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Abstract

Achieving and maintaining high vaccination coverage requires investments, but the costs and
effectiveness of interventions to increase coverage remain poorly characterized. We conducted a
systematic review of the literature to identify peer-reviewed studies published in English that
reported interventions aimed at increasing immunization coverage and the associated costs and
effectiveness of the interventions. We found limited information in the literature, with many
studies reporting effectiveness estimates, but not providing cost information. Using the available
data, we developed a cost function to support future programmatic decisions about investments in
interventions to increase immunization coverage for relatively low and high-income countries. The
cost function estimates the non-vaccine cost per dose of interventions to increase absolute
immunization coverage by one percent, through either campaigns or routine immunization. The
cost per dose per percent increase in absolute coverage increased with higher baseline coverage,
demonstrating increasing incremental costs required to reach higher coverage levels. Future
studies should evaluate the performance of the cost function and add to the database of available
evidence to better characterize heterogeneity in costs and generalizability of the cost function.
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Introduction

Vaccines represent some of the most cost-effective and cost-beneficial public health
interventions [1, 2]. Immunization prevents an estimated 2 to 3 million cases of vaccine
preventable diseases annually [3]. Estimates suggest that between 2001 and 2020,
immunization will prevent over 20 million deaths and save an estimated $350 billion in cost-
of-illness across 73 low- and middle-income countries [4]. Spurred by initiatives such as the
World Health Organization (WHQO) Expanded Program on Immunization (EPI) introduced in
1974, Gavi, the vaccine alliance, launched in 2000 [5], and the 2012 Global Vaccine Action
Plan [6], global immunization coverage continues to improve [7, 8]. The global proportion
of children receiving 3 doses of diphtheria-tetanus-pertussis (DTP3) vaccine increased from
5% in 1974 to 86% in 2015, albeit with intermittent periods of stagnation and decline [3, 9].
Despite the remarkable progress, many countries remain off track with respect to achieving
the global goals of 90% immunization coverage nationally and 80% in each district [3, 10,
11]. An estimated 19.4 million children do not receive basic vaccines, and the WHO reports
that increased immunization coverage could avert an additional 1.5 million premature global
deaths annually [3].

Recent concerted efforts to improve immunization coverage strive to strengthen national
routine immunization programs [12]. Increased use of health economic analyses in decision-
making motivated recent studies that characterized the costs of immunization programs in
order to inform programming and policy decisions [13-15]. Comprehensive multi-year plans
(cMYPs) [16, 17] and aggregations of primary data collected from health facilities [18]
provide some estimates of the costs of routine immunization programs at the national level
and explore some determinants that explain cost variability within and between countries
[15]. Such national level costs of immunization programs can support decisions about
introducing new vaccines and expanding immunization programs [19, 20]. However, little is
known of the costs of interventions to improve immunization coverage, which represents an
important consideration for policy makers. Given the importance of improving coverage
particularly to reach harder-to-reach subpopulations, we sought to estimate the non-vaccine
costs of interventions to increase absolute immunization coverage.

Prior published reviews evaluated many interventions aimed at increasing immunization
coverage [12, 21-26]. A review of the grey literature reported costs per dose of mass
immunization campaigns in Cameroon, Senegal, and Turkey ranging from $0.91 to $1.24 (in
US$1985-1987, i.e., $1.99 — $2.72 in US$2016) and reported the cost per fully vaccinated
child ranging from $18.93 to $27.38 (i.e., $41.45 — $59.96 in US$2016) [21]. A systematic
review identified 10 studies with immunization costs across low- and middle-income
countries and found similar average costs per dose delivered for campaigns (range $1-20 in
US$2001, i.e., $1.36 — $27.10 in US$2016) and for routine services (range $0.5-16 in US
$2001, $0.68 — $21.68 in US$2016), and reported that the costs per fully vaccinated child
ranged widely from $0.9 to $245 (in US$2001, i.e., $1.22 — $332.02 in US$2016) [22]. One
review reported increasing costs at higher levels of baseline coverage [26]. Other existing
primary literature on the costs of attaining higher immunization coverage relied largely on
global level modelling [27] or national data [28]. Although economies of scale may exist in
interventions to increase immunization coverage [26, 28], reaching the last remaining
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pockets of un- and under-vaccinated individuals may require special efforts and relatively
higher costs per vaccine-recipient reached [22]. Translating effective interventions into
sustained increased immunization coverage, with the associated health and economic
benefits [2], requires political and financial commitment [29, 30].

While the existing literature provides some limited insights, no prior studies characterized a
cost function of the non-vaccine costs of interventions to increase immunization coverage
(i.e., the incremental costs of increasing coverage). Estimates of the non-vaccine cost per
dose of interventions could help decision makers understand the financial requirements for
reaching immunization coverage goals. In the absence of prior studies, we reviewed and
synthesized the available evidence and developed a cost function of the non-vaccine cost per
dose of interventions as a function of baseline coverage for relatively low- and high-income
countries for campaigns and routine immunization to provide context that may support
expanded immunization efforts.

We searched PubMed on March 25, 2017 to find the titles and abstracts of papers published
in English that included a combination of the following terms: “immuniz*” or “vaccine*”
and “cost,” “i campaign,” “i

LI

intervention, improv*,” “increas*,” “expand*,” and “coverage.”
We screened the titles and abstracts to identify studies that describe specific interventions to
improve immunization coverage for one or more vaccine preventable diseases that report
both the costs and effectiveness of the interventions. We excluded studies that did not
include interventions and studies that targeted animal immunizations. We reviewed the full
text of articles for which we could not determine relevance based only on title and abstract.
We contacted the authors of studies that reported intervention effectiveness only and
requested estimates of the associated intervention costs. We excluded any studies lacking
estimates of both costs and effectiveness. We also reviewed studies included in systematic
reviews identified by the search and relevant studies not captured in our PubMed search that
we identified in the references of papers, but this did not lead to the inclusion of any
additional studies.

All authors independently reviewed all of the literature assessed for eligibility and reached
consensus on studies meeting inclusion criteria. The second author (TTY) conducted the
initial extraction of the data from the included studies, while the first author (SO) and the
last author (KMT) independently reproduced the extracted data. We resolved discrepancies
in the interpretation of the extracted data through discussion. For each included study, we
extracted information on the specific intervention, country setting, target population,
vaccines targeted, intervention costs (excluding vaccine costs), and baseline and final
immunization coverage. We categorized the interventions by as either occurring in campaign
settings (i.e., supplementary immunization activities or SIAS) or in routine immunization
(RI) settings, the latter of which we further categorized as: introduction of routine
immunization (Ir), education (Ed), reminders (Re), screening and referral (SR), or health
system strengthening (Hs). We also categorized interventions as demand-side if they sought
to increase the utilization of vaccines and/or adherence to immunization schedules, supply-
side if they increased immunization supply or addressed health system barriers to
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immunization uptake, or both. We characterized countries as relatively low (RL) or relatively
high (RH) income based on the World Bank Income Level at the time of the study for the
countries in which the studies occurred (i.e., assigning low- and lower middle-income
countries to RL, and high- and upper middle-income countries to RH) [31]. For studies that
reported costs as an average cost per number of participants, we estimated the total
intervention cost from the average cost and number of participants. We converted all
intervention costs reported in a foreign currency to US$ using an online historical foreign
currency exchange tool [32]. We converted all intervention costs to 2016 US dollars (US
$2016 and henceforth simply $) using the consumer price index [33]. For studies with
unclear information, including ambiguity about the potential inclusion of the costs for the
vaccines in reported intervention costs, we contacted the study authors to request
clarification or additional information.

For studies that reported final and baseline immunization coverage for an intervention, we
calculated coverage change as the percent difference between the final and baseline values.
For studies reporting only coverage differences between one or more intervention groups
and a control group, we computed the percent difference between intervention coverage and
the control coverage. For studies that reported coverage changes across multiple vaccines,
we averaged the changes in coverage. For studies with an unvaccinated baseline population,
we calculated coverage change as the final proportion of the population vaccinated after the
intervention. Finally, for studies with more than one intervention and for which the authors
reported intervention costs and coverage information separately, we reported the multiple
interventions separately (see technical appendix).

We extracted the number of vaccine doses delivered in each intervention and the cost per
dose reported in the studies when reported. For studies that did not report these, we
estimated the number of doses and then estimated the cost per dose. We determined the
number of doses according to the coverage outcome definition for each study and then used
coverage change information to derive the number of doses delivered. For studies targeting
multiple vaccines, we used the number of doses for all vaccines and the number of
participants attaining full vaccination status (see technical appendix). We also extracted the
baseline immunization coverage in the target population and area, above which the
intervention sought improvement.

We used statistical models to examine the relationship between intervention cost per dose
and changes in coverage as a function of baseline coverage, delivery (i.e., SIA or RI), and
relative income level (RL or RH). We explored other factors, such as the inclusion of vaccine
delivery activities or reported externalities. We examined outliers in the data to understand
the study context and we excluded very poor and dominated interventions (i.e., studies with
very high costs or very low or negative coverage improvements that should not represent real
options for future investments). Due to the right-skewed nature of cost data, we performed
an ordinary least squares (OLS) regression with a logarithmic transformation of the
intervention cost per dose per percent absolute change in coverage to predict the cost as a
function of baseline coverage, type of intervention (i.e., SIA or RI) and relative income (i.e.,
RL or RH) [34].
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Figure 1 summarizes our literature search process that ultimately led to the inclusion of 42
studies [35-76]. Following the initial screening, we reviewed the full text of 463 studies. We
excluded 249 studies that applied economic modeling/analytical approaches to aspects of
immunization but did not assess specific interventions to improve immunization coverage
(e.g., analyses of immunization programs or proposed vaccine introduction strategies [77—
89]). Although we found many studies (N=102) that reported on interventions that
successfully increased coverage, most (N=54, 56%) did not report costs. We contacted
authors of 58 studies that reported intervention effectiveness data but not costs, which
yielded responses from the authors of 26 studies, 16 of whom reported not collecting cost
data. We could not reach the authors of 32 studies. Cost information from author responses
led to the inclusion of 3 studies [61, 67, 75]. After examining the data, we further excluded
three studies for which we could not estimate the number of vaccine doses [90-92] and three
dominated interventions [93-95].

Table 1 summarizes the data we extracted for 56 interventions from 42 studies by
publication year and country [35-76]. Most interventions occurred in relatively high-income
countries (i.e., N=40, 71% in RH, compared to 16 in RL) and most delivered in routine
immunization (RI) (N=45, 80%) with only 11 (20%) interventions in campaign settings (SI).
Among the RI interventions, reminders represented the most common type, with 27, 11, 8,
5, 4, and 1 studies reporting interventions that involved reminders, supplemental
immunization activities, education, health system strengthening, screening and referral, and
introduction of routine immunization, respectively. Over half of the studies (N=33)
described demand-side interventions, 13 interventions targeted supply aspects of
immunization, and 10 interventions targeted both supply and demand.

Eighteen interventions (32%) involved vaccine delivery as part of the intervention activities
[35-37, 39, 43, 47, 48, 53, 54, 58, 63, 68, 72]. Four interventions published in three other
studies (9%) included objectives beyond increasing immunization coverage, such as vitamin
A supplementation and improving maternal health outcomes [49, 52, 73]. Most of the
interventions targeted increasing coverage for multiple antigens (N=36, 64%) while the
remaining 20 interventions (36%) sought to increase coverage of a single vaccine antigen
(e.g., influenza or tetanus). Most interventions (N=30, 53%) targeted multiple vaccines and
reported changes in coverage for fully-vaccinated children instead of reporting individual
antigen coverage changes.

The intervention costs per dose per percent increase in absolute immunization coverage for
the 56 interventions ranged widely from $0.01 to $38.16, with a mean cost per dose per
percent coverage change of $3.13 (standard deviation (SD) $7.02). Interventions from low-
income countries appeared the least expensive (mean $0.06, SD $0.08) and those in high-
income countries emerged as the most expensive (mean $3.66, SD $7.77). We estimated
average cost per dose per percent change in coverage of $1.37 (SD $1.74) for campaigns and
$3.56 (SD $7.74) for routine immunization interventions overall (i.e., not accounting for the
significant effect of income level). Some studies [35, 36, 42, 44, 52, 56, 70] reported
intervention cost per fully vaccinated person, which ranged from $8.48 to $4,213.

Vaccine. Author manuscript; available in PMC 2021 February 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ozawa et al.

Page 6

Table 2 presents the cost function estimating the intervention cost per dose to achieve a one
percent absolute immunization coverage change, with baseline coverage, relative income,
and delivery type as predictors. We found that the cost per dose per percent coverage change
for interventions increased with higher levels of baseline coverage (i.e., lower relative
improvements), as Table 3 illustrates, which suggests that it costs more to reach harder-to-
reach populations. Overall, we found lower costs for interventions delivered in Rl and in RL
income settings compared to those delivered in SIAs and RH income settings. For lower
levels of baseline coverage, both RI and SIA interventions showed similar low cost per dose
per percent coverage change, suggesting economies of scale associated with targeting larger
unvaccinated populations. As illustrated in Table 3 and Figure 2, SIA clearly cost more than
RI interventions for higher levels of baseline coverage. We did not find other variables as
statistically significant predictors of intervention cost per dose per percent change in
immunization coverage, although this most likely reflects the relatively small number of
studies for countries with lower income levels.

Discussion

By providing the first evidence-based estimates of the incremental costs per vaccine dose
associated with increasing immunization coverage, this analysis should help support policy
makers as they improve vaccine delivery to reach more children with life-saving vaccines.
Such efforts can inform national immunization program decision makers and donors as they
pursue initiatives such as Gavi’s Innovation for Uptake, Scale and Equity in Immunization
(INFUSE), which seeks to scale up innovations in vaccine delivery [5]. The current evidence
remains particularly limited in low- and middle-income countries, even though these settings
present the largest gaps in immunization coverage and potentially gain the most from future
intervention efforts.

The data on the cost of interventions to improve vaccination coverage remains limited by the
lack of complete cost information across studies. Notably, many authors we contacted
reported not systematically collecting information on intervention costs, which revealed
missed opportunities to estimate the financial resources necessary to improve immunization
coverage. We also found that the majority of studies that reported costs did not break down
the cost components. Limitations in the data did not support consideration or
characterization of heterogeneity in costs and heterogeneity in the available evidence limits
the generalizability of our results. Given the importance of economic evidence for planning
and securing continued investment in immunization, our findings highlight the need to
improve reporting of costs of interventions that aim to improve immunization coverage.

Consistent with a prior review of routine immunization and campaigns [26], we found
increasing costs per dose for higher levels of baseline coverage. This may reflect the
increasing difficulty of reaching relatively harder-to-reach members of populations
characterized by higher overall levels of coverage. Further research on interventions would
help to characterize the costs of interventions that can effectively increase coverage among
hard-to-reach populations at a lower cost.
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We found that interventions to improve coverage became more expensive for higher levels of
baseline coverage, suggesting the diminishing returns associated with reaching harder-to-
reach and smaller target populations. Reminders in relatively high-income countries
emerged as the most common interventions and these interventions may become more
economically attractive over time in countries of all income levels due to declining
telecommunication costs and high levels of mobile phone penetration. Health system
strengthening interventions emerged as among the least expensive interventions, suggesting
that policy and process changes at the health system level can provide an economically
attractive way to improve immunization.

We found higher non-vaccine intervention costs per dose per percent coverage change in
relatively high-income country settings, and the lowest costs in relatively low-income
countries, although we emphasize the limitations associated with extrapolation from a small
number of studies. For instance, challenging situations (e.g., conflict settings or disaster
response) may lead to higher costs. The overall higher level of immunization coverage in
relatively high-income countries implies that interventions in these settings invariably
targeted harder-to-reach segments of the population, but these countries also incur higher
unit costs (e.g., higher wage rates). Our analysis shows the need for further studies that
report immunization intervention costs in relatively low-income countries to strengthen the
evidence base.

We note several limitations of our analysis. First, we focused on the literature published in
English and indexed in PubMed, which may mean we missed some studies. Second, the lack
of standardized reporting of costs and coverage data across studies limited the quantity and
quality of the information extractable from the evidence. The variable reporting led us to
rely on assumptions and inferences, which increased the uncertainty in our outputs. Third,
the estimates of intervention costs provided by authors that did not appear in the original
study remain subject to recall bias. Fourth, we sought to exclude the costs of vaccines from
the overall intervention costs; however, for some studies we could not confirm whether the
reported costs excluded vaccine costs. Thus, for the three studies in which we could not
confirm exclusion of vaccine costs [37, 48, 68], the cost estimates may overestimate the
costs of implementing the interventions; although we note that removing these studies does
not significantly change the results. Fifth, the costs of interventions remain time- and
context-specific, such that conducting a similar intervention in a different country and in
different years may affect both the costs and effectiveness of the interventions. Sixth, given
the relatively small number of studies overall, we did not assess the methodological quality
of the included studies and we did not use a threshold for study quality as an exclusion
criterion. Thus, the variable quality of the included studies represents an important limitation
of our study.

Finally, the heterogeneity of study designs necessitated using different methods for
calculating coverage changes, which may limit the validity and generalizability of our
comparisons. Specifically, for some studies, we calculated overall coverage change as an
average across multiple vaccine changes. For studies that lacked a comparator group, we
calculated coverage change based on differences in pre- and post-intervention coverage that
may overstate the changes in coverage. For studies for which we calculated coverage change
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as a difference between the intervention and comparator coverage, the estimates may not
consider the impact of the baseline level of coverage. Furthermore, for studies that did not
report the number of doses, we estimated the number of doses using the number of doses
based on the implied definition for full vaccination in the paper and the number of people
attaining full vaccination in the intervention. This approach, necessitated by the way most
(53%) studies reported coverage change, may undercount vaccine doses delivered to people
who did not attain full immunization status but who received partial protection from some
doses. Future studies will need to address these and other limitations to support improved
estimates of the incremental costs associated with increasing coverage.

The cost function presented here should inform country immunization stakeholders,
international donors, and national immunization technical advisory groups as they estimate
the resources needed to increase immunization coverage. As the world seeks to achieve the
mission of the Decade of Vaccines, this analysis should also help global partners (e.g.,
WHO, UNICEF, Gavi and the Bill and Melinda Gates Foundation) characterize the costs of
pursuing the Global Vaccine Action Plan to prevent millions of lives lost from vaccine-
preventable diseases.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

Interventions to increase immunization coverage require incremental
investments

Many interventions report effectiveness estimates but not intervention costs

Costs per dose per percent coverage change increase with higher baseline
coverage

Incremental costs differ significantly by country income

Evidence is currently limited for lower-income countries
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Records screened (N=5,139)

l

Records excluded (N=4,696)
4,358 Theoretical or no intervention
338 Animal immunization

Full-text articles assessed for
eligibility (N=463) (443 from search
and 20 studies identified from
references)

Total studies included (N=42)
(includes 3 studies with intervention
costs not reported in the original
paper), covering (N=56) interventions

Full-text articles excluded (N=421)
249 Economic modelling study

54 No intervention cost data

47 Qualitative studies

34 Reviews

21 Overall program costs

4 Commentary or letter

3 Planned study protocols

3 No intervention effectiveness data
3 No dose information

3 Dominated interventions

Figure 1.
Literature search process
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Figure 2.
Intervention cost per dose per percent coverage change by baseline coverage

Note: Error bars attached to each column represent the standard error
*RH, relatively high-income (i.e., high-income or upper middle-income); RL, relatively low-
income (i.e., low-income or lower middle-income)
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