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Abstract

Background: After a pilot project in 2014-15 Zimbabwe introduced the human papillomavirus
(HPV) vaccine nationally in 2018 for girls aged 10-14 years through a primarily school-based
vaccination campaign with two doses administered at 12-month intervals. In 2019, a first dose
was delivered to a new cohort of girls in grade 5 of girls age 10 years if out-of-school (O0S),
along with a second dose to the 2018 multiple cohorts. Additional effort was made to identify and
mobilize OOS girls by Village Health Workers (VHWS) in the community. Zimbabwe reported
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1,569,905 doses of HPV vaccine administered during the 2018 and 2019 campaigns. This analysis
evaluated the cost of Zimbabwe’s national HPV vaccine introduction.

Methods: A retrospective, incremental, ingredients-based cost analysis from the provider
perspective was conducted in 2018 and 2019. Financial and economic cost data were collected
at district and health facility levels using a two-stage cluster sampling approach and four cost
dimensions: program activity, resource input, payer, and administrative level. Costs are presented
in 2020 US$ in total and per dose.

Results: The total weighted costs for combined district and health facility administrative levels
were US$ 828,731 (financial) and US$ 2,060,943 (economic). For service delivery, the total
weighted cost per dose was US$ 0.16 (financial) and US$ 0.59 (economic). The program activities
with the largest share of total weighted financial cost were training (37% of total) and service
delivery (30%), while the largest shares of total weighted economic costs were service delivery
(45%) and training (19%). Efforts by VHWSs to reach OOS girls resulted in an additional US$ 2.99
in financial cost per dose and US$ 7.79 in economic cost per dose.

Conclusion: The service delivery cost per dose was lower than that documented in the

pilot program cost analysis in Zimbabwe and studies elsewhere, reflecting a campaign delivery

approach that spread fixed costs over a large vaccination cohort. The additional cost of reaching
OQS girls with the HPV vaccine was documented for the first time in low- and middle-income

countries, which may provide information on potential costs for other countries.

Keywords
Vaccine introduction; Human papillomavirus; Cost; Cost analysis; Zimbabwe

1. Background

Human papillomavirus is associated with cervical cancer, which resulted in an estimated
604,127 (3.1%) new cases and over 341,831 (3.3%) deaths worldwide in 2020 [1]. To
prevent human papillomavirus infection and reduce cervical cancer cases and deaths, the
World Health Organization (WHO) recommends two doses of human papillomavirus (HPV)
vaccines separated by a minimum of six months for girls aged 9-14 years; countries should
determine the most feasible delivery approach to optimize coverage and consider vaccinating
multiple cohorts when possible [2,3].

In 2019, of a total population of almost 7.6 million women in Zimbabwe, an estimated

4.59 million women (60%) are at risk (aged 15 years or older) of developing cervical
cancer [4-6]. In 2020, cervical cancer was the most frequent cancer among women, with
3043 (18.9%) new cases, and was the leading cause of cancer-related mortality (1976
deaths, 18.5%) among people of either sex [6]. In 2020, the age-standardized incidence rate
for cervical cancer in Zimbabwe was 61.7 per 100,000 [6]. Zimbabwe’s national cancer
prevention and control strategy and National Health Plan prioritize the use of HPV vaccine
to prevent cervical cancer while also encouraging improvement of screening and treatment
capacity [7,8].
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Zimbabwe received funding from Gavi, The Vaccine Alliance to conduct an HPV vaccine
pilot program in two districts targeting 10-year-old girls in 2014-2015. Zimbabwe’s pilot
program financial cost for service delivery ranged from US$ 3.17 to US$ 4.62 per dose
across districts, and economic cost ranged from US$ 10.39 to US$ 10.83 per dose (all
inflated to 2020 US$) [9,10]. Based on the pilot program, Zimbabwe received additional
Gavi funding in 2017 for nationwide HPV vaccine introduction, targeting multiple cohorts
of girls in the first year of the program (all girls age 10-14 years, both in and out-of-school
[O0S]) with a bivalent HPV vaccine. Vaccination began in May 2018 as a primarily school-
based vaccination campaign, with 768,018 first doses administered (administrative data)
[11]. A second dose of HPV vaccine was administered one year later, in May 2019, through
a similar school-based vaccination campaign, while a first HPV vaccine dose to girls in
grade 5 and OOS girls age 10 concurrently administered. An OOS girl was defined as a girl
not currently attending school. In total, the 2019 HPV vaccination campaign administered
801,887 doses (administrative data) [11]. In August 2019 a two-stage cluster vaccination
coverage survey was conducted in three districts of Zimbabwe [12]. The first dose uptake
was from 88% to 94% and two-dose coverage was between 75% and 86% in the three
surveyed districts [12]. Moving forward, Zimbabwe is planning to continue vaccinating girls
in grade 5 with 2 doses at a 12-month interval with the focus of minimizing dropout and
adding the HPV vaccine into a routine program [12].

In both campaign years, implementation of the HPV vaccination program took place at

both district and health facility administrative levels. Each campaign lasted 5 days, with
staff at the district level organizing teams of health workers to deliver HPV vaccinations.
When schools were within walking distance of health facilities, health facility staff would
administer HPV vaccine in schools. Health facilities also had HPV vaccines available during
and after the campaign to vaccinate girls who missed vaccination sessions in schools [13].

In some cases, HPV vaccine was provided at outreach points (e.g., church, market). Village
health workers (VHWS) were tasked with identifying and mabilizing OOS girls in the
community for HPV vaccination; the costs of this strategy have not been previously reported
in the literature. UNESCO Institute for Statistics estimates that most girls in Zimbabwe aged
9 to 13 years attend school, with attendance rates ranging from 96% (9-year-olds) to 87%
(13-year-olds) [14].

While the costs of adding HPV vaccination to the existing immunization program via
small pilot programs has been studied [9,15-20], little is known about the actual costs of
introducing a nationwide HPV vaccination program. The pilot programs were reported to
be expensive (average cost per dose, financial $9.70 and economic $22.16, inflated to 2020
USS$), but it was assumed that costs would decrease as countries introduced HPV vaccine
nationally due to economies of scale [10,15]. The nationwide introduction of HPV vaccine
in Zimbabwe provided an opportunity to gather comprehensive information on the cost of
new vaccine introduction, as well as to fill gaps in the literature on the cost of vaccinating
multiple cohorts and special populations (e.g., OOS girls). Although this cost analysis
originally aimed to present introduction costs at all administrative levels, planned data
collection at the national and provincial levels was discontinued due to local restrictions put
in place in response to the global COVID-19 pandemic. However, cost data obtained from
district and health facility levels, particularly around service delivery and reaching OOS
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girls, provide valuable information related to real-world implementation of HPV vaccination
programs nationally. This study documents the incremental resource needs for national HPV
vaccination introduction at district and health facility administrative levels and estimates the
cost of resources used, particularly the additional costs for reaching OOS girls.

Methods

A program cost analysis using an incremental, retrospective, bottom-up, ingredients-based
design was conducted from the provider perspective [21]. The provider perspective includes
costs to government and donors while excluding patient out-of-pocket costs and other health
system costs. The cost analysis includes financial and economic costs for all HPV vaccine
introduction activities. Financial costs were defined as direct expenditures by government
and donors for HPV vaccine introduction activities [22-24]. Economic costs were defined
as financial costs plus opportunity costs, including time for existing personnel and in-kind
resources (e.g., volunteer time and donated goods) [22-24].

All costs were collected and analyzed by program activity, resource input, administrative
level, and payer (Fig. 1). Program activity categories were service delivery, planning,
training, social mobilization, supervision and monitoring, and cold chain. Program activities
were further grouped into investment costs that were expected to last longer than one year
(planning, training, social mobilization, and cold chain capital) and recurrent costs that were
expected to be repetitive in nature (service delivery, supervision and monitoring, and cold
chain) [15,23-24]. Investment and recurrent program activity categories followed the WHO
Cervical Cancer Control and Costing (C4P) Tool, which was used to cost many pilot HPV
vaccination programs [15,23-24], and were also informed by the EPIC costing guidance
[22]. Further information on investment and recurrent cost breakdown by program activity
and resource input is provided in the supplementary material. For each program activity,
data included date of activity, length of activity in hours, staff participation, and resources
used. Each program activity is comprised of a combination of resource inputs, which were
per diem, transportation, venue, non-vaccination supplies, equipment, and personnel time.
Costs were categorized by administrative level where the activity occurred (district or health
facility). Payer was defined as the organization of the disbursing agent or custodian of funds
that directly made the monetary payment for the good or service. For capital goods, the
payer was defined as the resource owner.

Capital goods procured and used were assigned a default discount rate for the national

HPV vaccination program of 5% and ULYs were estimated using WHO-CHOICE [25]. An
annualization factors table was consulted to identify the annuity factor [21]. Each capital
cost item was collected with the following components: type of capital item and the amount
of time or space (e.g., in case of shared equipment such as cold chain) used for the program.
Using the data collected on the type of capital items, the unit cost was obtained from

the UNICEF supply catalog [26] or previously collected data from the HPV vaccination
pilot project in Zimbabwe [9]. The number of working days per year was estimated at the
national level (n = 222) and was used to estimate the total cost of capital items, as well as
personnel costs, with the exception of the cold chain items of refrigerators and freezers that
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are assumed to run 365 days per year. For capital items that are estimated to last greater than
one year, a share of the cost was apportioned to the program cost analysis.

The study timeframe and analytic horizon were concurrent with the vaccination program
from the first activity at district or health facility administrative levels (in January 2018)
through the end of the 2019 vaccination campaign (June 2019).

The cost analysis excludes all costs incurred at the national and provincial levels including
procured HPV vaccine and vaccination supplies (e.g., syringes and safety boxes). Additional
exclusions from the analysis include resources devoted to this or other evaluations, routine
immunization operations related to planning and implementation of the HPV vaccine
national introduction, overhead costs, surveillance and surveillance materials, cold chain
energy costs and maintenance, building space, office equipment and existing office supplies,
and the value of time for officials, invited speakers, and politicians.

The EPIC immunization costing studies were used as a guide to create a nationally
representative sample of districts and health facilities with a two-stage cluster sampling
approach to allow inferences to be made about other subnational units [22,27-28]. Districts
were selected using probability proportional to size (PPS) sampling based on the volume

of HPV vaccine doses delivered in 2018 as the size variable. The final sample included 30
out of 62 total districts in Zimbabwe. Within the selected districts, health facilities were
stratified by urban or rural status and simple random sampling was used to select two health
facilities per district, one urban and one rural if possible. The final sample included 60
health facilities (52 rural and 8 urban) out of 1780 total health facilities in the sampling
frame.

Trained data collectors interviewed program staff from sampled districts and health facilities
in January and February of 2020. Interviewed program staff included anyone knowledgeable
about the HPV program or HPV expenditures and was not limited to a single respondent

but often included all program staff available (e.g., human resources, procurement, program
manager, cold chain staff). Data collection questionnaires were built using Open Data Kit
software and collected on tablets. Three data collection questionnaires were administered:
one at the district level and two at the health facility level (one for the health facility itself
and one to a VHW). VHW questionnaires were specifically focused on additional costs for
reaching OOS girls through social mobilization and were administered to VHWSs selected
purposively by data collectors at sampled health facilities [29]. Data were collected from
VHW interviews conducted by trained data collectors for all cost dimensions, with the
exception that social mobilization was the only program activity cost collected.

The data collection questionnaires used at district and health facility levels included
screening questions to facilitate consistent inclusion or exclusion of costs specific to the
introduction of the HPV vaccine into the immunization program. These screening questions
focused on vaccine logistics, cold chain capital items, and waste disposal and management.
Outside of screening questions, resources were not assessed for slackness in this analysis
and capital items collected were assigned an opportunity cost.
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Costs were collected and categorized by program activity, resource input and payer for both
administrative levels. The total economic cost across activities at each level was calculated
as the sum of financial costs plus the sum of opportunity costs. Cost calculations were
further categorized as investments versus recurrent costs. Cost per dose was calculated

by dividing the total cost by the number of HPV doses administered in the 2018-2019
campaigns (1,569,905 doses) [11]. To calculate the cost per OOS girl of VHW outreach
efforts, the number of doses given to OOS girls in 2018 (12,878 doses) was collected from
the Ministry of Health and Childcare (MOHCC); however, the number of doses given to
OQS girls in 2019 was unable to be obtained from MOHCC and was therefore estimated
using the percentage of girls vaccinated in 2018 who were OOS (1.68%) applied to the
number of doses administered in 2019 for all girls, resulting in an estimated 13,472 doses
administered to OOS girls in 2019. To calculate the total additional cost per dose given to
an OOS girl, the total additional cost of VHW social mobilization efforts for OOS girls
was divided by the total number of OOS girls who received an HPV vaccine dose. VHW
questionnaire cost data were analyzed separately from the total cost of the HPV national
vaccination program to understand the cost of the additional effort made to reach only OOS
girls.

Sample weights were applied to all data, which allowed for inference to similar units (i.e.,
districts and health facilities) and to calculate the total weighted cost per administrative
level. Costs from sampled districts were multiplied by district sample weights and from
sampled health facilities by both their respective district and health facility sample weights.
Health facility weights were applied to data collected from VHWs associated with those
facilities. All results presented in the main text are weighted costs. Two-sided 95%
confidence intervals of total costs and cost per dose were calculated assuming costs

were normally distributed and the selected health facilities were independent at their
administrative levels.

Data were analyzed using Microsoft Power BI (Version 2.87.762.0). Unit cost per dose

was calculated for each cost dimension and presented separately for financial and economic
costs. Costs were collected from January 2018 through June 2019 as either local currency
(Real Time Gross Settlement [RTGS]) or US$. Costs collected in RTGS were converted into
USS$ using the month when the cost was incurred [30] and then all US$ were inflated using
the US consumer price index [31] and presented in 2020 US$.

3. Results

For the nationwide HPV vaccination program in 2018 and 2019, the total combined financial
and economic costs were US$ 828,731 and US$ 2,060,943, respectively (Table 1). Using the
administrative number of doses delivered (1,569,905), the financial cost was US$ 0.53 (95%
C.1. US$ 0.37-US$ 0.69) per dose and the economic cost was US$ 1.31 (95% C.l. US$
0.99-US$ 1.64) per dose. Seventy-four percent of total financial costs (US$ 611,900; 95%
C.I. US$ 425,617-US$ 798,184) and 77% of total economic costs (US$ 1,594,863; US$
1,238,406-US$ 1,951,319) were spent between January 2018 and June 2018 (attributable to
the 2018 vaccination) (Table 2). Twenty-six percent of total financial costs (US$ 216,831;
95% C.I. US$ 127,708-US$ 305,954) and 23% of total economic costs (US$ 466,081; 95%
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C.1. US$ 293,819-US$ 638,342) were spent between July 2018 and June 2019 (attributable
to the 2019 vaccination). By administrative level, the total financial cost at the district
level was US$ 626,531 (95% C.l. US$ 444,565-US$ 808,498) and the economic cost was
US$ 933,373 (95% C.I. US$ 685,880-US$ 1,180,866) (Table 3). The total financial cost
at the health facility level was US$ 202,200 (95% C.1. US$ 48,373-US$ 356,028) and

the economic cost was US$ 1,127,571 (95% C.I. US$ 728,528-US$ 1,526,613). Rural
health facilities accounted for 22% of the total financial costs (US$ 180,480; 95% C.I.
US$ 28,531-US$ 332,430) and 50% of total economic costs (US$ 1,025,920; 95% C.1.
US$ 636,436—US$ 1,415,404); while urban health facilities represented 3% (US$ 21,720;
95% C.I. US$ 0-US$ 47,543) of total financial costs and 5% of total economic costs (US$
101,651; 95% C.I. US$ 25,272-US$ 178,029).

Among total financial costs, investment costs were 49% amounting to US$ 406,260 (95%
C.I. US$ 251,456-US$ 561,063) in total (US$ 0.26 per dose; 95% C.l. US$ 0.16-US$ 0.36),
while recurrent costs were 51% amounting to US$ 422,472 (95% C.1. US$ 270,272-US$
574,672) in total (US$ 0.27 per dose; 95% C.I. US$ 0.17-US$0.37). Among total economic
costs, investment costs made up 40% amounting to US$ 813,978 (95% C.l. US$ 567,662—
US$ 1,060,295) in total (US$ 0.52 per dose; 95% C.1. US$ 0.36-US$ 0.68), while recurrent
costs made up 60% amounting to US$ 1,246,965 (95% C.I. US$ 895,076-US$ 1,598,854) in
total (US$ 0.79 per dose; 95% C.I. US$ 0.57-US$ 1.02).

The program activity with the largest total financial cost for district and health facility
administrative levels combined was training (US$ 310,626; 95% C.I. US$ 203,004-US$
418,249; 37%), followed by service delivery (US$ 244,523; 95% C.I. US$ 162,701-US$
326,345; 30%) (Table 4). For financial costs of training, 89% of total training funds were
spent in the first year (2018) while 11% were spent in the second year (2019). For economic
costs, the program activity with the largest total cost was service delivery (US$ 929,674;
95% C.I. US$ 630,119-US$ 1,229,228; 45%), followed by training (US$ 381,528; 95% C.I.
US$ 255,894-US$ 507,163; 19%).

The unweighted median financial cost per sampled district was US$ 10,165 (US$ 457-US$
24,871; Fig. 2). For health facilities, the unweighted median financial cost per sampled
health facility was US$ 101 (US$ 0-US$ 2,390; Fig. 3).

School-based vaccination accounted for more than 98% (US$ 241,744; 95% C.I. US$
159,837-US$ 323,650) of the total financial costs for service delivery and more than 76%
(US$ 707,088; 95% C.I. US$ 516,850-US$ 897,326) of the total economic costs (Table 5).
For service delivery, total financial costs at health facility sites were US$ 1001 (95% C.I.
US$ 0-US$ 2059) and at outreach sites were US$ 1778 (95% C.I. US$ 0-US$ 4537), which
combined represented less than 2% of total financial costs for service delivery. For service
delivery, total economic costs at health facility sites were 23% (US$ 216,219; 95% C.I.
US$ 42,936-US$ 389,502) and at outreach sites were less than 1% (US$ 6367; 95% C.I.
US$ 0-US$ 12,783) of total economic costs for service delivery. Outreach sites specified
during data collection were shopping centres, markets, shops, and churches. Total financial
costs of service delivery via all approaches was US$ 0.16 (95% C.l. US$ 0.1-US$ 0.21) per
dose and total economic cost was US$ 0.59 (95% C.l1. US$ 0.4-US$ 0.78) per dose. The
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resource input with the largest total financial cost for combined district and health facility
administrative levels was per diem (US$ 619,892; 95% C.l. US$ 438,851-US$ 800,933);
75%) (Table 6). For economic costs, the resource input with the largest total cost was
personnel time (US$ 841,456; 95% C.I. US$ 549,901-US$ 1,133,011; 41%).

The MOHCC was the payer of the largest share of total financial costs (77%; US$ 209,832)
followed by the WHO (14%; US$ 37,969), with all other payers individually accounting for
less than 3%. The largest payer of total economic costs was also the MOHCC, accounting
for 69% (US$ 310,011).

The 2018-2019 HPV vaccination campaign reached a lower proportion of OOS girls
compared to their estimated proportion in the vaccine-eligible population based on data from
the UNESCO Institute for Statistics [14]. An estimated 1,543,555 doses (98.3%) of vaccine
were administered to girls attending school, while an estimated 26,350 doses (1.7%) were
administered to OOS girls. Data collected from VHWSs indicated additional total financial
cost of reaching OOS girls was US$ 78,578 and the additional total economic cost was

US$ 205,157. This resulted in an additional US$ 2.99 financial cost per dose and US$ 7.79
economic cost per dose (Fig. 4), giving a total financial cost per dose for OOS girls of US$
3.52 and total economic cost per dose for OOS girls of US$ 9.10.

4. Discussion

Zimbabwe’s delivery approach (annual campaign to multiple cohorts that included
overlapping first and second dose delivery) is different than those described in previously
published HPV vaccination cost studies [9,15-20]; therefore, the results are not directly
comparable. In addition, this cost analysis only includes district and health facility costs;
analysis did not include national and provincial level costs due to COVID-19 pandemic
disruptions. Therefore, the total costs presented in this analysis cannot be compared to other
countries’ pilot programs or national studies. Nevertheless, Zimbabwe’s findings can be
compared to other findings in the context of scale efficiencies, service delivery costs at
district and health facility levels, and the costs of reaching OOS girls [9,15-20].

One comparison that can be made is across service delivery cost per dose. Zimbabwe’s
service delivery cost per dose was lower via the nationwide HPV vaccination campaign
reported here (financial US$ 0.16 and economic US$ 0.59) than via the initial pilot program
(financial cost per dose ranged from US$ 3.17 to US$ 4.62 across districts and economic
cost per dose ranged from US$ 10.39 to US$ 10.83 (inflated to 2020 US$) [9,10]. This
finding supports economic theory and prior study hypotheses that HPV national vaccination
programs would find a lower service delivery cost per dose as compared to pilot programs
due to a larger target population (i.e., scale efficiencies) [15]. While the pilot program
reached only 10-year-old girls, the national vaccination campaign targeted all girls 10-14
years old, and girls in grade 5 (if OOS, girls age 10). When HPV vaccines are delivered to
more girls, scale efficiencies are realized, a finding commonly seen in HPV costing studies
[9,15]. When Zimbabwe transitions back to a single cohort (girls in grade 5), as planned

for future HPV vaccine delivery, the service delivery cost per dose will likely increase, due
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to moving from a larger target population to a smaller target population and therefore fixed
costs spread across fewer girls.

Outside of Zimbabwe, the financial service delivery costs of HPV vaccine programs in

the published literature range from costs of US$ 1.98 per dose in Vietnam (school-based
delivery) to US$ 2.57 per dose in Uganda (school-based delivery, inflated to 2020 US$)
[10,16-17]. The economic costs range from US$ 2.54 per dose in Vietnam (school-based
delivery) to US$ 4.74 per dose in Peru (school-based delivery, inflated to US$ 2020)
[10,16-17]. These studies all look at service delivery costs in the HPV pilot programs, which
may be higher than in national vaccination programs due to fixed costs being spread over
smaller target populations.

By program activity, the highest financial cost was for training (US$ 310,626; 37%). An
investment in training of this level of effort will likely not take place again in Zimbabwe

in the near future; this amortization of training investment costs over multiple years is
demonstrated by 89% of total financial costs being spent for training in 2018 and only
11% spent in 2019 [22]. This training investment cost is not comparable to those found

in other studies, because it only includes the cost of training at the district and health
facility levels, excluding the national or provincial level investments in training activities.
Two other in-depth studies from the Zimbabwe HPV national vaccination program identified
challenges around training (lack of clarity on reporting and varied information) that lead to
misunderstandings and gaps in knowledge [13,29]. This programmatically suggests that a
future investment in training may be important, though likely a lower recurring investment
[13,29].

The literature from both HPV vaccine pilot programs and national programs have
highlighted challenges of reaching OOS girls [19] and alluded to concerns about inequity

in access to vaccination due to the lack of a dedicated strategy to reach them [20]. During
Zimbabwe’s HPV vaccine pilot program, VHWSs anecdotally reported mobilizing OOS girls
to receive vaccination in schools; however, incremental costs to reach OOS girls were

not collected or studied [9,32]. The Zimbabwe HPV vaccination coverage survey that was
conducted following the national introduction found that less than 2% of girls did not attend
school and given this small number was unable to power the survey to measure vaccination
coverage of 2-doses for OOS girls [12]. The additional cost of reaching an OOS girl in
Zimbabwe during the national program was an additional US$ 2.99 per dose in financial
cost and US$ 7.79 per dose in economic cost; this is the first such estimate of costs to reach
OQS girls with HPV vaccination in any setting. The magnitude of additional costs indicates
the need for further studies to assess the effectiveness of this approach, as well as the cost
and effectiveness of other approaches for reaching OOS girls.

Limitations

These cost analysis findings have several limitations. First, respondents allocated a
percentage of each resource input to the corresponding HPV program activity, and it

is possible that program staff could have under- or overestimated the costs due to the
inherent difficulty with estimating shared costs [22]. In many cases respondents reported
100% allocation to the program activity; however, in some cases, respondents reported that
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resources were only partially allocated to the respective program activity. It is unknown how
any inaccuracies in these allocation estimates may have affected this analysis.

Some standard cost data, such as personnel salaries, the costs of vehicles, and the cost of
equipment and cold chain were drawn from existing data sources rather than collected from
respondents [9,26]. Every effort was made to collect the cost of equipment procured and
used; however, very few equipment costs were allocated specifically to the HPV vaccination
program and hence economic costs of existing equipment used for HPV vaccination may be
underestimated in this analysis.

Weighting by volume of doses delivered was not used in this cost analysis methodology to
estimate unit costs and the simple mean approach used may lead to an upward bias in unit
costs [22].

The number of doses delivered to OOS girls in the 2019 campaign was estimated based
on the percent of doses delivered to OOS girls in 2018. It is unknown how this may have
affected the analysis.

The two-sided confidence interval provided a range of uncertainty to the estimates, however,
they were based on the normality and independence assumptions, which may not be true and
could lead to under- or over-estimation of confidence intervals.

This analysis was conducted using a retrospective design where respondents were asked to
recall information from the past at a time when Zimbabwe’s economy was dealing with
hyperinflation [30]. While efforts were made to collect costs in the currency in which it
was expended, the use of two currencies, US$ and RTGS, during the study time-period
likely biased both data collectors and respondents as they were trying to recall past costs.
Additionally, a monthly exchange rate from the Reserve Bank of Zimbabwe [30] was
used; however, media sources speculated that unofficial exchange rates in the marketplace
were exponentially higher. Furthermore, currency inflation in Zimbabwe was rampant at
the time of our study. We chose to use the US inflation rate in calculating 2020 prices

to limit additional stochasticity in the cost estimates. These factors (respondent recall,
hyperinflation period, and using Reserve Bank of Zimbabwe exchange rates) likely caused
an underestimate of costs in this analysis.

5. Conclusions

In Zimbabwe’s nationwide HPV vaccination program, which implemented a unique delivery
approach to multiple cohorts including overlapping first and second dose delivery annually,
the service delivery cost per dose was lower than what has been documented in other pilot
programs. The service delivery cost per dose will likely increase as the target population
transitions from multiple cohorts to a single grade-based cohort. The additional cost of
reaching OOS girls with the HPV vaccine was documented for the first time in low- and
middle-income countries; this provides a better understanding of the potential additional
costs to reach this population for other countries with high levels of school attendance.
Further studies should be considered to assess costs and effectiveness of various strategies to
reach OOS girls to ensure equitable access to HPV vaccination.
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Diagram of cost dimensions for a nationwide HPV vaccination program in Zimbabwe.
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