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A B S T R A C T   

Fifteen years following the approval of the first human papillomavirus (HPV) vaccine, cervical cancer continues 
to be a significant source of morbidity and mortality among women in low-resource settings. It is the second- 
leading cause of cancer-related deaths in women globally and the leading cause of cancer-related deaths in 
Sub-Saharan Africa. Vaccine delivery and programmatic costs may hinder the distribution of HPV vaccines in 
low-resource settings, and ultimately influence access to HPV vaccines. While reviews have been conducted on 
the cost-effectiveness of HPV vaccines, little is known about the cost and effectiveness of vaccination strategies. 
The purpose of this systematic review was to synthesize evidence on the cost and cost-effectiveness of vaccina-
tion strategies utilized to increase access to HPV vaccines. Search queries were created for CINAHL Plus, Embase, 
and PubMed. Our search strategy focused on articles that contained information on HPV vaccine uptake/reach, 
HPV vaccination costs, or the cost-effectiveness of HPV vaccination programs. We retrieved 773 articles from the 
databases, assessed 251 full-texts, and included 15 articles in our final synthesis. Countries without national HPV 
vaccination programs aimed to identify and adopt sustainable strategies to make HPV vaccines available to 
adolescents through demonstration programs. In contrast, countries with national vaccination programs focused 
on identifying cost-effective interventions to increase vaccination rates to meet nationally recommended -
standards. There is a dire need for HPV vaccination programs and intervention studies tailored to settings in low- 
and middle-income countries to increase access to HPV vaccines. Future studies should also evaluate the cost- 
effectiveness of implemented strategies.   

1. Background 

Human papillomavirus (HPV) is the most prevalent viral infection of 
the reproductive tract and the most common sexually transmitted 
infection (Centers for Disease Control and Prevention, 2020). This is 
concerning because persistent infection with HPV can progress to pre-
cancerous and cancerous lesions. Malignancies caused by HPV occur in 
the anus, cervix, oropharynx, penis, rectum, vagina, and vulva (Centers 
for Disease Control and Prevention, 2020). Both sex-related and regional 
disparities exist in the burden and impact of HPV-associated 
malignancies. 

The global estimate of cancers caused by HPV is approximately 
640,000 annually, accounting for 29.5% of cancers caused by infections 
(Serrano et al., 2018). Of these, 570,000 are cervical cancer cases which 

result in 311,000 cervical cancer-related deaths (World Health Organi-
zation, 2020; Serrano et al., 2018). Cervical cancer is the leading cause 
of cancer-related deaths in Sub-Saharan Africa and the second-leading 
cause of cancer-related deaths in women globally (Ferlay et al., 2019). 
About 90% of cervical cancer deaths occur in low- and middle-income 
countries (LMICs) (World Health Organization, 2020). Cervical cancer 
incidence and mortality are significantly associated with poverty rates, 
urbanization, literacy rate, health expenditure per capita, human 
development index, and gender inequality index; with poverty rate and 
human development index explaining more than 52% of the variation in 
global mortality (Singh et al., 2012). The human development index 
combines factors such as educational attainment and gross national in-
come to measure social and economic development, which highlights 
the role of economic and social inequalities in driving global trends in 
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cervical cancer disparities (Klugman, 2011). Despite lower cervical 
cancer-related deaths in high-income countries (HICs), similar trends in 
disparities are associated with poverty and comparable socio-economic 
variables. For example, in the United States of America (USA), cancer 
disparities are associated with low income, low health literacy, and 
decreased access to medical facilities; rural Appalachia has higher rates 
of cervical cancer compared to urban regions (National Cancer Institute, 
2020). In Australia, cervical cancer incidence is 52% higher in women in 
the lowest socio-economic status areas (Cancer Australia, 2021). 
Therefore, people with suboptimal access to health care and limited 
economic opportunities experience a higher disease burden from HPV 
and fewer prevention opportunities. 

HPV vaccines prevent up to 90% of cancers caused by HPV infections 
(World Health Organization, 2020; St. Laurent et al., 2018; Nour, 2009). 
The vaccines are effective when administered before infection with HPV, 
ideally before sexual activity initiation (World Health Organization, 
2020; Centers for Disease Control and Prevention, 2020). HPV vaccines 
are recommended for 9 to 26-year-olds as a 2-dose or 3-dose series 
(World Health Organization, 2020; Centers for Disease Control and 
Prevention, 2020). 

The World Health Organization (WHO) recommends countries 
determine the cost-effectiveness of the HPV vaccine before implement-
ing a national HPV vaccination program (World Health Organization, 
2009). HPV vaccination may be cost-effective for LMICs if the total cost 
per vaccinated child is $10-to-25 United States dollars (US$) (World 
Health Organization, 2009). This estimated cost per child should include 
both the cost of the vaccines and programmatic costs. HPV vaccine de-
livery and programmatic costs could be negligible for HICs but consti-
tute significant costs for LMICs; this warrants clarity on delivery costs 
(Fesenfeld et al., 2013). With support from Gavi, the Vaccine Alliance, 
more low-income countries have gained access to HPV vaccines for as 
little as US$ 4.50 per dose (Gavi. Human papillomavirus, 2020). 
Nevertheless, delivery and programmatic costs may hinder the distri-
bution of HPV vaccines in low-resource settings, and ultimately influ-
ence the sustainability of HPV vaccination programs. 

While reviews have been conducted on the cost-effectiveness of HPV 
vaccines, little is known about the cost and effectiveness of vaccination 
strategies that have been implemented to expand access to HPV vac-
cines. Studies have also reviewed the impact of HPV vaccination on 
gender equity (Portnoy et al., 2020) and country-specific HPV vacci-
nation strategies (Holloway, 2019). The latter study focused on HPV 
vaccination strategies specific to the USA, which highlights the need to 
understand vaccination strategies across the world. To the best of our 
knowledge, no study has systematically reviewed studies on the cost and 
effectiveness of HPV vaccination strategies. 

Our definition of access was guided by the concept definition by 
Gulliford and colleagues and includes four dimensions: (i) availability of 
health services, (ii) utilization of services, (iii) use of relevant services 
for satisfactory health outcomes, and (iv) equity of access (Gulliford 
et al., 2002). The utilization of services is impacted by acceptability, 
affordability, and physical accessibility of services. Once health services 
become readily available, the next challenge is vaccine uptake, which 
constitutes utilization of the available services. For the purpose of the 
paper, we will refer to the availability of HPV vaccines and the uptake of 
HPV vaccines to represent service availability and service utilization, 
respectively. 

The purpose of our study was to review the cost and effectiveness of 
strategies that have been implemented to expand access to HPV vac-
cines. We conducted a systematic review of research on the cost and 
cost-effectiveness of HPV vaccination strategies according to Preferred 
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 
guidelines (Moher et al., 2009; Page et al., 2021). 

2. Methods 

2.1. Search strategy 

We searched PubMed, Embase, and CINAHL Plus for articles about 
HPV vaccine uptake published through February 4th, 2020. Search 
terms included papillomavirus, vaccine, cost-effectiveness, and cost 
analysis. MeSH terminology, truncations, and Boolean operators were 
incorporated into the search strategy. Search terms and syntax were 
adapted to each database. The search queries used are provided (Sup-
plementary data 1). All resulting articles were imported into Covidence 
for deduplication and screening (Covidence, 2020). 

2.2. Inclusion/Exclusion criteria 

We selected articles containing information on HPV vaccine uptake 
or reach, HPV vaccination strategy, and cost or cost-effectiveness. The 
scope included both intervention studies and evaluations of vaccination 
programs implemented to facilitate HPV vaccine uptake. We excluded 
articles that lacked cost data, did not include HPV vaccination as an 
outcome, did not implement a specific strategy to promote or increase 
vaccine uptake, literature reviews, and non-English articles. 

2.3. Study selection 

Three authors (AA, JL, and JW) screened articles in Covidence. All 
three authors independently completed the initial title and abstract 
screening to identify articles that would potentially be eligible for our 
review. Disagreement between authors was resolved by advancing the 
studies to full-text review. A.A., J.L, and J.W. completed the full-text 
review. All authors discussed inconsistencies, and agreement was 
reached by consensus. Additionally, articles identified from references 
during the full-text screening phase deemed eligible for our review were 
hand-searched. These articles were discussed as a team to determine 
eligibility for our study questions. The number of excluded studies and 
the rationale for exclusion are presented in the PRISMA flow diagram. 

2.4. Data Extraction, Analysis, and synthesis 

Data extraction and validation were discussed by three authors: AA, 
ES, and WT. All articles in our final selection were individually discussed 
during weekly team meetings by A.A., E.S., and W.T. Based on study 
design, the studies were categorized as program cost evaluations, cost- 
effectiveness analyses (CEAs), or novel interventions. The studies were 
synthesized qualitatively. There was notable heterogeneity with the 
results across studies, which impeded the possibility of any meaningful 
quantitative synthesis. We report summaries from studies in tables and 
synthesize the strategies across studies in a concept diagram. 

2.5. Currency conversion 

The summarized results in tables are presented in the currency year 
and values reported by the studies. We also report the effectiveness or 
reach associated with these cost values. Cost values in the manuscript 
are also in the currencies and years reported by the studies. To provide a 
better overall picture of delivery costs, we used the personal consump-
tion expenditures price index (PCEPI) to calibrate program evaluation 
unit costs to May 2021 values for reference in Table 2. PCEPI is a 
measure of underlying inflation trends that are used to track changes in 
prices of goods and services, including healthcare expenditure (Bureau 
of Economic Analysis, 2021). It is prepared and released monthly by the 
Bureau of Economic Analysis (Bureau of Economic Analysis, 2021). We 
applied currency exchange values as needed (Organisation for Economic 
Co-operation and Development, 2000) to the World Bank values for per 
capita gross domestic product (GDP) (The World Bank, 2021). The per 
capita GDP for each of the countries was used to compare the 
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incremental cost-effectiveness ratios (ICERs) as a percent of per capita 
GDP for the cost-effectiveness studies. These values are computed in the 
authors’ reporting year and are reported in Table 3. 

3. Results 

3.1. Summary of included studies 

We retrieved 773 articles. Of these, 672 articles were eligible for 
screening after removing 101 duplicates. After the title and abstract 
screening, 471 studies were excluded. We assessed 251 full-text studies. 

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow diagram depicting the study selection process.  
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Nineteen were discussed for extraction. Four of the nineteen articles 
provided valuable information on the cost and effectiveness of HPV 
vaccination strategies but did not meet our inclusion criteria. These 
articles were excluded after the hand search did not yield additional 
information on the studies’ costs and effectiveness results as needed for 
our inclusion criteria (Hutubessy et al., 2012; Karanth et al., 2017; Levin 
et al., 2014; Mahumud et al., 2020). Our final selection included 15 
publications. The study selection process is presented in the flow dia-
gram in Figure 1. The 15 studies included in our review were published 
between 2012 and 2020 and implemented across ten different countries 
(Mozambique, Zimbabwe, Peru, Uganda, Vietnam, Tanzania, New 
Zealand, USA, Belgium, and England). Five studies evaluated the cost of 
programs implemented in LMICs (Alonso et al., 2019; Hidle et al., 2018; 
Levin et al., 2013; Quentin et al., 2012; Soi et al., 2019). One study 
conducted a CEA of a comprehensive vaccination program that also 
delivered HPV vaccines, and another study conducted a CEA of an 
ongoing national HPV vaccination program (Blakely et al., 2014; Wilson 
et al., 2020). There were eight novel intervention studies, of which six 
were conducted in the USA (Morris et al., 2015; Szilagyi et al., 2013; 
Kempe et al., 2012; O’Leary et al., 2015; Fiks et al., 2013; Coley et al., 
2018) and two in Europe (Lefevere et al., 2016; Mantzari et al., 2015). A 
summary of the study characteristics, including the costs and effec-
tiveness of strategies utilized, is presented in Table 1. 

Two main strategies were observed in countries’ efforts to increase 
access to HPV vaccines: (1) improving the availability of HPV vaccines 
and (2) increasing the number of people receiving HPV vaccines. 
Countries without national vaccination programs sought to identify 
sustainable strategies to make HPV vaccines available to adolescents via 
demonstration programs. Most studies accomplished this by conducting 
program cost evaluations using microcosting to determine which pro-
grams were most feasible for countries to adopt. In contrast, countries 
with existing national HPV vaccination programs identified cost- 
effective strategies to increase the uptake of the vaccines to meet na-
tionally recommended HPV vaccination guidelines. Novel interventions 
were used to increase the uptake of HPV vaccines across study pop-
ulations. We synthesized vaccine delivery strategies presented in the 
cost analyses into a concept map (Figure 2). 

3.2. Effective vaccination sites 

Effective vaccination sites utilized health facilities, clinics, and 
schools. A study that evaluated the cost-effectiveness of a national 
vaccination program in New Zealand found that the most cost-effective 
vaccination strategy was a mixed approach of vaccinating at both 
schools and primary care facilities (Blakely et al., 2014). Programs that 
took advantage of available resources at health care clinics and accessed 
target age groups through schools yielded a lower cost per vaccinated 
girl compared to programs that targeted hard-to-reach populations and 
had access to fewer resources. 

3.3. Effective strategies 

Effective strategies utilized to increase the availability of HPV vac-
cines included age-based vaccinations, class-based vaccinations, utili-
zation of two-dose schedules, and integration of HPV vaccination into 
existing health infrastructure. Integrating school-based delivery into 
existing health systems was the most cost effective (Levin et al., 2013). 
Similarly, interventions that optimized existing school-based health 
center resources and primary care clinics yielded high vaccination rates 
at lower clinic costs and costs per vaccinated adolescent (Kempe et al., 
2012; O’Leary et al., 2015; Fiks et al., 2013). Effective strategies to in-
crease the number of vaccinated children include reminder systems, 
decision support for clinicians or providers, parent/family education, 
financial incentives, health campaigns, targeting uptake of multiple 
adolescent vaccines, and class-based immunization recall. A school- 
based immunization recall program had the highest percent increase 

(59%) in HPV vaccine initiation rates (Kempe et al., 2012). A detailed 
summary of vaccination strategies is provided in Supplementary figure 
1. 

3.4. Target population 

All studies except one focused on the adolescent population to in-
crease HPV vaccine rates (Table 1). Demonstration programs focused on 
vaccinating 10-to-12-year-old girls in a school-based setting and girls 
who received all recommended doses of HPV vaccines were referred as 
fully immunized girls (FIG). When a class-based strategy was utilized, 
the cost per FIG was lower compared to age-based vaccinations (Quentin 
et al., 2012). All study interventions were designed for 11-to-18-year-old 
adolescents to receive one or more doses of HPV vaccines and were 
conducted in HICs. Some interventions targeted girls only and others 
targeted all adolescents within the eligible age cohort. 

3.5. Programmatic delivery costs 

The implementation timeframe of program cost evaluation studies 
was one to two years and used a retrospective micro-costing approach 
from the health system or provider’s perspective. Costs were reported in 
United States dollars (US$). Costs associated with HPV vaccine prices 
are disentangled from the qualitative synthesis of HPV vaccine delivery 
costs. However, it is noteworthy that all demonstration programs 
received HPV vaccines at subsidized costs. The Gavi negotiated price 
was estimated at US$ 5-to-5.70 per dose for studies that received HPV 
vaccines via Gavi-supported funding. The number of vaccinated girls, 
the total number of doses administered, and service delivery costs per 
FIG or dose administered are presented in Table 2. 

Programmatic cost evaluations reported both financial costs (paid 
monetary values) and economic costs (financial costs plus the oppor-
tunity costs associated with using resources for HPV vaccine delivery). 
Financial service delivery costs were largely payments to personnel 
(nurses, drivers, village health workers, school coordinators, etc.) and 
economic service delivery costs were related to personnel time dedi-
cated to vaccination efforts. One study excluded salaries paid to existing 
staff in their financial and economic service delivery costs (Quentin 
et al., 2012). Fuel and transportation fees contributed considerably to 
both the total economic and financial delivery costs. The principal 
drivers of startup costs were expenditures related to personnel and 
running campaigns to raise community awareness. Programmatic ser-
vice delivery costs are summarized in Figure 3. 

Costs varied by vaccine delivery strategy and the country of program 
implementation. Costs for a school-based strategy in Uganda included 
transportation and personal costs due to the extensive distances between 
health facilities and schools (Levin et al., 2013). Introduction costs in 
Vietnam stemmed from resource-intensive micro-planning and training 
required by the Vietnamese government for school-based and health- 
center-based delivery strategies (Levin et al., 2013). Cost estimates to 
scale up a regional vaccination program in Tanzania were heavily 
impacted by salaries to international personnel and supervision, which 
accounted for more than 50% of vaccine delivery costs (Quentin et al., 
2012). There was a marked decrease in average startup costs from year 
one to year two of an implementation of a demonstration program in 
Mozambique that aimed at estimating projected costs of a national scale- 
up of an HPV vaccination program (Soi et al., 2019). The greatest 
number of FIG 17,268 girls) resulted from the multi-regional study with 
an estimated financial and economic costs per FIG of US$ 5.71 and US$ 
9.55 respectively, which were the lowest across all program cost eval-
uations (Levin et al., 2013). 

3.6. Costs and effectiveness of novel interventions 

Novel interventions were examined in eight studies with shared 
goals of increasing the uptake of HPV vaccines. The implementation 
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Table 1 
Summary of publications reviewed.  

Author & 
Year 

Location Gavi- 
supported 

Study design Target age 
cohort 

Sample size HPV vaccination 
outcomes assessed 

Strategies Utilized Main results of costs 
and effectiveness  

I. Program Cost Evaluations 
Alonso 

2019 
Mozambique ✓ Demonstration 

program with 
retrospective 
micro costing 

10-year-old 
girls 

2 doses: 2,791 FIG3 
doses: 2,276 FIG  

• Cost per FIG  
• HPV vaccine 

program cost  

• School-based 
delivery  

• US$9.99 per FIG 
under the two- 
dose schedule  

• $17.95 per FIG 
under the three- 
dose schedule 

Hidle 
2018 

Zimbabwe ✓ Demonstration 
program with 
retrospective 
cost analysis 

10-year-old 
girls 

5,724 FIG  • Cost per FIG  
• HPV vaccine 

program cost  

• School-based 
delivery  

• Facility-based 
delivery  

• Outreach sites  

• Lower mean 
service delivery 
cost in schools 
with more girl 
vaccinated in 
each vaccination 
cycle.  

• Economic cost of 
US17.39 per FIG 
using school- 
based delivery. 

Levin 
2013 

PeruUgandaVietnam ✓ Demonstration 
Program with 
retrospective 
micro costing 

Adolescent 
girls 

17, 268 FIG  • Cost per FIG  
• Cost of different 

HPV 
vaccination 
strategies  

• Projected 
financial costs 
of national 
scale-up  

• Peru: School- 
based delivery  

• Uganda: School- 
based and inte-
grated outreach 
delivery  

• Vietnam: 
School-based 
and health- 
center-based 
delivery  

• The cost per 
vaccine dose was 
lowest when 
delivery was 
integrated into 
existing health 
services (US$ 
1.44 per dose in 
Uganda)   

• The maximum 
number of doses 
administered per 
year was 26,798 
doses resulting in 
8,895 FIG using 
the school-based 
strategy in Peru 

Quentin 
2012 

Tanzania –Sponsor- 
subsidized 
acquisition 
cost 

Demonstration 
program with 
retrospective 
top-down cost 
analysis from 
project’s 
perspective 

10-to12- 
year-old 
girls (class 4 
and class 6) 

4,211 FIG  • Cost per FIG  
• HPV 

vaccination 
project cost  

• Projected scale- 
up costs for a 
regional 
program  

• School-based 
delivery  

• costs of class- 
based vaccination 
were less   

• because of more 
eligible girls 
being identified 
and higher 
vaccine uptake  

• Lower costs in 
urban 
areas compared 
to rural areas.  

• Incremental 
financial cost to 
scale up 
to 50,290 
primary school 
girls estimated at 
US$276,00  

• Economic cost of 
US$9.76 per FIG 
excluding vaccine 
cost 

Soi 2019 Mozambique ✓ Demonstration 
program with 
retrospective 
micro costing 

10-year-old 
girls 

Target population 
sizeYear 1: 
8,556Year 2: 9,135  

• Cost per FIG  
• Total program 

costs  
• Projected costs 

for national 
scale-up  

• School-based 
delivery  

• Higher 
implementation 
costs in year one 
compared to year 
two  

• Cost per FIG: $72 
in year one, $38 
in year two, and 
$54 for entire 
project period  

II. Cost Effectiveness Analyses 
Blakely 

2014 
New Zealand – Markov 

modelHealth 
12-year- 
ollds 

National sample: 
58,582  

• Health gains  
• Net costs  

• Vaccination at 
school  

• Cost-effectiveness 
of current 

(continued on next page) 
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Table 1 (continued ) 

Author & 
Year 

Location Gavi- 
supported 

Study design Target age 
cohort 

Sample size HPV vaccination 
outcomes assessed 

Strategies Utilized Main results of costs 
and effectiveness 

system’s 
perspective  

• Cost 
effectiveness of 
ongoing 
national HPV 
vaccination 
program  

• Vaccination in 
primary care 
practices 

program: NZ 
$18,800/QALY 
gained  

• ICER of $34,700/ 
QALY for school- 
only program 
compared to 
school + PCP  

• Net cost for 
current program: 
NZ$4.65 million 
for 58,582 12- 
year-old  

• A mandatory 
vaccination law 
for HPV is not 
cost-effective. 

Wilson 
2020 

Texas, USA – Markov 
modelPayer’s 
perspective 

Uninsured 
and low- 
income 
adults 

1,036 received 
HPV vaccines  

• Cost 
effectiveness of 
comprehensive 
adult 
vaccination 
program; HPV 
vaccines 
included  

• Local health 
department 
working with 
community 
organizations  

• At a cost-effective 
threshold of 
$100,00, HPV 
vaccination was 
cost effective 
with an ICER of 
$79,022/LYS  

• Program ICER: 
$67,940/LYS  

• A community 
immunization 
program is a cost- 
effective invest-
ment for unin-
sured, low 
income, high-risk 
adults  

III. Novel Interventions 
Coley 

2018 
New York, USA – Randomized 

controlled trial 
11-to-13- 
year olds 

Intervention: 
81,558Control: 
80,894  

• Vaccine series 
initiation  

• Series 
continuation  

• Cost analysis  
• Population 

health effects  

• Reminder letters 
mailed by the 
state’s health 
department  

• Intervention 
increased vaccine 
initiation by 2.2% 
for 1st dose, 1.4% 
for 2nd dose, 
0.01% for 3rd 
dose.  

• The intervention 
cost $30.95 for 
each adolescent 
who initiated the 
HPV vaccine 
series. 

Fiks 2013 Philadelphia, USA – Randomized 
controlled trial; 
cluster and 
patient-level 
randomization 

11-to-17- 
year-old 
girls 

Total: 22,486CDS: 
5,557FFI: 
5680CDS + FFI: 
5,561No 
intervention: 
5,68811 clinics  

• HPV vaccine 
series rates  

• Time to HPV 
vaccine receipt  

• Incremental 
cost 
effectiveness of 
interventions  

• FFI  
• CDS  
• Combined (FFI 

+ CDS)  

• CDS was most 
effective for 
initiating the HPV 
vaccination 
series, FFI 
promoted 
completion, and 
CDS + FFI most 
effectively 
promoted series 
receipt.  

• For the 3 doses of 
HPV vaccines, the 
combined 
intervention 
increased 
vaccination rates 
from 16% to 25%, 
from 65% to 73%, 
and from 63% to 
76%, 
respectively, 
compared with no 
intervention.  

• Low incremental 
cost for the more 
effective 

(continued on next page) 
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Table 1 (continued ) 

Author & 
Year 

Location Gavi- 
supported 

Study design Target age 
cohort 

Sample size HPV vaccination 
outcomes assessed 

Strategies Utilized Main results of costs 
and effectiveness 

intervention 
versus no 
intervention: $6 
for CDS for 
HPV#1, $10 and 
$6 for FFI for 
doses 2 and 3, 
respectively. 

Kempe 
2012 

Colorado, USA – Multi-method 
study: HPV 
vaccine 
demonstration 
project for girls 
only, and 
randomized 
controlled trial 
for boys 

Sixth 
graders 
attending 
public 
schools; 
girls only 
for HPV 
vaccines 

Total: 529Girls: 
265  

• Proportion that 
received the 
first dose of 
HPV vaccine  

• Cost per 
recalled child 
immunized  

• Immunization 
recall at school- 
based health 
centers  

• 59% (149/253) of 
girls received the 
first HPV vaccine 
dose  

• Cost ranged from 
$1.12 to $6.87 
per recalled child 
immunized 

Lefevere 
2016 

Flanders, Belgium – Retrospective 
cohort study 
analyzing 
claims data 

12-to-18- 
year-old 
girls 

Total: 
6415Intervention: 
850  

• HPV vaccine 
series initiation  

• Personal 
information 
campaign (PIC) 
only  

• Combined PIC 
plus financial 
incentives 
(partial 
reimbursement)  

• PIC significantly 
increased 
vaccination 
initiation, with 
older girls 
responding faster.  

• One year after the 
campaign the 
difference in 
percentage points 
for HPV 
vaccination 
initiation 
between 
intervention and 
control groups 
varied between 
18.5 % and 5.1%.  

• PIC increased 
costs by €0.59 
(price of a stamp) 
per girl, and 
€450.69 per extra 
girl vaccinated 

Mantzari 
2015 

England, UK – Randomized 
controlled trial 

16-to-18- 
year-old 
girls 

Total: 1000  • HPV vaccine 
series coverage; 
initiation and 
completion  

• Invitation letters 
only  

• Invitation letters 
plus financial 
incentive 
vouchers worth 
£45 (£20 for 1st 
dose, £5 for 2nd 
dose, £20 for 3rd 
dose)  

• Financial 
incentives 
significantly 
increased initial 
uptake of the 
HPV-vaccination 
program by ~ 
10%  

• Interventions 
increase series 
completion by ~ 
10% 

Morris 
2015 

California, USA – Randomized 
controlled trial 

11-to-17- 
year-olds 

Intervention 
groups: 
1,797Phone call 
only: 
3,253Unsampled 
controls: 116,356  

• HPV vaccine 
series initiation  

• HPV vaccine 
series 
completion  

• Up-to-date 
(UTD) status  

• Time to UTD  
• Cost efficiency 

of reminder 
methods  

• Phone call only 
or phone call 
plus one of three 
reminder 
options:  

• Text messages  
• Email  
• Postcard  

• UTD status reach 
by 32.1% of text 
message 
recipients, 23.3% 
for postcards, 
20.8% for emails, 
and 12.4% for 
participants who 
received 
enrollment phone 
call only.  

• Mean costs for 
were $4.65 per 
postcard, $3.09 
per e-mail, and 
$3.09 per text 
message 
enrollees.  

• The average cost 
for each text 
recipient to 
become UTD was 

(continued on next page) 
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time frame of these interventions ranged from six months to two years. 
All intervention studies were conducted in HIC which already had na-
tional HPV vaccination programs (Table 1). 

Reminder systems. Reminder messages to parents and families 
were the most common strategy used to improve HPV uptake. Reminder 
systems targeting 11-to-17-year-olds in the USA yielded moderate in-
creases in vaccine uptake with moderate financial costs per vaccinated 
child. The costs per vaccinated child using reminder interventions 
ranged from US$1.12 to US$30.95. The cost of a school-based immu-
nization recall that targeted sixth grade girls ranged from $1.12 to $6.87 
per child immunized (Kempe et al., 2012). Ninety five percent of girls 
needed the first dose of HPV vaccine and the recall system increased 
initiation rates by 59% (Kempe et al., 2012). A population-level mail 
reminder implemented by the state health department had the widest 
reach (81,558 adolescents) with the lowest incremental coverage rates 
(2.2% increase in the first dose compared to no intervention) for a total 

of US$30.95 per adolescent initiating vaccination (Coley et al., 2018). 
Another study evaluated an automated centralized recall system using 
mailed reminders and telephone calls for routine adolescent vaccines 
(Szilagyi et al., 2013). Both reminder methods had similar HPV vaccine 
initiation and completion rates and the cost of each adolescent was US 
$18.78 per year for mail reminders and US$16.68 for telephone re-
minders (Szilagyi et al., 2013). Meanwhile, the net cost of clinic- 
generated reminder messages ranged from US$ 855 to US$ 3394 per 
practice and US$ 2.64 to US$ 10.48 per child (O’Leary et al., 2015). 
Intervention implementation was less costly in clinics with existing 
electronic medical record systems (O’Leary et al., 2015). Additionally, 
the costs to the clinics more accurately represent estimates for practices 
in later stages of electronic health systems adoption than clinics in the 
early stages of adoption. Hence, reminders may not be suitable for hard- 
to-reach populations or in settings with technological limitations. 

Financial incentives. Financial incentives were utilized to increase 

Table 1 (continued ) 

Author & 
Year 

Location Gavi- 
supported 

Study design Target age 
cohort 

Sample size HPV vaccination 
outcomes assessed 

Strategies Utilized Main results of costs 
and effectiveness 

$9.63 compared 
to $14.86 per 
UTD e-mail 
recipient and 
$20.22 per UTD 
postcard 
recipient. 

O’Leary 
2015 

Colorado, USA – Randomized 
controlled trial 

11-to-17- 
year-olds 

Intervention: 
2,228Controls: 
2,359  

• Uptake of any 
needed HPV 
vaccine dose  

• Missed 
opportunity for 
vaccination.  

• Cost of short 
messaging 
service (SMS)  

• Practice 
initiated SMS 
with parents 
choosing one of 
3 options:  

• Clinic call parent 
to schedule  

• Parent call clinic 
to schedule  

• None  

• 19% of 
intervention 
group compared 
to 15% of the 
control group 
received at least 
one dose of HPV 
vaccine  

• Responding that 
the clinic should 
call to schedule 
was associated 
with the highest 
effect size for 
completion of all 
needed services.  

• Net cost ranged 
from $855 to 
$3394 per 
practice.  

• Average costs per 
child were $2.64 
to $10.48. 

Szilagyi 
2013 

New York, USA – Random 
selection of 
participants. 
Participants 
select choice of 
intervention 

11-to-17- 
year-olds   

• Immunization 
rates for 
preventive 
vaccines (HPV 
for girls only)  

• Mailed reminder  
• Telephone 

reminder  

• HPV vaccine 
series uptake was 
similar across 
intervention 
groups (27% for 
1st dose, 26% for 
2nd dose, and 
18% to 19% for 
3rd dose).  

• The intervention 
cost $18.78 for 
mailed or $16.68 
for phone per 
adolescent per 
year to deliver  

• The cost per 
additional 
adolescent fully 
vaccinated was 
$463.99 for 
mailed and 
$714.98 for 
telephone 

CDS - decision support for clinicians. FFI – family focused intervention/automated decision support to families. FIG - fully immunized girl. 
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Figure 2. Represents HPV vaccination strategies utilized across studies. Adolescents were effectively vaccinated in schools and health care facilities such as general 
practice clinics. Utilizing these existing infrastructures increased access to HPV vaccines by reaching eligible adolescents at accessible sites. 

Table 2 
Program evaluation unit costs  

First 
author 

Country Currency Currency 
year 

Total 
received 
HPV 
vaccine 

Number of 
doses 
administered 

Mean 
financial 
cost per 
dose 

Mean 
financial 
cost per 
FIG 

Mean 
economic 
cost per 
dose 

Mean 
economic 
costs per 
FIG 

§PCEPI 
December 
currency 
year 

May 
2021 
financial 
cost per 
FIG 

May 2021 
economic 
cost per 
FIG 

Levin Peru 
Uganda 
Vietnam 

US$ 2009 17,268 54,043 1.82  5.71 3.05 9.55  95.175  6.88 11.50 

Quentin Tanzania US$ 2011 4,211 12,633 1.73  5.48 3.09 9.76  98.965  6.35 11.30 
Alonso Mozambique US $ 2014 2,276 6,945 6.07  17.95 17.59 52.29  102.852  20.01 58.28 
Soi Mozambique US$ 2014 9,669 29,007 (y1: $30; 

y2: $19)  
36.9 na na  102.852  41.13 na 

Hidle Zimbabwe US $ 2016 5,724 11,599 19.76  40.03 45 91.19  105.005  43.70 99.55 

HPV: human papillomavirus FIG: fully immunized girl. PCEPI: personal consumption expenditures price index. na: data not available. 
The §PCEPI column represents the price index in December of the currency year that was used to estimate program costs. The PCEPI of the currency year reported and 
the PCEPI for May 2021 (US$ 114.631) were applied to inflate the costs per FIG to represent May 2021 cost values as presented in the last two columns. 

Figure 3. A description of the HPV vaccine delivery cost components itemized in the microcosting of the vaccination programs  
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HPV vaccination rates in England and Belgium (Lefevere et al., 2016; 
Mantzari et al., 2015). Vaccination rates with financial incentives were 
higher for girls in their late teens than younger girls. While it is expected 
that financial incentives could be motivational to impact behavior 
change, removing out-of-pocket costs in settings where HPV vaccines 
are not free for adolescents could be more beneficial in increasing 
vaccination rates. Even though social deprivation did not have a sig-
nificant moderating effect on HPV vaccine uptake (Mantzari et al., 
2015), social equity analyses suggested that it is beneficial to target 
specific high-risk populations to optimize the use of scarce resources and 
reduce the burden of disease (Blakely et al., 2014). Many countries in 
Europe (Belgium and England included) now offer free gender-neutral 
HPV vaccines to target populations (European Parliamentary Forum 
for Sexual and Reproductive Rights, 2020). 

Education and clinical decision support. Educating parents on the 
HPV vaccine’s role in cancer prevention and providing clinicians with 
tools to make strong recommendations to parents had substantial effect 
on both vaccine series initiation and completion rates. Among the 
intervention studies, only one study computed incremental costs for the 
interventions implemented (Fiks et al., 2013). This study focused on 
supporting clinicians and families in the clinic setting. An electronic 
medical record clinical decision support system for clinicians (CDS) was 
more effective at increasing HPV vaccine initiation rates with an in-
cremental cost of US$6 compared to no intervention (Fiks et al., 2013). 
The family-focused interventions provided reminder phone calls, linked 
families with educational materials, and emphasized that the child’s 
clinician recommended the vaccine (Fiks et al., 2013). This family- 
focused approach was most effective than CDS or no intervention at 
increasing HPV vaccine series completion rates with incremental costs of 
$10 for the second dose and $6 for the third dose. Combining both in-
terventions most effectively accelerated timely receipt of vaccines with 
an incremental cost of $189 (compared to the family-focused approach) 
for receipt of the third dose. 

3.7. Cost-effectiveness analysis 

Two studies performed cost-effectiveness analyses using existing 
strategies and HPV uptake estimates from existing data as input pa-
rameters (Blakely et al., 2014; Wilson et al., 2020). Both studies used a 
Markov modeling approach and a discount rate of 3% (Table 3 below). 
Wilson and colleagues utilized data from a local health department to 
assess the cost-effectiveness of a comprehensive adult vaccination pro-
gram for uninsured, low-income, high-risk adults (Wilson et al., 2020). 
Given a cost-effectiveness threshold of US$ 100,000 HPV vaccination 
was cost-effective with an incremental cost effectiveness ratio (ICER) of 
US$ 79,022 per life years saved (LYS) (Wilson et al., 2020). This ICER 
represented 136.2% of per capita GDP of the USA. In the study by 
Blakely and colleagues using data from New Zealand’s (N.Z.) national 

girls’ HPV vaccination program implemented in 2008, the ICER was NZ 
$18,800 per quality-adjusted life years (QALY) gained, compared to no 
vaccination (Blakely et al., 2014). This ICER represented 38.2% of New 
Zealand’s per capita GDP. This study also assessed the equity impacts of 
HPV vaccination on Maori populations compared to non-Maori. The 
social equity analyses suggested that it is beneficial to target specific 
high-risk populations to optimize the use of scarce resources and reduce 
the burden of vaccine-preventable diseases. Other cost-effective strate-
gies assessed were modification to a school-only program as per 
Australia, and a new mandatory law that requires active opt-out of 
vaccination as per some USA states 

4. Discussion 

HPV vaccines can prevent most cervical cancers and other HPV- 
attributable cancers. The WHO recommends HPV vaccines as critical 
to ending cervical cancer globally. England’s decline in cervical cancer 
rates and precancer rates provide country-level evidence on the benefits 
of investing in HPV vaccines for guaranteed protection against cervical 
cancer (Falcaro et al., 2021). Similarly, HPV vaccination was reported to 
be 100% effective in preventing cervical cancer in Nordic countries 
(Kjaer et al., 2020). While the vaccines are available at subsidized costs 
or for free to some countries, vaccine delivery costs could hamper the 
adoption of HPV vaccines into national immunization programs for low- 
income countries. Additionally, factors such as stigma associated with a 
vaccine that prevents sexually transmitted infections in adolescents have 
impacted acceptability and uptake of HPV vaccines across different re-
gions (Escoffery et al., 2019; Lim and Lim, 2019; Shah et al., 2021). As 
such, conscientious public health interventions are needed to promote 
HPV vaccination efforts. Behavioral interventions are necessary to pro-
mote the acceptability and uptake of HPV vaccines. Understanding the 
cost components associated with vaccine delivery strategies and their 
effectiveness will help identify opportunities for improvements to pro-
mote a wider reach. Not only are the financial costs critical for decision- 
making, but economic costs also frame a bigger picture on the total 
monetary and non-monetary implications of implementing HPV vacci-
nation strategies. 

Program evaluation studies reported both financial and economic 
costs while intervention studies focused on financial costs without 
considering economic costs. Opportunity costs such as the cost of 
diverting health professionals’ time to effectively implement a program, 
or modifying existing workflow processes, are vital components in 
successful delivery programs. Similar to demonstration programs in 
developing countries, the study by Kempe and colleagues which deliv-
ered vaccines in urban schools, found that the time spent by staff to 
deliver the intervention significantly increased costs (Kempe et al., 
2012). Implementing any of these approaches on a large scale will 
require reengineering of workflow. Optimizing processes remain critical 

Table 3 
Summary of cost effectiveness analyses  

Author 
(year) 

Model Perspective Time 
Horizon 

Currency 
Year 

Discount 
Rate 

Incremental 
Cost 

Incremental 
Effect 

Cost 
effectiveness 
Estimate 

% GDP 
per 
capita 

Uncertainty Sensitivity 
Analysis 

Blakely 
et al. 
2014 

Markov 
model 
BODE 
protocol 

Health 
system 

110 
years 

2011 NZ$ 3% *NZ$ 4.65 
million 
NZ$ 2.773 
million 
NZ$ 3.784 
million 

*266 QALYs   

348 QALYs    

382 QALYs 

$18,800 per 
QALY gained 
$34,700 per 
QALY gained 
$122,500 per 
QALY gained 

38.2%   

71.4%   

252.1% 

Yes Yes 

Wilson 
et al. 
2020 

Markov 
model 

Payer 20 years 2016 US$ 3% $158,048 1.80 LYS US$$79,022 
per LYS 

136.2% no Yes 

% GDP per capita represents the percentage of the per capita GDP of the ICER in the currency year for the study. World bank values for per capita GDP in reference years 
were used with rates obtained from OECD exchange rates database. 
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to cost-effectively integrate these strategies into existing workflows and 
systems. Hence, given competing limited resources, reporting of costs 
and effectiveness of interventions and programs are crucial for optimal 
resource allocation. 

None of the studies performed a CEA of the interventions. However, 
a study evaluating the CEA of interventions to increase HPV vaccine 
uptake was published while our review was ongoing (Spencer et al., 
2020). This USA-based study indicated that quality improvement visits, 
centralized reminder systems, and school-based vaccination were cost- 
effective. Quality improvement visits were the most cost-effective 
intervention with a cost per QALY gained of US$ 1,538 (Spencer 
et al., 2020). The cost per QALY gained using the quality improvement 
visits represented 2.4% of the USA GDP per capita in 2020 (The World 
Bank, 2021). Hence, school-based vaccinations may not be the most 
cost-effective approach in certain countries as cost-effective delivery is 
highly influenced by national health infrastructure and immunization 
policies. 

Globally, especially in LMICs, the focus of HPV vaccinations has been 
on adolescent girls. Toolkits exist for LMICs to estimate the cost of 
adding HPV vaccines to national immunization programs to prevent 
cervical cancer (Hutubessy et al., 2012). Portnoy and colleagues syn-
thesized data from different studies to demonstrate the impact of HPV 
vaccination on gender equity (Portnoy et al., 2020). HPV vaccination 
decreases the incidence and mortality of cervical cancer, increases life 
expectancy for females, and subsequently increases labor force partici-
pation for women (Portnoy et al., 2020). Focusing on women and girls 
who are most vulnerable to HPV-associated cancers is an economically 
viable strategy in limited-resource settings. Gender-neutral vaccination 
is economically beneficial and it provides increased protection for 
everyone (Ng et al., 2018). Nonetheless, in limited resource settings, this 
approach may not be viable. Gavi subsidizes HPV vaccines for females 
only, focusing on cervical cancer prevention (Gavi, 2020). As such, even 
though it will be beneficial to vaccinate boys, the current evidence does 
not suggest this will be a sustainable approach for lower income coun-
tries. Balancing equitable access to HPV vaccines with cost constraints is 
a fundamental milestone that is yet to be achieved by many HPV 
vaccination programs. 

4.1. Implications 

The articles in this review provide evidence in support of vaccinating 
school-aged children in primary care settings and other accessible health 
facilities. The importance of clinical decision support is endorsed by 
evidence of study results. Empowering clinicians for collaborative de-
cision making with parents increases vaccine initiation and completion 
considerably. Hence, healthcare provider-led education of parents and 
communities on the importance of HPV vaccination of children is vital to 
promote HPV vaccinations. Intentional and collaborative efforts are 
needed to increase HPV vaccination coverage. 

Many HPV vaccination efforts were carried out in schools. School- 
based vaccination yielded dramatically lower costs per FIG than the 
outreach approach. The outreach settings were not specified; hence, it 
may be challenging to infer if all potential outreach sites would be 
significantly costlier. Catch-up vaccination options and interventions for 
eligible adolescents not vaccinated at schools or those not enrolled in 
school settings are critical to ensure a more equitable prevention 
approach for HPV-attributable cancers. Thus, raising questions on how 
to effectively vaccinate outside the school setting in resource-limited 
settings. HPV vaccination programs in these settings may benefit from 
the inclusion of community representatives in the early stages of plan-
ning. Public health officials must work collaboratively and creatively 
with communities. Ethical incentives that mobilize communities and 
parents to respond to vaccination efforts should be considered. Addi-
tionally, clear and consistent public health messaging that is culturally 
sensitive and safe are essential to effectively promote vaccination 
efforts. 

There is a need for targeting interventions using a culturally relevant 
lens. Countries vary socio-culturally, politically, and economically. 
Thus, the lessons learned from this review may need to be modified and 
changed to best suit the needs of different countries and settings. Future 
studies on vaccine delivery programs must also be cognizant of cultural 
and livelihood factors (i.e., cropping season, skepticism of healthcare 
providers, HPV vaccine stigma) during the planning process to create 
vaccine programs that consider the cultural context of the setting in 
which the program is implemented. 

5. Limitations 

Our eligibility criteria restricted the inclusion of studies that did not 
provide cost data. Therefore, it is possible that we may have missed 
strategies that are effective at increasing HPV vaccination rates because 
they did not consider the costs of implementing their strategy. However, 
an integrative review on effective HPV vaccination strategies in the USA 
concluded that strong provider recommendations are essential for multi- 
component HPV vaccination strategies (Holloway, 2019). Therefore, it 
is likely that even after excluding studies without cost data, we were able 
to review studies that outlined approaches most effective at increasing 
the availability and uptake of HPV vaccinations. Another potential 
limitation is that we present our results in the currency year and values 
reported by the authors. However, we used the personal consumption 
expenditures price index to calibrate costs to May 2021 values and 
report these in Table 2 for reference. 

6. Conclusion 

The results from our review suggest that strategies used to expand 
access to HPV vaccines target two pathways: (i) increasing the avail-
ability and (ii) increasing the uptake of vaccines. All intervention studies 
were conducted in HICs. There is a dire need for intervention studies 
that are tailored to settings in LMICs to effectively increase uptake of 
HPV vaccines because rates of cervical cancer are continuously high in 
these regions. Given the current public sentiment towards vaccines, 
cultural and historical contexts must be considered when developing 
and implementing interventions for increasing the delivery of HPV 
vaccines. The inclusion of community representatives in the early phases 
of planning vaccine delivery programs will aid in tailoring creative, safe, 
and consistent public health messaging and interventions for HPV vac-
cines. Studies should also evaluate the cost-effectiveness of the imple-
mented strategies and the cost-effectiveness of novel approaches. Future 
research on vaccine delivery must engage health systems, health pro-
fessionals, communities, families, parents, and adolescents to develop 
culturally competent programs. 
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