1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Vaccine. Author manuscript; available in PMC 2022 November 05.

-, HHS Public Access
«

Published in final edited form as:
Vaccine. 2021 November 05; 39(46): 6796-6804. doi:10.1016/j.vaccine.2021.05.033.

A Systems Map of the Economic Considerations for Vaccination:
Application to Hard-to-Reach Populations

Sarah N. Cox?, Patrick T. Wedlock!, Sarah W. Pallas?, Elizabeth A. Mitgang?!, Tatenda T.
Yemeke3, Sarah M. Bartsch?, Taiwo Abimbola?2, Sheryl S. Sigemund?, Aaron Wallace?,
Sachiko Ozawa34, Bruce V. Leel

1Public Health Informatics, Computational, and Operations Research (PHICOR), City University
of New York, New York City, NY

2Global Immunization Division, Centers for Disease Control and Prevention (CDC), Atlanta, GA

3Division of Practice Advancement and Clinical Education, UNC Eshelman School of Pharmacy,
University of North Carolina, Chapel Hill, NC

“Department of Maternal and Child Health, UNC Gillings School of Global Health, University of
North Carolina, Chapel Hill, NC

Abstract

Background: Understanding the economics of vaccination is essential to developing
immunization strategies that can be employed successfully with limited resources, especially when
vaccinating populations that are hard-to-reach.

Methods: Based on the input from interviews with 24 global experts on immunization
economics, we developed a systems map of the mechanisms (i.e., necessary steps or components)
involved in vaccination, and associated costs and benefits, focused at the service delivery level. We
used this to identify the mechanisms that may be different for hard-to-reach populations.

Results: The systems map shows different mechanisms that determine whether a person may

or may not get vaccinated and the potential health and economic impacts of doing so. The

map is divided into two parts: 1) the costs of vaccination, representing each of the mechanisms
involved in getting vaccinated (n=23 vaccination mechanisms), their associated direct vaccination
costs (n=18 vaccination costs), and opportunity costs (n=5 opportunity costs), 2) the impact of
vaccination, representing mechanisms after vaccine delivery (n=13 impact mechanisms), their
associated health effects (n=10 health effects for beneficiary and others), and economic benefits
(n=13 immediate and secondary economic benefits and costs). Mechanisms that, when interrupted
or delayed, can result in populations becoming hard-to-reach include getting vaccines and key
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stakeholders (e.g., beneficiaries/caregivers, vaccinators) to a vaccination site, as well as vaccine
administration at the site.

Conclusion: Decision-makers can use this systems map to understand where steps in the
vaccination process may be interrupted or weak and identify where gaps exist in the understanding
of the economics of vaccination. With improved understanding of system-wide effects, this

map can help decision-makers inform targeted interventions and policies to increase vaccination
coverage in hard-to-reach populations.
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Introduction

Understanding the economics of vaccination is essential to developing immunization
strategies that can be employed successfully with limited resources, especially when
vaccinating populations that are hard-to-reach (i.e., those facing supply-side barriers to
vaccination, such as geographic barriers or inadequate vaccination systems) [1]. Hard-to-
reach populations for vaccination, which include groups sometimes referred to as high-risk,
marginalized, zero-dose, or last-mile populations, pose a major obstacle to achieving the
goals of the Immunization Agenda 2030 [1, 2]. Decision-makers (e.g., policy makers, public
health officials, funders, or healthcare workers) involved in designing vaccination programs
or allocating resources to reach these populations need to know the potential costs and
benefits of doing so [1-3]. Current economic evaluations of vaccination programs may not
capture or quantify all of the types of costs and benefits of an immunization program, which
could lead to an underestimation of a program’s total economic impact [1]. Additionally, as
the costs and benefits of vaccinating hard-to-reach populations could be quite different from
the general population, it is important to identify how these may differ, especially as these
could affect program design and resource allocation [4]. A systematic way to identify all of
the potential cost and benefit categories and how they are connected may help to fill current
gaps and improve the quality of economic evaluations of vaccination.

To identify the potential types of costs and benefits of vaccinating hard-to-reach populations,
we developed a systems map of the mechanisms (i.e., necessary steps or components)
involved in vaccination, and associated costs and benefits focused at the service delivery
level, and used this to identify mechanisms that may be different for hard-to-reach
populations. A mechanism is a specific step, component, or factor in a system (e.g., a step

in the cause-and-effect pathway). This is different from associations or correlations which
suggest how factors may be related based on data, but do not necessarily demonstrate cause-
and-effect. In this study, each mechanism represents a step in the process of vaccination.
The complex vaccination system is comprised of numerous steps, relationships, resources,
and results of interest. By using a systems approach and visualizing all of these, decision-
makers can better understand the potential indirect effects and implications of interventions
and policies before implementing them in the real world [3]. As there are currently

no comprehensive vaccination systems maps applicable across income settings, our team
constructed a map based on the input from interviews with immunization experts. This map
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served as the basis to identify the mechanisms and economic costs involved in vaccination
and how these may be different for hard-to-reach populations, which is critical to designing
and resourcing immunization programs for these key populations.

We developed a systems map of the steps involved in an individual or “beneficiary” getting
vaccinated, the associated vaccination costs at the service delivery level, and the health and
economic impacts of vaccination. To inform the development of the systems map and make
the content globally applicable, we conducted interviews and incorporated feedback from a
wide array of immunization experts.

Scope of the Systems Map

A systems map is a diagram, typically formed of shapes and words, that visually depicts the
processes within a system and how they connect with each other through arrows and spatial
orientation. Systems maps are a tool for thinking and communicating, and they illustrate

a system of interest by employing a hierarchy of groupings [5]. The boundaries of this
systems map focus on the service delivery level, excluding higher-level processes, such as
human resources, finances, and policies needed within a health system, although these may
impact service delivery. Additionally, this systems map is designed to be applicable across
vaccines, vaccine-preventable diseases (VPDs), target populations, and countries. Drawing
upon past work of modeling vaccination systems, as well as our preliminary work mapping
efficiency metrics specific to vaccine supply chains [6], we identified an initial list of the
various components and steps required for an individual to get vaccinated [1, 7-13]. For
each mechanism, we included direct costs that are attributable to the vaccination step and the
opportunity costs which are a type of indirect cost that represents the loss of potential gains
from the next best alternative to taking the vaccination step. Table 1 outlines descriptions
and examples of costs, health effects, and benefits of vaccination that we used in the systems
map. These descriptions are derived from standard and validated sources in the literature,
such as the World Health Organization’s (WHQ) guide on economic evaluation of vaccines
and the Broader Economic Impact on Vaccines (BEIV) framework [10, 14].

Selecting an Expert Panel

We contacted 64 experts on immunization economics to provide feedback and information
for the systems map. They collectively represented academic institutions (n=35),
government and non-governmental organizations, and industry (n=29). To identify experts,
we conducted a PubMed search on September 18, 2018, searching the titles and abstracts
of papers published from 2008 to 2018, using a combination of the following search

terms: “vaccine*” or “immuniz*” or “immunis*” and “cost” or “cost-effectiveness” or
“economic*”. We restricted our search to papers published in English and on human-related
subjects, yielding 3,838 results. Then we extracted a list of all individual authors, regardless
of author order, using a Python software script and ranked authors by their total number

of publications. We excluded systematic reviews and commentaries from the overall count
of each author’s publications by reviewing the titles and abstracts of publications. As our
intent was to identify authors with experience in studying actual vaccination delivery costs

Vaccine. Author manuscript; available in PMC 2022 November 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Coxetal.

Page 4

to general and hard-to-reach populations, we also excluded studies on hypothetical vaccines,
animal vaccination, cost of illness, and epidemiological studies from the overall count of
author publications. This resulted in a refined list of 70 authors who had more than five
publications on the economic or cost aspects of vaccination, which included two authors of
this study. From the remaining 68 authors, we abstracted the institutional affiliations, contact
information, and WHO regions represented in the authors’ publications. To ensure breadth
of expertise and regional representation, we further excluded nine authors from academic
institutions whose publications exclusively focused on a single high-income country. Based
on the authors’ institutional affiliations as reported in the papers reviewed, we categorized
authors as academic and non-academic experts. Our final sample of experts from our
systematic search included 39 academic experts and 17 non-academic experts.

To ensure representation from non-academic organizations not otherwise captured through
the systematic search, we augmented the expert sample using a framework of organizations
derived from the Institute for Health Metrics and Evaluation (IHME) top 10 institutional
channels of development assistance for health (DAH) for the 2008-2017 “vaccine” category
[15]. We identified an expert at each of the organization types specified in this framework.
Furthermore, expert input from our team members and recommendations from experts who
declined to participate helped to identify additional economic experts on immunizations.
This strategy yielded an additional 12 contacts for a total of 29 non-academic experts.

From the list of experts identified (39 academic, 29 non-academic), we randomly selected
15 experts each from the academic and non-academic lists (i.e., 30 total) and contacted
them via email to request their participation. To account for individuals who did not respond
or declined to participate, which was higher among academic experts, we subsequently
contacted 34 additional experts (20 academic and 14 non-academic) from those originally
identified as the project timeline allowed. In total, twenty-four experts agreed to participate
(11 academic and 13 non-academic).

Engaging the Panel and Incorporating Feedback into the Systems Map

To build and verify the map, we attempted to conduct expert consultation interviews with
all 24 experts by phone. Between January 31 and March 29, 2019, two interviewers
successfully conducted 19 phone interviews and obtained written feedback from five experts
who were unable to schedule a phone interview (four academics and one non-academic).
Over the phone, one interviewer facilitated the interview by explaining the project and
what a systems map is, showing the expert an initial mock-up systems map of the steps of
vaccination developed by the study team, prompting feedback on the mechanisms involved
in vaccination, and asking verification questions while the other interviewer documented
the discussion by typing notes. Examples of verification questions were as follows. “Do
you agree with the mapped factors and processes as accurately depicting those involved in
vaccination?”, “Are there any mechanisms missing from the map?”, and “ Do you have any
other feedback on the map?”. When the expert was unable to schedule an interview, we
accepted written feedback in lieu of a phone interview on the validation questions.

After compiling notes from the expert interviews and written responses, we organized the
feedback into five main categories: costs, benefits, mechanisms, conceptual considerations,
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and structural considerations. The categories of costs, benefits, and mechanisms correspond
directly to the main components of the revised systems map. Proposed changes in these
categories involved adding, removing, renaming, or consolidating mechanisms, costs,
and/or benefits. Conceptual considerations captured expert suggestions for improving

the representation of the key concepts communicated through the map, while structural
considerations captured proposed changes to the map design for improved comprehension
and readability. Once we compiled and organized all the expert feedback in these categories,
we assessed the content through a stepwise process and incorporated the changes (e.g.,
adding new mechanisms, restructuring) based on our team consensus on conflicting
feedback. We shared a revised draft of the systems map at the 2019 International Health
Economics Association Congress in Basel, Switzerland [16], and incorporated additional
feedback from conference attendees.

Map Analysis: Identifying Mechanisms that Make Populations Hard-to-Reach

Results

After developing the initial map structure and obtaining expert feedback, we identified
mechanisms that contribute to individuals being hard-to-reach for vaccination. We
referenced the definition of hard-to-reach populations based on our previous literature
review, considering the populations who face supply-side barriers to vaccination (e.g.,
those that are geographically remote, transient, or nomadic), lack healthcare provider
recommendations, or those who experience healthcare provider discrimination, inadequate
vaccination systems, war and conflict, limited mobility, or legal restrictions [1]. We did

not focus on mechanisms that make populations hard-to-vaccinate (e.g., distrust, religious
beliefs, lack of awareness of vaccine benefits and recommendations, poverty or low
socioeconomic status, lack of time to access available vaccination services, or gender-based
discrimination). We then reviewed each mechanism to assess how being disrupted (i.e.,
broken or not achieved due to bottlenecks, such as high costs) would make an individual or
population hard-to-reach according to our definition; thereby, affecting pathways across the
broader system.

1 Map Overview

Figure 1 shows the systems map, consisting of two key parts: (1) the costs of vaccination
on the left, representing each of the mechanisms involved in getting vaccinated and their
associated costs, and (2) the impact of vaccination on the right, representing mechanisms
after vaccine delivery and administration and their associated health effects and economic
benefits. Since, decision-makers must balance the impact and economic return with costs
amidst limited resources, the costs and impacts of vaccination are the two key components
used in economic evaluations of vaccinations. While the mechanisms involved in getting
people vaccinated and the impact of vaccination are separated in the map, these distinctions
do not necessarily fully hold since process on both sides can affect each other. For example,
vaccination can reduce the incidence of disease which can reduce stress on the health system
and increase time and availability of healthcare personnel to provide vaccinations.
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The map starts on the left side where it is sub-divided into six sections, delineated by
gray boxes, each representing a different aspect for an individual to get vaccinated. The
four required steps (represented by dark gray boxes) are that: (1) beneficiaries/caregivers,
(2) vaccinators, and (3) vaccines and supplies are all present, and (4) a vaccination
location is open and functioning to allow for vaccine administration. Further, two light
gray boxes represent supporting aspects of this process: (5) health system communication
for vaccination, and (6) record-keeping for vaccination. Within these sections, each dark
blue circle represents a specific mechanism, or step on the pathway, for an individual to
get vaccinated. Stemming from each dark blue circle, purple and pink boxes indicate the
cost of vaccination and the opportunity costs that can be associated with each mechanism,
respectively. Table 2 provides examples of how disrupting these mechanisms may make an
individual or population hard-to-reach.

Once a beneficiary is vaccinated (as shown on the left side of the map), they will proceed
to the right side of the map, which details the impact of vaccination and is further sub-
divided into two sections: (1) health effects, and (2) economic benefits of vaccination.
Light blue circles on the right side of the map represent the impact mechanisms or steps
after vaccination that result in health and economic benefits. Within the health effects
section, green rectangles represent the health benefits to the individual vaccinated, while
green diamonds represent benefits to others. Within the economic benefits section, purple
and pink rectangles represent the immediate economic benefits from cost savings in direct
and opportunity costs, respectively, while the orange rectangles represent secondary or
downstream economic benefits.

2 Representing Costs of Vaccination and Identifying Mechanisms that Make Individuals
Hard-to-Reach

As the systems map shows, we found 23 mechanisms for a beneficiary to get vaccinated,
along with associated direct (n=18) and opportunity (n=5) costs (Figure 1). The map begins
with a beneficiary (and caregiver if needed), vaccinator, and vaccines all arriving at an
immunization site as shown in the three sections on the far-left panel of the map.

2.1 Beneficiary/Caregiver Gets to Vaccination Site—Beginning in the top left
corner, individual beneficiaries and their caregivers must first seek and know how to access
vaccination, be able to take time off from responsibilities, and have the ability to travel

to a vaccination site. The map shows the costs that are associated with the beneficiary

and caregiver getting to the vaccination site. Of the five opportunity costs associated with
vaccination, three are incurred by the beneficiary and caregiver when seeking vaccination
(i.e., travel time, taking time away from work, chores, and/or school, and time of other
caregivers caring for children and/or animals to travel to a vaccination site). Meanwhile, the
costs associated with an individual seeking and knowing when and where to get vaccinated
often fall largely on the health system (See Section 2.4, 2.5).

Each of these mechanisms illustrated on the map, when interrupted or delayed, can result
in a person or population becoming hard-to-reach, which may make vaccination more
time-consuming and costly compared to if the population is not hard-to-reach. For example,
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disruptions in traveling to a vaccination location (e.g., geographic distance, difficult terrain,
weather or climate, war and conflict) can make individuals harder to reach for vaccination
(Table 2) [1]. Since disrupting these mechanisms can result in a beneficiary not getting
vaccinated, these mechanisms serve as gatekeepers (i.e., steps that prevent access) for an
individual to get vaccinated and result in populations that are hard-to-reach. Furthermore,
these mechanisms can increase associated costs and magnify demand-side mechanisms that
can impact vaccination uptake (e.g., lack of time away from work, chores, school).

2.2 Vaccinator Gets to Vaccination Site—Directly below the beneficiaries/caregivers
box is the section of the systems map that represents the vaccinator getting to the vaccination
site. Four sequential steps (vaccinator training, participation, knowledge, and ability to
travel) must occur for a vaccinator to get to a vaccination site. Costs associated with these
steps include hiring, training, transporting, and incentivizing a vaccinator, in addition to the
indirect opportunity cost of time lost to not be able to treat other patients [17]. Mechanisms
that may be bottlenecks for vaccinators include insufficient funding to pay for training,
salaries, and travel to vaccination sites, which may lead to understaffing or delayed training.
The disruption of each of these mechanisms may cause populations to become hard-to-reach
(Table 2).

2.3 Vaccines and Supplies Get to Vaccination Site—In the bottom left corner of
the map is the third section, vaccines and supplies (e.g., syringes and cold boxes) getting
to the vaccination site. There are five direct vaccination costs associated with vaccines

and supplies getting to and being available at a vaccination site, including costs of cold
chain and transport [2, 8]. The arrival of vaccines and supplies at a site directly influences
whether a vaccinator can recommend the vaccine, which is visible in the map through the
two outgoing arrows to vaccine administration. The mechanisms and costs associated with
vaccine procurement and supply chains are particularly vulnerable to disruptions due to
geography by distance or terrain, inadequate vaccination systems (e.g., lack of cold chain
system), and transient or nomadic movement [18-38] (Table 2).

2.4 Vaccine Administration—Located in the middle left-side of the map, vaccine
administration is dependent on beneficiaries, vaccinators, and vaccines and supplies all
being present at an open and operational vaccination site. Vaccination counseling and
recommendation are central intermediary steps in this process. Prior vaccination experience
can also influence whether a beneficiary/caregiver seeks or knows how to access vaccination
in the future. Direct costs include costs of the vaccination site, vaccine waste disposal,
out-of-pocket costs that beneficiaries or caregivers may incur at the vaccination site, and
beneficiary incentives [2, 8]. There is also an opportunity cost of outreach when the same
resources could be spent delivering routine healthcare services. As the map shows, there are
relatively fewer costs than mechanisms involved with vaccine administration, indicating that
the majority of cost burden may be on ensuring the essential components get to a site rather
than the vaccination taking place at a site. From the demand-side, this includes ensuring that
beneficiaries, caregivers, and vaccinators are motivated to get to the site and be immunized.
Hard-to-reach populations may have limited access or be at increased risk of not receiving
vaccines at the administration site (Table 2) [39, 40].
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2.5 Health System Communication for Vaccination—As mentioned in Section 2.1,
health system communication for vaccination influences whether a beneficiary seeks or
knows how to access vaccination, and therefore serves as a supporting factor to vaccination,
as indicated by the light grey box. While communication from health systems and social
mobilizers both result in costs [8], they can increase an individual’s knowledge of the
availability and location of vaccination sites, resulting in increased vaccine coverage.
Populations may face greater barriers to receiving health information if they are less
connected to or do not reside within reasonable proximity to a health system, making them
hard-to-reach (Table 2).

2.6 Record-Keeping for Vaccination—Record-keeping, similar to health system
communication, is a supporting component for vaccination. Maintaining immunization
records is important as it can help individuals and/or vaccinators know when vaccination is
needed and may ultimately increase vaccination coverage [8]. For example, record-keeping
can serve as an important tool for counting and identifying hard-to-reach populations;
however, efforts can be complicated by transient or nomadic movement or weak health
systems (Table 2). As one expert noted, while immunization program managers typically
know these populations exist, they are not always accounted for in national coverage data
and planning.

Representing the Health and Economic Benefits of Vaccination

The vaccination of an individual is the mechanism that links together the two halves of the
systems map, connecting the cost of vaccination to resulting health and economic impacts.

3.1 Health Effects—The right side of the map begins with an individual (i.e.,
beneficiary) being exposed to a VPD-causing pathogen after vaccination. If the beneficiary
is vaccinated but is not exposed to the pathogen or does not mount an immune response
(e.g., due to low vaccine efficacy or immunocompromised individual), none of the resulting
health effects and economic benefits will materialize. However, if a beneficiary is exposed
to the pathogen, vaccination can prevent the beneficiary from developing the VPD or

may help the beneficiary develop a less severe form of the VPD. This can lead to a

number of direct health effects (n=6), including the potential to improve nutrition, cognitive
function, and lifespan, as well as the aversion of family distress [41-44]. Furthermore,

if a vaccinated individual does not develop a VPD, they will not need treatment; thus,
potentially minimizing their contribution to antimicrobial resistance in a population [45, 46].
By preventing infection and disease, vaccines avert both short- and long-term disability and
death which are captured in health measures, such as quality-adjusted life-years (QALYS)
gained and disability-adjusted life-years (DALYS) averted (Table 1) [10, 14, 47]. Vaccinated
individuals can also indirectly keep others healthy by reducing the spread of VPDs, further
averting additional health effects and costs [48]. However, it is also important to consider the
potential adverse events that stem from vaccination [14].

The positive health effects of vaccination may be different for hard-to-reach populations.
For example, hard-to-reach populations may have a higher burden of certain VPDs because
of poor vaccination coverage compared to populations that are not hard-to-reach [49].
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Additionally, hard-to-reach populations may be at a greater risk of negative sequelae of
VPDs due to limited healthcare access, and socioeconomic and racial disparities [50].
Hard-to-reach populations may also have different underlying health status (e.g., nutrition)
and lack of access to other services (e.g., clean water, sanitation) which may result in a
different vaccination impact (e.g., vaccine effectiveness in malnourished populations).

3.2 Economic Benefits—The far-right panel of the systems map is comprised of
economic benefits, directly stemming from the three health impact mechanisms of an
individual not developing a VPD, disability, or dying. Protecting an individual from illness
can prevent lost time and costs associated with additional healthcare utilization and/or
productivity from missed school, work, and/or chores. This results in the most immediate
economic benefits, including averting travel and caregiving costs, in addition to increased
workforce productivity and ability to generate income (i.e., downstream productivity gains)
[10, 11, 14]. Vaccinated individuals may also avert healthcare costs and impoverishment
due to financial loss [51]. Broader benefits to society may include greater equity from
vaccinating marginalized groups [10]. Additionally, preventing childhood deaths may result
in secondary economic benefits and growth potential due to a shifting age structure

where caregivers may have fewer children due to higher likelihood of child survival (i.e.,
resulting in a demographic dividend); thus, increasing both the investment per child and the
population able to work, or decreasing the dependency ratio [52, 53].

The economic benefit of vaccination may be different for hard-to-reach populations as
compared to populations that are not hard-to-reach. For example, because hard-to-reach
populations may be poorer, marginalized, and have less access to healthcare in general,
averting healthcare costs through vaccination may lead to greater financial protection and
societal equity effects [54-56]. Additionally, immunizing largely unvaccinated populations
may provide much larger gains in life expectancy compared to populations that are not
hard-to-reach, further improving equity for hard-to-reach populations. However, the impact
of vaccination may vary depending on the underlying health status of a population or other
factors (e.g., nutrition may impact immunization efficacy; populations with less access to
health care may experience an increase in health care costs).

Discussion

The systems map we developed through iterative input from immunization experts can

serve as a blueprint for visualizing the complex steps involved in vaccination and their
associated costs, while helping to identify the particular steps that may be more challenging
to overcome for populations that are hard-to-reach. Using this systems map, decision-makers
can consider where mechanisms may be disrupted or weak, leading to challenges in
vaccination and making populations hard-to-reach, and see the possible health and economic
effects throughout the entire system. Insights from systems maps could be especially
valuable in designing interventions that improve vaccination coverage and the allocation

of finite resources. Decision-makers, such as policy makers, public health officials, funders,
or healthcare workers can use this map to consider costs to both beneficiaries and the
immunization program at the service delivery level, pinpoint where additional economic data
are needed, and identify where funding may be allocated to make the greatest impact.
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This systems map comprehensively shows what the potential downstream effects of
vaccination are and how they interrelate and connect. To our knowledge, this is the first,
single diagram of vaccine delivery costs at the service delivery level from both beneficiary
and program perspectives. The color-coding of the map provides decision-makers with

a visual representation of costs on each side of the cost-benefit analysis. Additionally,

the application of this systems map to hard-to-reach populations is novel, and future
research could involve its application to other population groups (e.g., hard-to-vaccinate
groups). The number of mechanisms identified suggests that, in any country context,

the vaccination system is complex and that there are many aspects of vaccination that

need to be considered when costing out immunization programs and when planning to
reach hard-to-reach populations. As demonstrated, mechanisms that serve as potential
bottlenecks in reaching populations that are to hard-to-reach involve getting vaccines and
key stakeholders (e.g., beneficiaries/caregivers and vaccinators) to a vaccination site, as well
as vaccine administration. Although applied here the example of hard-to-reach populations,
the systems map could also be applied to other sub-populations including hard-to-vaccinate
populations that may face demand-side barriers even when vaccination services are more
readily available.

There are multiple reasons to show the mechanisms by which vaccination occurs, rather
than focus on associations between one aspect of vaccination and the effects of vaccination.
First, understanding each of the specific steps will be useful to accurately cost out an entire
vaccination program. Filling gaps in economic parameters specific to these mechanisms
will require studies on the costs of each mechanism and any comparative costs between

the general population and hard-to-reach populations. For example, further investigation on
differences in costs for vaccinators in hard-to-reach populations, such as training, transport,
and incentives, is warranted. Future research can utilize the systems map to dive deeper into
each specific mechanism, with targeted systematic reviews to identify what is known and
not known about these mechanisms and their associated costs and benefits. Highlighting the
specific mechanisms that are potential points of disruption can help focus efforts to improve
vaccine access for hard-to-reach populations. For example, by representing the mechanistic
pathway by which people access a vaccination site, program managers may recognize that
the breakdown in this process is due to a lack of communication about vaccination, which
could disrupt an individual’s knowledge of where or when to get vaccinated. Additionally,
this systems map can serve as a starting point for development of mechanistic systems
models representing the components, processes, and costs of vaccination to assess the
impact of bottlenecks and the investments required to resolve them. These models could

be used to identify strategies to increase vaccine access for hard-to-reach populations

and quantify the potential costs and clinical and economic benefit of these strategies.
Understanding which costs may be different for specific hard-to-reach groups, how much
they cost, and potential resulting equity benefits will shape the ongoing conversation about
the resources needed and the value of improving vaccination in hard-to-reach populations.

A systems map, like any model, is a simplification of real-life; therefore, it may not capture
all influences or effects. While our systems map attempts to identify most of the important
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factors involved in vaccination and the associated costs, some mechanisms may have been
missed. Additionally, systems maps lack quantitative data that can be used to describe

the magnitude of the connections and relationships. For example, some mapped outcomes,
such as poverty, are multi-factorial, and vaccination is just one potential contributor of
many. The systems map does not demonstrate which linkages are more important than
others, or which costs or benefits are comparatively greater, and these may vary by context.
Systems maps may also have limited predictive value in a free-standing application and rely
on contextual knowledge for general understanding [5]. Our systems map is intentionally
generic to be relevant across vaccines, populations, and countries; however, specific contexts
may influence the importance of each mechanism, cost, and benefit. Our map and findings
are based on interviews and resulting feedback from selected experts whom we identified
systematically but may not represent the opinions of all potential experts.

Conclusion

This systems map shows the different mechanisms that determine whether or not an
individual gets vaccinated and the potential health and economic impacts. Decision-makers
can utilize this systems map to understand where vaccination processes may be interrupted
or weak and identify where gaps exist in the understanding of the economics of vaccination.
By illustrating system-wide effects, this map can help decision-makers inform targeted
interventions and policies to increase vaccination coverage in hard-to-reach populations.
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Table 1.

Description and example components of costs, health effects, and benefits of vaccination used in the systems

map

Category

Description and example components

Vaccination Costs

Cost of transport for beneficiary/caregiver

Cost of public transport or cost of renting vehicles for beneficiary/caregiver[8]

Cost of social mobilization

Salary and/or per diem costs for labor of individuals who mobilize beneficiaries for vaccination
(e.g., holding community meetings, events, other sensitization in the community)[8]

Cost of Communication Materials

Cost of developing, printing, and advertising materials to inform about vaccination[8, 14]

Productivity losses

Productivity losses incurred by beneficiary/caregiver taking time off productive work/chores/
school for vaccination[10]

Cost of vaccination training

Program and salary costs for personnel who train vaccinators to administer vaccines. Training
costs include the cost of venue, per diem for participants, cost of trainers, and reproduction of
training materials[8, 14]

Cost of vaccinator

Salary costs for vaccinators’ labor[8]

Cost of provider incentives

Cost of incentive programs for vaccinators[2, 17]

Cost of transport for vaccinator

Cost of vehicle fuel, amortization, and maintenance of transport for vaccinators[57]

Cost of cold boxes/carriers

Cost of vaccine containers[8]

Cost of vaccines

Cost of purchasing vaccines in vials[8]

Cost of transport for vaccines

Cost of vehicle fuel, amortization, and maintenance of vaccines[2, 8]

Cost of transport for supplies

Cost of vehicle fuel, amortization, and maintenance of vaccines[2, 8]

Cost of supplies

Cost of syringes, vaccine injection and safety supplies[2, 8]

Cost of vaccines waste disposal

Cost of vaccine waste disposal systems, including the value of use of incinerators; transportation
to and from the incinerator; and operating cost (fuel, maintenance, etc.)[2, 8]

Cost to beneficiary/caregiver of
vaccination

Out of pocket costs of receiving vaccine incurred by beneficiary/caregiver[8]

Cost of vaccination site

Capital or rental cost of health facility or vaccination site, recurrent costs of maintaining
the health facility or vaccination site, energy, water, and other utility costs of operating the
vaccination site[8]

Cost of beneficiary/caregiver incentives

Cost of incentive programs for beneficiary/caregiver[2]

Cost of vaccination record-keeping

Salary costs for personnel keeping vaccination records, program/operational cost of vaccination
record-keeping systems[8]

Opportunity Costs

Travel time of beneficiary/caregiver

Travel time spent by beneficiary, caregiver or vaccinator for vaccination[8, 58]

Time of others caring for children/
animals

Time spent by other individuals, other than beneficiary/caregiver, including hourly or volunteer
labor[10]

Time away from productive work/chores/
school

Time spent away from wage work, school, household chores, and other non-wage tasks/activities
by beneficiaries/caregivers to obtain vaccinations[10]

Time of vaccinator to treat other patients

Time spent by vaccinator administering vaccinations instead of treating other patients/performing
other duties

Opportunity cost of outreach

Opportunity cost of other activities forgone by health system to conduct outreach vaccination
activities[8, 57]

Health Effects for Individual

Adverse events from vaccination

Cost of adverse events, negative side effects from vaccination[14]

Beneficiary has longer lifespan

Beneficiary does not have premature death due to a VPD[14]
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Category

Description and example components

Beneficiary can develop adequate
cognitive function

Beneficiary can develop adequate cognitive function due to averting morbidity or sequelae from a
VVPD[41]

Beneficiary can absorb nutrition

Beneficiary has improved nutrition absorption and cognitive outcomes due to averting morbidity
or sequelae from a VVPD[42-44]

Death averted

Beneficiary does not die from a VPD[10, 14]

Disability averted

Beneficiary does not become physically disabled due to a VPD[14, 47]

IlIness averted

Beneficiary does not become sick from a VPD[47]

Health Effects for Others

Distress averted from family illness

Averted costs of psychological impacts of family members having VPDs

Control of antimicrobial resistance

Societal benefits from vaccines that reduce the need for antibiotic use; hence, reducing the rate of
development of antimicrobial resistance[45, 46]

Other people stay healthy

Herd-effect benefit associated with the other people who do not get sick with a VPD as a result of
beneficiaries receiving vaccination[48]

Health Measures

QALYS gained

Quality-adjusted life years (QALYs) gained from beneficiary not dying or becoming disabled due
to VPDs[14]

DALYS averted

Disability-adjusted life years (DALYSs) gained from beneficiary not dying or becoming disabled
due to VPDs[14, 47]

Immediate Economic Benefits

Cost of transport for beneficiary/caregiver
averted

Averted transport costs from beneficiary/caregiver not having to travel to a health facility due to a
VPD[8, 58]

Treatment costs averted

Averted treatment costs from beneficiary/caregiver not having to seek treatment for a VPD[14]

Hospitalization costs averted

Averted hospitalization costs from beneficiary/caregiver not having to incur hospitalization costs
due to a VPD[59]

Time away from productive work/chores/
school averted

Averted time away from productive work/chores/school by beneficiary/caregiver due to a
VVPD[14]

Time of others caring for children/
animals averted

Averted time of others caring for children/animals due to a beneficiary having a VPD[10]

Travel time of beneficiary/caregiver
averted

Averted travel time by beneficiary/caregiver due to a VPD[14]

Secondary Economic Benefits

Demographic dividend

Caregiver and societal benefits from having fewer children due to averted child mortality from
VVPDs[52]

Economic growth

Increase in production of goods and services due to averted productivity losses due to VPDs[53]

Equity

Equity benefit of marginalized and vulnerable populations not being burdened by VPDs
depending on vaccination strategy; More equal distribution of health outcomes[10]

Poverty averted

Beneficiary avoids financial loss and impoverishment from health costs related to a VPD[51]

Costs of caring for disabled averted

Averted costs to caregivers caring for individuals disabled due to a VPD[14]
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Table 2.

Examples of How Disrupting Vaccination Mechanisms Can Make Populations Hard-to-Reach

Vaccination Mechanism

Examples of Potential Disruptions

2.1 Beneficiary/Caregiver (B/C) Gets to Vaccination Site

B/C Seeks & Knows How to
Access Vaccination

« Transient or displaced populations may not be aware of where vaccination sites are located [1].
« Certain populations may be dissuaded from seeking vaccination due to discrimination or ill-treatment.

B/C Takes Time Off Work/
Chores/School

« Geographically remote populations or those in areas with poor access to public transit may need to take
more time off the job, care responsibilities, or school to travel to vaccination site.

B/C Can Travel to Vaccination
Site

« Populations may face disruptions in traveling to a vaccination location (e.g., geographic distance,
difficult terrain, weather or climate, war and conflict).

« Populations with mobility limitations (e.g., homebound) may be prevented from getting to vaccination
sites [60].

2.2 Vaccinator Gets to Vaccination Site

Vaccinator is Trained to
Administer Vaccines

« Vaccinators located in areas displaced by war and conflict may have increased training costs to adhere
to legal restrictions, ensure compliance and/or safety (e.g., added security), or provide incentives to
vaccinators to take on risks.

Vaccinator is Willing and
Available

« Vaccinators in areas with less developed healthcare systems may be overworked and, therefore, less
willing or available to perform vaccination services regularly.

Vaccinator Knows Location of
Beneficiary

« Even if a vaccinator is willing and able to vaccinate, they may now know the location of the site or
individual, particularly for remote populations requiring outreach or transient populations (costs discussed
in Section 2.6).

Vaccinator Can Travel to
Vaccination Site

« Vaccinators may incur higher travel costs to reach certain hard-to-reach populations (e.g., outreach to
geographically remote and transient populations or those in conflict zones).

2.3 Vaccines and Supplies Get to Vaccination Site

Vaccines are Available

« Populations may face reduced access to vaccines due to greater strains on the cold chain to deliver to
geographically remote locations or in war/conflict zones.

Vaccine Supplies are Available

« Underdeveloped supply chain systems in geographically remote areas or areas of conflict may also
prevent vaccine supplies (e.g., syringes) from being available at the vaccination location.

2.4 Vaccine Administration

Vaccination Site is Open

« Certain populations, such as those in remote areas or in urban slums, may only have access to facilities
which are rarely open due to a lack of resources, accountability, motivation, and/or lack of access (e.g.,
due to extreme weather or terrain).

Vaccinator Recommends Vaccine
to Beneficiary

« Certain populations are at increased risk of not receiving vaccines at the administration site, due to
healthcare provider discrimination, lack of healthcare provider recommendations, and other barriers, such
as legal restrictions or restrictive vial-opening threshold policies [19, 39, 40].

B/C Consults with Vaccinator

« Those who have experienced previous healthcare provider discrimination may be hesitant to consult with
vaccinator.

2.5 Health System Communication for Vaccination

Health System Communicates
About Vaccination

« Health systems may not be able to communicate about where and when to get vaccinated to transient
populations or those displaced by war or conflict.

« Those with mobility limitations may not venture to public locations as frequently as others and miss
vaccination campaign messaging around upcoming vaccination campaigns.

Social Mobilizer Communicates
with B/C About Vaccination

« In war and conflict zones, for example, recruitment of social mobilizers may be challenging due to
potential risks involved in traveling to and leading health promotion in dangerous locations. This can
result in increased social mobilization and communication costs. Populations become even harder to reach
if costs are not paid and social mobilization does not occur because beneficiaries and caregivers may not
seek or know how to access vaccination.

2.6 Record-Keeping for Vaccination

Vaccinator Records Vaccination

« Record-keeping is needed to know who the zero-dose (i.e., hard-to-reach) communities are but when that
is unknown then delivery can be disrupted to these communities.

B/C Keeps Vaccination Record

« Transient or displace populations, as well as those in conflict zones, may be less likely to maintain
physical documentation of past vaccinations.
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Vaccination Mechanism

Examples of Potential Disruptions

Vaccinator Keeps Vaccination
Record

« Poor records could result in additional costs to identify and track hard-to-reach populations (e.g.,
door-to-door campaigns for polio eradication) [61].

B/C = Beneficiary/Caregiver
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