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Abstract

Introduction: Understanding the costs to increase vaccination demand among under-vaccinated
populations, as well as costs incurred by beneficiaries and caregivers for reaching vaccination
sites, is essential to improving vaccination coverage. However, there have not been systematic
analyses documenting such costs for beneficiaries and caregivers seeking vaccination.

Methods: We searched PubMed, Scopus, and the Immunization Delivery Cost Catalogue (IDCC)
in 2019 for the costs for beneficiaries and caregivers to 1) seek and know how to access
vaccination (i.e., costs to immunization programs for social mobilization and interventions to
increase vaccination demand), 2)take time off from work, chores, or school for vaccination (i.e.,
productivity costs), and 3) travel to vaccination sites. We assessed if these costs were specific to
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populations that faced other non-cost barriers, based on a framework for defining hard-to-reach
and hard-to-vaccinate populations for vaccination.

Results: We found 57 studies describing information, education, and communication (IEC)
costs, social mobilization costs, and the costs of interventions to increase vaccination demand,
with mean costs per dose at $0.41 (standard deviation (SD) $0.83), $18.86 (SD $50.65) and
$28.23 (SD $76.09) in low-, middle-, and high-income countries, respectively. Five studies
described productivity losses incurred by beneficiaries and caregivers seeking vaccination ($38.33
per person; SD $14.72; n = 3). We identified six studies on travel costs incurred by beneficiaries
and caregivers attending vaccination sites ($11.25 per person; SD $9.54; n = 4). Two studies
reported social mobilization costs per dose specific to hard-to-reach populations, which were
2-3.5 times higher than costs for the general population. Eight studies described barriers to
vaccination among hard-to-reach populations.

Conclusion: Social mobilization/IEC costs are well-characterized, but evidence is limited on
costs incurred by beneficiaries and caregivers getting to vaccination sites. Understanding the
potential incremental costs for populations facing barriers to reach vaccination sites is essential to
improving vaccine program financing and planning.
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Introduction

Global vaccination coverage of Diphtheria-tetanus-pertussis (DTP3) has hovered between
84% and 85% since 2010, and there have been calls for tailored strategies to increase
vaccination coverage [1,2]. More recently, coronavirus disease 2019 (COVID-19) mitigation
efforts early in the pandemic interrupted mass vaccination campaigns and hindered
caregivers’ ability to take children to health facilities for routine vaccinations [3], further
increasing the need for efforts to increase immunization coverage. One of the challenges

in increasing coverage is ensuring that potential beneficiaries and caregivers are informed,
motivated, and able to get to the vaccination sites. Understanding the costs for promoting
vaccination and ensuring that beneficiaries and caregivers can reach vaccination services

is key to planning effective interventions to improve vaccination coverage. For example,

a beneficiary in a geographically remote area may incur extra travel expenses to reach a
vaccination location or the health system may incur additional social mobilization costs, and
these costs will need to be factored in when planning interventions to improve vaccination
coverage.

We identified three steps that are essential for beneficiaries and caregivers to reach
vaccination sites that may result in costs: (1) beneficiary/caregiver seeks and knows how
to access vaccination; (2) beneficiary/caregiver takes time off from work/chores/school for
vaccination; and (3) beneficiary/caregiver travels to the vaccination site [4]. In order for
beneficiaries and caregivers to reach vaccination sites to receive vaccines, all three of these
essential steps must be met. These costs are typically incurred by different stakeholders —
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while the costs for the first step are typically incurred by immunization programs, the costs
associated with the other two steps are typically incurred by beneficiaries and caregivers.

For example, the very first step involves the costs of providing information to the
beneficiary/caregiver and interventions to reinforce or increase beneficiary/caregiver
motivation to seek vaccination. These costs are mainly incurred by vaccination programs
to inform beneficiaries and caregivers about when and where to get vaccinated (e.g., hiring
social mobilizers, distributing leaflets) [5]. There may also be intervention costs to increase
vaccination demand, such as telephone outreach to educate and remind beneficiaries about
vaccinations [5,9].

Moreover, beneficiaries/caregivers may incur productivity losses associated with taking time
off from work/chores/school for vaccination [6]. Additionally, beneficiaries/caregivers may
incur direct costs associated with other individuals (non-primary caregivers) taking care of
other children or animals while the beneficiaries and primary caregivers seek vaccination.
Finally, beneficiaries and caregivers may incur transport costs when traveling to vaccination
sites. Hence, in order to ensure that beneficiaries and caregivers reach vaccination sites,

we need to understand costs holistically by considering both costs incurred by vaccination
programs and by beneficiaries/caregivers.

Several studies have described overall vaccination program costs or delivery costs, including
the costs of interventions to increase vaccination coverage [7-11,17]. However, there are no
systematic analyses documenting the full sequence of costs for beneficiaries and caregivers
to be informed, motivated, and able to reach vaccination sites. Further, costs from the
beneficiary perspective, including productivity losses associated with seeking vaccination,
may be a barrier to people getting vaccinated. Decision-makers of vaccination programs can
benefit from understanding the costs associated with people getting to vaccination locations,
both from the perspectives of vaccination programs and the beneficiaries/caregivers. If

costs incurred by beneficiaries and caregivers to seek vaccination may be prohibitive, then
programs and policy makers need to know to plan interventions and policies to defray such
costs.

Efforts to increase vaccination coverage have also focused on reaching under-vaccinated
subpopulations [12,13], including hard-to-reach and hard-to-vaccinate populations.
Understanding the costs to reach these populations, also known as high-risk or marginalized
populations, or to reach the last mile, is essential to allocate resources appropriately [14].
Hard-to-reach populations denote those facing supply-side barriers to vaccination. These
barriers may include geography by distance or terrain, transient or nomadic movement,
healthcare provider discrimination, lack of healthcare provider recommendations, inadequate
vaccination systems, war and conflict, home births, or other home-bound mobility
limitations, or legal restrictions [14].

Meanwhile, we describe hard-to-vaccinate populations as those facing demand-side barriers
to vaccination (e.g., distrust, religious beliefs, gender-based discrimination, lack of
awareness, poverty, or low-socioeconomic status, or lack of time) [14]. It is important to
note that the distinction between hard-to-reach and hard-to-vaccinate populations exists on a
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continuum, as supply-side barriers to vaccination can in turn affect demand for vaccination
or magnify demand-side barriers [14]. The same population could be classified as hard-to-
reach, hard-to-vaccinate, or both, based on the processes or factors that result in them being
unvaccinated. Under-vaccination of hard-to-reach and hard-to-vaccinate populations results
in high preventable disease burden and can be an impediment to disease control efforts
[15]. Thus, it is also important to understand the economic evidence around beneficiaries
and caregivers who face hard-to-reach and hard-to-vaccinate barriers to reach vaccination
sites, as there may be higher costs associated with their vaccination compared to the general
population [16,19].

This systematic review focused on documenting the state of the evidence on the costs
associated with getting beneficiaries and caregivers to vaccination sites, including how these
costs may vary for hard-to-reach and hard-to-vaccinate populations. Our review included
costs from any perspective, aiming to reflect the total costs of promoting, seeking and
reaching vaccination services.

2. Methods

We developed search strings for steps involved in beneficiaries and their caregivers reaching
vaccination sites that result in costs. Namely, these were related to the beneficiaries and
caregivers: (1) seeking and knowing how to access vaccination; (2) taking time off from
work, chores, or school for vaccination; and (3) traveling to the vaccination site. All three
searches included terms related to cost and immunization/vaccination, in addition to specific
terms related to each step for beneficiaries to reach vaccination sites. Specific search terms
included social mobilization, information, education, and communication (IEC) efforts to
ensure that beneficiaries and their caregivers knew when and where to get vaccinated, as
well as interventions to increase vaccination demand such as recall-reminders and incentive
programs (including monetary incentives). We also included search terms to capture
productivity losses associated with beneficiaries and caregivers seeking vaccination, and
travel costs incurred by them to reach vaccination sites (see Appendix for complete search
strategy and terms). The search was conducted and reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) reporting guidelines
[18].

All searches were conducted in the PubMed and Scopus databases on May 20, 2019.

We restricted the search results to human studies that were published in English since

2000. For costs associated with beneficiaries/caregivers seeking and knowing how to

access vaccination, we additionally supplemented our search by reviewing all references
compiled in the Immunization Delivery Cost Catalogue (IDCC) by the Immunization
Costing Action Network (ICAN) as of October 2019 [19]. The IDCC is a catalogue of
immunization delivery costs across low- and middle-income countries (LMICs) extracted
from a systematic review of peer-reviewed literature, reports, and grey literature [19]. We
abstracted additional social mobilization and IEC costs not captured in our initial search, but
included in the IDCC.
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A team of five study members independently screened titles and abstracts and assessed

full texts for eligibility, with at least two reviewers screening each study. The study team
reached a consensus for the inclusion of discrepant studies, based on inclusion and exclusion
criteria, which were decided a priori. We first screened the titles and abstracts of identified
studies for relevance, excluding studies that did not describe the costs associated with

our mechanisms of interest. We reviewed the full text of articles for which we could not
determine relevance based on the title and abstract alone. We included studies that described
costs related to the steps for beneficiaries and caregivers to reach vaccination sites, across
all target populations (i.e. children, adolescents, and adult vaccination) [4]. We excluded

the following studies: 1) those that did not describe social mobilization, IEC costs, or the
costs of interventions to increase immunization demand (including incentives), productivity
losses for beneficiaries and caregivers to obtain a vaccination, or travel costs for vaccination;
2) studies with no costing information related to these mechanisms; 3) those that reported

or combined social mobilization or communication costs with other cost categories as part
of broader ‘delivery costs’, where social mobilization or communication costs could not

be disaggregated. If not explicitly stated, we assumed that all social mobilization and IEC
activities included information on when and where beneficiaries and caregivers could get
vaccinated. We reviewed systematic reviews for additional studies that might meet our
inclusion/exclusion criteria.

For each study included, we extracted descriptive information, including the setting and
context in which relevant costs were collected or interventions were costed. For example,
we noted whether the study estimated social mobilization costs for an entire immunization
program or for a small-scale pilot. We extracted information across several fields: the

types of vaccines targeted or delivered through the intervention or for which beneficiaries/-
caregivers incurred costs; the size of target populations for programs and interventions;

the vaccine delivery mode (routine immunization or supplementary immunization activities
(SIA)/-campaigns); and the number of doses delivered. We abstracted all study-reported
costs, including overall financial costs for the program or intervention, and overall economic
and financial costs for beneficiaries and caregivers. We also abstracted costs per dose
administered, costs per person vaccinated, costs per person targeted, and costs per person
in intervention groups. For studies that only reported overall costs, we used the reported
number of doses delivered or the size of target populations to calculate the cost per dose
administered or the cost per person vaccinated/targeted.

For each cost per dose or cost per person vaccinated/targeted estimate, we calculated a
proportion, as a percentage, of the cost estimate compared to the respective country’s gross
domestic product (GDP) per capita [20]. Further, for each cost per dose estimate from

a LMIC, we calculated a percentage as compared to the respective country’s predicted
delivery cost per dose for routine delivery of childhood vaccines [21]. We classified country
income status according to income levels of countries where the studies occurred, using
World Bank classifications from 2020 [22]. Under the World Bank country income level
classifications, studies were classified as being conducted in high-income, upper-middle
income, lower-middle income, or low-income countries. We converted and report all
intervention costs in 2019 US dollars ($). For studies that reported costs in US$, we used
the U.S. consumer price index to inflate costs to 2019 US$ [23]. For studies that reported
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costs in other currencies, we used the local country’s consumer price index to inflate

costs to 2019, and then converted to US$ using foreign currency exchange rates [24,25].

For studies on social mobilization, IEC, or other interventions to increase immunization
demand, we adopted a prior classification of immunization interventions [9]. We classified
interventions as utilizing education, reminders, immunization information systems (11S),
incentives, expanding current routine immunization services (e.g. social mobilization as part
of new vaccine introductions), or conducting SIA/campaigns [9]. We summarized mean
costs per dose by these intervention classifications.

We reviewed full texts of each included study to determine whether it reported costs

related to beneficiaries/caregivers who faced barriers to vaccination that made them *hard-to-
reach’ or ‘hard-to-vaccinate,” based on a proposed framework for defining hard-to-reach
populations for vaccination [14]. In classifying whether a study reported costs specific to

a hard-to-reach or a hard-to-vaccinate population, we included any study that described
barriers to vaccination that made populations hard-to-reach or hard-to-vaccinate, even
though the study may not necessarily have been explicitly focused on the barriers. For each
study that described hard-to-reach or hard-to-vaccinate barriers to vaccination, we noted the
relevant hard-to-reach or hard-to-vaccinate mechanism(s) and abstracted any costs that were
specific to hard-to-reach or hard-to-vaccinate populations.

3. Results

Fig. 1 summarizes our literature search process that led to the final inclusion of 64 unique
studies [26—83]. Our PubMed and Scopus search initially returned 7,531 unique articles
across the three searches for costs associated with vaccine beneficiaries and care-givers
getting to vaccination sites. This included 5,215 articles from the search on beneficiary and
caregiver seeking and knowing how to access vaccination; 1,516 articles from the search

on beneficiary and caregiver taking time off work, chores, or school; and 773 articles from
the search for beneficiary and caregiver traveling to vaccination sites. We identified an
additional 14 relevant studies in the IDCC catalogue, and 13 more studies from reviewing
articles included in previous systematic reviews on the costs of vaccination interventions
[9,84,85]. Following our initial screening of all titles and abstracts, we identified 228 studies
for full-text review. This included 144 articles from the search for social mobilization costs,
IEC costs, and the costs of interventions to increase vaccination demand, 34 articles from the
search for productivity loss incurred by beneficiaries and caregivers, and 50 articles from the
search for travel costs incurred by beneficiaries and caregivers to get to vaccination sites. We
excluded 97 studies that did not describe the mechanisms of interest in our study. We further
excluded 59 studies that described the mechanisms of interest but did not report specific
costs, including studies that combined other immunization cost categories. Four studies that
were published before 2000, three systematic reviews, and one study that did not discuss
human vaccination were excluded.

Of the 64 unique studies included, 57 featured costs associated with beneficiaries and
caregivers seeking and knowing how to access vaccination. Five studies focused on costs
associated with beneficiaries and caregivers taking time off from work, chores, or school
to seek vaccination, and six studies estimated the travel costs incurred by beneficiaries and
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caregivers for vaccination. Only eight out of 64 studies (12.5%) described the costs for
beneficiaries and caregivers who faced hard-to-reach barriers to vaccination. Six studies
reported on the costs for populations that were hard-to-reach for vaccination due to
geography by distance or terrain, while the remaining two described costs for those who
were hard-to-reach for vaccination due to inadequate vaccination systems.

3.1. Costs for beneficiaries and caregivers to seek and know how to access vaccination

Table 1 summarizes the data we extracted from 57 studies that reported the financial

costs incurred by immunization programs to conduct social mobilization, IEC, and other
interventions to increase vaccination demand [26,28-30,32-41,43,44,46,48-53,5 5-83,86—
89]. Most of the studies were conducted in high-income countries (n = 24), followed

by low-income (n = 17), lower-middle income (n = 13), and upper-middle income
countries (n = 3). Reminder/recall interventions were the most common study topic with
23 studies reporting the costs of interventions that used reminder and/or recall systems

to inform beneficiaries and caregivers about vaccination [35,56,63-69,71-74,76-83,86,8
7]. The reminder and recall systems included telephone-based text messaging, phone

calls, emails, and post-card/letter-based reminders. Mass vaccination campaigns delivering
cholera vaccines were the next most common study type with nine studies reporting social
mobilization costs for cholera vaccine campaigns [32,40,42,43,50,55,57,58,60], followed
by 14 studies on social mobilization costs for human papillomavirus (HPV), hepatitis

B, measles, meningococcal, pentavalent, pneumococcal, polio, and rotavitus vaccine
introductions [29,30,33,34,36,38,39,44,46,48,49,52,53,89].

Three studies costed entire routine national immunization programs, including the social
mobilization cost components of programs in Colombia, India, and China [41,51,61]. Five
studies reported the costs of educational interventions informing beneficiaries and caregivers
about vaccination [26,28,59,70,75], and three studies reported the costs of interventions that
used incentives (both monetary and nonmonetary) as an intervention component [62,75,88].
None of the studies had estimated the costs for beneficiaries and caregivers to search for
information on vaccination, such as time to attend health education meetings delivered by
community health workers.

The costs of social mobilization, IEC, and interventions to increase vaccination demand
ranged widely, as did the scale and contexts of the interventions and programmatic efforts.
In low-income countries, the mean cost per dose of such interventions was $0.41 (range
$0.02-$2.97; standard deviation (SD) $0.83) among 11 studies that reported on or for which
we could calculate a cost per dose. These costs on average amounted to 0.019% (range
0.001%- 0.057%; SD 0.020%) of low-income countries’ GDP per capita. In high-income
countries, the mean cost per dose of such interventions was $28.28 across 21 studies

(range $0.24-$360.05; SD $76.08), accounting for 0.045% (range 0.0004%-0.573%; SD
0.121%) of high-income countries’ GDP per capita. Mean costs per dose across lower-

and upper-middle income countries (n = 11) were $18.86 (range $0.01-$178; SD $50.65).
Lower- and upper-middle income countries incurred the highest costs as a proportion of their
GDP per capita at 0.959% (range 0.001%—8.862%; SD 2.518%).
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Across 21 cost per dose estimates from LMICs, the average cost per dose was 9.5 times
higher (range 0.005-169.65, SD 36.05) than the respective country’s predicted delivery

cost per dose for routine delivery of childhood vaccines. Average intervention costs across
six studies involving education, mostly in high-income countries, were $46.13 per dose

(SD $57.83), followed by 12 studies involving reminders, which cost $40.90 per dose (SD
$101.56). Average costs for IIS interventions in high-income countries were $2.20 per dose
(SD $1.48) across five studies. For interventions mostly in LMICs, average costs were $0.55
(SD $0.93) across eight interventions that expanded routine immunization services, and
$0.09 per dose (SD $0.07) across 11 interventions that were part of SIA/campaigns.

We identified seven studies that reported the costs of social mobilization, IEC, and demand-
generation programs and interventions, targeting beneficiaries and caregivers who were
classified as hard-to-reach for vaccination [37,46,55,57,62,68,72]. Of the seven studies,
three studies were conducted in low-income countries [46,55,57], another three studies were
conducted in lower-middle income countries [37,62,68], and one study was conducted in

a high-income country [72]. Geography by distance or terrain was the most commonly
reported barrier that made beneficiaries and caregivers hard-to-reach for vaccination across
three lower-middle income and two low-income countries (n = 5). Inadequate health
systems was another reported barrier in two countries (lower-middle income and high-
income countries). Among the studies with beneficiaries and caregivers facing hard-to-reach
barriers, overall average costs per dose for studies in low-income and lower-middle income
countries were $0.08 (range $0.02-$0.18; SD $0.07) and $7.79 (range $0.03-$15.55; SD
$7.76), respectively. One study in a high-income country reported the average cost per dose
at $11.57 targeting hard-to-reach populations.

Most of these studies (5 of 7) did not provide estimates that compared the costs of reaching
hard-to-reach populations as opposed to general populations.; however, two studies reported
such costs. The first study, conducted in a district of Cameroon, reported social mobilization
costs for vaccination outreach for beneficiaries who were hard-to-reach due to geography
by distance (i.e. those living in villages over 20 km from the nearest health facility) [37].
Average costs per dose to reach this hard-to-reach population was $0.14, compared to
average costs per dose of $0.04 (incremental cost $0.10) reported for the population that
lived near health facilities and did not face the distance barrier to vaccination. The second
study, conducted in Haiti, reported social mobilization costs for vaccination outreach in a
mass vaccination campaign targeting beneficiaries who were hard-to-reach due to geography
by terrain (i.e. those who lived in a mountainous region that was difficult to traverse) [57].
The average costs per dose for the hard-to-reach population was $0.04, compared to average
costs per dose of $0.02 (incremental cost $0.02) in a population that lived in an urban area
and did not face similar terrain-related barriers to vaccination.

3.2. Costs by beneficiaries and caregivers to take time off from work, chores, or school

We identified five studies that reported the economic costs associated with beneficiaries

and caregivers taking time off from work, chores, or school for vaccination (Table 2)
[27,31,45,47,90]. One study conducted a household survey to estimate the costs of receiving
a free dose of cholera vaccine in a mass campaign in India and reported the productivity
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losses incurred by beneficiaries and their family members [47]. The productivity losses

were measured, using three methods: reported wage losses, minimum wage, and GDP

per capita. Productivity losses related to work were calculated based on lost income from
self-reported time off work, while time lost for other non-market activities such as school,
chores, or leisure was measured by applying an activity-specific fraction of daily wages [47].
Individual productivity losses incurred for a single dose of vaccine ranged from $0.18 to
$0.34, while productivity losses for the family ranged from $0.70 to $1.34, depending on

the valuation method used. These productivity losses along with out-of-pocket travel costs
constituted 24.6-38.0% of the overall vaccine delivery costs of the campaign. Productivity
losses ranged between 17.1% and 127.6% of the predicted delivery costs per dose for routine
delivery of childhood vaccines in LMICs.

Another study conducted a post-intervention survey of productivity costs incurred by
patients seeking the measles, mumps and rubella (MMR) vaccine in the United Kingdom
[90]. Productivity losses were measured based on lost income by taking time off work to
attend MMR vaccination appointments. Average productivity losses due to lost income per
person incurred by caregivers in the intervention was $56.96 [90]. Similarly, a study in Israel
estimated costs incurred by parents for work absences in order for their child to receive a
second dose of Hepatitis A vaccine at $7.87 [27]. Finally, two studies in the United States
estimated average costs of caregiver time away from work at $21 and $37, based on the
assumption that caregivers needed two hours away from work for children’s vaccination
[31,45].

We did not identify any studies that reported the productivity losses associated with

time taken off non-productive work, chores, or school by beneficiaries and caregivers

for vaccination, or other family members providing care in households. We also did not
identify any studies reporting the costs associated with beneficiaries and caregivers classified
as hard-to-reach or hard-to-vaccinate taking time off from work, chores, or school for
vaccination.

3.3. Costs by beneficiaries and caregivers to travel to vaccination sites

We found six studies that reported financial travel costs associated with beneficiaries and
caregivers traveling to vaccination sites (Table 2) [27,31,45,47,54,90]. Four studies were
conducted in high-income countries (one in Israel, one in the United Kingdom, and two

in the United States) [27,31,45,90]. One study was in a lower-middle income country

(India) [47], and another was in a low-income country (Guinea-Bissau) [54]. Among

studies conducted in high-income countries, the study in Israel modelled travel costs for
beneficiaries and caregivers to receive an additional dose of the Hepatitis A vaccine ($0.22
per dose) based on public and private transport costs [27]. Transport costs for beneficiaries
and caregivers receiving the MMR vaccine in the United Kingdom was reported at $14.48
per person [90]. Two studies in the United States estimated overall travel costs for caregivers
of beneficiaries receiving vaccines in the routine immunization schedule at $5.05 and $25.75
per person [31,45].

The two LMIC studies conducted household surveys to measure self-reported travel costs for
caregivers of beneficiaries receiving a dose of cholera vaccine in India ($0.01 per individual
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and $0.02 per family) [47] and travel costs to receive measles doses in Guinea-Bissau ($1.15
per person) [54]. Travel costs in India represented 0.9%-1.9% of the predicted delivery cost
per dose for routine delivery of childhood vaccines.

Only one study in Guinea-Bissau described vaccination travel costs for beneficiaries and
caregivers who faced supply-side barriers that made them hard-to-reach for vaccination due
to geographical terrain-related barriers. Poor road infrastructure increased travel times and
often became impassable during the rainy season, making villages inaccessible [54]. Due to
the methods of the study, it was not possible to separate out the incremental costs specific
to hard-to-reach populations. We did not identify any studies reporting the travel costs for
beneficiaries and caregivers who faced demand-side barriers to vaccination that made them
hard-to-vaccinate.

4. Discussion

Our synthesis found that the costs of programmatic and intervention efforts to ensure that
beneficiaries and caregivers seek and know how to access vaccination were relatively well
characterized in the literature. However, fewer studies documented the costs associated

with beneficiaries and caregivers taking time off from work or chores for vaccination or
traveling to vaccination sites. Evidence on the costs for beneficiaries and caregivers who
faced hard-to-reach or hard-to-vaccinate barriers to vaccination was particularly limited,
with only eight out of 64 studies (12.5%) describing beneficiaries and caregivers who faced
such barriers and only two studies describing the costs specific to hard-to-reach populations.
Extending vaccination to hard-to-reach and hard-to-vaccinate populations is important for
reasons of equity and disease control, such as controlling polio outbreaks among populations
who are hard-to-reach due to war and conflict [91], and transient migrant populations [92].
While prior systematic reviews have documented the costs of immunization programs and
of interventions to improve immunization coverage [7,9,10,93], our study is the first to
include a synthesis of costs from the perspective of beneficiaries and caregivers. Moreover,
none of the prior studies have specifically characterized the costs for populations that are
hard-to-reach or hard-to-vaccinate.

The paucity of studies describing the costs associated with some of the mechanisms
associated with beneficiaries and caregivers getting to vaccination sites, and for hard-to-
reach or hard-to-vaccinate beneficiaries and caregivers, suggests gaps in the literature.
This highlights the need for further studies to document these costs. In contrast to

limited literature on the costs associated with seeking vaccination or getting to vaccination
sites, there is considerable literature on productivity losses and travel costs incurred by
beneficiaries and caregivers due to vaccine-preventable diseases [94-96]. The limited
literature on costs incurred by beneficiaries and caregivers in seeking vaccination,
particularly on productivity losses from non-work-related activities, may also reflect
inherent difficulty in measuring such costs. We found one study that measured productivity
losses from forgoing non-work-related activities, such as time for leisure and chores, by
applying a fraction of wages [47]. However, there may be a need to develop more precise
costing methods to measure these costs.
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Persistence of these gaps in the literature associated with beneficiaries and caregivers
getting to vaccination sites could potentially hamper immunization program planning and
efforts to improve immunization coverage, especially among hard-to-reach and hard-to-
vaccinate populations. Greater evidence for the costs associated with these mechanisms
would help decision-makers better understand the hidden costs of vaccination, especially
among hard-to-reach populations. For example, interventions to improve vaccination
demand and uptake may consider the use of incentives or other compensatory mechanisms
to offset and minimize productivity losses associated with beneficiaries and caregivers
seeking vaccination [62,97]. Likewise, knowing the costs of social mobilization, IEC,

and interventions to increase vaccination demand, especially for hard-to-reach and hard-to-
vaccinate populations, can help with program planning and better ensure the allocation

of adequate resources. Our finding that average costs per dose of social mobilization/IEC
interventions and interventions to increase vaccination demand were substantially higher
than overall predicted delivery cost per dose in some countries could indicate higher
resource needs, beyond the predicted delivery costs.

Failure of vaccination programs to account for the costs that potentially differ by hard-to-
reach populations can also thwart efforts to vaccinate these populations because there is

a need to quantify any additional resources needed by immunization programs for social
mobilization and IEC efforts taregeting populations that face various barriers to vaccination.
As suggested by the evidence from the two studies with costs specific to hard-to-reach
populations [37,57], social mobilization costs, communication costs, and the costs for
interventions to increase demand for vaccination incurred by the vaccination system could
be much higher for populations facing barriers that make them hard-to-reach. Understanding
the productivity losses and travel costs incurred by beneficiaries and caregivers is
particularly important for decision-makers because these may determine a person’s decision
to vaccinate, and if prohibitive, lead to under-vaccination [54,98,99]. Some people might
lack the job security needed to take time off from work to get vaccinated, or beneficiaries
and caregivers may incur high productivity losses when they take time off [100]. Such costs
may be prohibitive of persons reaching vaccination sites, leading to missed opportunities for
vaccination, resulting in under-vaccination, and increasing the potential to spread vaccine-
preventable diseases.

The costs incurred by beneficiaries and caregivers illustrate the overlap between hard-to-
reach and hard-to-vaccinate barriers to vaccination. Some beneficiaries and caregivers need
to travel long distances or traverse difficult terrain to reach clinics, hospitals, or other
locations for vaccination [101-104]. Due to these geographical factors, travel costs to reach
vaccination sites may be higher for populations in geographically remote areas compared to
more urban settings or areas where vaccination sites are closer to populations. The costs of
such travel could make a person hard-to-reach and affect their likelihood to get vaccinated.
At the same time, the higher travel costs related to geographic or other factors could

reduce individuals’ demand for vaccination, simultaneously becoming a demand-side barrier
to vaccination. While the same populations may face multiple demand- and supply-side
barriers to vaccination, characterizing these populations based on processes or factors that
impede vaccination facilitates better estimation of the size of target groups, as well as help
target appropriate interventions to remove these barriers.
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We note some limitations to our study. First, our systematic literature search did not include
the gray literature. While we supplemented our PubMed and Scopus searches by reviewing
studies compiled in IDCC [19] and references of prior systematic reviews [9-11], we

may have missed studies beyond these databases. Operationalizing a systematic search for
costs incurred by beneficiaries and caregivers is also particularly difficult, and because our
systematic search terms initially searched study titles and abstracts, we may have missed
the nuanced descriptions of such costs in the full text of articles. Further, we limited our
search to studies published in English language since year 2000. Second, differences in
study methods and contexts in which the studies were conducted limited our ability to
synthesize and compare cost information across studies. Some studies included modelled
costs whereas others gathered cost information from surveys. Extracted costs ranged from
costs of small-scale pilot interventions to costs of national-level immunization programs.
Thus, caution should be applied in the interpretation of costs across studies, given the range
of different interventions and settings. Although costs across settings may differ in absolute
terms, the differences may be smaller in purchasing power parity terms. Costs per dose for
different interventions also do not provide the cost-effectiveness of interventions.

Third, the lack of consistent use of the definition of hard-to-reach or hard-to-vaccinate
populations [14] may have impacted our classification of the costs among populations facing
immunization barriers. Specifically, studies characterizing immunization-related costs or
interventions may implicitly target or include hard-to-reach populations, but not explicitly
state that in the study objective, making it difficult to classify the study. For example, a study
describing the costs of an intervention to increase demand for vaccination may not describe
the barriers that led to the low demand or to the reasons beneficiaries were not aware of
when and where to get vaccinated. Moreover, this review focused on costs of demand-side
interventions that directly relate to beneficiaries and caregivers seeking and knowing how to
access vaccination. Our review does not consider the costs of vaccines and their impact on
beneficiaries and caregivers’ willingness to travel to health facilities. Finally, in a few studies
that described beneficiaries and caregivers facing hard-to-reach barriers to vaccination, most
study designs did not allow for explicit comparisons of the costs to reach the hard-to-reach
population as opposed to the general population. Therefore, future studies aiming to cost
efforts for beneficiaries and caregivers to reach vaccination sites or measuring costs incurred
by beneficiaries and caregivers should employ study designs that measure these potential
differential costs.

5. Conclusion

Our systematic review of the costs for beneficiaries and caregivers to reach vaccination
sites found significant gaps in information about the costs of social mobilization, IEC, and
interventions to increase vaccination demand in populations facing barriers to vaccination
that make them hard-to-reach. Estimates of these costs were available for populations that
were not hard-to-reach across a range of settings. These costs per dose to reach populations
facing hard-to-reach barriers to vaccination were 2-3.5 times higher than those of the
general population in the two studies identified. However, further evidence is needed to
generalize these findings. There is also a lack of information on the costs incurred by
beneficiaries and caregivers to get to vaccination sites, including productivity losses, and
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travel costs associated with seeking vaccination, especially for populations who are hard-to-
reach or hard-to-vaccinate. This might reflect the inherent difficulty in measuring these costs
from the perspective of beneficiaries and caregivers seeking vaccination, requiring different
data collection methods [47]. The dearth of studies on productivity losses may reflect

the lack of policy prioritization to try to understand beneficiaries and caregivers’ costs,

in order to remove additional barriers to vaccination. As countries reach higher levels of
immunization coverage, the costs incurred by beneficiaries and caregivers may become more
salient barriers to vaccination. Future studies should collect additional evidence on these
costs to aid the design of interventions and programs to increase immunization coverage and
reach hard-to-reach and hard-to-vaccinate populations with vaccination.
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Records identified References identified from References identified Records identified
from PubMed Immunization Delivery from Systematic from Scopus
(N=2,207) Cost Catalogue (N= 14) Reviews (N=13) (N=5,297)

l

Records screened by title and abstract

(N=7,531)

——»| Records excluded (N=7,303)

l

Full-text articles assessed for
eligibility (N=228)

l

Full-text articles excluded (N=164)

97 Does not address mechanism of interest
59 No costing data

4 Studies published prior to year 2000

3 Systematic reviews

1 Not human vaccination

Total studies included (N=64)

Costs for beneficiaries and
caregivers to seek and know
how to access vaccination

(N=57)

Costs by beneficiaries and
caregivers to take time off
productive work/chores/school
(N=5)

Costs by beneficiaries and
caregivers to travel to
vaccination sites

(N=6)

Hard-to-reach population
studies (N=7);
Hard-to-reach incremental
cost studies (N=2)

Hard-to-reach population or

hard-to-vaccinate studies (N=0);
Hard-to-reach incremental cost

studies (N=0)

Hard-to-reach population
studies (N=1);
Hard-to-reach incremental
cost studies (N=0)

Fig. 1.

Literature search process for systematic review of costs for beneficiaries and caregivers to
seek and reach vaccination sites, 2000-2019.
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