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Abstract

Introduction: Economic evidence on how much it may cost for vaccinators to reach populations
is important to plan vaccination programs. Moreover, knowing the incremental costs to reach
populations that have traditionally been undervaccinated, especially those hard-to-reach who are
facing supply-side barriers to vaccination, is essential to expanding immunization coverage to
these populations.

Methods: We conducted a systematic review to identify estimates of costs associated with getting
vaccinators to all vaccination sites. We searched PubMed and the Immunization Delivery Cost
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Catalogue (IDCC) in 2019 for the following costs to vaccinators: (1) training costs; (2) labor
costs, per diems, and incentives; (3) identification of vaccine beneficiary location; and (4) travel
costs. We assessed if any of these costs were specific to populations that are hard-to-reach for
vaccination, based on a framework for examining supply-side barriers to vaccination.

Results: We found 19 studies describing average vaccinator training costs at $0.67/person
vaccinated or targeted (SD $0.94) and $0.10/dose delivered (SD $0.07). The average cost for
vaccinator labor and incentive costs across 29 studies was $2.15/dose (SD $2.08). We identified
13 studies describing intervention costs for a vaccinator to know the location of a beneficiary,
with an average cost of $19.69/person (SD $26.65), and six studies describing vaccinator travel
costs, with an average cost of $0.07/dose (SD $0.03). Only eight of these studies described hard-
to-reach populations for vaccination; two studies examined incremental costs per dose to reach
hard-to-reach populations, which were 1.3-2 times higher than the regular costs. The incremental
cost to train vaccinators was $0.02/dose, and incremental labor costs for targeting hard-to-reach
populations were $0.16-$1.17/dose.

Conclusion: Additional comparative costing studies are needed to understand the potential
differential costs for vaccinators reaching the vaccination sites that serve hard-to-reach
populations. This will help immunization program planners and decision-makers better allocate
resources to extend vaccination programs.

Keywords
Costs; Vaccination; Immunization; Hard-to-reach; Vaccinator

1. Introduction

Global routine immunization coverage has stalled in recent years, where far too many
people around the world continue to have insufficient access to vaccines, including

nearly 20 million infants each year [1-4]. Recently, coronavirus disease 2019 (COVID-19)
mitigation efforts that imposed limitations on population movement have interrupted

mass vaccination campaigns and reduced caregivers’ ability to take children for routine
vaccination [3,4], further threating prior gains in immunization coverage. Improvements

in immunization coverage from current levels require more concerted and targeted efforts,
making immunization initiatives prioritize expansion into populations that have traditionally
been undervaccinated [5,6]. The World Health Organization’s (WHQO) Immunization
Agenda 2030 and Gavi’s (the Vaccine Alliance) 2021-2025 strategy aim to extend the
benefits of vaccines to everyone, everywhere [7,8]. As immunization programs consider
such expansions, economic evidence on how much it may cost for vaccinators to reach
different populations becomes especially important to plan vaccination programs. Studies
have shown that incremental costs are greater when countries start from a high baseline
immunization coverage, making it more costly to reach higher levels of coverage [9-12].
Efforts by vaccinators to reach hard-to-reach populations may be costlier than reaching the
general population because of the additional efforts required, often through outreach and
campaigns.

Vaccine. Author manuscript; available in PMC 2023 November 27.
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Hard-to-reach and hard-to-vaccinate populations include those that have been described in
the literature as high-risk, marginalized, undervaccinated, or unvaccinated populations, and
efforts to vaccinate them have been termed as “reaching the last mile” or strategies to “leave
no one behind” [7,8]. Hard-to-reach populations can be described as those facing supply-
side barriers to vaccination, compared to hard-to-vaccinate populations facing demand-side
barriers; some populations face both supply- and demand-side barriers [13]. This study
focuses on the supply-side barriers to vaccination, such as those due to 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 [13].
Not vaccinating these hard-to-reach populations can result in high vaccine-preventable
disease burden, which can thwart disease control and eradication efforts. Moreover, these
populations can potentially become sources of new disease outbreaks [14,15]. Reaching
such hard-to-reach populations to offer vaccination services is a necessary first step, which
can directly increase coverage for populations that already have high vaccine demand and
acceptance. Though beyond the scope of this review, other strategies with additional costs
to address demand-side barriers would be needed to increase vaccination of hard-to-reach
populations who are hard to vaccinate.

We identified four steps required for a vaccinator to reach vaccination sites. Specifically,
vaccinators need to: (1) be trained to administer vaccines; (2) be willing and available

to vaccinate; (3) know the location of beneficiaries; and (4) travel to vaccination sites

for vaccinators to successfully vaccinate beneficiaries [16]. In order to vaccinate hard-to-
reach populations, there may be additional challenges involved in each of these steps. For
example, additional vaccinators may need to be hired or trained to administer vaccines in
areas with weak immunization systems, or where vaccinators may not be willing or available
for outreach activities [17,18]. Vaccinators may not know the specific locations of hard-to-
reach populations due to poor record-keeping or population movement [19,20]. Moreover, it
may be difficult for vaccinators to travel to the vaccination site due to geographic barriers,
legal restrictions, or war/conflict [21-23].

While previous studies have estimated the costs of the immunization service delivery overall
[9-12], prior reviews have not explored potential differential costs for vaccinators to reach
hard-to-reach populations. Understanding the costs for vaccinators to reach vaccination
sites and administer vaccines, especially the incremental costs for targeting hard-to-reach
beneficiaries, can help with immunization program planning and ensure adequate resource
allocation. This systematic review documents current evidence on the costs associated with
each of the steps for vaccinators to reach vaccination sites, and how much more it may cost
for vaccinators to reach hard-to-reach populations.

2. Methods

We developed search strings to identify costs associated with each step involved in
vaccinators reaching vaccination sites. The costs associated with the four steps were: (1)
costs for vaccinators to be trained to administer vaccines; (2) costs for vaccinators to be
willing and available to vaccinate (i.e., receive salary, per diem, and/or incentives); (3)
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costs for vaccinators to know the location of beneficiaries; and (4) costs for vaccinators

to travel to vaccination sites. We ran separate searches for each of the four steps using
terms for cost and immunization/vaccination and specific search terms related to each step.
These additional search terms encompassed: (1) training; (2) salary, per diem, incentives,
and labor; (3) record-keeping, registry, immunization information systems, geographic
information systems (GIS), microplanning; and (4) transport, travel, outreach, campaign,
and supplementary immunization activities (SIA) (see Appendix 1 for complete search
terms). The search was conducted and reported according to the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA) reporting guidelines [24].

We conducted all searches in the MEDLINE/PubMed database on May 20, 2019

and restricted the search results to human studies published in English since 2000.

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 and abstracted additional studies not captured in our
initial search [25]. The IDCC provides a catalogue of immunization delivery unit costs
across low- and middle-income countries (LMICs), for various delivery strategies, extracted
from a systematic review of peer-reviewed literature, reports, and grey literature [25]. For
each step, five study members independently screened titles and abstracts and assessed

full texts for eligibility, with at least two reviewers screening each study. The five study
reviewers were research associates with master’s level training in global health or public
health disciplines. During this screening process, we eliminated papers where the content
was not specific to vaccination or vaccination programs or did not include costing data
disaggregated by the mechanism of interest (See Appendix 2 for a full list of inclusion and
exclusion criteria). For example, we excluded studies that reported overall transport costs
including costs for transporting vaccines and cold-chain equipment, for which costs specific
to vaccinator travel could not be disaggregated. We focused on studies that conducted
primary data collection and excluded studies that reported modeled costs. We read through
systematic reviews to identify any additional studies that would meet our inclusion/exclusion
criteria. The entire study team reached consensus for the inclusion of discrepant studies
through discussion, based on inclusion and exclusion criteria decided a priori. A single study
reviewer conducted data abstraction of all studies that met final inclusion. A Microsoft Excel
spreadsheet form was used to extract data fields across all studies.

For each included study, we extracted information across several fields: the type of vaccines
targeted or delivered; the size of the target populations; mode of intervention delivery
(routine immunization or SIA); and the number of doses delivered. We abstracted all study
reported costs, including overall program or intervention costs, costs per dose administered,
costs per person vaccinated, or costs per person targeted by the intervention. For studies
that only reported overall costs, we used the reported number of doses delivered or the

size of the target populations to calculate the cost per dose administered or cost per person
vaccinated/targeted. We converted all costs to 2019 $US dollars, using the consumer price
index [26]. To contextualize the scale of the reported costs, we estimated each cost per dose
or cost per person vaccinated/targeted as a proportion (%) of the respective study country’s
gross domestic product (GDP) per capita [27]. Further, for each cost per dose estimate
from a LMIC, we calculated a percentage as compared to the respective country’s predicted
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delivery cost per dose for routine delivery of childhood vaccines [28]. We also extracted
descriptive information on the setting and context in which relevant costs were collected
or intervention was costed, such as whether the costs came from a national immunization
program or a small-scale pilot intervention. We classified each study setting by country
income status according to the World Bank [29].

We reviewed full texts of each included study to assess whether the study described

costs of vaccinators to reach hard-to-reach populations based on our proposed framework
for defining hard-to-reach populations for vaccination [13]. Supply-side mechanisms that
made populations ‘hard-to-reach” were described based on mechanisms that acted as
barriers to vaccinate populations (due to 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) [13]. In classifying whether a study
reported costs specific to a hard-to-reach population, we included any study which implicitly
described such barriers, even if the study itself may not have explicitly used the term
‘hard-to-reach’ to describe targeted beneficiaries. For each study subsequently classified as
targeting hard-to-reach beneficiaries, we noted the relevant hard-to-reach mechanism(s).

3. Results

Our initial MEDLINE/PubMed database search yielded 967 records across the four searches
for the costs associated with vaccinators reaching vaccination sites. We identified an
additional 33 relevant studies in the IDCC catalogue. Screening the combined 1000 titles
and abstracts for relevancy resulted in 147 studies, of which full texts were reviewed for
final inclusion. We excluded 54 studies that did not describe the mechanisms of interest in
our study. We further excluded 22 studies that did not include costing data or reported
combined immunization cost categories that were not specific to vaccinator costs. We
excluded one study that was not about human vaccination, one modeling study without
primary data collection, and another study whose full text was not accessible. Fig. 1
summarizes our literature search process that led to the final inclusion of 67 studies across
the four search strings, which consisted of 54 unique publications (i.e. 13 studies appeared in
multiple search strings) [30-83].

Of the 67 studies included across the four search strings, 29 studies were on the costs
associated with vaccinators being willing and available to conduct vaccination, 19 studies
were on the costs associated with vaccinators being trained to administer vaccinations, 13
studies were on the costs associated with vaccinators knowing the location of the vaccine
beneficiaries, and six studies were on travel costs of vaccinators getting to the vaccination
sites. Among the 54 unique studies conducted in 57 settings, 18 studies (32%) were in low-
income countries, 15 (26%) in lower-middle income countries, eight (14%) in upper-middle
income countries, and 16 (28%) in high-income countries. Overall, included studies took
place in 26 unique countries. Two-thirds of studies were conducted in the context of routine
immunization programs (n = 38, 67%), while the remaining one-third examined costs of
mass vaccination campaigns and outreach/SIAs (n = 17, 30%); two studies took place in
both settings (n = 2, 3%).
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Fig. 1 also summarizes the distribution of eight unique studies that described costs for hard-
to-reach populations, and studies that reported the incremental costs to reach hard-to-reach
populations above regular costs. Across all four search strings, only two studies reported
differences in the costs to reach hard-to-reach populations through outreach/SIA compared
to reaching general populations through routine immunization services [35,67]. Across

the eight studies that described hard-to-reach populations for vaccination, the distribution
of reported mechanisms that make a population hard-to-reach is shown in Fig. 2. Some
studies described more than one mechanism. The majority of studies (n = 5) described
costs of reaching populations facing geographic barriers [35,42,51,67,76], while three
studies examined populations with inadequate vaccination systems [40,54,79], and one
study estimated the costs to reach a transient population [35]. We did not identify studies
examining the costs to reach populations facing other supply-side barriers to vaccination,
such as healthcare provider discrimination, lack of healthcare provider recommendations,
war and conflict, home births or other home-bound mobility limitations, or legal restrictions.
Below, we describe the findings for each cost category.

3.1. Costs for vaccinators to be trained to administer vaccines

Table 1 summarizes the data extracted from 19 identified studies, which included 21 cost
estimates associated with training vaccinators to administer vaccines [30-48]. We identified
or calculated vaccinator training costs per person vaccinated/targeted from eight studies,
where the average cost was $0.67 per person vaccinated/targeted [standard deviation (SD)
$0.94]. Across country income levels, this ranged from $0.53 per person vaccinated/targeted
(SD $0.64) in low-income countries (n = 5) to $0.90 per person vaccinated/targeted (SD
$1.26) in lower-middle income countries (n = 3). Across five low-income countries the
average costs per person vaccinated/targeted as a proportion of countries’ gross domestic
product (GDP) per capita was 0.055% (SD 0.059%). Among three lower-middle income
countries, the average costs per person vaccinated/targeted as a proportion of GDP per capita
was 0.053% (SD 0.074%). In reported cost per dose terms as a proportion of GDP per
capita, average costs per dose were 0.006% (SD 0.004%) and 0.006% (SD 0.006%) across
four low-income countries and across three middle-income countries, respectively. Average
vaccinator training costs were $0.10 per dose (SD $0.07) across seven studies. Average
vaccinator training costs were $0.06 per dose (SD $0.04), $0.16 per dose (SD $0.07),

and $0.14 per dose across four low-income country studies, two lower-middle income
studies, and one upper-middle income country study, respectively. Across seven cost per
dose estimates from LMICs, the average vaccinator training costs per dose amounted to
5.643% (range 1.360%-9.583%, SD 2.371%) of the respective countries’ predicted delivery
cost per dose for routine delivery of childhood vaccines.

Among the 19 studies, we identified only three studies that described vaccinator training
costs specifically targetting hard-to-reach populations [35,40,42] (Table 1). Geographic
barriers to vaccination by distance or terrain were reported in two studies [35,42], while
transient or nomadic movement, and inadequate health systems were each reported in one
study [40]. The average vaccinator training cost in a study from Benin (low-income country)
in which beneficiaries faced geographical distance and terrain barriers to vaccination was
$0.02 per dose [42]. In Bangladesh (lower-middle income country) where beneficiaries in
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an urban slum faced a barrier of an inadequate health system, the vaccinator training cost
for an intervention to improve vaccination services and access to vaccination was $2.68 per
person vaccinated [40]. The costs for training vaccinators for an intervention in Cameroon
(lower-middle income country) in which beneficiaries faced distance and transient/nomadic
movement barriers to vaccination was $57.47 [35]. The intervention involved vaccination
outreach to the beneficiaries living in villages over 20 km from the nearest health facility, as
well as a fixed site delivery strategy for the beneficiaries who lived close to health facilities
[35]. This study directly compared the vaccinator training costs based on the beneficiary
population targeted. Average vaccinator training costs to reach hard-to-reach populations
who were targeted through outreach were $0.04 per dose, compared to $0.02 per dose for
populations that lived near health facilities (incremental cost of $0.02) [35].

3.2. Costs for vaccinators to be willing and available to vaccinate

We identified 29 studies that included 36 cost estimates associated with vaccinators being
willing and available to administer vaccines (Table 2) [31,32,35,37,39,41,42,45-47,49-67].
These costs consisted of labor and personnel costs, such as salaries and per diems, as well
as the costs of incentives. The average costs for vaccinators to be willing and available to
vaccinate were $2.01 per dose (SD $2.06) across 25 cost estimates from 19 studies. These
average vaccinator costs were $0.64 per dose (SD $0.68) across eight cost estimates from
low-income countries, $2.59 per dose (SD $2.25) across seven lower-middle income country
cost estimates, and $1.35 per dose (SD $0.72) across five cost estimates from upper-middle
income countries. Average vaccinator salary, per diem, and incentive costs rose to $4.02 per
dose (SD $2.08) across five cost estimates from high-income countries. These average costs
were 0.066% (SD 0.064%), 0.130% (SD 0.126%), 0.018% (SD 0.010%), and 0.007% (SD
0.004%) of countries’ GDP per capita across low-, lower-middle, upper-middle, and high-
income countries, respectively. Across 20 cost per dose estimates from LMICs, the average
salary, per diem, and incentive costs amounted to 64.840% (range 1.117%-349.677%, SD
77.807%) of the respective countries’ predicted delivery cost per dose for routine delivery
of childhood vaccines. None of the studies estimated the opportunity costs of vaccinators
taking time away from treating other patients.

We identified four studies that described salary, per diem, and incentive costs for the
vaccinators targeting vaccine beneficiaries and caregivers who were classified as hard-to-
reach [35,51,54,67] (Table 2). Three studies described geographic barriers to vaccination
by distance or terrain that made beneficiaries hard to reach for vaccination [35,51,67],

and one study described an inadequate health system as a barrier [54]. The average costs
for vaccinators to be willing and available to vaccinate in studies targeting hard-to-reach
populations were $2.05 per dose (SD $2.39) across three studies [35,51,67], and $22.58 per
person targeted in one study [54].

Two studies directly compared these costs for vaccinators based on the difficulty of reaching
beneficiaries. A study in Cameroon reported average vaccinator salary costs for vaccinators
targeting remote hard-to-reach populations at $5.28 per dose, compared to $4.11 per dose
for vaccinators targeting the general population (incremental cost of $1.17) [35]. The second
study in Haiti (low-income country) reported personnel costs for vaccinators conducting
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outreach in a mass vaccination campaign, targeting beneficiaries who were hard-to-reach
due to geographic barriers (i.e., terrain, in a mountainous region that is difficult to traverse)
[67]. The average vaccinator labor cost to reach hard-to-reach populations was $0.53 per
dose, compared to $0.37 per dose for the general population (incremental cost of $0.16)
[67].

3.3. Costs for vaccinators to know the location of beneficiaries

The costs associated with vaccinators to know the location of vaccine beneficiaries were
identified from 13 studies involving 20 interventions (Table 3) [68-80]. These interventions
included tracking and recall-reminders (n = 11), immunization registries (n = 6), and
interventions using mobile phones and geospatial technology (n = 3). Average costs

for vaccinators to know the location of beneficiaries were $19.69 per person vaccinated/
targeted (SD $26.65) across 18 interventions. The majority (n = 16) came from high-
income countries with average tracking, reminders, and registry costs at $22.01 per

person vaccinated/targeted (SD $27.39). Average cost per person vaccinated/targeted were
0.034% (SD 0.044%) of high-income countries” GDP per capita. Average costs in the two
LMIC studies were $0.71 per person vaccinated/targeted (0.082% of GDP per capita) for

a geospatial mapping intervention in Haiti (low-income country) and $1.41 per person
vaccinated/targeted (0.004% of GDP per capita) for a cellphone-based tracking intervention
in Kenya (lower-middle income country) [76,80]. The cost per dose for the geospatial
mapping intervention to locate vaccine beneficiaries in Haiti represented 35.576% of the
country’s predicted delivery cost per dose for routine delivery of childhood vaccines.

We identified two studies reporting the costs of interventions to know the location of
hard-to-reach populations for vaccination [76,79] (Table 3). One study tried to overcome
geographic terrain barriers and reported the cost per person targeted as $0.71 and the

cost per dose as $0.37 [76]. Another study described inadequate health system barriers

to vaccination, only reporting overall costs [79]. Both studies focused on reaching rural
populations, and neither directly compared to vaccinator costs of identifying hard-to-reach
populations vis-a-vis general populations.

3.4. Costs for vaccinators to travel to vaccination sites

Table 4 summarizes the data extracted from six studies that described travel costs for
vaccinators to get to vaccination sites [45,60,62,81-83]. Across the four studies that

reported costs of vaccinators to travel to the vaccination sites in cost per dose terms,

in Indonesia (upper-middle income country), Cameroon (lower-middle income country),
Honduras (lower-middle income country), and Colombia (upper-middle income country),
the average vaccinator travel cost was $0.07 (0.002% of GDP per capita) per dose (SD
$0.03) [60,62,81,82]. Across four cost per dose estimates from middle-income countries, the
average vaccinator travel costs per dose amounted to 3.439% (range 2.580%-4.615%, SD
0.779%) of the respective countries’ predicted delivery cost per dose for routine delivery of
childhood vaccines. We did not identify any studies that described vaccinator travel costs for
vaccinators targeting hard-to-reach populations.

Vaccine. Author manuscript; available in PMC 2023 November 27.
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4. Discussion

Our review of the costs associated with vaccinators reaching vaccination sites found limited
evidence on vaccinator costs to reach beneficiaries who have hard-to-reach barriers for
vaccination, with only eight studies describing such costs. Evidence on the differential
vaccinator costs targeting hard-to-reach populations was scarce, with only two studies
reporting the costs comparing hard-to-reach populations with populations that were easier-
to-reach [35,67]. Estimates based on these studies suggest that the vaccinator costs for
training and labor were 1.3-2 times higher to reach hard-to-reach populations compared
to reaching the general populations, comparing costs of outreach efforts vis-a-vis costs

of routine immunization. Indeed costs for SIAs are likely to be higher than routine
immunization given requirements to train more people or travel farther to support a
vaccination campaign.

While the studies we found mostly examined cost differences by mode of delivery

(i.e. SIA vs. routine immunization) and were targeting beneficiaries facing geographic
barriers to vaccination, it is important to note that not all hard-to-reach populations

have to be reached through SIAs. For example, interventions could improve healthcare
provider recommendations or reduce healthcare provider discrimination, resulting in
greater delivery of vaccinations of hard-to-reach populations through routine immunization.
Additional interventions could include strategies such as periodic intensification of routine
immunization (PIRI) [84], increased delivery points, or expanded service hours and other
interventions. Studies of interventions to improve immunization coverage should consider
including detailed cost information to facilitate analysis of the costs specific to hard-to-
reach populations. Our review did not identify studies examining vaccinator costs to reach
populations facing such supply-side barriers to vaccination.

Understanding the differential costs associated with vaccinators getting to vaccination sites
to serve hard-to-reach populations is key to allocating adequate resources and developing
strategies to improve immunization coverage. Only accounting for average vaccinator

costs across all beneficiaries may lead to an underestimation of costs needed to reach
hard-to-reach populations. This could result in lower immunization coverage, as vaccination
programs with fixed resources would likely reach fewer target populations than initially
planned. Furthermore, vaccinator costs to reach hard-to-reach populations are likely to differ
based on context, specific populations, and the barriers to vaccinations they face. Thus, more
studies are needed to understand the cost differences for vaccinating different hard-to-reach
populations. For example, most of the hard-to-reach barriers to vaccination identified in

our study were geographic in nature (distance or terrain) or were due to inadequate health
systems or transient or nomadic movement. We found no data examining vaccinator costs to
reach the beneficiaries who face other barriers, such as healthcare provider discrimination,
lack of healthcare provider recommendations, war and conflict, home births or other home-
bound mobility limitations, or legal restrictions [13]. Greater evidence is needed on the
vaccinator costs to reach populations facing non-geographic barriers.

Prior studies and systematic reviews have synthesized the costs of immunization programs
and interventions to improve immunization coverage [9-12,85,86]. While these costing
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studies have examined differential costs by country, targeted vaccines, and types of
interventions, none have focused on the potential cost differences for vaccinators to reach
hard-to-reach populations, compared to vaccinators reaching populations that are not hard-
to-reach. To understand such potential cost differences, we focused on four costs that
vaccinators incur to get to vaccination sites, namely: (1) the cost of vaccinator training;

(2) labor, per diem, and incentives; (3) tracking, reminders, and registries; and (4) travel.
We did not identify any studies that estimated differences in vaccinator costs in identifying
beneficiaries to vaccinate or to travel to the beneficiaries’ locations comparing hard-to-reach
populations with general populations. Furthermore, opportunity costs of time of vaccinators
treating other patients were not typically included in costing of immunization programs.
Hard-to-reach barriers to vaccination may magnify these opportunity costs, especially when
vaccinators may have to take longer time away from treating other patients to train, identify,
and travel to vaccinate hard-to-reach populations.

We note some limitations to our study. First, our systematic literature search did not include
gray literature and focused on studies in English published since 2000. As in any systematic
search, our search results are limited to articles captured through keyword searches and

our search terms did not necessarily capture all possible vaccination mechanisms or
interventions. While we supplemented our MEDLINE/PubMed search by reviewing studies
compiled in the IDCC [25], we may have missed studies that were not indexed in these
databases. Future studies should consider including other search engines and databases, as
well as expanding the search strategy to include grey literature for a more comprehensive
review of the available literature. For example, targeted searches of grey literature from the
global polio eradication initiative (GPEI) [87], which has made concerted efforts to deliver
polio vaccines to hard-to-reach populations, may yield further information on vaccinator
costs in the polio context. Further, while out of scope for our current study, there may

be shared costs within the health system for vaccine beneficiaries who are hard-to-reach

for other health services beyond vaccination. Therefore, future studies should consider
reviewing costs in the context of efforts to reach beneficiaries that are hard-to-reach across
health services, such as those that integrate vaccination with maternal health services or
other preventative health interventions [88-90].

Second, our analyses and cost comparisons are limited by differences in study methods and
contexts in which the studies were conducted. Extracted costs came from different types

of interventions, ranging from costs of small-scale pilot interventions to costs of national-
level immunization programs across varying countries and target vaccines. Thus, caution
should be applied in interpreting and comparing costs across studies. Third, hard-to-reach
populations were not consistently defined across studies. We applied definitions focusing on
supply-side barriers that make populations difficult to reach with vaccination [13]. However,
the lack of common terminology for barriers faced by hard-to-reach populations made it
difficult to classify studies targeting hard-to-reach populations. In addition, we did not
consider costs of additional strategies to increase vaccination demand and acceptance among
hard-to-reach populations who are also hard-to-vaccinate.

Finally, to ensure consistency and comparability in cost components, we excluded the costs
that did not specify vaccinator cost components. We found limited evidence on the costs of
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vaccinator travel, and this may be due to costing studies often reporting aggregated transport
costs, including bundled costs for transporting vaccines, supplies, and personnel. Despite
these limitations, to our knowledge, this study is the first to assess from the literature the
differential costs of vaccinators getting to the vaccination sites, targeting the hard-to-reach
populations compared to the general populations.

5. Conclusion

Our study found limited evidence for costs of vaccinators to reach hard-to-reach populations
and how they may differ from costs to reach easier-to-reach populations across countries,
vaccines, and intervention contexts. In order to extend vaccination to hard-to-reach
populations, future studies should better estimate these potential differential costs to improve
immunization program planning and financing. Stakeholders in immunization economics
and costing, such as ICAN, should consider including the hard-to-reach framework and
definitions in the development of costing tools and best practice methods to enable greater
understanding of immunization delivery costs among hard-to-reach populations.
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Costs for vaccinators
to be trained to
administer vaccines
(N=19)

Costs for vaccinators
to be willing and
available to vaccinate
(N=29)

Costs for vaccinators
to know the location
of beneficiaries
(N=13)

Costs for
vaccinators to travel
to vaccination sites
(N=6)

Hard-to-reach
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Hard-to-reach
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Fig. 1.

Literature search process for systematic review of costs for vaccinators to reach vaccination

sites, 2000-2019.
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5
No evidence was found on costs of vaccinators to
3 reach populations facing these supply-side barriers
1
0 0 0 0 0
Geography by Inadeq Ti ient or Healthcare Lack of War and conflict Home births or Legal restrictions
i or inati i provider healthcare other home-
terrain y discriminati provider bound mobility
recommendations limitations
Fig. 2.

Distribution of mechanisms that make a population hard-to-reach, across studies describing
costs of vaccinators to reach hard-to-reach populations, systematic review, 2000-2019.
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