinvax, which is currently widely avail-
able in community-based health centers across the coun-
try. The domestic 2v-HPV vaccine is the least costly at 329
CNY (US$49.78 at the exchange rate of US$1=6.61CNY)
per dose compared to the imported 2v-HPV at 600 CNY
(US$90.79) per dose, while the 4v-HPV and 9v-HPV
are much more expensive with a severe shortage of sup-
ply. However, a minority (<1%) of 9—14years old adoles-
cent girls are vaccinated in 2019 [2], far behind the WHO
2030 goal of achieving 90% of girls fully vaccinated against
HPV by 15years of age. Among females aged 15—-24years
in 2019, few (~11%) were vaccinated against HPV. West-
ern China had the lowest vaccination rate at 8.6%, notably
lower than in Central (10.6%) or Eastern China (13.7%) [3].
Low HPV vaccination coverage is related to poor avail-
ability and affordability, vaccine hesitancy [4], and inap-
propriate messaging [5]. HPV vaccines are generally not
covered by insurances or government programs through-
out China except in a few cities [6]. Guangdong Province,
Fujian Province, and municipal Ordos and Chengdu pro-
vide subsidized HPV vaccination to girls aged 13—14years
old [7-9] and this might be one of the priorities in the
country in the next decade. But this initiative leaves an
important catch-up age group (e.g., 15—-18years) behind.
The domestically produced 2v-HPV vaccine is cheaper and
more available, but willingness to vaccinate remain low due
to vaccine hesitancy [4, 10, 11]. Vaccine hesitancy, defined
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as the delay in acceptance or refusal of vaccination despite
availability of services, is likely associated with minimal
community engagement and inappropriate health messag-
ing that focuses on promoting 4v- and 9v-HPV vaccines
in the Chinese market. Innovative strategies are urgently
needed to address the above issues and improve uptake of
HPV vaccines available in the market among the 15-18-
year age group.

Pay-it-forward approach presents such an innovative
strategy. Pay-it-forward offers someone an opportunity
to receive subsidized HPV vaccination along with hand-
written postcard messages, and a subsequent opportunity
to donate and/or create a postcard message to encourage
vaccination among their peers (Fig. 1) [12, 13]. Previous
studies showed that the pay-it-forward model increased
testing uptake of gonorrhea (56%) among gay men com-
pared to the control arm (17%) and pay-it-forward partic-
ipants (89%) who received a test donated to others [14].
A pay-it-forward intervention to improve influenza vac-
cine uptake among children and older people in China
demonstrated notably higher vaccination rates (74%)
compared to the standard-of-care arm (36%) [13]. It has
also been shown to enhance public confidence in influ-
enza vaccination compared to the standard-of-care arm.
In essence, simple acts of kindness exemplified by pay-it-
forward appears to be contagious [15] and hold promise
to be leveraged to enhance public health services delivery
for another vaccination initiative.

We describe here a two-arm randomized controlled trial
(RCT) to evaluate the effectiveness of a pay-it-forward
intervention to increase HPV vaccine uptake among adoles-
cent girls aged 15-18 against the standard-of-care user-paid
approach in four clinical sites of Western China. Pay-it-for-
ward is hypothesized to be more effective than standard-of-
care in increasing HPV vaccination among 15-18-year-old
adolescent girls. Study findings will have implications for
filling the gaps in HPV vaccine service delivery in places
where HPV vaccines are provided for a fee and may serve as
a transition model to free vaccine provision.

B -

Receive a gift

Subsidized health
service from
someone who cares

Recipient glow

Donate a gift

Use health service
(e.g., vaccine)

Money for
subsequent people,
Handwritten
messages

Fig. 1 Pay-it-forward model overview. Pay-it-forward offers one individual an opportunity to receive subsidized HPV vaccination along with
handwritten postcard messages, and a subsequent opportunity to voluntarily donate or create a postcard message to support more people
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Methods

Trial design

This is a two-arm randomized controlled trial among
adolescent girls aged 15-18 at four study sites in
Chengdu, Western China. Figure 2 shows the overview
of the study. Eligible girls will be randomly selected
from the residential committees’ registration system and
invited to participate via caregivers. Residential com-
mittees are the community-led administrative organi-
zations that help resolve essential livelihood issues and
advocate for social welfare (e.g., public education, elderly
care, essential health services) in the neighborhood. This
community-based registration system intends to keep an
electronic record of residents living in the neighborhood
for 6 months or longer for management purpose [16] and
is the smallest management unit in China. Consented
participants will be randomly assigned using an envelope
mechanism in a 1:1 ratio to the standard-of-care arm
(user-paid vaccination at the market price) and the pay-
it-forward arm (opportunity to receive postcard mes-
sages see Additional file 1: postcards, subsidized HPV
vaccination, and donate or contribute a message).

Study settings

Chengdu, with a population of over 21 million residents,
is the capital city of Sichuan Province located in Western
China [17]. Chengdu recently launched a government-
supported initiative to subsidize HPV vaccination for
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girls aged 13—14years old and reached a high uptake rate
of over 90% among eligible girls within a short period
of time [18]. This indicates that younger girls are also
likely to benefit from the initiative in the future. But this
excludes older age groups and there is a missed opportu-
nity to promote HPV vaccination among the age group
of 15-18 which is also the average age of the first sexual
intercourse experience among Chinese youth [19, 20].
Four community health centers (one in the most devel-
oped urban areas, one in higher middle-income subur-
ban area one in lower middle-income suburban areas,
and one in least developed rural areas) are purposively
selected based on the established infrastructure to pro-
vide HPV vaccination services, including a stable HPV
vaccine supply and medical personnel designated for pro-
viding HPV vaccine services. Community health centers
refer to primary care facilities providing essential medi-
cal care for common health conditions and preventive
health services including vaccination to residents living
in the neighborhood. Community health centers are the
most common pathway for local people to receive vac-
cination in China and these organizations work closely
with residential committees to provide essential public
health services to residents. The four community health
centers have agreed to coordinate resources for the
study implementation. All research assistants, and com-
munity health staff involved in this project have been or
will be trained using the same project training material

Sichuan Province (n=4)

Community Health Centers in Chengdu,

l

Random sampling using residential
committee registration system (n=320)

Telephone Enrollment

Inclusion criteria
+ Girls aged 15-18 years old
« Have not received HPV vaccination

!
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« No history of allergies to vaccines
« Guardian consent to participate the study

v
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Fig. 2 Overview of the RCT design
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(Additional file 2) and standard operational protocols
(SOPs).

Participants

The focus population of this trial are adolescent girls
aged 15-18years. The inclusion criteria are females: 1)
aged 15-18years; 2) living in the communities served by
the selected community health centers; 3) with no HPV
vaccination history, 4) with no prior allergies to vaccines;
and 5) have a legal guardian who consents to participate
the study. The exclusion criteria are females: 1) aged
below 15 or above 18years; 2) not living in the neighbor-
hood served by the four community health centers; 3)
received HPV vaccine(s); 4) ineligible to receive a vaccine
based on clinical evaluation from a physician; or 5) a legal
guardian refuses to consent to participate.

Interventions

Pay-it-forward intervention arm

Participants assigned in this arm will receive the follow-
ing 1) an educational pamphlet about cervical cancer,
HPV vaccination, and differences in common types of
HPYV vaccines (Additional file 3); 2) information about
the pay-it-forward vaccination program, including its
purpose, the opportunity to receive postcard messages
(Additional file 1 and details in the section of Community
engaged postcard messages) and subsidized HPV vaccina-
tion, and the opportunity to voluntarily donate money
towards someone else’s vaccine dose and write postcard
messages. Participants will be told that the normal price
to receive one dose of domestic 2v-HPV vaccine is RMB
329(US$ 49.78), and that previous participants donated
money to cover the costs of the first dose of it along with
postcard messages for them.

Participants (via caregivers) who agree to vaccinate
can receive a vaccination on the same day of recruitment
(when a girl is present) or make an appointment to visit
again within the next two weeks for the administration
of vaccination (when a girl is absent during the recruit-
ment stage). After receiving a vaccination, girls, with
caregivers or not, need to stay at the vaccination clinic
for at least half-an-hour to observe any severe adverse
events. During this period, research assistants will bring
postcards and offer an opportunity to participants to
donate and create handwritten messages for future par-
ticipants. A donation/postcard collection box will be pro-
vided on-site, and a WeChat QR code will be provided
to those who prefer an online donation to the program.
WeChat is a multifunctional social mobile app embedded
with monetary transaction functions. The donation will
be anonymous, and project staff will be unaware of the
donation amount. To link donations with other partici-
pant data, a postcard is assigned the same numerical ID
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of a participant and participants will be asked to put an
intentional donation amount on the postcard along with
their handwritten messages in the event of being willing
to contribute. Neither the willingness to donate nor the
amount of donation will affect their receiving the HPV
vaccination services. The microdonations will be used to
support future users. Donations and how these are used
will be publicized periodically online via WeChat public
accounts.

Standard-of-care arm

Participants assigned in this arm will be asked to pay
out of pocket at the standard market price in the event
of being willing to receive an HPV vaccination. The same
educational pamphlet about cervical cancer, HPV vac-
cination, and types of HPV vaccines will be provided to
participants in this arm, but they will not receive com-
munity-engaged messages or pay-it-forward information.

Feasibility and acceptability pre-test

We conducted a feasibility pre-test with 100 eligible girls
and field-tested the trial implementation process from
January 4, 2022 to February 18, 2022 in the urban study
site [21]. We collected survey data about caregiver atti-
tudes towards options of HPV vaccines, vaccine hesi-
tancy, and the pay-it forward intervention’s acceptability,
appropriateness, and feasibility using adapted interven-
tion measurements [22]. We organized a multi-stake-
holder advisory meeting to discuss the pre-test results.
These stakeholders were an HPV vaccination policy-
maker from Chengdu municipal health bureau, two pub-
lic health practitioners in women and child health, two
vaccine research experts, two global health researchers,
and two infectious diseases researchers. We subsequently
conducted four focus group discussions with a sub-set
of participating caregivers (n=21), and interviews with
healthcare workers (n=2) involved in the pre-test to
better understand parental decision-making process for
their daughter to receive HPV vaccination. The pre-test
helped refine problem statement, sample size calcula-
tion, types of HPV vaccines to be provided in our trial,
community-engaged postcard messages addressing
knowledge gaps, and random sampling and recruitment
strategies. These are described in detail below.

Problem statement

Our pre-test suggested that, due to the shortage of 4v and
9v-HPYV vaccines in the market, the overwhelming major-
ity of caregivers (91.5%) chose to delay their daughter’s
HPV vaccination to wait for the above two types of vac-
cines to become available. This echoed a previous study
[11] that there is greater demand for 4v and 9v-HPV vac-
cines than the currently available supply, but a delay or
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refusal of 2v-HPV vaccine uptake. A recent cohort study
[23] demonstrated that 2v-HPV administered during
the age of 12—13years can reduce 87% of cervical cancer
rates and 97% of grade 3 cervical intraepithelial neoplasia
(CIN3), but such protection effects would significantly
reduce for women receiving an vaccine at an older age,
suggesting the importance of vaccination at an earlier age
rather than later. The public health problem is therefore
refined as how to address vaccine delay and increase ear-
lier uptake of HPV vaccines that are currently available in
the Chinese market among adolescent girls aged 15-18.

Sample size calculation

Our pre-test data showed that the pay-it-forward arm
had an uptake rate of 98% (49/50) compared to 82%
(41/50) in the standard-of-care arm. We, therefore, esti-
mate a difference of 16% in vaccine uptake rates between
the two arms. But because the current HPV vaccination
rate among this population is generally low at around
10%, for the ongoing trial, we conservatively estimate an
uptake rate of 20% in the standard-of-care arm and 36%
in the pay-it-forward arm rather than the uptake rates in
our pre-test. To achieve an 80% power to detect a differ-
ence between the two arms, 120 participants are needed
respectively in the pay-it-forward and standard-of-care
arms (Table 1). The test statistic used is the two-sided
unpooled Z test and calculated by PASS 2021. The signifi-
cance level of the test is 0.05. Given a non-response and/
or dropout rate of 10%, 133 participants for each arm are
needed. To allow sub-analyses on secondary outcomes
and sub-group analyses, we will increase the sample size
by 20% to 160 in each arm (40 from each clinic in each
arm), leading to a total of 320 participants.

Types of HPV vaccines

During the pre-test, we observed a substantial public
demand for but an insufficient supply of 9v-HPV vaccine
at the community health center. The center had to reserve
the limited number of 9v-HPV vaccine for our pre-test
participants, generating unintentional inequality of access
to 9v-HPV vaccines between participants and not-partici-
pants. 4v-HPV vaccines were out-of-stock throughout the
pre-test period. The advisory meeting revealed that the

Table 1 Sample size calculation

Sample size Sample size (non- a B
response and/or

dropout rate of

10%)
Pay-it forward arm 120 133
Standard-of-care arm 120 133
Total 240 266 0.05 020
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current supply of various types of HPV vaccines are insuf-
ficient to meet the demand in the next five to 10 years.
Government-sponsored universal coverage of 4v and/
or 9v-HPV vaccination for priority and catch-up groups
(9-26years) within the next decade in China is also
unlikely. However, the supply of domestic 2v-HPV is rela-
tively stable due to domestic pharmaceutical production
lines. To ensure sufficient supply for all trial participants
in the four study sites, we decided to use what is most
available at the study sites (i.e., 2v-HPV vaccine). This may
also help inform a cost-effective implementation strategy
that complements future government-led schemes that
use more accessible health products.

Community engaged postcard messages

We identified several key barriers to parental decision to
vaccinate their girls against HPV. The level of awareness
of HPV vaccines seemed high, but a complete under-
standing is lacking in terms of a) how effective of dif-
ferent types of HPV vaccines are in preventing cervical
cancer, b) why it is optimal to vaccinate an eligible girl at
an earlier age rather than later, and c) parental perception
of age of sexual debut of their daughter. To integrate user
perspectives in the designing process, we invited two uni-
versity college students in preventive medicine to design
three postcard cover messages. These cover messages
were designed in response to caregiver preferences solic-
ited during the focus group discussions, and focus on
addressing the above knowledge gaps (Additional file 1).
We will invite participating caregivers and girls to write
on the back side of postcards to support other peers.

Random sampling and recruitment strategy
Our pre-test recruited participants through a WeChat
newsletter announcing the study to local residents liv-
ing in the neighborhood and who are served by the
community health center. This recruitment strategy was
used because it is how the community health center
announces updates about vaccine services to the resi-
dents. However, by reflecting on the high uptake rate in
the standard-of-care arm, we speculate that this may be
largely attributable to a biased sample recruited online
and these participants were already interested in HPV
vaccination. These participants were economically better
off (62% of the caregivers had an annual family income of
80,000RMB or above), and better educated (78% obtained
university or higher-level education) compared to the
local average levels. In addition, eligible participants who
did not subscribe to the newsletter of the community
health center do not have equal odds to be reached by
our trial compared to those who subscribed.

We revised the sampling strategy to a simple random
sampling using the residential committee registration
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system. Specifically, we will obtain a de-identified contact
list of adolescent girls aged 15-18years from the residen-
tial committee via community health center staff. This
list includes all girls of this age range living in the neigh-
borhood who also registered their names and contacts at
the community health center to receive relevant health
services there. We will then conduct the simple random
sampling of eligible girls via generating and assigning a
random digit to each individual using Microsoft Excel.
These individuals will then be sorted by the random digits
from the smallest to the largest, and we will select indi-
viduals from the top of the list for telephone recruitment
until we reach the expected sample size at each study site.

The community health center will send a short text mes-
sage via the patient management platform of the com-
munity health center to inform caregivers of selected
participants about a follow-up telephone call from our
project staff in next few days. The telephone recruitment
will be conducted using landlines of the community health
centers. Our project staff will introduce the general pro-
ject during the telephone call and obtain verbal consent.
Consented caregivers and/or participants will be invited to
visit the community health center for enrollment. We aim
to recruit 80 eligible participants at each study site.

Randomization and treatment allocation

The research assistants will explain on-site the trial pur-
pose, procedures, expected benefits and possible risks to
participants, and obtain written consent to participate
in the trial. Research assistants will then randomize par-
ticipants into standard-of-care and pay-it-forward arms
using a sealed envelope method. The envelope includes
a random numerical ID generated using SPSS 21.0 that
corresponds to the assigned arm (standard-of-care or
pay-it-forward), a QR code for an online questionnaire
survey, and postcard messages (pay-it-forward arm only).
After receiving the allocated treatment, participants who
agree to receive a vaccine will make an appointment
through our trial and we will link them with a community
health staff member who helps coordinate the adminis-
tration of vaccination at the center.

We will use an information tracking sheet to record
the assigned treatment, collect information about age
(verified by identification card on-site), numerical ID and
contact information. Personal information will be used
for arranging clinical visits only and will not be accessible
to staff who are not involved in the recruitment and clini-
cal arrangement process.

Participation and consent
Based on their assigned arm, participants will then
be directed to research assistants who will deliver the
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allocated intervention. Participation in the study will
be voluntary and anonymous. Access to other vaccina-
tion and medical services in the health center will not
be affected in any way because of the participation in
the study. Participants will be able to withdraw from the
study at any time without giving any explanations.

All participants will be asked to complete a baseline
survey after the consent. The questionnaires (Addi-
tional file 4) will collect information about their sociode-
mographic information, vaccine-related attitudes and
behavior, pro-social intention and behavior, and their
intended donation to support vaccination of other indi-
viduals (pay-it-forward arm only). We will add caregivers’
WeChat account for future follow-up and publicizing the
microdonations and transparency.

Blinding

In a behavioral intervention, both participants and peo-
ple who deliver the treatment know which treatment
they are receiving, and it is impossible to conduct a
blind trial. But we will adopt several blinding techniques
during the process to minimize biases. First, our trial
will use an envelope concealment method. The process
of generating the sequence of random digits and assem-
bling envelopes is confidential to all on-site research
assistants who recruit participants. Second, the allo-
cated intervention will be concealed from study partici-
pants and research assistants onsite prior to assignment
until they open the envelope. Second, the community
health staff coordinator will not know which treatment
a participant receives but only help coordinate within
the clinic for administering the vaccination after the
intervention delivery. Third, both the research assis-
tants and/or community staff coordinator will help col-
lect handwritten messages/donations, but they will be
trained to maintain a high degree of consistency and
neutrality in the process. Fourth, the allocated interven-
tion (pay-it-forward or standard-of-care) will be blinded
to physicians who prescribe an HPV vaccine through-
out the process. Finally, the outcome assessors will be
blinded from the knowledge of which intervention a
participant receives.

Data collection and management

Information about vaccine uptake (completion of one
dose, two doses and all three doses respectively) and
types of vaccines will be ascertained by clinical adminis-
trative data. Survey data will be collected using an online
questionnaire. Administrative and survey data will be
linked using numerical IDs. Cost data will be collected
after we complete the trial. Dependent on the need of
extra data for answering the proposed project objectives,
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participants can be further contacted via WeChat for
additional follow- ups after ethical clearance.

Outcome measures

Primary outcome

The primary outcome of the study will be first-dose
HPV vaccine uptake in each arm after the interven-
tion as assessed by administrative records. The choice
of HPV vaccines will be dependent on the availability
of vaccine products at the selected community health
centers, primarily 2v-HPV vaccines.

Secondary outcomes

Secondary study outcomes include economic evalua-
tion and costs indicators from the provider perspective,
self-reported vaccine confidence and vaccine delay, and
the completion rates of 2-dose and 3-dose HPV vacci-
nation. Vaccine confidence, defined as public trust in
the vaccine safety, importance and effectiveness [24],
will be measured using survey items that have been
adapted to the local context to assess vaccine confi-
dence in China [25, 26]. Survey items are detailed in
Additional file 4. Program costs will include personnel,
facilities, equipment, materials and these will be cate-
gorized into start-up, fixed, and variable costs.

Statistical analysis

Primary analysis

Descriptive analyses of socio-demographic and vac-
cination rates by study arms will be conducted. Inten-
tion-to-treat analysis will be conducted to compare
vaccine uptake between the two arms. The primary
analysis will evaluate the hypothesis that the pay-it-
forward arm is more effective than the standard-of-
care arm in increasing HPV vaccination. The uptake
rates between the pay-it-forward and standard-of-
care arms will be compared using logistic regression,
reported as crude odds ratios (cOR) and adjusted odds
ratios (aOR), and 95% confidence intervals (95% ClIs),
by adjusting for demographic backgrounds (e.g., educa-
tion, income, employment status, sex of the guardian,
and study sites).

Subgroup analysis

Effect modification analyses will evaluate whether the
effect of the pay-it-forward intervention on HPV vaccine
uptake vary in relation to the following factors: (1) family
income levels; (2) level of sensitivity to vaccine costs (i.e.,
whether they perceive costs as a barrier to vaccination);
(3) study sites; (4) sex of the guardian. For each factor of
interest, three measures of association will be calculated:
A) a crude measure of association between treatment
group and vaccine uptake, B1) a measure of association
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between treatment group and vaccine uptake among all
participants who report the factor of interest (e.g., lower
family income, or high sensitivity to vaccination costs),
B2) a measure of association between treatment group
and vaccine uptake among all participants who deny a
history of having the factor of interest (e.g., higher family
income, or lower sensitivity to vaccination costs). Effect
modification will be deemed present when B1 and B2 are
different from one another, and at least one (B1 or B2) is
different from A.

Secondary analysis

Markov model-based economic evaluation will be con-
structed to assess cost-effectiveness of pay-it-forward
strategy in provider perspective. Cost for each program
element will be collected, including personnel, materi-
als, equipment and facilities, and micro-costing approach
will be used to evaluate the costs of the standard-of-care
and pay-it-forward arms. Pay-it-forward participant
donations will be summarized and the fraction of the
total cost of vaccination covered by pay-it-forward dona-
tion will be calculated. Mean donations by study site will
be calculated and donation distribution by study site will
be examined.

Vaccine hesitancy and vaccine confidence will be sum-
marized using descriptive statistics and will be compared
between the two arms. The completion rates of 2-dose
and 3-dose HPV vaccination will be compared between
the two arms. Comparisons between the 2 arms will be
assessed with x? test, regression analyses, and 95% Cls
will be calculated. All statistical tests will be two-sided,
and statistical significance will be defined as p <0.05.

Missing data management

Loss-to-follow-up will be recorded during the six-month
period after the enrollment of each participant. There
may be missing data in self-reported secondary outcomes
like vaccine hesitancy, but we do not anticipate any miss-
ing data in the primary outcome of vaccine uptake as this
will be administrative data. If an outcome is missing for
less than15% of participants, analyses will use a com-
plete-case approach. If an outcome is missing for 15% of
participants or above, we will use multiple imputation to
estimate the primary outcomes.

Discussion

China has a substantial cervical cancer burden. Women in
Western China have higher HPV infection prevalence than
those in Central and Eastern areas [27] but have lower
vaccine uptake. The main reasons for low HPV vaccina-
tion uptake are unavailability and unaffordability, vaccine
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hesitancy, and lack of appropriate health messaging. Some
local governments are starting to support HPV vaccina-
tion among girls aged 13-14years through subsidizing
vaccination costs, but this leaves other important catch-up
age groups (e.g., 15—18years) behind. In addition, there are
limited community-engaging programs and interventions
to decrease vaccine hesitancy and increase HPV vaccine
uptake in China. Innovative strategies are needed. Our
pay-it-forward strategy provides a unique opportunity
to investigate ways to address the above issues. This RCT
attempts to evaluate the effectiveness and costs of pay-it-
forward against routine practices in addressing vaccine
hesitancy and increasing timely uptake of HPV vaccines
available in the market among girls aged 15-18 by tapping
into community generosity and pro-social interventions.
Our trial findings can have important implications for
research, practice and policy. This is a rare community-
engaged intervention to increase HPV vaccine uptake
among underserved populations in a middle-income
country. The research findings may have important
implications for pro-social interventions to address
vaccine hesitancy, and other common factors influ-
encing vaccination behaviors and increasing uptake
domestically and globally. Then the trial implementa-
tion process can demonstrate to some extent the adapt-
ability of a pay-it-forward model in vaccine services and
inform evidence-based practice in future vaccine pro-
grams. Third, while local governments may have lim-
ited finances for many competing health priorities and
be unable to cover all priority groups for HPV vaccina-
tion at the same time, our pay-it-forward may serve as a
transition model to help cover catch-up age groups and
lower government pressure by mobilizing multiple play-
ers in the healthcare system (e.g., end-users, commu-
nity-based healthcare providers, donors, pharmaceutical
companies etc). Finally, given that there is an unstable
supply in the Chinese context, we will not include 4v
and 9v-HPV vaccines as an option for participants to
choose. This may somewhat limit our understanding
of participants’ uptake of 4v and 9v-HPV vaccines, but
because imported 9v-HPV vaccines are unaffordable
for many, the likelihood of the imported 9v-HPV being
included in government supported universal health
programs is low in the next decade. Domestic 9v-HPV
vaccines are still in Phase III clinical trial and produc-
tion capacity for 9v-HPV vaccines in the next five to 10
years in the country is also limited. Therefore, our study
focuses on HPV vaccine products that are most avail-
able in the market will have important implications for
evidence-based policymaking as well as effective public
messaging to improve timely HPV vaccine uptake.
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Abbreviations

HPV Human papillomavirus

CFDA China Food and Drug Administrative
2v-HPV Bivalent HPV

4v-HPV Quadrivalent HPV

9v-HPV 9-valent HPV

RCT Randomized controlled trial

SOPs Standard operational protocols

cOR Crude odds ratios

aOR Adjusted odds ratios

Cls Confidence intervals
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