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1. Slowed Progress in Global Immunization Coverage

Immunization, hailed as one of the most successful public health interventions in the
world, has contributed to major advancements in health as well as social and economic
development [1]. Vaccines help to avert more than 20 life-threatening diseases and are
responsible for preventing an estimated 3.5 to 5 million deaths each year [2]. Following the
introduction of the Expanded Immunization Programme by the World Health Organization
(WHO) in 1974 [3], there were dramatic gains in immunization coverage worldwide,
bolstered by global collaborative efforts to increase coverage and expand immunization
among under-vaccinated populations.

Yet, in recent years, progress has largely stalled and, in some cases, reversed. Although
these trends were becoming evident prior to the COVID-19 pandemic [4], they have been
greatly exacerbated since the onset of COVID-19 and associated disruptions in 2020. Child-
hood immunization programmes have lost ground, with an estimated 25 million children
under the age of 1 not receiving a third dose of diphtheria-tetanus-pertussis-containing
vaccine (DTP3) in 2021—the highest number for more than a decade; 18 million of these
children did not even receive the first dose of DTP vaccine (zero-dose children) [5]. Between
2019 and 2021, there were decreases in global coverage of the first dose of Human Papillo-
mavirus vaccine (HPV) among girls (from 20% in 2019 to 15% in 2021) [5], and coverage
decreases were reported across many other WHO-recommended vaccines, including polio,
pneumococcal, rotavirus, and measles-containing vaccines [6].

Against this backdrop of slowed progress, inequalities are an increasingly highlighted
concern as certain population groups remain systematically at risk of being unvaccinated
or under-vaccinated. More than 60% of unvaccinated or under-vaccinated children in 2021
lived in just 10 countries (India, Nigeria, Indonesia, Ethiopia, the Philippines, the Demo-
cratic Republic of the Congo, Brazil, Pakistan, Angola, and Myanmar) [5], and unvaccinated
children remain disproportionately represented in impoverished, rural or urban slum areas,
and situations of conflict or fragility [7]. Meanwhile, with recent disruptions to immu-
nization programs, inequalities have emerged or become worse in many middle-income
countries that have typically had high-performing programs [8].

2. Major Initiatives to Tackle Inequality in Immunization

As part of efforts to restore progress and tackle inequality, in 2020, the World Health
Assembly endorsed the Immunization Agenda 2030 (IA2030) [9]. IA2030 sets forth an
“ambitious, overarching global vision and strategy for vaccines and immunization for the

Vaccines 2023, 11, 913. https://doi.org/10.3390/vaccines11050913 https://www.mdpi.com/journal/vaccines
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decade 2021–2030” [9]. IA2030′s third Strategy Priority places emphasis on coverage across
subgroups of gender, age, location, or socioeconomic status and promotes principles of
people-centredness and country ownership for processes that are premised on partnership
and guided by data. Realizing the IA2030 vision—a world where everyone, everywhere, at
every age fully benefits from vaccines for good health and well-being—is aligned with the
Sustainable Development Goal (SDG) imperative of “leaving no one behind” [9]. Indeed,
immunization is central to achieving the health-specific SDG (SDG3), and, furthermore,
contributes to 14 of the 16 other SDGs [10].

Equity is a major priority area for Gavi, the Vaccine Alliance. Gavi, established in
2000 to improve access to vaccines among children in the poorest countries, has supported
countries in the provision of vaccines to 981 million children in 77 countries through
routine immunization programmes, and an additional 1.4 billion vaccinations through
campaigns [11]. Gavi’s current 2021–2025 strategy builds on this work, addressing within
country equity as an organizing principle “with a high ambition to reduce the number of
under-immunized children and an intensified focus on reaching the unreached” [12]. This
includes additional support for countries such as the Identify–Reach–Monitor–Measure–
Advocate (IRMMA) framework, a new Equity Accelerator Fund and Learning Hub [13].

Another noteworthy initiative is the Equity Reference Group for Immunization (ERG),
an action-oriented thinktank consisting of senior experts in global health working with
WHO, Gavi, the World Bank, the Bill and Melinda Gates Foundation, and UNICEF; aca-
demics in critical topics such as metrics, gender, and health systems development; and
senior leaders from ministries of health. The ERG has four priority thematic areas: urban
poor areas; remote rural areas; children affected by conflict; and gender-related inequities
and barriers to immunization [14].

3. The Special Issue: Monitoring Inequalities and Understanding Drivers; Sharing
Experiences and Impact of Equity-Focused Interventions

In this Special Issue, we bring together research and evaluation on Inequality in
Immunization to contribute to growing evidence and insights on monitoring immunization
inequalities and understanding drivers of coverage, as well as pathways towards enhancing
and sustaining equity in immunization. The Special Issue features research, reviews,
and commentaries that span a range of immunization topics and populations. While
there is an emphasis on childhood vaccinations [15–18]—exploring inequalities in DTP
and measles-containing vaccine (MCV) coverage [19–23] and patterns of inequality in
unvaccinated or zero-dose children [24–29]—contributions also cover inequalities in adult
immunization [30], including protection of pregnant women and their newborns against
tetanus [31] and COVID-19 vaccination [32,33].

An encouraging observation while putting together this Special Issue has been the use
of a variety of data sources to assess immunization inequalities. Studies have made use of
traditional sources of immunization data like administrative data [19,23,32] and population
surveys [18,21,22,27,29,30] (including Demographic and Health Surveys and/or Multiple
Indicator Cluster Surveys [15,20,31]), while several other studies explored the potential of
novel sources such as geospatial data [24,25], electronic immunization registries [34], dia-
logues [16], country appraisals and reports [35], and funding proposals [26]. Three review
studies relied on synthesis and structured analyses drawing from a multitude of existing
studies [17,33,36]. Indeed, the diversity of data sources represented across the articles of
this Special Issue points to greater availability of data, and, critically, the innovative use of
these data to delve more deeply into inequality analysis and inference. This is a practice
that is welcome and will be key to generating new insights into immunization inequalities
and progress in this area.

This collection of articles makes important contributions to understanding dimensions
of immunization inequality—that is, the diverse demographic, socioeconomic, or geograph-
ical characteristics that define populations who are advantaged and disadvantaged, while
also highlighting the frequent co-occurrence and compounding of multiple deprivations.

2
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As dimensions of inequality present themselves and intersect in dynamic ways, our modes
of understanding must keep up. Several studies in this Special Issue examined multiple
dimensions of immunization inequality [18,19,21,27,29,31,33,36], while others focused on
specific dimensions, such as gender barriers [20,34] or socioeconomic status [15,30,32].

There is an established and growing evidence base on exemplars of action on immu-
nization equity, particularly among Gavi-supported countries, but also in other contexts
with successful immunization programmes [26,35,37]. This research offers important in-
sights into what strategies are being deployed to reduce inequalities (“the what”) [35,37,38],
while starting to shed light on how gains in immunization equity were achieved (“the
how”) [39,40]. There is, admittedly, a long way to go in expanding the evidence base in
this latter “how” category and what is required to feasibly implement these strategies,
including costs and drivers of sustained change.

Taken together, the articles in this Special Issue spotlight some of the most current and
pressing areas of interest in the topic of inequality in immunization, though the absence
of certain themes is notable. For instance, analyses pertaining to conflict or fragile state
contexts were lacking. Several of the contributions to this Special Issue acknowledge
the need for greater reliance on qualitative methodologies and longer-term engagement
with affected populations. These approaches are vital to developing contextually tailored
monitoring and planning mechanisms that foreground equity in the face of changing or
worsening relationships of security or trust.

Our Special Issue launch in April 2023 is timed to coincide with the 2023 World
Immunization Week, which this year focuses on the theme of ‘The Big Catch-Up’ [41].
This initiative calls for the year 2023 to be a coordinated, intensified period of vaccination
catch-up—to close immunity gaps among persons missed during the pandemic—involving
recovery and strengthening of immunization services. “The Big Catch-Up” is a concerted
effort intended to be driven by communities and countries, regions working in partnership
with IA2030 institutions and structures, to which equity is integral [42]. This requires
vigilance to change local realities with more sensitive and flexible metrics and methods
to understand the complex, intersectional and dynamic nature of inequities, alongside
concerted collaboration, context-tailored, and community-driven responses that chip away
at inequities. In short, it is crucial that we hold on to equity in immunization in our efforts
to catch up on the IA2030 goals to realize the vision of a world where everyone, everywhere,
at every age, fully benefits from vaccines to improve health and well-being [9].

Funding: The Special Issue was funded in part by Gavi, The Vaccine Alliance. Beyond the individual
contribution of HLJ, who is a Gavi employee, the funder had no role in the writing of the editorial.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest. The authors alone are responsible
for the views expressed in this publication and they do not necessarily represent the views, decisions
or policies of their institutions.
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Abstract: Substantial progress in maternal and neonatal tetanus elimination has been made in the
past 40 years, with dramatic reductions in neonatal tetanus incidence and mortality. However, twelve
countries have still not achieved maternal and neonatal tetanus elimination, and many countries
that have achieved elimination do not meet key sustainability thresholds to ensure long-lasting
elimination. As maternal and neonatal tetanus is a vaccine-preventable disease (with coverage of
the infant conferred by maternal immunization during and prior to pregnancy), maternal tetanus
immunization coverage is a key metric for monitoring progress towards, equity in, and sustainability
of tetanus elimination. In this study, we examine inequalities in tetanus protection at birth, a measure
of maternal immunization coverage, across 76 countries and four dimensions of inequality via
disaggregated data and summary measures of inequality. We find that substantial inequalities in
coverage exist for wealth (with lower coverage among poorer wealth quintiles), maternal age (with
lower coverage among younger mothers), maternal education (with lower coverage among less
educated mothers), and place of residence (with lower coverage in rural areas). Inequalities existed
for all dimensions across low- and lower-middle-income countries, and across maternal education
and place of residence across upper-middle-income countries. Though global coverage changed little
over the time period 2001–2020, this obscured substantial heterogeneity across countries. Notably,
several countries had substantial increases in coverage accompanied by decreases in inequality,
highlighting the need for equity considerations in maternal and neonatal tetanus elimination and
sustainability efforts.

Keywords: inequality; maternal and neonatal tetanus; immunization; vaccination; health disparities

1. Introduction

Maternal and neonatal tetanus (MNT) is a form of tetanus, an acute and potentially
fatal disease caused by the bacterium Clostridium tetani. It affects women during pregnancy
or within six weeks of the end of pregnancy and infants during their first 28 days of life [1].
MNT constitutes a major public health concern, as neonatal case-fatality rates are upwards
of 80% and approach 100% when untreated [2]. Since the initial adoption of maternal and
neonatal tetanus elimination (MNTE) goals by the World Health Organization (WHO) and
global health partners in the late 1980s [3], the annual number of deaths due to neonatal
tetanus has decreased substantially, from 787,000 in 1988 to 25,000 in 2018 [4]. MNTE, which
is defined as less than one case of neonatal tetanus per 1000 live births in every district in a
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country each year (neonatal tetanus is considered a proxy indicator for maternal tetanus),
has been achieved in 47 of the 59 priority countries targeted for MNTE as of December
2020 [5].

MNT is a vaccine-preventable disease [1,2]. Immunization is therefore a key strategy
for achieving and sustaining its elimination, alongside clean birth and cord care practices,
reliable surveillance, and use of data to identify areas and populations at risk for MNT [3].
To achieve life-long protection, the WHO recommends that national immunization pro-
grams provide six doses of tetanus toxoid containing vaccines (TTCV) administered in
childhood and adolescence [2]. Pregnant women who are not vaccinated against tetanus, or
for whom vaccination status is unknown, should receive at least two TTCV doses starting
as early as possible during pregnancy. Pregnant women who are partially immunized with
one to four doses should receive one dose before giving birth [2]. Thus, as populations
increasingly receive the routine six doses during childhood and adolescence, fewer women
will require TTCV during pregnancy.

MNT is associated with poverty and lack of access to adequate health services, and
occurs most frequently in settings with weak health and immunization systems, largely in
the worst performing districts in low- and lower-middle-income countries [1,2]. Therefore,
MNT is inherently a health equity issue. Despite this, relatively few publications have exam-
ined predictors of and inequalities in maternal tetanus immunization, particularly relative
to other child immunization outcomes. Prior research examining inequalities in childhood
immunizations and using multi-national samples has found several factors which are signif-
icantly associated with disparities in coverage, including household wealth [6–9], maternal
age [10], maternal education [8,9,11], and place of residence (urban/rural) [9,11–13]. A
number of single-country studies have examined factors associated with tetanus vacci-
nation uptake by pregnant women in, for example, Afghanistan [14], Bangladesh [15,16],
Ethiopia [17,18], The Gambia [19], India [20], Kenya [21], Myanmar [22], Sierra Leone [23],
and Sudan [24]. Across these studies, higher levels of maternal education and household
wealth have often been found to be associated with increased TTCV uptake, and in some
(but not all) contexts, there were also significant associations between uptake and maternal
age and place of residence. Two multi-country studies within Africa found greater maternal
age, education, and household wealth to be significantly associated with higher coverage
of births protected against neonatal tetanus [25,26].

To date, no global multi-country analyses have explored the extent of inequalities
in maternal tetanus immunization coverage. Though smaller-scale (e.g., country-level or
subnational-area-level) analyses are important to understand context-specific determinants
of maternal tetanus immunization coverage and inequalities, a multi-country examination
such as this one provides the opportunity to assess whether broader trends in drivers of
coverage and inequalities exist, by using consistent outcome and inequality dimension
measures and methods. They also permit benchmarking (comparisons) between countries
to identify different situations of inequality, and explore where lessons to address inequal-
ity can be learned or applied. Findings from multi-country analyses such as these are
particularly useful for informing broad, multinational initiatives [27]. This study examines
levels and trends in tetanus protection at birth by four dimensions of inequality (wealth,
maternal age and education, and area of residence), and explores variations by country
World Bank income level (low-, lower-middle-, and upper-middle income). Specifically, we
hypothesize that factors shown to be associated with childhood immunization coverage
(household wealth, maternal age, maternal education, and place of residence) will also
be associated with MNT vaccination coverage across low- and middle-income country
contexts. Quantifying and reporting inequalities in tetanus protection at birth can inform
strategies and interventions to reach the goal of MNTE.
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2. Materials and Methods

2.1. Data Sources

Data from this study come from 76 countries with a recent (2011–2020) Demographic
and Health Survey (DHS) or Multiple Indicator Cluster Survey (MICS), which collected
information on maternal tetanus immunization coverage during pregnancy [28,29]. DHS
and MICS are nationally-representative household surveys that collect extensive infor-
mation about health outcomes, interventions, and healthcare behaviors. The information
analyzed here comes from interviews with women aged 15–49 years. DHS and MICS
survey methodologies have been published elsewhere [30,31].

2.2. Study Outcome

We examine maternal tetanus immunization coverage via the standard measure Pro-
tection at Birth (PAB), the proportion of women whose most recent live birth was protected
against neonatal tetanus [32,33]. A birth is considered protected from tetanus if the mother
(a) received at least two doses of TTCV during the pregnancy for her most recent live birth;
(b) received at least two doses of TTCV, the last one within 3 years of the most recent live
birth; (c) received at least 3 doses of TTCV, the last one within 5 years of the most recent live
birth; (d) received at least 4 doses of TTCV, the last one within 10 years of the most recent
live birth; or (e) ever received at least 5 doses of TTCV at any time prior to the most recent
live birth. This measure is based on women whose most recent live birth occurred in the 59
or 23 months prior to the survey for DHS or MICS, respectively. This difference in time
frame is due to the data collection methodologies of the two survey families. Additionally,
maternal tetanus vaccination is ascertained via recall in DHS, while maternal vaccination
cards are requested for confirmation in MICS and recall is used only if no card is available.

2.3. Dimensions of Inequality

Based on drivers of inequality identified in previous publications on childhood vaccination
as well as data availability in DHS and MICS, we examined the following four dimensions of
inequality: household wealth (country-specific wealth quintiles) [6–9], maternal age (15–19,
20–49) [10], maternal education (none, primary, secondary or higher) [8,9,11], and place of
residence (urban, rural) [9,11–13].

For a set of sub-analyses, we classified countries based on World Bank 2022 income
groups: low-income, lower-middle income, or upper-middle income [34]. Only two high-
income countries (Uruguay and Trinidad and Tobago) had available data, so they were
excluded from these sub-analyses.

2.4. Statistical Analyses

We first present the latest situation of inequality in MNT vaccination coverage for
each country (using the most recent survey available from 2011 to 2020) via disaggregated
data and summary measures of inequality. For each of the four dimensions of inequality
(household wealth, maternal age, maternal education, and place of residence), we calculated
the following, based on the country-specific estimates:

1. Median coverage by subgroup of each inequality dimension, overall;
2. Median coverage by subgroup of each inequality dimension, by country income group;
3. Absolute inequality in coverage between the most and least advantaged subgroups of

each inequality dimension, calculated using difference (e.g., highest wealth quintile
coverage minus lowest wealth quintile coverage) and the slope index of inequality
(SII), overall and by country income group;

4. Relative inequality in coverage between the most and least advantaged subgroups of
each inequality dimensions, calculated using ratio (e.g., highest wealth quintile cover-
age divided by lowest wealth quintile coverage) and the relative index of inequality
(RII), overall and by country income group.
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For each median value estimated, we also present the 95% confidence interval (CI)
of the median, calculated using the centile Stata command with default specifications.
This uses a binomial-based method described in Mood and Graybill 1963 that makes no
assumptions on the distribution of the coverage variable [35,36].

We also examined changes over time in coverage levels and coverage inequalities. For
this analysis, we included countries with at least one survey in the period 2011–2020 and
one in the period 2001–2010, where the two surveys were at least 5 years apart. When
multiple surveys in a time range were available, the most recent survey that maintained a
5-year gap was used. To assess changes in inequality over time, we first examined annual
absolute change in national coverage levels, calculated as the national coverage in the more
recent survey minus the national coverage in the older survey divided by the number of
years between surveys. We then calculated annual absolute excess change in coverage,
which compares the annual rate of change in the least and most advantaged subgroups. This
is calculated as (absolute annual change for least advantaged subgroup) minus (absolute
annual change for most advantaged subgroup). Several patterns in coverage can lead to
positive (pro-disadvantaged) or negative (pro-advantaged) excess change. For example,
a positive excess change in coverage value can arise when both groups have increasing
coverage but the increase in the disadvantaged group is faster than the increase in the
advantaged group; when both groups have decreasing coverage but the decrease in the
disadvantaged group is slower than the decrease in the advantage group; or when the
disadvantage group increased (or had no change in) coverage while the advantage group
had a decrease (or had no change in) coverage. Excess change in coverage has been
previously used to portray change in inequality over time in diphtheria-tetanus-pertussis
(DTP) immunization coverage and in other maternal health outcomes [7,37].

As an additional post hoc analysis, we examined whether trends in inequality differed
substantially based on MNTE achievement status, assessing inequality metrics separately
for countries who have achieved MNTE vs. those who have not achieved MNTE.

Relevant survey sampling designs were taken into account when calculating point
estimates of disaggregated data and corresponding 95% CIs at the country level. Statistical
significance was set at p < 0.05 for all comparisons, and 95% CIs are reported throughout.

We conducted all analyses in Stata 17, and we developed data visualizations using
Tableau version 2022.1.1.

3. Results

3.1. PAB Coverage Medians

Median national PAB coverage among the most recent survey sample (N = 76) was
69.1% (95% CI 61.6–71.9%), ranging from 15.0% in Trinidad and Tobago to 91.8% in India.
Median national PAB coverage was 71.0% (95% CI 58.2–79.3%) in low-income countries
(n = 20), 71.3% (95% CI 66.1–76.1%) in lower-middle-income countries (n = 34), and 64.7%
(95% CI 35.7–71.2%) in upper-middle-income countries (n = 20). PAB coverage differed
by within-country populations subgroups for all examined dimensions of inequality (see
Figure 1, Interactive Supplemental Table S1). Median PAB coverage increased monotoni-
cally with increasing wealth, from 61.6% (95% CI 51.4–70.2%) among the poorest quintile
to 77.3% (95% CI 67.8–80.1%) among the richest. Children of younger mothers were less
likely to have protection at birth, with median coverage increasing from 63.0% (95% CI
60.1–69.6%) among mothers aged 15–19 to 71.1% (95% CI 66.8–75.1%) among mothers aged
20–49. Maternal education was also associated with median PAB coverage, increasing from
63.1% (95% CI 52.5–69.2%) among mothers with no education, to 71.5% (95% CI 66.7–75.3%)
among mothers with primary education, to 78.5% (95% CI 74.5–81.1%) among mothers
with secondary or higher education. Finally, children in urban areas had higher median
PAB coverage than children in rural areas (73.6% urban [95% CI 66.9–77.4%] vs. 66.0% rural
[95% CI 59.1–72.7%]).
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Figure 1. Latest situation of inequality in PAB coverage (DHS/MICS, 2011–2020).

These patterns in inequalities in PAB coverage are largely consistent across country
income groupings, with two exceptions. Increasing wealth and increased maternal age are
not associated with increased coverage for upper-middle-income countries (see Figure 2a,b).
Increasing wealth and older maternal age are associated with increased coverage for low-
income and lower-middle-income countries, however. Within all three income groupings,
we see a consistent increase in coverage with increasing maternal education (see Figure 2c)
and greater coverage in urban compared to rural areas (see Figure 2d).

3.2. Absolute and Relative Inequality in PAB Coverage

The median difference between PAB coverage in the richest wealth quintile and poor-
est wealth quintile among the most recent survey sample was 7.9 percentage points (95%
CI 5.0–11.8), and the ratio in coverage between these quintiles was 1.12 (95% CI 1.08–1.19)
(see Table 1, Interactive Supplemental Table S1). These measures differed by country
income grouping; in low-income countries, the median difference was 15.2 percentage
points (95% CI 5.7–24.7), lower–middle-income countries had a smaller gap of 10.9 per-
centage points (95% CI 7.2–16.7), and upper-middle-income countries had a small negative
gap of −1.5 percentage points in coverage (95% CI −6.5–5.5). The median ratio of cov-
erage between the richest and poorest wealth quintile followed a similar pattern: 1.21
(95% CI 1.09–1.66) among low-income countries, 1.16 (95% CI 1.10–1.32) among lower-middle-
income countries, and 0.98 (95% CI 0.88–1.08) among upper-middle-income countries.

Differences by maternal age were also evident. Overall, the median difference between
PAB coverage in children of mothers aged 15–19 and mothers aged 20–49 among the most
recent survey sample was 4.5 percentage points (95% CI 2.9–6.1), and the ratio in coverage
between these groups was 1.07 (95% CI 1.04–1.10). In low-income countries, the median
difference in coverage was 4.8 percentage points (95% CI 1.9–8.4). Lower-middle-income
countries had a slightly larger gap of 6.0 percentage points (95% CI 3.7–8.3), while upper-
middle-income countries had a small gap of 1.1 percentage points (95% CI −3.0–5.0) in
coverage. The median ratio of coverage between the children of older and younger mothers
followed a similar pattern: 1.09 (95% CI 1.03–1.18) among low-income countries, 1.09 (95%
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CI 1.06–1.14) among lower-middle-income countries, and 1.03 (95% CI 0.96–1.14) among
upper-middle-income countries.

(a) 

 
(b) 

Figure 2. Cont.
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(c) 

 
(d) 

 

Figure 2. Latest situation of inequality in PAB coverage by World Bank income group (DHS/MICS,
2011–2020). (a) Wealth quintile; (b) maternal age; (c) maternal education; (d) place of residence.

The median difference between PAB coverage in children of mothers with secondary
or higher education and mothers with no education was 11.6 percentage points (95% CI
8.4–15.7), and the ratio in coverage between these groups was 1.18 (95% CI 1.12–1.25).
Differences in PAB coverage by maternal education were substantial across all country
income groups. In low-income countries, the median difference between PAB coverage in
children of mothers with secondary or higher education and mothers with no education
was 15.6 percentage points (95% CI 4.3–25.2). Lower-middle-income countries had a gap of
13.1 percentage points (95% CI 10.0–25.9), while upper-middle-income countries had a gap
of 7.3 percentage points (95% CI −3.3–9.5). The median ratio of coverage between the chil-
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dren of more and less educated mothers followed a similar pattern: 1.23 (95% CI 1.05–1.53)
among low-income countries, 1.20 (95% CI 1.17–1.47) among lower-middle-income coun-
tries, and 1.11 (95% CI 0.96–1.15) among upper-middle-income countries.

The median difference between PAB coverage in urban areas compared to rural areas
was 3.7 percentage points (95% CI 1.9–6.4), and the ratio in coverage between these groups
was 1.05 (95% CI 1.03–1.10). In low-income countries, the median difference in coverage
was 7.3 percentage points (95% CI 3.8–11.3). Lower-middle-income countries had a gap of
4.7 percentage points (95% CI 1.3–8.1), while upper-middle-income countries had a negligi-
ble gap of 0.2 percentage points (95% CI −1.7–2.9). The median ratio of coverage between
the children in urban versus rural areas followed a similar pattern: 1.10 (95% CI 1.05–1.21)
among low-income countries, 1.07 (95% CI 1.02–1.13) among lower-middle-income coun-
tries, and 1.00 (95% CI 0.94–1.05) among upper-middle-income countries.

We analyzed both simple and complex measures of inequality in PAB coverage for
each of the four examined dimensions of inequality. As simple and complex measures
demonstrated similar patterns of results, we focus on reporting the simple measures of
inequality (difference and ratio) here. Complex measure findings can be found in Interactive
Supplemental Table S1.

3.3. Change in Inequality in PAB Coverage over Time

We focus our change over time results on inequalities in household wealth; findings
for other dimensions of inequality are available in Interactive Supplemental Table S2). The
change over time analyses included 41 countries with data in both the periods 2001–2010
and 2011–2020.

Examining annual absolute change in national average PAB coverage (see Figure 3,
x-axis; Interactive Supplemental Table S2), we find almost no annual change (median
−0.04 percentage points, 95% CI −0.35–0.76) in overall PAB coverage across the exam-
ined countries from earlier (2001–2010) to more recent (2011–2020) time frames. There is
substantial variation by country, however, ranging from an annual decrease in coverage
of 2.0 percentage points in Suriname to an annual increase of 2.6 percentage points in
Afghanistan. Twelve countries saw annual improvements in coverage of 1 percentage
point or more (suggesting at least a 10-percentage point improvement in coverage over the
examined 10-year time period), while three countries saw annual decreases in coverage of
at least 1 percentage point (suggesting at least a 10-percentage point decrease in coverage
over the examined time period). Of note, no countries with 80% or higher coverage at the
earlier time period (n = 8) saw any improvements in national coverage.

Examining annual absolute excess change in the poorest compared to the richest
wealth quintiles (Figure 3, y-axis; Interactive Supplemental Table S2), we find an annual
excess change median value of 0.26 percentage points (95% CI 0.05–0.41), indicating slightly
more favorable change over time for the poorest quintile over the examined time period.
This measure also demonstrated heterogeneity by country, ranging from 2.4 percentage
points annual excess change in Liberia to −1.9 percentage points annual excess change in
Zambia. Ten countries had excess annual change of 1 percentage point or more (equivalent
to 10 percentage points or more over the examined time period, favoring the poorest
quintile), while six countries had excess annual change of −1 percentage point or less
(equivalent to 10 percentage points or more over the examined time period, favoring the
richest quintile).

Six of the examined countries had a substantial increase in national average of
15 percentage points over the 10-year time period (annual change of 1.5 percentage points
increase or more)—Afghanistan, Cambodia, Namibia, Nepal, Senegal, and Togo. All six
countries also had positive annual absolute excess change, indicating faster improvement
among the poorest than the richest. Afghanistan and Cambodia saw the largest statistically
significant annual excess change, equivalent to 23 percentage points excess improvement for
the poorest relative to the richest in Afghanistan, and 13 percentage points excess improve-
ment for the poorest relative to the richest in Cambodia over the examined 10-year time
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period. The Gambia, Lesotho, Liberia, and Nigeria also indicated statistically significant
excess change in favor of the poorest quintile, all four with excess change of 15 percentage
points or more over the 10-year time period. Only three countries—the Democratic Repub-
lic of the Congo, Egypt, and Zambia—saw statistically significant excess change in favor of
the richest quintile of 15 percentage points or more over the 10-year time period; all three
countries saw decreases in their average national coverage over the same time period.

 

Figure 3. Change in national average and wealth-related inequality in PAB coverage (DHS/MICS,
2001–2010 and 2011–2020).

Examining the subset of 15 countries with data from the two most recent years of
available data (2019–2020), we see substantial heterogeneity in change over time for cov-
erage level and inequality by wealth quintile (see Figure 4). For example, Senegal had
significant improvement in coverage levels for all wealth quintiles, but almost no changes
in absolute inequality across levels of wealth. In contrast, Liberia had a negligible change
in the national average coverage, but substantial reductions in inequality. Thus, while
cross-national medians suggest little change for either coverage or inequality of PAB from
2001–2020, specific country patterns demonstrate meaningful changes over the time period.
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Figure 4. Change in inequality in PAB coverage (DHS/MICS, 2001–2010 and 2011–2020), countries
with latest survey in 2019 or later.

3.4. PAB Coverage in Countries by MNTE Achievement Status

This study includes data from 10 of the 12 countries who have not achieved MNTE as
of 2020: Afghanistan, Angola, Central African Republic, Guinea, Mali, Nigeria, Pakistan,
Papua New Guinea, Sudan, and Yemen (Somalia and South Sudan have not met MNTE
but did not have available data) [5]. All 10 countries demonstrated statistically significant
inequality in PAB coverage across maternal education; nine had significant inequality
in PAB across household wealth, nine had significant inequality in PAB across place of
residence, and four had significant inequality in PAB across maternal age. Of the five
countries for which we had data to examine change over time, three (Afghanistan, Nigeria,
and Pakistan) demonstrated significant improvements in national average coverage over
the examined time period, while two (Central African Republic and Mali) had stagnant
coverage. Of these five, only Afghanistan and Nigeria had statistically significant excess
change over time across any of the examined dimensions, indicating decreased inequality
in PAB coverage by wealth in Afghanistan, and decreased inequality for all dimensions
in Nigeria.

As a post hoc analysis, we also examined median inequality measures by MNTE
achievement status (see Table 2, Supplemental Figure S1). We find that there is substantially
larger inequality (as measured by difference and ratio) in household wealth, maternal edu-
cation, and place of residence among countries which have not achieved MNTE compared
to those which have achieved MNTE; no meaningful difference in inequality by MNTE
status is observed for maternal age.

16



V
ac

ci
ne

s
2

0
2

3
,1

1,
75

2

T
a
b

le
1
.

M
ed

ia
n

di
ff

er
en

ce
an

d
ra

ti
o

in
PA

B
co

ve
ra

ge
ac

ro
ss

fo
ur

di
m

en
si

on
s

of
in

eq
ua

lit
y,

ov
er

al
la

nd
by

W
or

ld
Ba

nk
in

co
m

e
gr

ou
p

(D
H

S/
M

IC
S,

20
11

–2
02

0)
.

H
o

u
se

h
o

ld
W

e
a
lt

h
H

ig
h

e
st

v
s.

L
o

w
e
st

Q
u

in
ti

le
M

a
te

rn
a
l

A
g

e
A

g
e

2
0
–
4
9

v
s.

A
g

e
1
5
–
1
9

M
a
te

rn
a
l

E
d

u
ca

ti
o

n
S

e
co

n
d

a
ry

o
r

M
o

re
v

s.
N

o
S

ch
o

o
li

n
g

P
la

ce
o

f
R

e
si

d
e
n

ce
U

rb
a
n

v
s.

R
u

ra
l

D
iff

er
en

ce
(9

5%
C

I)
R

at
io

(9
5%

C
I)

D
iff

er
en

ce
(9

5%
C

I)
R

at
io

(9
5%

C
I)

D
iff

er
en

ce
(9

5%
C

I)
R

at
io

(9
5%

C
I)

D
iff

er
en

ce
(9

5%
C

I)
R

at
io

(9
5%

C
I)

A
ll

C
ou

nt
ri

es
7.

9
(5

.0
–1

1.
8)

1.
12

(1
.0

8–
1.

19
)

4.
5

(2
.9

–6
.1

)
1.

07
(1

.0
4–

1.
10

)
11

.6
(8

.4
–1

5.
7)

1.
18

(1
.1

2–
1.

25
)

3.
7

(1
.9

–6
.4

)
1.

05
(1

.0
3–

1.
10

)

Lo
w

-I
nc

om
e

C
ou

nt
ri

es
15

.2
(5

.7
–2

4.
7)

1.
21

(1
.0

9–
1.

66
)

4.
8

(1
.9

–8
.4

)
1.

09
(1

.0
3–

1.
18

)
15

.6
(4

.3
–2

5.
2)

1.
23

(1
.0

5–
1.

53
)

7.
3

(3
.8

–1
1.

3)
1.

10
(1

.0
5–

1.
21

)

Lo
w

er
-M

id
dl

e
In

co
m

e
C

ou
nt

ri
es

10
.9

(7
.2

–1
6.

7)
1.

16
(1

.1
0–

1.
32

)
6.

0
(3

.7
–8

.3
)

1.
09

(1
.0

6–
1.

14
)

13
.1

(1
0.

0–
25

.9
)

1.
20

(1
.1

7–
1.

47
)

4.
7

(1
.3

–8
.1

)
1.

07
(1

.0
2–

1.
13

)

U
pp

er
-M

id
dl

e
In

co
m

e
C

ou
nt

ri
es

−1
.5

(−
6.

5–
5.

5)
0.

98
(0

.8
8–

1.
08

)
1.

1
(−

3.
0–

5.
0)

1.
03

(0
.9

6–
1.

14
)

7.
3

(−
3.

3–
9.

5)
1.

11
(0

.9
6–

1.
15

)
0.

2
(−

1.
7–

2.
9)

1.
00

(0
.9

4–
1.

05
)

T
a
b

le
2
.

M
ed

ia
n

di
ff

er
en

ce
an

d
ra

ti
o

in
PA

B
co

ve
ra

ge
ac

ro
ss

fo
ur

di
m

en
si

on
s

of
in

eq
ua

lit
y,

ov
er

al
la

nd
by

M
N

T
E

st
at

us
(D

H
S/

M
IC

S,
20

11
–2

02
0)

.

H
o

u
se

h
o

ld
W

e
a
lt

h
H

ig
h

e
st

v
s.

L
o

w
e
st

Q
u

in
ti

le
M

a
te

rn
a
l

A
g

e
A

g
e

2
0
–
4
9

v
s.

A
g

e
1
5
–
1
9

M
a
te

rn
a
l

E
d

u
ca

ti
o

n
S

e
co

n
d

a
ry

o
r

M
o

re
v

s.
N

o
S

ch
o

o
li

n
g

P
la

ce
o

f
R

e
si

d
e
n

ce
U

rb
a
n

v
s.

R
u

ra
l

D
iff

er
en

ce
(9

5%
C

I)
R

at
io

(9
5%

C
I)

D
iff

er
en

ce
(9

5%
C

I)
R

at
io

(9
5%

C
I)

D
iff

er
en

ce
(9

5%
C

I)
R

at
io

(9
5%

C
I)

D
iff

er
en

ce
(9

5%
C

I)
R

at
io

(9
5%

C
I)

A
ll

C
ou

nt
ri

es
7.

9
(5

.0
–1

1.
8)

1.
12

(1
.0

8–
1.

19
)

4.
5

(2
.9

–6
.1

)
1.

07
(1

.0
4–

1.
10

)
11

.6
(8

.4
–1

5.
7)

1.
18

(1
.1

2–
1.

25
)

3.
7

(1
.9

–6
.4

)
1.

05
(1

.0
3–

1.
10

)

C
ou

nt
ri

es
w

hi
ch

ha
ve

N
O

T
ac

hi
ev

ed
M

N
TE

30
.6

(2
3.

1–
46

.1
)

1.
89

(1
.6

7–
2.

14
)

2.
0

(−
1.

7–
8.

0)
1.

04
(0

.9
7–

1.
17

)
28

.4
(2

3.
8–

37
.4

)
1.

67
(1

.5
2–

2.
17

)
18

.0
(1

1.
3–

26
.0

)
1.

40
(1

.2
1–

1.
56

)

C
ou

nt
ri

es
w

hi
ch

ha
ve

ac
hi

ev
ed

M
N

TE
6.

4
(3

.5
–9

.8
)

1.
10

(1
.0

5–
1.

15
)

4.
7

(3
.0

–6
.2

)
1.

07
(1

.0
5–

1.
10

)
9.

1
(5

.6
–1

2.
0)

1.
15

(1
.0

8–
1.

19
)

3.
0

(1
.4

–5
.0

)
1.

04
(1

.0
2–

1.
07

)

17



Vaccines 2023, 11, 752

4. Discussion

Findings from this study of 76 countries suggest that there is substantial inequality
in maternal tetanus immunization coverage globally. In particular, we find substantial in-
equality in tetanus protection at birth coverage by household wealth quintile, maternal age,
maternal education, and place of residence. Though previous studies have demonstrated
inequalities in coverage in one or more of these inequality dimensions in single-country or
single-continent contexts, this is the first study to examine inequalities in PAB coverage
across all four of these dimensions utilizing a large, global sample of low-, lower-middle,
and upper-middle income countries. As the burden of MNT is highest in the most vulnera-
ble populations (including those with lower wealth, younger maternal age, lower maternal
education, and rural residence) [1], the lower immunization coverage we observe in these
groups is particularly concerning.

We find that greater maternal education and urban (compared to rural) residence are
associated with greater PAB coverage, overall and for each country income grouping. This is
consistent with prior research of other childhood vaccines, and with priority focus areas of ma-
jor immunization initiatives, which include reducing gender-related barriers to immunization
(such as maternal education) and reaching remote rural populations [12,27,38–42].

Older maternal age and higher household wealth are also associated with greater PAB
coverage overall and for low- and lower-middle-income countries, similarly consistent
with prior research and immunization targets. However, the upper-middle-income country
group demonstrated approximately equitable coverage by maternal age and wealth. As
MNTE has been achieved in all examined upper-middle-income countries, many for more
than 20 years, tetanus toxoid vaccination efforts likely differ from those in low- or lower-
middle-income countries, possibly resulting in alternate patterns of coverage [43].

With regard to age, upper-middle-income countries generally have higher and more
equitable childhood vaccination coverage and have for the past several decades [7]—
meaning more young mothers received the basic three doses of DTP vaccines and additional
TTCV doses in childhood and adolescence, resulting in complete PAB coverage by the time
of childbirth. We similarly expect inequalities in PAB coverage by maternal age to continue
to narrow over time as childhood DTP3 and additional TTCV dose coverage increases. With
regards to wealth, the fact that the lowest wealth quintile had the highest coverage was
unexpected. Similarly, the observation of lower overall median PAB coverage across upper-
middle-income countries (65%) compared to low- and lower-middle income countries (both
71%) was counter to hypothesized patterns based on other childhood vaccine coverages.
These findings provide further evidence of differences in tetanus immunization strategies
across country income groupings. This includes substantial supplementary immunization
activities (SIAs) or campaigns in countries with the highest burden of maternal and neonatal
tetanus, which are largely low- and lower-middle-income countries, and relatively few such
activities in upper-middle-income settings [44]. Additionally, as MNTE has been achieved
in all upper-middle-income countries analyzed, the disease is often no longer considered
a priority public health issue, and immunization may be considered less necessary as
there is near universal access to clean birth environments and adequate umbilical cord
management practices [43]. Nonetheless, the findings regarding equitable PAB coverage by
wealth within upper-middle-income countries, and relatively lower PAB coverage overall
in these settings, warrant further exploration within country-specific contexts.

Differential patterns of PAB coverage across dimensions of inequality and country
income grouping highlight the importance of examining multiple dimensions of inequal-
ity. However, this study examines only four potential factors which may influence PAB
coverage. Additional factors, such as conflict-affected areas and intensity [24,45], or subpop-
ulations defined by double disaggregation, such as urban poor [46,47], have been shown to
be associated with lower PAB coverage. Future work using multi-country samples should
examine these and other potentially related factors to better understand determinants of
coverage levels and inequalities, and consider multivariate analyses to understand the
relative importance of co-existing factors. For analyses of smaller geographic scope, exam-
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ining factors which are as relevant and as specific to the context as possible will best enable
targeted efforts to improve TTCV coverage and eliminate MNT [5].

Despite large strides in MNTE efforts over the examined time period, and success in
achieving MNTE in 47 of 59 countries with MNT as of 2020, there has been little change
in maternal tetanus immunization levels and inequalities over the study time period on
aggregate. However, this hides significant heterogeneity in coverage levels and inequality
across countries. We see significant improvements in PAB coverage of 15 percentage points
or more over 10 years for six countries, all of which also demonstrated reductions in wealth-
related inequality in PAB coverage over the same time period. Though we cannot determine
the direction of this relationship in current analyses, efforts to improve coverage should
simultaneously be oriented towards reducing inequality. Importantly, we see evidence of
inequalities in PAB coverage for all ten examined countries which have not achieved MNTE,
and only see improvements in coverage and inequality for two of these target countries.
We also observe substantially greater inequalities in PAB coverage among countries which
have not achieved MNTE compared to countries which have been successful in achieving
MNTE for three of the four examined dimensions (wealth, maternal education, and place
of residence) in the most recent data. Reductions in these inequalities in coverage will be
crucial to achieve MNTE.

Efforts to improve PAB coverage and equity should thus remain a key aim of MNTE
initiatives, including quality targeted supplementary immunization activities, increases in
uptake by LMICs of TTCV booster doses along the life-course, improved antenatal care
visit access and TTCV administration during antenatal care, and increased institutional
deliveries and clean delivery practices [48–51]. Additionally, persistent inequalities in PAB
coverage in those countries which have achieved MNTE suggest the need for ongoing
efforts to ensure MNTE sustainability, such as periodic neonatal tetanus risk analyses and
corrective measures to close immunity gaps [43]. Assessments of inequality such as this
one may help inform the groups to be targeted in these MNTE sustainability efforts. Global
initiatives, such as the Immunization Agenda 2030 (IA2030), also present opportunities
to catalyze action to address inequalities in PAB [27]. Positioning maternal and neonatal
tetanus as a tracer of inequality in health care provision will enable more visibility and
enhanced resource mobilization for the global initiative to eliminate MNT.

This study relies largely on maternal vaccination self-report, which is subject to recall
bias, particularly as childhood doses may have been received 20+ years prior [52]. No
recent review has explored the reliability of recall for immunization coverage, but prior
research suggests that it can be problematic for childhood vaccines [53]. In particular, older
women and women with more children may be more susceptible to underreport prior
doses, and maternal recall likely underestimates TTCV coverage generally [54]. However,
TTCV immunization protocols indicate that women who do not remember if they received
a dose—or who report that they have not received a dose—should be immunized; thus, suc-
cessful TTCV immunization efforts should negate this bias. Increasing use of home-based
records and digitalized personal health records will likely also lead to decreased recall
bias, reduction in unnecessary doses, and improved coverage over time [55]. The complex
nature of PAB definition requires surveyors to correctly and comprehensively collect infor-
mation about past tetanus immunization, leading to potential underreporting of coverage if
information is only partially collected. We do not have reason to think that such bias would
differ by the dimensions of inequality examined, however. In particular, women with
multiple prior pregnancies may have underreporting or inaccurate reporting of prior doses;
limiting these analyses to first births only would help mitigate this potential bias. Though
such analyses were outside of the scope of this manuscript, future work should consider
examination of first births (single parity mothers) only. Despite limiting analyses to the
most recent data available, we include surveys from 2011 to 2020, and the current situation
in a country may have changed substantially in the time since. This is particularly a concern
in light of the COVID-19 pandemic, which interrupted immunization efforts and healthcare
access in many places. Conclusions from these analyses about specific country situations
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should therefore be interpreted with caution. Finally, the nature of this cross-sectional,
aggregate analysis does not allow for conclusions about the relative importance of the
examined dimension of inequality, a causal relationship between inequality and coverage
levels, subnational inequalities in coverage, the relative contributions of immunization
prior to versus during the most recent pregnancy, nor the most effective potential solutions
for improving coverage and reducing inequalities. All of these areas would benefit from
examination in future research.

Despite these limitations, findings from this work can be used to inform future re-
search, policy, and clinical practice and to benchmark progress. The occurrence of maternal
and neonatal tetanus is a marker of inequities as this disease affects the most vulnerable
populations, thus, MNTE efforts should continue considering equity a priority to ensure
sustained results. This includes regular data collection of PAB coverage along with so-
ciodemographic data to be able to regularly perform disaggregated data monitoring and
analysis. Findings from this routine monitoring then can and should be used to inform sub-
populations which can be the targets of interventions to improve coverage including SIAs,
additional ANC-based screening and vaccination opportunities, improved immunization
documentation efforts, and tetanus awareness and education activities. These analyses
also provide an initial set of potential priority groups (the lowest wealth quintile, lower
maternal education, and rural populations) for vaccinations efforts, and provide a potential
framework for identifying additional subpopulations of interest.

5. Conclusions

Maternal immunity against tetanus, measured as PAB coverage, is a key aspect of
MNTE. Findings from this study of 76 countries suggest that substantial inequalities in PAB
coverage exist for wealth, maternal age, maternal education, and place of residence, and
that these inequalities exist globally across low-, lower-middle-, and upper-middle-income
countries. Though global coverage changed little over the time period 2001–2020, several
countries had substantial increases in PAB coverage accompanied by decreases in inequality,
highlighting the need for continued equity considerations in MNTE efforts.
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Abstract: The role of gender inequality in childhood immunization is an emerging area of focus
for global efforts to improve immunization coverage and equity. Recent studies have examined the
relationship between gender inequality and childhood immunization at national as well as individual
levels; we hypothesize that the demonstrated relationship between greater gender equality and
higher immunization coverage will also be evident when examining subnational-level data. We thus
conducted an ecological analysis examining the association between the Subnational Gender Devel-
opment Index (SGDI) and two measures of immunization—zero-dose diphtheria-tetanus-pertussis
(DTP) prevalence and 3-dose DTP coverage. Using data from 2010–2019 across 702 subnational
regions within 57 countries, we assessed these relationships using fractional logistic regression
models, as well as a series of analyses to account for the nested geographies of subnational regions
within countries. Subnational regions were dichotomized to higher gender inequality (top quintile of
SGDI) and lower gender inequality (lower four quintiles of SGDI). In adjusted models, we find that
subnational regions with higher gender inequality (favoring men) are expected to have 5.8 percentage
points greater zero-dose prevalence than regions with lower inequality [16.4% (95% confidence inter-
val (CI) 14.5–18.4%) in higher-inequality regions versus 10.6% (95% CI 9.5–11.7%) in lower-inequality
regions], and 8.2 percentage points lower DTP3 immunization coverage [71.0% (95% CI 68.3–73.7%)
in higher-inequality regions versus 79.2% (95% CI 77.7–80.7%) in lower-inequality regions]. In models
accounting for country-level clustering of gender inequality, the magnitude and strength of associ-
ations are reduced somewhat, but remain statistically significant in the hypothesized direction. In
conjunction with published work demonstrating meaningful associations between greater gender
equality and better childhood immunization outcomes in individual- and country-level analyses,
these findings lend further strength to calls for efforts towards greater gender equality to improve
childhood immunization and child health outcomes broadly.

Keywords: immunization; vaccination; zero-dose children; diphtheria-tetanus-pertussis vaccine;
determinants of immunization; health status disparities; gender equity; gender inequality

1. Introduction

Gender inequality is increasingly recognized as a key determinant of childhood im-
munization coverage and health equity [1–4]. Gender-related barriers to immunization
have been shown to operate at the individual, interpersonal, community, and broader
socio-structural levels [2]. These include barriers faced by (frequently women) caregivers,
such as lower health education and literacy, travel restriction, and limited household
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decision-making influence; by health workers delivering services (who are disproportion-
ately women), including gender pay gap, workplace harassment and inequitable exposures
to health risks; and by policy-makers (where women are frequently under-represented),
who enact laws and guidelines which may amplify or reinforce gender inequities [2,5].
Several recent studies have examined the relationship between childhood immunization
coverage and measures of gender inequality empirically, at the individual [6,7] and na-
tional [8,9] levels. These studies consistently find significant and meaningful associations
between greater gender inequality and lower immunization coverage.

Existing individual-level analyses use the survey-based women’s empowerment (SW-
PER) index, a three-dimensional measure of women’s empowerment comparable across
time and geographies [10]. These studies find that children of women with greater empow-
erment (as measured by social independence [including such items as schooling attainment
and access to information], decision-making control, and attitudes towards violence) were
more likely to have received three doses of the combined diphtheria-tetanus-pertussis (DTP)
vaccine and less likely to have received zero doses of DTP than children of women with
lower empowerment [6,7]. Individual-level analyses have several advantages: mothers are
frequently caregivers for their child, and their experiences are proximally related to their
child’s outcomes; confounding mother- and child-level information known to be associated
with immunization coverage could be accounted for, including mother’s education and
child birth order; and unlike aggregated analyses, these methods can avoid the ecological
fallacy and account for individual variation. However, individual measures of empow-
erment do not take into account broader gender norms, policies, and social climates that
may contribute to gender inequality. Furthermore, it is difficult to assess empowerment or
gender equity at the individual level given existing measures.

National level analyses that have examined gender barriers and immunization out-
comes similarly find that countries with lower gender inequality have higher rates of DTP3
coverage and lower zero-dose DTP prevalence [8,9]. The advantages of national analyses
include: readily available data and the ability to examine large numbers of geographies;
standard measures of inequality that are comparable across countries and time; and the fact
that national averages capture the broader state of women in a society, as laws, economics,
health systems, and education are often determined and implemented at the national level.
However, these analyses fail to account for individual variation and may reflect averages
which obscure more important within-country inequality. They also fail to capture commu-
nity factors at the subnational level, where there may be significant differences in regional
policies or implementation of national practices and priorities.

Our current analysis expands on this previous work and fills an important gap by
utilizing subnational data to examine the association between gender inequality and child-
hood immunization at the subnational region level. Although subnational analyses also
cannot capture all levels at which gender inequality may affect child immunization, they
do bridge the gap between existing national and individual level information. Subnational
units may be particularly relevant for laws, health systems, government or nonprofit ini-
tiatives, as well as geographic variation in education, religion, wealth, industry, and other
factors which may be associated with both gender equity and childhood immunization.
Specifically, in this manuscript we test the hypothesis that the subnational gender develop-
ment index will be associated with zero-dose DTP prevalence and DTP3 coverage at the
subnational level.

2. Materials and Methods

2.1. Indicators and Data Sources

The data used in this study include up to 10 years of subnational region estimates
of childhood immunization, indicators of gender inequality, and other demographic, eco-
nomic, and social characteristics. Data were available for 702 subnational regions across
57 countries. We included the 10 most recent years of available data (2010–2019); all region
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years where estimates for subnational gender development and immunization outcomes
were available were included, for a total of 1066 total region years of data.

2.1.1. Immunization Outcomes

We examined two outcomes based on subnational coverage of the DTP vaccine. First,
the prevalence of zero-dose children (zero-dose DTP), defined as the percentage of surviving
one-year old children in a subnational region who have not received the first dose of the
DTP vaccine series. This indicator is a proxy for children who have missed immunization
services entirely. Second, the prevalence of DTP3 immunization (DTP3), the percentage of
surviving one-year old children in a subnational region who have received three doses of
DTP vaccine. This indicator is a proxy for children who have accessed the full series of basic
immunizations. Together, these are frequently used indicators of child health more broadly
as they reflect regular and timely interaction with health services (DTP3) and health equity
(zero-dose DTP) [11–13].

These estimates are derived from Demographic and Health Surveys (DHS) Program
data, which uses a rigorous survey design to create representative samples at the subna-
tional level. Substantial detail on the study design and methodology of the DHS has been
published elsewhere [14].

2.1.2. Factors Associated with Immunization Coverage

We examined variables selected a priori based on prior national-level analyses, to
make findings as directly comparable as possible [9]. These factors were chosen to account
for demand and supply side factors that influence vaccination and might confound the
association between immunization and gender inequality [15–19]. These included sub-
national estimates of percent of population under 15 years of age, percent of population
living in urban areas, and a number of human development indicators (described below).
We also utilized national estimates of average annual rate of population change; estimates
corresponding to study subnational regions were not readily available.

To capture human development in adjusted models, we utilized the subnational
human development index (SHDI). The SHDI is a summary measure of development
in three dimensions, namely education, health, and standard of living, with an index
normalized between 0 and 1 created for each dimension [20]. The education index based on
mean expected years of schooling for children and mean years of schooling for adults ages
25 years and older, the health index is based on life expectancy at birth, and the standard of
living index is based on gross national income per capita (2017 purchasing power parities
[PPP] in USD). We utilized the three dimension-specific indices in analyses. Each of these
indices are calculated both for the total population, as well as disaggregated by sex. All
human development indicators were available at the subnational level.

2.1.3. Gender Inequality

Gender inequality was measured using the subnational gender development index
(SGDI) [20,21]. The SGDI is the only readily publicly available metric of gender inequality
available at the subnational level which is comparable across geographies and time.

SGDI captures gender inequalities in achievement in the three dimensions of develop-
ment captured by the SHDI (items detailed above). The SGDI is the ratio of SHDI among
men to SHDI among women within a subnational region; additional detail regarding the
SGDI is published elsewhere [20]. We include both SGDI (the ratio of development between
women and men) as well as the SHDI (the overall level of development) in adjusted models.

SGDI values below 1 indicate higher human development among men than women, a
value equal to 1 indicates equality, and values above 1 indicate higher development among
women than men. We created a binary analysis variable for SGDI based on quintiles of its
sample distribution, dichotomized to higher gender inequality favoring men (highest quin-
tile) versus lower gender inequality (quintiles 2–5). In analyses limited to the most recent
year of data, we recreated the binary variable based on quintiles of the most recent year
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sample distribution. We present summary statistics for the continuous SGDI measure, but
analyzed SGDI as a binary measure (higher versus lower gender inequality) in regression
analyses for ease of interpretation.

2.2. Data Sources

All subnational estimates of outcomes, gender inequality, human development, and
demographic characteristics came from the Global Data Lab [22]. Though the Global Data
Lab produces SHDI estimates for subnational regions in 161 countries for all years from
1990–2019, we utilized only those country years in which a DHS survey was conducted, as
subnational vaccination coverage was only available for these years. As a result, all data in
this study is derived from DHS survey-weighted estimates and do not rely on interpolation.
Full details on data sources for the indicators compiled, calculated, and distributed by
Global Data Lab have been published elsewhere [20]. Estimates of national average annual
rate of population change came from the World Development Indicators [23].

Table 1 presents a summary of indicators.

Table 1. Measures.

Category Indicator

Outcomes Zero-dose DTP prevalence
DTP3 immunization coverage

Gender inequality Subnational gender development index (SGDI)
Demographic/geographic characteristics Average annual rate of population change (%) *

Population <15 years (%)
Urban population (%)

Human development Subnational health index (0 to 1)
Subnational education index (0 to 1)

Subnational income index (0 to 1)
* All indicators at the subnational level with the exception of annual rate of population change, which is assessed
at the national level due to data availability.

2.3. Analyses

We present descriptive statistics, bivariate comparisons of immunization outcomes
and SGDI, and unadjusted outcome distributions by SGDI, for the most recent year of data
available for each subnational region. We then present regression analyses to examine the
association between childhood immunization and gender inequality using the full 10-year
dataset. All region years with available data were included in analyses. All models were
conducted using fractional logit specifications, as the outcomes are proportions with values
between 0 and 1 [24,25].

Models were estimated with SGDI as a binary variable equal to 1 if subnational regions
were in the highest gender inequality quintile, and 0 if regions were in any of the four lower
inequality quintiles.

For each immunization outcome, we first estimated the unadjusted association be-
tween the outcome and SGDI, without controlling for any other factors. We then conducted
adjusted analyses, including controls for annual population growth and age structure,
percentage of urban population, and the three individual dimensional indices of the SHDI
(health, education, and income).

Unadjusted and adjusted models accounted for non-parametric time trends via year
fixed effects, and were estimated with standard errors clustered at the subnational
region level.

To account for the geographically clustered nature of subnational regions within
countries, we also conducted a series of analyses accounting for country-level clustering.

• First, we replicated the adjusted fractional logistic regression as described above
with the addition of a covariate which was the country-year average zero-dose DTP
prevalence or DTP3 coverage.
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• Second, we retained only the most recent year of available data for each subnational
region, and conducted the same adjusted fractional logistic regression, but with the
clustered standard errors based on country, rather than region.

• Third, we included all available data but used a multi-level mixed effects linear
regression approach, using nested random effects of subnational region within country,
with covariate fixed effects as defined by the adjusted model above. For these models,
we specified random intercepts for both country and region, and random slopes
for region, with an identity variance-covariance structure; these specifications were
selected based on model performance as assessed by AIC and BIC.

• Fourth, we replicated the mixed-effects linear regression approach using the most
recent year of available data for each subnational region, and including only random
intercepts for country.

Statistical significance was set at p < 0.05 for all comparisons including adjusted odds
ratios (AORs); 95% confidence intervals (CIs) are reported throughout. All analyses were
conducted using STATA 16.1 [26].

3. Results

3.1. Descriptive Analyses

In the most-recent-year sample, where each observation is one region, the mean value
of SGDI was 0.90, ranging from a low of 0.51 to a high of 1.09. This mean value below 1
indicates that, overall, human development was lower among women than men in the
analyzed subnational regions. Distributions of the SGDI for the pooled 10-year (Figure 1a)
and most-recent-year (Figure 1b) samples are shown in Figure 1.

  
(a) Pooled 10-year sample (b) Most recent year of data sample 

Figure 1. Distribution of Subnational Gender Development Index score.

In unadjusted comparisons, higher gender inequality was associated with higher
prevalence of zero-dose DTP and lower DTP3 immunization coverage (Table 2,
Figures 2 and 3). Examining the most recent year of available data sample, subnational
regions with higher gender inequality (favoring men) as measured by the SGDI had 13.4
percentage points greater zero-dose prevalence (18.2% vs. 4.8%), and 21.6 percentage points
lower DTP3 immunization coverage (86.0% vs. 64.4%) than regions with lower inequality.
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Table 2. Prevalence of zero-dose DTP and DTP3 immunization coverage by SGDI category, most
recent year of available data.

Zero-Dose DTP (%) DTP3 Immunization Coverage (%)

Median Min Max Median Min Max N

High gender inequality 18.2 0 96.6 64.4 2.6 98.1 214
Medium/low/negligible gender inequality 4.8 0 81.2 86.0 9.7 100 852

p-value <0.001 <0.001

Figure 2. Prevalence of zero-dose DTP and DTP3 immunization coverage by continuous SGDI score,
most recent year of available data.

Figure 3. Prevalence of zero-dose DTP and DTP3 immunization coverage by SGDI category, most
recent year of available data. Note that boxes show 25–75th percentile values, with 50th percentile
(median) line inside box. Single dots are outlier values.

3.2. Regression Analyses

Higher inequality was significantly associated with lower zero-dose prevalence and
higher DTP3 coverage in unadjusted and adjusted fractional logistic regression analyses
(Table 3). In subnational regions with higher gender inequality, zero-dose prevalence
odds were 1.7 times higher (AOR = 1.74, 95% CI: 1.38–2.19) compared to subnational
regions with lower inequality. Consistently, the odds of DTP3 coverage were 39% lower
(AOR = 0.61, 95% CI: 0.51–0.75) in regions with higher gender inequality relative to regions
with lower inequality.
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Table 3. Odds ratios for zero-dose DTP prevalence and DTP3 immunization coverage by SGDI
category (702 subnational regions across 57 countries, 2010–2019).

Unadjusted Adjusted

Zero-dose children
High gender inequality 2.637 *** 1.742 ***

95% CI (2.122–3.275) (1.384–2.193)

DTP3 immunization coverage
High gender inequality 0.437 *** 0.614 ***

95% CI (0.364–0.524) (0.505–0.746)
*** p < 0.001.

We also estimated the average marginal effects of SGDI to indicate the average per-
centage point change in the outcome variable (zero-dose DTP or DTP3 coverage) by higher
versus lower gender inequality (See Figure 4). A subnational region with higher inequality
(favoring men) is expected to have 5.8 percentage points higher prevalence of zero-dose
DTP relative to a region with lower inequality, increasing from 10.6% (95% CI 9.5–11.7%)
for regions with lower inequality to 16.4% (95% CI 14.5–18.4%) for regions with higher
inequality. A subnational region with higher gender inequality is expected to have 8.2 per-
centage points lower coverage of DTP3 immunization than a region with lower gender
inequality, dropping from 79.2% (95% CI 77.7–80.7%) for regions with lower inequality to
71.0% (95% CI 68.3–73.7%) for regions with higher inequality.

Figure 4. Adjusted * expected proportions of zero-dose DTP and DTP3 immunization coverage by
SGDI category, 702 subnational regions across 57 countries, 2010–2019. Estimated proportions are
adjusted for annual population growth and age structure (measured as the percentage of the popula-
tion under 15 years of age), percentage of urban population, and the three individual dimensional
indices of the SHDI (health index, education index, and income index).

Models Accounting for Country-Level Clustering

Consideration of country-level clustering reduced the observed associations between
subnational gender inequality and immunization coverage outcomes. In the model ad-
ditionally controlling for the average zero-dose prevalence or DTP3 coverage for the
corresponding country-year, we find a significant association between gender inequality
and both zero-dose DTP prevalence and DTP3 coverage. In the model limited to the most
recent year of data available for each subnational region and clustering standard errors
by country, we do not observe a significant association between gender inequality and
immunization outcomes. In multilevel linear regression models accounting for nested ran-
dom effects of subnational regions within country, we find significant associations between
gender inequality and both zero-dose DTP prevalence and DTP3 coverage. Findings are
similar when limited to the most recent year of data, utilizing a linear regression model with
country random effects. To more directly compare findings between models, we present
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predicted marginal effects of higher versus lower gender inequality, e.g., the predicted
percentage point difference in coverage between subnational regions with higher gender
inequality compared to those with lower gender inequality (see Table 4). We first present
the adjusted model that does not account for country clustering, as well as the four models
discussed above. Though the direction of association remains constant across models, the
magnitude and strength of association is reduced for the models that take into account
country-level clustering.

Table 4. Predicted marginal effects [percentage point difference] for zero-dose DTP prevalence
and DTP3 immunization coverage by SGDI category (702 subnational regions across 57 countries,
2010–2019).

No Country
Consideration

(Fractional
Logistic Model,

Full Sample)

Fractional
Logistic Model,

Plus Country-Year
Average Coverage

Fractional
Logistic Model,

Most Recent Year
of Data Only,

Country
Clustered

Standard Errors

Mixed Effects
Linear Regression

Model, Nested
Random Effects

Mixed Effects
Linear Regression

Model, Most
Recent Year of

Data Only,
Country Random

Effect

N 1066 1066 702 1066 702

Zero-dose
children

High gender
inequality 5.83 ** 3.31 ** 3.48 3.64 * 4.16 *

95% CI (3.26–8.39) (1.82–4.80) (−1.04–8.00) (1.36–5.91) (1.57–6.75)

DTP3
immunization

coverage
High gender

inequality −8.20 ** −4.07 ** −5.16 −4.22 * −5.30 *

95% CI (−11.64 to −4.77) (−6.06 to −2.09) (−11.69–1.38) (−7.00 to −1.45) (−8.48 to −2.12)

* p < 0.01; ** p < 0.001.

4. Discussion

Findings from this study of 702 subnational regions across 57 countries suggest that
greater gender equality, as measured by the SGDI, is associated with positive childhood
immunization outcomes—higher DTP3 coverage and lower zero-dose prevalence. We find
that, after adjustment, a subnational region with higher gender equality is expected to
have 5.8 percentage points lower prevalence of zero-dose DTP and 8.2 percentage points
higher coverage of DTP3 than a region with lower gender equality. To put this coverage
difference in context, it took more than 10 years of concerted effort for global DTP3 coverage
to improve by 8 percentage points—DTP3 coverage globally increased from 78% in 2006 to
86% in 2019 (prior to COVID-19-related declines) [27].

These findings align with prior work examining gender inequality and childhood
outcomes, including child mortality and immunization coverage, using different analytic
approaches including alternate measures of gender inequality and national or individual
units of analysis [6–9,28–30]. These studies consistently find that gender equality, and the
related construct of women’s empowerment, are associated with improved immunization
coverage, decreased child mortality, and other positive child health outcomes. Existing
work has also demonstrated substantial subnational inequality in immunization, high-
lighting the relevance of subnational policies and outreach efforts, as well as intra-country
variations in immunization access and resources [31,32]. Our study builds on this existing
literature to demonstrate that within-country variation in gender inequality is associated
with immunization coverage at the subnational level, and suggests that gender inequality
may be one of many drivers of subnational inequalities in coverage.
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Compared to national analyses, we find an even stronger association between immu-
nization and subnational gender inequality [9]. For example, the same adjusted regressions
suggests that at the national level, countries with higher gender equality have 4.6 percent-
age points higher DTP3 coverage than countries with lower gender equality, while we
find that subnational regions with higher gender equality had 8.2 percentage points higher
DTP3 coverage than subnational regions with lower gender equality. This larger (and
statistically stronger) association highlights the importance of within-country variation
in determinants of immunization. Nonetheless, we do find that the magnitude of these
associations is reduced somewhat when we take into account the clustering of subnational
regions within countries. This reduction in effect size suggests that national-level factors
remain important and meaningful predictors of immunization.

Reaching zero-dose and under-immunized children means reaching the communities
they are a part of; these ‘missed communities’ are not only a heightened risk for disease out-
breaks, but often also suffer from a lack of basic services and face entrenched socio-economic
marginalization [33]. Better understanding the drivers of subnational inequalities—such as
subnational differences in gender inequality—can enable targeted and tailored approaches
to improve not only gender equality, but also reach these missed communities to improve
immunization coverage and equity.

Findings from this study should be viewed in light of its limitations. Firstly, these
are ecological analyses, and hence does not imply causation. However, taken together,
the consistent association between gender equality and better childhood immunization
coverage across a range of individual, national, and subnational analyses lend strength to
the assertion that gender inequality is a key determinant of immunization coverage and
equity. Second, these data are available for low- and middle-income countries; high-income
countries, which likely have stronger health systems, and other countries without available
data may or may not exhibit the same patterns of association. Third, while these findings
demonstrate an association between gender inequality and immunization coverage, they
do not elucidate the pathways through which that association may be causal. Qualitative
work is needed to better understand the contextual pathways through which restrictive
gender norms and gender-related barriers hamper immunization efforts.

A growing body of evidence on gender as a determinant of health examines the ways
in which gender inequality influences decision-making about health services, access to
and affordability of health services, limitations on mobility and decision-making, and
provider attitudes, among others [4,34,35]. Further work is needed to understand the
ways in which interventions may operate across these pathways, and understand which
interventions are effective in addressing and circumventing gender-related barriers to
immunization. Addressing these factors in order to improve child immunization coverage
and equity are strategic priorities of major international immunization initiatives including
the Immunization Agenda 2030 (IA2030) and the Gavi Phase 5 strategy [36,37]. Ensuring
gender transformative approaches and efforts to improve gender equality will not only
have a benefit for childhood immunization coverage, but better health outcomes for all.

5. Conclusions

Our study of 702 subnational regions across 57 countries suggests that gender equality
is positively associated with childhood immunization coverage at the subnational level.
These findings fill a gap in the existing literature and strengthen findings of individual-
and national-level analyses, which collectively show a robust and meaningful association
between gender inequality and immunization coverage outcomes. Multi-sectoral gender-
responsive and gender-transformative approaches are needed to ensure improvements in
immunization coverage and equity.
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Abstract: The integration of immunization with other essential health services is among the strategic
priorities of the Immunization Agenda 2030 and has the potential to improve the effectiveness,
efficiency, and equity of health service delivery. This study aims to evaluate the degree of spatial
overlap between the prevalence of children who have never received a dose of the diphtheria–tetanus–
pertussis-containing vaccine (no-DTP) and other health-related indicators, to provide insight into
the potential for joint geographic targeting of integrated service delivery efforts. Using geospatially
modeled estimates of vaccine coverage and comparator indicators, we develop a framework to
delineate and compare areas of high overlap across indicators, both within and between countries,
and based upon both counts and prevalence. We derive summary metrics of spatial overlap to
facilitate comparison between countries and indicators and over time. As an example, we apply this
suite of analyses to five countries—Nigeria, Democratic Republic of the Congo (DRC), Indonesia,
Ethiopia, and Angola—and five comparator indicators—children with stunting, under-5 mortality,
children missing doses of oral rehydration therapy, prevalence of lymphatic filariasis, and insecticide-
treated bed net coverage. Our results demonstrate substantial heterogeneity in the geographic overlap
both within and between countries. These results provide a framework to assess the potential for
joint geographic targeting of interventions, supporting efforts to ensure that all people, regardless of
location, can benefit from vaccines and other essential health services.

Keywords: immunization; spatial overlap; DTP vaccine; integrated service delivery; geospatial
modeling; zero-dose children; vaccination; vaccine coverage; geographic inequality

1. Introduction

Since the inception of the Expanded Programme on Immunisation (EPI) in 1974 [1],
global efforts to expand access to lifesaving vaccines have produced tremendous public
health benefits, with an estimated 50 million deaths averted by vaccination activities
between 2000 and 2019 alone [2]. Over the past four decades, country immunization
programs have overseen large gains in coverage for vaccines included in the original EPI
program, alongside the global rollout and scale-up of newer vaccines.

However, since 2010, these gains have stalled or reversed in many countries, and global
vaccination coverage has largely plateaued [3,4]. In addition, disruptions to immunization
delivery efforts due to the COVID-19 pandemic have resulted in additional, persistent
declines in global vaccine coverage, with the coverage of key vaccines such as diphtheria–
tetanus–pertussis (DTP) falling in many countries to the lowest levels in decades [5,6].

The stagnation and backsliding of global vaccine coverage in recent years emphasizes
the need for new approaches to vaccine delivery. The Immunization Agenda 2030 (IA2030)
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aims to provide such a global strategy, coordinating and strengthening vaccination efforts
around the world to ensure that “everyone, everywhere, at every age fully benefits from
vaccines for good health and well-being” [7]. IA2030 also contains a strong strategic em-
phasis on the integration of vaccine delivery with other key health services [7], embedding
immunization programs within the broader context of primary health care and global goals
to achieve universal health coverage [8,9].

To achieve these ambitious goals, immunization programs must be equipped to reach
“zero-dose” children—children who have never received a dose of a routine
vaccine—including children and communities historically missed by immunization ser-
vices. Operationally, “zero-dose” is generally proxied by “no-DTP”; that is, children who
have never received a dose of a DTP-containing vaccine [10]. Recent work analyzing the
complex paths from birth to full immunization in 92 countries emphasizes the importance
of zero-dose children, as receipt of a first vaccine is strongly associated with additional
vaccinations [11]. Furthermore, zero-dose children are more likely to have limited access
to water, sanitation, and education [12] and live in poorer households [11]. A substantial
number of zero-dose children also live in proximity to conflict [13]. Therefore, more delib-
erate provisioning of multiple interventions or services in contact with health systems or
providers, including vaccination services, could be an efficient way to reach at-risk children
and communities and reduce health inequalities.

To understand where and with which services integrated delivery could have the
greatest impact for previously underserved communities, an understanding of the degree
of overlap between no-DTP prevalence and other health gaps is needed. Numerous
previous studies have assessed these relationships at an individual level, most commonly
using data from household surveys [12,14–16]. At the population level, analyses of the
spatial overlap between gaps in immunization coverage and other health services can
complement these individual-level analyses. Spatial analyses conducted in recent years
have emphasized the substantial degree of subnational inequality in vaccine coverage [13,
17–23], as well as other key health services and indicators [22,24–31]. Fewer studies have
assessed whether subnational distributions of zero-dose (or no-DTP) children are similar
to those for other health indicators [32]. Some publicly available tools, such as the WHO
Health Equity Assessment Toolkit [33], allow for powerful comparisons of health indicators
within countries, although only for the years in which surveys have been conducted,
and are limited to the geographic resolution of traditional survey methods (e.g., the first
administrative level). Spatial overlap analyses can help to identify subnational areas and
health services that may benefit most from integrated intervention.

Here, we propose a set of analyses that can be used to explore and quantify the
degree of spatial overlap between populations of zero-dose children (proxied by no-DTP
prevalence and counts) and gaps in vaccine coverage or other health-related indicators.
Leveraging estimates of vaccination coverage from geospatial models and publicly available
gridded estimates of other health indicators, we estimate patterns of spatial overlap in five
example countries to demonstrate how these patterns may be explored both between and
within countries, as well as over time. The approaches presented here can be expanded to
other countries and health indicators and could serve as a resource when considering the
possibility of joint intervention targeting.

2. Materials and Methods

2.1. Geospatial Estimation of Vaccination Coverage

For the purposes of this analysis, we used the prevalence of no-DTP (the proportion
of children of the target age for vaccination who have not received any doses of a DTP-
containing vaccine (DTPcv)) as a proxy for zero-dose children. We used a previously
published geospatial modeling approach to estimate DTP vaccine coverage at the 5 × 5 km
level [17], updating the approach to include more recent data and extending through 2019
(estimates were previously published for years 2000–2016).
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To simplify the demonstration of these analyses, we selected the following five coun-
tries as examples for this analysis: Nigeria, Democratic Republic of the Congo (DRC),
Indonesia, Ethiopia, and Angola. These countries were selected by ordering all the
countries by the total number of estimated no-DTP children in 2019 [3], excluding coun-
tries for which spatial estimates were unavailable for two or more comparator indicators
(Supplemental Table S1).

We searched the Global Health Data Exchange (GHDx) for household-based surveys
containing information on DTP vaccination status between 2000 and 2019 [34]. We included
surveys with information on DTP coverage information among children aged 12–59 months
and excluded surveys that lacked subnational geographic information, had unrealistic cov-
erage estimates, or contained areal data but were missing survey design variables that
precluded the calculation of representative DTP coverage for each areal unit. From these
five countries, we included data from 35 surveys with vaccination coverage information
for 420,710 children from 11,047 GPS-located clusters and 2772 areal units. We calculated
coverage at the most geographically granular level available for inclusion in the model. To
better estimate the covariate effects and account for cross-border patterns of vaccine cover-
age, we modeled each country as part of a multi-country region (mirroring regions used to
estimate MCV1 coverage by Sbarra et al. [18]), resulting in the inclusion of an additional
202 surveys including data for 1,200,877 children from other surrounding countries in the
modeling process. A full list of included surveys can be found in Supplemental Table S2
and excluded surveys (with rationale for exclusion) in Supplemental Table S3.

We defined DTP1 coverage as the proportion of children who have received at least one
dose of a DTPcv. At the most granular geospatial resolution possible for each survey, we cal-
culated DTP1 coverage for each birth cohort. We then used a previously described Bayesian
continuation ratio ordinal regression model-based geostatistical estimation framework to
estimate DTP1 coverage [17], aggregated these estimates to the second administrative level
using population estimates from WorldPop [35,36] and a modified version of the Database
of Global Administrative Areas (GADM) shapefile [37], and then calculated no-DTP preva-
lence as 1—DTP1 prevalence. For analyses using counts of zero-dose children, we similarly
converted no-DTP prevalence to counts by multiplying the estimates of children under 1
year of age for each second-level administrative unit and year derived from the gridded
estimates from WorldPop. For brevity and consistency throughout this manuscript, we
refer to second-level administrative units as “districts” hereafter, while acknowledging that
the nomenclature for these units varies between countries (e.g., local government areas
in Nigeria). Additional details of the geospatial modeling strategy can be found in the
Supplemental Material (Supplemental Methods).

2.2. Spatial Estimates of Other Health Indicators

To assess the degree to which areas with a high prevalence or counts of zero-dose
children may also exhibit gaps in other health services or outcomes, we identified and
included the following five additional health indicators in our analyses: mortality among
children under 5 years of age (U5M) [24], children with stunting [25], children with diarrhea
who did not receive oral rehydration therapy (ORT) [38], prevalence of lymphatic filariasis
(LF) [39], and individuals not sleeping with insecticide-treated bed nets (ITNs) [31]. These
metrics were selected based on their persistent significance in the global health sphere, the
role that subnational disparity plays in that persistence, and relationships to immunization
that may give rise to potentially useful overlap analyses.

In addition to their significance in global health, these metrics were selected according
to the availability of published estimates over time across multiple countries at a 5 × 5 km
resolution. Estimates available in this format were most readily comparable to those
produced for no-DTP prevalence. The estimation of these different metrics also employed
geospatial modeling techniques that incorporated similar survey and other data sources
and accounted for relationships with covariates, as well as correlations across space and
time. The range of years with available estimates differed for each metric (Table 1). For each
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metric, we analyzed the overlap with no-DTP prevalence in the most recent year of data
available, and for select analyses, we compared the overlap during the most recent year to
that in the year 2000. Given their limited use in the country, missing ITN information was
not available in Indonesia, but there was full coverage for all other indicators and countries.

Table 1. Details for health indicator estimates.

Indicator Definition
Example Countries

Available
Most Recent

Year Available
Target Population

Age Range
Citation

No-DTP No-DTP
prevalence rate

Angola, DRC,
Ethiopia,

Indonesia, Nigeria
2019 Under 1 year Mosser, J.F. et al. [17] *

Stunting Stunting
prevalence rate

Angola, DRC,
Ethiopia,

Indonesia, Nigeria
2019 Under 5 years Kinyoki, D.K. et al. [25]

U5M Mortality probability and
death counts

Angola, DRC,
Ethiopia,

Indonesia, Nigeria
2017 Under 5 years Burstein, R. et al. [24]

Missed ORT
(1–ORT coverage) for

children who
had diarrhea

Angola, DRC,
Ethiopia,

Indonesia, Nigeria
2017 Under 5 years Wiens, K.E. et al. [38]

Missed ITNs
(1–proportion of

population that sleeps
under an ITN)

Angola, DRC,
Ethiopia, Nigeria 2019 All ages Bertozzi-Villa, A. et al. [31]

LF LF prevalence rate
Angola, DRC,

Ethiopia,
Indonesia, Nigeria

2018 All ages Cromwell, E.A. et al. [39]

* Estimates updated to include additional years, geographies, and data sources.

2.3. Analyses of Spatial Overlap

For this analysis, we assessed the spatial overlap of no-DTP and these additional
indicators in the context of assessing the degree to which the greatest burden for both
no-DTP and the other indicators fell within the same districts. We fractionally aggregated
the 5 × 5 km resolution pixel estimates for each metric to the same modified GADM
shapefile [37]. Because prioritization decisions may be based not only on prevalence
but also on total counts, we multiplied the respective prevalence estimates by the target
population (Table 1) data available from WorldPop [35,36] to calculate the count estimates
for each metric. For metrics with count data already available (i.e., for U5M, ORT, and LF),
we used those values directly, although these were also based on WorldPop data. For both
no-DTP and the health indicators, we assessed the overlap based on the mean estimates
of prevalence or counts, without accounting for the uncertainty associated with all of
these indicators.

In practice, decisions about prioritization for integrated service delivery are (and
should be) made not only by considering the geographic patterns of the relevant indicators,
but by accounting for a broad range of factors, including the available resources and data,
and tailored by local expertise to each context [9]. For the purposes of this study, we used a
highly simplified categorization scheme to illustrate the potential applications of spatial
overlap analysis to contribute to the prioritization decisions. Similar analytic techniques,
however, could easily be applied to other prioritization groupings. In this illustrative
categorization approach, we assigned districts to population-weighted quartiles of burden
for each metric, where districts with the highest values for each metric were in the top
quartile and the districts with the lowest values for each metric were in the bottom quartile.
Through population weighting, we ensured that the sum of target populations within each
quartile were roughly equal. The scope of categorization needs and overlap assessment may
vary between country-focused and global stakeholders. To explore the implications of these
different frames of reference, we organized districts into quartiles both (1) within countries
and (2) at a multi-national scale across countries. Similarly, we also categorized the districts
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into quartiles according to both (1) prevalence and (2) counts. To assess the full scope of
overlap, we produced bivariate maps displaying overlap across all quartiles (Figure 1).
We also produced simplified maps highlighting only those districts in the highest quartile
for no-DTP, the respective comparator metric, or both. Finally, while we largely focused
on comparing no-DTP categorization with each individual comparator metric, we also
produced maps quantifying the number of metrics in the highest quartile in each district.

Figure 1. Example for a bivariate color legend used in maps to describe quartile classification overlap
between no-DTP and the other health indicators (with stunting here as an example). For each of the
two indicators, districts are distributed across four bins based on prevalence values such that the total
target population value is roughly equal in each bin. Color bins along the diagonal (from bottom
left to top right) indicate matching category assignments for the two indicators for a given district.
Schema is used in figures representing all categorization quartiles.

We also aimed to quantify the overall degree of overlap between no-DTP and the
other health indicators using the summary metrics to facilitate high-level comparisons.
We calculated the proportion of districts in the highest quartile for no-DTP that were also
in the highest quartile for the other indicators. Furthermore, we devised an additional
measure that was not reliant on the quartile categorization schema. We envisioned a
scenario where vaccination stakeholders might prioritize districts by aiming to reach the
greatest number of no-DTP children in the fewest districts possible. If these same districts
were also targeted for simultaneous interventions for our comparator health indicators,
what proportion of that country’s target groups for those indicators would be reached?
We applied this hypothetical approach, serially targeting districts based on the number
of no-DTP children, beginning with the targeting of the single district with the highest
number of no-DTP children, then the two highest no-DTP districts, and so on. At each step,
we calculated the cumulative proportion of individuals reached (for both no-DTP and the
additional indicator), with each subsequent district targeted based upon the number of
no-DTP children. By comparing these cumulative proportions between the two indicators
for each set of serially targeted districts, we can calculate the area under the curve (AUC)
to serve as a measure of overlap (Figure 2). This process is illustrated in step plots in
Supplemental Figures S1–S23. As an example, an AUC of 0.5 indicates that geographic
targeting based upon no-DTP reaches areas with equal proportions of no-DTP children and
children with stunting. AUC values < 0.5 would indicate a smaller proportion of children
with stunting reached, and AUC values > 0.5 would indicate greater proportions of children
with stunting reached. We then analyzed AUC values between countries and indicators
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and over time, comparing AUC values in 2000 to those in the most recent year of available
data.

Figure 2. Area under the curve (AUC) scatter plot example. This example scatterplot visualizes how
the area under the curve (AUC) can be used to quantify the proportion of children with stunting
(Y axis) in Nigeria that could be reached through cumulative proportion targeting of districts for
children with no-DTP (X axis). Individual points represent districts, ordered to begin with the district
with the highest number of no-DTP children, then the second highest, until the cumulative proportion
of no-DTP children reaches 100%. The red line represents AUC = 0.5, indicating equal proportions
of children with stunting through cumulative no-DTP targeting. Curves below the red line are
associated with AUC < 0.5 or smaller proportions of children with stunting, and curves above the
red line are associated with AUC > 0.5, or greater proportions of children with stunting. Point size
represents district population size of children under 1.

2.4. Ethical Approval and Reporting Guidelines

Data were not obtained from subjects for the Global Burden of Diseases, Injuries,
and Risk Factors Study or related analyses such as this study. Instead, we used pre-
existing, publicly available, de-identified datasets that include, but are not limited to,
administrative and survey-based vaccine coverage reports. Data were identified through
online searches, outreach to institutions that hold relevant data such as ministries of health,
or individual collaborator references and identification. Most of the data used are publicly
available. Therefore, informed consent was not required. This study was approved by
the University of Washington’s Human Subjects Division Study ID: STUDY00009060. Our
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study follows the Guidelines for Accurate and Transparent Health Estimates Reporting
(GATHER; Supplemental Table S4).

3. Results

3.1. Mapping Overlap
3.1.1. Country-Specific Overlap by Prevalence

Figure 3A shows an example bivariate map that illustrates the spatial overlap be-
tween the population-weighted quartile classifications for no-DTP and stunting in Nigeria,
based on the prevalence of each indicator. In this example, when categorizing by preva-
lence within Nigeria, based on the available geospatial estimates for both no-DTP and
stunting, higher-prevalence districts tended to be more widely distributed through the
northern regions of the country, while the southern regions had a lower prevalence for
both indicators. Overlap between no-DTP and stunting categorization was high; nearly
two thirds of all districts in Nigeria (488 of 774 districts, or 63.0%) were designated to the
same population-weighted quartile for both no-DTP and stunting. Figure 4A shows a
simplified representation of the same analysis, restricting the mapped districts to only the
high-quartile areas for each indicator. Of the 207 districts in the highest quartiles for either
no-DTP or stunting, half of those districts (49.0%, or 100 of 207 total) were in the highest
quartile for both indicators.

Figure 3. Country-specific Nigeria overlap for no-DTP and stunting, for all categorization quartiles.
The top row (A) shows categorization based on prevalence, while the bottom row (B) shows cat-
egorization based on counts. Population-weighted quartile ranges for no-DTP and children with
stunting are delineated in the bivariate color legends (center). District-level values are shown both as
maps (left) and with scatterplots (right), with colors corresponding to quartile legend values. Point
size in scatterplots reflects relative size of under-1 population in each district.
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Figure 4. Country-specific overlap between no-DTP and stunting in Nigeria for highest category
quartiles only. Districts in red are in the highest quartile for no-DTP only, blue are in the highest
quartile for children with stunting only, and purple are in the highest quartile for both indicators. The
map on the left (A) shows categorization based on prevalence, and the map on the right (B) shows
categorization based on counts.

The spatial overlap between health indicators varies from indicator to indicator and
country to country (Supplemental Figures S24–S69). In Ethiopia, for example, the loca-
tions with the highest no-DTP prevalence are located primarily in the east and south of
the country (especially in the Afar and Somali regions) and are distinct from those with
the lowest ITN coverage, which are located more centrally (for instance, in Amhara and
Oromia) (Supplemental Figures S40a and S63a). In the Democratic Republic of the Congo,
the geographic overlap between under-5 mortality and no-DTP prevalence is highly het-
erogeneous, with a mixture of high-prevalence areas for no-DTP, U5M, both, and neither
indicator (Supplemental Figures S34a and S57a).

3.1.2. Country-Specific Overlap by Counts

As expected, when these same analyses are repeated using an example categorization
approach based on counts rather than prevalence, the results tend to emphasize areas of
large populations—although this pattern is not universal across indicators and countries.

For the overlap between no-DTP and stunting in Nigeria, for example, when catego-
rization is based on counts rather than prevalence, higher-quartile districts still tended to
be in the northern regions of the country, while southerly districts tended to be in the lower
quartiles (Figure 3B). Compared to the prevalence-based approach, there was more con-
cordance between count-based classifications, with more than three fourths of all districts
(597 of 774 districts, or 77.1%) being designated to the same quartiles for both no-DTP and
stunting. Fewer districts were classified into the highest quartiles for either metric based
on counts compared to prevalence (125 vs. 207 districts), but a greater proportion were in
the highest quartile for no-DTP and stunting (78 of 125 districts, or 62.4%). There were 44
districts categorized in the highest quartile for both no-DTP and stunting according to both
prevalence and counts (Figure 4).

However, these patterns again varied between countries and indicators (Supplemental
Figures S24–S69). For Indonesia, for instance, locations that might be targeted for joint
targeting based on spatial overlap between no-DTP and missed ORT would vary broadly
depending on whether decisions were informed by analyses of prevalence or counts
(Supplemental Figures S45 and S68). In Angola, prevalence-based analysis of the overlap
between no-DTP and ITN use identifies broad areas of the country that is potentially
amenable to joint targeting (Supplemental Figures S31a and S53a). Due to the population
distribution in the country, however, count-based analysis suggests that joint targeting
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opportunities might be focused upon relatively few locations (Supplemental Figures S31b
and S53b).

3.1.3. Overlap for Multiple Indicators

For some stakeholders, it may be of interest not only to understand the degree of
geographic overlap between no-DTP and other health indicators individually, but also to
identify locations that may be amenable to integrated intervention across many indicators.
We, therefore, produced country-specific maps that show the number of health indicators in
the highest quartile in each district, using our population-weighted classification approach.
Here, we continue to show results from Nigeria as an example, although results for other
countries can be found in Supplemental Figures S70–S73.

According to both prevalence and counts, more indicators were classified in the highest
quartile in northern and northwestern Nigeria (Figure 5). Districts in southern Nigeria
were largely only in the highest quartile for one to two indicators (missed ITNs and/or LF),
whereas districts in northern and northwestern Nigeria had many cases of the overlapping
classification for no-DTP, stunting, U5M, and missed ORT.

 

Figure 5. Country-specific multi-indicator overlap for Nigeria. Color given in each district reflects
the number of indicators assigned to the highest quartile in that district. Districts outlined in white
indicate those where no-DTP is among the indicators in the highest quartile. The map on the
left (A) shows categorization based on prevalence, and the map on the right (B) shows categorization
based on counts.

When classified by prevalence, high-quartile districts were relatively more concen-
trated across indicators in Nigeria compared to other countries (Figure 5A, Supplemental
Figures S70–S73). More than two thirds of districts in Nigeria were categorized into the
highest quartile for at least one of the six indicators analyzed (525 of 774, or 67.8%), but
these proportions were even greater in all other countries, including 74.8% of districts in
Indonesia (374 of 500), 81.1% of districts in DRC (194 of 239), 81.0% of districts in Ethiopia
(64 of 79), and 87.7% of districts in Angola (143 of 163).

The opposite was true when categorizing the districts into population-weighted quar-
tiles by counts. In this example, a much smaller proportion of districts—43.7%—were in
the highest quartile for at least one indicator in Nigeria (338 of 774 districts; Figure 4B).
This trend was consistent across other countries (Supplemental Figures S70–S73).

3.1.4. Multinational Overlap by Prevalence

The analyses above focus on describing the spatial patterns of no-DTP and other
indicators, based upon within-country classification for each indicator. For global or
regional decision-makers, however, examination of the degree of spatial overlap across
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countries may be of interest. We, therefore, repeated these analyses, but instead categorized
districts as those with the highest prevalence or counts for each indicator across all five
example countries included in these analyses, rather than within the countries separately.
Given the limited number of countries and indicators used in this analysis, these example
results are meant to be illustrative only, to demonstrate the magnitude of differences in the
perceived overlap when looking across rather than between countries and are not meant as
policy recommendations.

Categorizing by prevalence across our five focal countries combined, population-
weighted quartile assignments for no-DTP and stunting were markedly similar (Figure 6).
The quartile classifications for no-DTP and stunting exactly matched (i.e., districts in the
lowest quartile for no-DTP were also in the lowest quartile for stunting, etc.) in nearly
half of all districts (795 out of 1755 total; 45.3%). Districts in the highest quartile across all
countries for no-DTP could be found in every country, as well as districts in the highest
quartile for stunting (Figure 7). The districts where the highest-quartile categorization for
no-DTP and stunting overlapped largely fell within Nigeria and Angola, with 27.0% of
districts in Nigeria and 50.3% of districts in Angola being in the highest category for both
indicators (209 of 774 in Nigeria and 82 of 163 districts in Angola). While significant portions
of DRC and Ethiopia were in the highest quartile for one indicator or the other, there was
little overlap between indicators in these countries, and none in Indonesia (Figure 7).

Figure 6. Multinational overlap between stunting and no-DTP for all categorization quartiles, based
on prevalence. Ranges for population-weighted quartiles across the five example countries combined
for no-DTP and children with stunting are delineated in the bivariate color legend (bottom right).

Different patterns were observed for other comparator indicators (Supplemental
Figures S74–S81). For instance, when comparing categorization for no-DTP and ORT across
all five countries to that for no-DTP and stunting, fewer districts in Nigeria and Angola
were in the highest quartile for both indicators, whereas larger areas of Ethiopia and DRC
were in the highest quartile for both (Supplemental Figure S80).
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Figure 7. Multinational overlap between stunting and no-DTP for highest quartiles only, based on
prevalence. Districts in red are in the highest quartile for no-DTP only, blue are in the highest quartile
for children with stunting only, and purple are in the highest quartile for both indicators.

3.1.5. Multinational Overlap by Counts

Categorization at the multinational scale was even more closely aligned between
no-DTP and stunting when classifying districts according to counts rather than preva-
lence (Figure 8). When categorizing by counts, quartile assignment matched exactly
between no-DTP and stunting in 71.1% of all districts (1248 of 1755 total). Far fewer
districts were in the highest quartile when considered in terms of counts—only 5.8% of
districts were in the highest quartile for either indicator using counts, compared to 35.5%
of districts when considered by prevalence (102 vs. 623 out of 1755 districts, respectively;
Figures 8 and 9). In addition, the highest-quartile districts for either indicator fell largely in
Ethiopia and DRC. The highest-quartile districts were scarce in the other three countries,
making up <3% each for districts in Nigeria, Angola, and Indonesia. Only 49 districts were
in the highest quartile for both no-DTP and stunting (2.7% of all districts), and more than
half (28 of 49) were found in Ethiopia. This trend was largely consistent across all indicators
(Supplemental Figures S82–S89).

3.2. Quantifying Spatial Overlap

District-level mapping, as in the analyses above, can help to identify subnational
locations with potential for joint targeting. In some cases, however, it may be useful to
quantify the degree of spatial overlap between no-DTP and another indicator in a single
summary metric—i.e., to compare between countries or across comparator indicators.
These summary metrics may help to determine the potential benefit of integrated services
and delivery for some indicators compared to others, for instance.
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Figure 8. Multinational overlap between stunting and no-DTP for all categorization quartiles, based
on counts. Ranges for population-weighted quartiles across the five example countries combined for
no-DTP and children with stunting are delineated in the bivariate color legend (bottom right).

Figure 9. Multinational overlap between stunting and no-DTP for highest quartiles only, based on
counts. Districts in red are in the highest quartile for no-DTP only, blue are in the highest quartile for
children with stunting only, and purple are in the highest quartile for both indicators.
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3.2.1. Percent Overlap of High-Quartile Districts

First, we identified all the districts in the highest quartile for no-DTP and calculated the
proportion of those districts that were also categorized into the highest quartile for each of
the other indicators. This proportion of overlap varied greatly between and within countries
and indicators (Figure 10). The overlap was almost always higher when districts were
classified based on counts rather than prevalence, with a few exceptions (e.g., overlap with
LF or with ORT in several countries). For both prevalence- and count-based categorization
approaches, the degree of overlap between no-DTP and other indicators tended to be
lower in DRC compared to other countries; the proportion overlap was less than 50% for
all comparator indicators except LF (where 66.2% of districts categorized in the highest
quartile for no-DTP overlapped with LF highest-quartile categorization using prevalence,
compared to 46.7% using counts).

 

Figure 10. Overlap between districts in highest quartile categories for both no-DTP and comparator
indicators, by country. Percent overlap indicates the proportion of districts in the highest quartile
for no-DTP that are also in the highest quartile for the respective comparator indicators. Solid bars
represent categorization based on prevalence, while striped bars represent categorization based
on counts.

Although the ranges between the indicators tended to be broad, there was nevertheless
variation in consistency within most countries. For example, for categorization based on
prevalence, there was some degree of overlap with no-DTP for every comparator indicator
in Angola; the proportions of overlap ranged from 25.0% for LF to 62.8% for missed ORT.
In Nigeria, on the other hand, proportions ranged from extremely low overlap with missed
ITNs (0.6%) to high overlap with missed ORT (77.9%).

3.2.2. AUC

In the more recent year of measurement, across countries and indicators, the median
AUC was 0.43 (where AUC = 0.5 indicates equal proportions of the comparator indicator
and no-DTP reached through no-DTP targeting, AUC < 0.5 indicates lower proportions
of the population reached for the given indicator compared to no-DTP, and AUC > 0.5
indicates greater proportions of the population reached for the given indicator). The AUC
for stunting in Nigeria was slightly above this value at 0.453 (Figure 2). The overall range
of values for this measure was relatively narrow (Figure 11, Supplemental Figures S1–S23).
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Two-thirds of the observations fall between 0.39 and 0.46, with all indicators in Ethiopia
and DRC falling within that range. The AUC was higher in Angola compared to other
countries overall; only in Angola did any indicators reach an AUC > 0.5 (stunting at 0.52,
LF at 0.55, and missed ITNs at 0.58), indicating even greater proportions of those target
populations reached (compared to no-DTP populations reached). This finding is possible
when the degree of geographic concentration is greater for other indicators than for no-DTP.

Figure 11. Comparison of AUC in 2000 and the most recent year of available data for each comparator
indicator, by country. Solid bars represent values for the year 2000, while striped bars represent
values for the most recent year of data available for the given metric (Table 1).

Based on AUC, across indicators, overlap with no-DTP was generally lower in 2000
compared to the more recent year measured in the countries included here, indicating
broad reductions in spatial overlap over time (Figure 11). The largest decreases were for LF
and missed ITNs in Nigeria, which were already lower than the other indicators in Nigeria
in 2000 and these declined by 0.15 and 0.14, respectively. Angola was an exception to this
trend, with a higher AUC in the more recent year across the indicators.

4. Discussion

In this study, we present a series of analyses of the distribution of no-DTP children and
populations in need of other health interventions, using available subnational estimates of
each indicator, and highlight their potential utility by applying these approaches to five
example countries. These results demonstrate the substantial variation in joint geographic
overlap between no-DTP and other health indicators, both between and within countries. In
addition, the degree of spatial overlap and potential areas for joint geographic targeting vary
depending on whether classification is based on prevalence or counts, and whether policy
decisions are being made within or across countries. In general, the degree of spatial overlap
between no-DTP and other indicators (measured by AUC) decreased over time for most
comparisons and countries, with the exceptions of LF in Ethiopia and multiple indicators
in Angola. For several of these analyses, we derived hypothetical categorization schemes
for no-DTP children for illustrative purposes, such as population-weighted quartiles or
serial targeting of districts based upon the estimated number of no-DTP children living
in each district. We note, however, that these approaches could (and should) be tailored
to reflect specific subnational prioritization plans under consideration in the future, while
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also expanding to include more countries and/or comparator indicators in the analysis.
Taken together, the analytic approaches presented here form a foundation for future work
to better understand the degree of geographic overlap between districts with high numbers
of no-DTP children and those in need of other vital health services.

The comparator indicators presented here reflect a mixture of health service and health
outcome measures, illustrating the different ways in which spatial overlap analyses might
be applied. For instance, previous integration efforts have often included co-delivery of
immunizations and ITNs [40], and areas with high LF prevalence and low immunization
coverage may benefit from mass drug administration and immunization efforts. Reduc-
ing the disease burden of childhood diarrhea requires multifaceted approaches, such as
preventive measures (including vaccination, i.e., for rotavirus) and access to treatment
(including ORT) [41]. Malnutrition and immunization have complex interactions; malnour-
ished children are at a higher risk for infectious disease mortality [42] and may benefit most
from the protection of vaccines. Malnutrition may also affect immunologic responses to
vaccination, and vaccination is an important component of multi-pronged interventions to
reduce malnutrition [43]. Lastly, despite substantial progress, under-5 mortality in many
countries is still significantly higher [44] than the stated Sustainable Development Goal
(SDG) target of 25 or fewer deaths per 1000 live births by 2030 [8], and immunization is
one of the cornerstones of efforts to reduce child mortality. Comparisons between gaps in
vaccination coverage and these indicators, therefore, can illustrate a variety of potential
uses for spatial overlap analyses.

For no-DTP children and communities that face barriers to accessing essential health
services beyond immunization, integrating vaccine delivery with the delivery of other
services could potentially provide substantial equity benefits. Integrated approaches also
have the potential to increase the efficiency of health service delivery. As a result, integration
has been a key theme of global immunization strategies over the past decades. The
integration of immunization service delivery along with other public health interventions
across one’s life course is one of the strategic priority goals of IA2030 [7], formed one of the
strategic focus areas of the Global Immunization Vision and Strategy (2006–2015) [45], and
was one of the guiding principles of the Global Vaccine Action Plan (2011–2020) [46]. The
World Health Organization has also published extensive guidance for the integration of
immunization services across one’s life course and within health systems [47].

Past efforts have focused on the integration of immunization services with other inter-
ventions in both campaign and routine immunization settings, including services such as
ITN distribution, mass drug administration for deworming, vitamin A supplementation
and nutritional services, family planning, HIV services, water and sanitation, and intermit-
tent preventive therapy for malaria, among others [9,40]. Reviews of program experiences
that implemented such integrated immunization activities suggest that integration can be
challenging and highlight the need for a thoughtful consideration of the feasibility of joint
intervention; careful, context-specific planning and implementation; strong community-
based leadership; and timely and reliable monitoring strategies [9,48]. Analyses of the
geographic overlap of populations in need of improved vaccination services and other
interventions—such as those presented in this study—could serve as valuable additional
input into this decision-making and planning process. Moreover, the heterogeneous pat-
terns of overlap between countries and indicators illustrated by this study reinforce the
need for context-specific decision-making about the integration of service delivery and
integration plans that are tailored to the needs of each country and community.

This study is subject to several important limitations. First, this analysis focuses on
district-level, population overlaps between the distribution of no-DTP children and other
health services. This type of analysis helps to define geographic areas that might bene-
fit from joint prioritization of immunization and other service delivery. This approach,
however, does not examine other dimensions of overlap that may be important to under-
stand when evaluating the potential benefits of integrated service delivery. These results
should be paired with local expertise, as well as individual-level analyses such as those
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recently published [12], which can provide a more nuanced understanding of the associa-
tions between no-DTP status, lack of access to other health services, and other important
non-geographic factors, such as poverty and race/ethnicity. Second, geospatial modeled
estimates are often generated from survey data, which can vary in representativeness,
temporal availability, and accuracy across indicators and between countries, and are subject
to important forms of bias (including recall bias). Survey data representativeness may vary
due to limitations of the available population estimates to inform sampling designs in some
countries. In cases where populations at high risk for being zero-dose—for instance, those
living in urban poor areas or migrant populations—are not adequately represented in the
survey data, the resulting geospatial estimates will reflect these underlying biases. Third,
these analyses rely on gridded population estimates from the WorldPop project [36] to con-
vert between the prevalence of each indicator and counts of individuals at risk. In settings
where no recent census data are available or migration is common, however, inaccurate
population estimates could substantially bias prioritization decisions. To support accurate
prioritization and planning, reliable target population estimates are critical. Last, we note
that the classifications for the indicators presented here may not translate directly with the
unmet needs. For example, coverage of ITNs on its own does not account for the endemicity
of malaria. This limitation emphasizes the need for a framework such as that proposed here
to be considered alongside a broad range of additional factors, context, and local expertise.
For additional limitations, please see the Supplemental Material (Supplemental Methods).

As this paper has highlighted, contextual knowledge is crucial for the effective use
of any analyses to be used in decision-making. That contextual information can be highly
localized and unique to each situation. We also note that the work in this paper is presented
here without that contextual input of those most affected by under-immunization. While
we have attempted to present many different analytical facets to address a range of possible
use cases, we nevertheless acknowledge this critical component still missing from these
analyses. Therefore, we invite feedback from global, regional, national and local experts
in vaccine delivery and health service delivery as to how this work may be improved,
modified and/or tailored to best support the efforts to reach zero-dose children and provide
essential health services.

5. Conclusions

As the global immunization community works to fulfill the ambitious goals of IA2030,
new strategies to reach zero-dose children and communities will be needed. Integrating
immunization with other essential health services, as part of robust primary health care
systems, has the potential to improve efficiency and achieve greater equity in health
outcomes, particularly for communities that are most at risk. The potential benefits of
integration—and the ideal strategies to plan and implement these efforts—are likely to vary
from country to country. Spatial analyses of the overlap between gaps in immunization
services and other key health indicators can help to define the potential for joint geographic
targeting of integrated service delivery to help ensure a future where all people have
equitable access to lifesaving vaccines.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/vaccines11040802/s1, Supplemental Methods; Table S1: Ten
countries with highest no-DTP counts in 2019 and indicator data availability details; Table S2: Surveys
included in DTP modeling; Table S3: Surveys excluded from DTP modeling; Table S4: GATHER Com-
pliance checklist; Table S5: Geospatial covariates used in modeling; Figures S1–S23: Country-specific
AUC step plots; Figures S24–S46: Country-specific, all quartile overlap; Figure S47–S69: Country-
specific, highest quartile overlap; Figures S70–S73: Multi-indicator overlap of country-specific highest
quartiles; Figures S74–S77: Multinational all quartile overlap by prevalence; Figures S78–S81: Multi-
national highest quartile overlap by prevalence; Figures S82–S85: Multinational all quartile overlap
by counts; Figures S86–S89: Multinational highest quartile overlap by counts. References [49–52] are
cited in the Supplemental Methods.
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Abstract: The Republic of Guatemala’s reported COVID-19 vaccination coverage is among the lowest
in the Americas and there are limited studies describing the disparities in vaccine uptake within the
country. We performed a cross-sectional ecological analysis using multi-level modeling to identify
sociodemographic characteristics that were associated with low COVID-19 vaccination coverage
among Guatemalan municipalities as of 30 November 2022. Municipalities with a higher proportion
of people experiencing poverty (β = −0.25, 95% CI: −0.43–−0.07) had lower vaccination coverage.
Municipalities with a higher proportion of people who had received at least a primary education
(β = 0.74, 95% CI: 0.38–1.08), children (β = 1.07, 95% CI: 0.36–1.77), people aged 60 years and older
(β = 2.94, 95% CI: 1.70–4.12), and testing for SARS-CoV-2 infection (β = 0.25, 95% CI: 0.14–0.36) had
higher vaccination coverage. In the simplified multivariable model, these factors explained 59.4%
of the variation in COVID-19 vaccination coverage. Poverty remained significantly associated with
low COVID-19 vaccination coverage in two subanalyses restricting the data to the time period of the
highest national COVID-19-related death rate and to COVID-19 vaccination coverage only among
those aged 60 years or older. Poverty is a key factor associated with low COVID-19 vaccination and
focusing public health interventions in municipalities most affected by poverty may help address
COVID-19 vaccination and health disparities in Guatemala.

Keywords: COVID-19 vaccination; Guatemala; equity

1. Introduction

Guatemala has the largest population among Central American countries (over 17 mil-
lion) and is bordered by Mexico, Belize, Honduras, and El Salvador [1]. While considered
an upper-middle-income country due to a GDP of $4603 per capita in 2020 [1], Guatemala
has marked inequalities, with wealth held in a small sector of the population, low access to
basic services for much of the population, and an overall lack of investment in the public
sector [1–3].

Guatemala has the lowest COVID-19 vaccination coverage in Central America and
is among the lowest compared with its regional neighbors in South America [4,5]. As of
November 2022, there have been over one million SARS-CoV-2 cases and nearly 20,000
COVID-19-related deaths reported in Guatemala [6,7]. Within Guatemala, it was estimated
that COVID-19-related mortality has been higher in people aged 60–69 years and in frontline
healthcare workers [8]. As part of the National Vaccination Plan Against COVID-19,
frontline healthcare workers were prioritized for vaccines when they initially became
available in March 2021 [8,9]. In later phases, people aged 50 years and older and those
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with underlying medical conditions were prioritized [8,9]. Vaccines became available free
of charge to the general public in May 2021 [8,9]. Vaccines were obtained through donations,
via the COVID-19 Vaccines Global Access (COVAX) mechanism for which Guatemala was a
“self-pay” country, and one bilateral purchase of the Sputnik vaccine [9]. To date, there are
four COVID-19 vaccines available to Guatemalans and all of them are two-dose primary
series courses (Pfizer/BioNTech, Oxford/AstraZeneca, Moderna, and Sputnik V) [10]. As
of 30 November 2022, 19,960,793 COVID-19 vaccines had been administered, with 49.4% of
the total population having received at least one dose, and approximately seven million
people, or 40.0% of the total population, having completed a primary COVID-19 vaccination
series with two doses [4,6,7,10]. Of those who had completed a primary vaccination series,
42.8% had received Moderna, 23.0% received Oxford/AstraZeneca, 18.4% received Sputnik
V, and 15.9% had received Pfizer/BioNTech vaccines [11]. In addition, about four million
people, or 24.0% of the population, had received one or two booster doses by 30 November
2022 [12].

The inequity in the global distribution of COVID-19 vaccines with preferential access
for countries with higher per capita incomes and gross domestic products has been well-
documented [13–15]. However, there are limited studies describing COVID-19 vaccination
disparities within low- and middle-income countries, and many focus on vaccination intent.
Studies that have explored sociodemographic factors associated with COVID-19 vaccina-
tion coverage have primarily focused on the United States. One survey conducted among
U.S. adults found that participants with lower incomes, lower educational attainments,
those without health insurance, who were non-Hispanic Black, and who lived outside of
metropolitan areas had the lowest reported COVID-19 vaccination coverage and intent to
get vaccinated [16]. Two other analyses showed that vaccination coverage was lower in ru-
ral compared with urban U.S. counties [17], and lower in counties with a higher percentage
of people with incomes below the poverty threshold, experiencing unemployment, and not
graduating from high school [18].

Several reasons have been posited for the low COVID-19 vaccination coverage in
Guatemala. The country faces multiple challenges in its healthcare and public health
system such as inadequate financing of the health sector, disparities in access to public
health services in rural areas, and a shortage of healthcare workers [19,20]. COVID-19
vaccination coverage has been highest in the capital, Guatemala City, while rural areas with
higher concentrations of Indigenous people have had lower vaccination coverage [5,21].
In the 2018 census, the Maya comprised 41.7% of the total population, and the Xinca
were 1.8% of the total population [22]. The disproportionate burden of COVID-19 on
Indigenous people and those of low socioeconomic status has been studied regionally, for
instance, in Colombia [23]. A 2021 UNESCO report on COVID-19 vaccination in Latin
America and the Caribbean noted that in communities with higher “unemployment or
informal employment, or where ethnic groups live, there is a higher prevalence of COVID-
19 and a higher risk of mortality” [24]. Moreover, there is evidence of vaccine hesitancy
among people with lower levels of institutional trust, those living in rural areas, and those
experiencing economic insecurity [25–27]. Early vaccination outreach in Guatemala was
often conducted in Spanish using mainstream media instead of through local organizations,
and using local Indigenous languages, according to a Pan American Health Organization
report [5]. As part of the Ministry of Public Health and Social Assistance (MSPAS) Strategy
to Strengthen the COVID-19 Vaccination Plan in Rural Areas, vaccination activities have more
recently incorporated community leader guidance and local media campaigns [28].

Given the limited studies describing COVID-19 vaccination coverage disparities within
Guatemala, we performed an ecological analysis to understand the association between
sociodemographic factors and primary vaccination coverage among the 340 Guatemalan
municipalities. Identifying factors associated with low vaccination could inform strategies
to improve COVID-19 vaccine coverage and other public health interventions in Guatemala.
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2. Materials and Methods

We performed a cross-sectional analysis of aggregated COVID-19 vaccination coverage
data in Guatemala from 13 February 2020 to 30 November 2022. As the lowest level of
data availability was at the municipal level, we conducted an ecological analysis of factors
associated with primary COVID-19 vaccine series’ coverage by municipality.

Sociodemographic data variables at the municipal level were obtained through the
2018 Guatemala Population and Housing Census (Table 1) [22]. Municipalities are orga-
nized into 22 departments, and some variables only available at the departmental level
were obtained through the 2014–2015 Demographic and Health Survey [29]. We chose
sociodemographic variables a priori that could be proxies for healthcare access, poverty,
and related variables that we hypothesized to be related to vaccination uptake [30–32]. We
elected to use the general poverty indicator (percentage of each municipality population
experiencing poverty) developed by Figueroa Chávez and colleagues and shared with our
team [33]. Figueroa Chávez and colleagues developed the general poverty indicator by
using the associations between sociodemographic variables in the 2018 Census and the
poverty measure in the 2014 National Survey of Living Conditions [34] to estimate poverty
at the municipality level [35]. According to their findings, the general poverty indicator
ranged from 10.56% in the Jocotenango municipality in Sacatepéquez, to 94.59% in the
Senahú municipality in Alta Verapaz [35]. COVID-19 vaccination data differentiated by
municipality, department, and age were available at the MSPAS of Guatemala surveillance
websites from 25 February 2021 to 30 November 2022 [11,12]. SARS-CoV-2 testing data
(either antigen or polymerase chain reaction tests) and death data were also available
through MSPAS from 13 February 2020 to 30 November 2022 [11]. A completed primary
COVID-19 vaccination course was considered to be two doses of any of the four nationally
available vaccines among people aged six years and older, consistent with current national
guidelines [11]. The data used in this study were all de-identified, aggregated, and, with
the exception of the general poverty indicator, publicly available.

Table 1. Data elements used in the analysis.

Variable Source

Total municipality population 2018 Guatemala Population and Housing Census
Female sex population in the municipality 2018 Guatemala Population and Housing Census
Population aged 0–17 years in municipality 2018 Guatemala Population and Housing Census
Population aged 18–59 years in municipality 2018 Guatemala Population and Housing Census
Population aged 60 years or older in municipality 2018 Guatemala Population and Housing Census
Ethnicity identification in the municipality 2018 Guatemala Population and Housing Census
Population in a municipality having received at least primary
school education

2018 Guatemala Population and Housing Census

Population in municipality with household in a rural location 2018 Guatemala Population and Housing Census
Population in municipality experiencing poverty Figueroa Chavez et al., 2020 [30]
Department-level childhood mortality rate (deaths per 1000
livebirths) among children aged under five years

2014–2015 Demographic and Health Survey

Percentage of women aged 15–49 years in department who
reported having problems accessing health services when ill due to
distance to a health establishment

2014–2015 Demographic and Health Survey

Percent of children aged 12–23 months in the department who have
received the third Pentavalent vaccine dose

2014–2015 Demographic and Health Survey

Department Gini coefficient (%) 2014–2015 Demographic and Health Survey
SARS-CoV-2 vaccination status among the municipality population
aged six years or older (incomplete, complete, one booster dose,
two booster doses)

Ministry of Public Health and Social Assistance (MSPAS) of
Guatemala, 2021–2022

Municipality population aged 60 years or older with completed
SARS-CoV-2 primary vaccination course

Ministry of Public Health and Social Assistance (MSPAS) of
Guatemala, 2021–2022

SARS-CoV-2 tests reported per municipal population. Ministry of Public Health and Social Assistance (MSPAS) of
Guatemala, 2020–2022

Deaths due to COVID-19 among the municipality population Ministry of Public Health and Social Assistance (MSPAS) of
Guatemala, 2020–2022
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Municipal-level independent variables included in the model were the percentage of
each municipality population reported to be of Mayan ethnicity, living in a rural residence,
of the female sex, having attained primary school or higher educational level, experiencing
poverty, aged 0–17 years or ≥60 years, and having died due to COVID-19 (Table 1). The
reported number of SARS-CoV-2 tests by municipality was an additional independent
variable. Independent variables at the departmental level included the under-five childhood
mortality rate, the percentage of women aged 15–49 years who reported problems accessing
health services when ill due to distance to a health establishment, the percentage of children
aged 12–23 months who had received a third dose of Pentavalent vaccine (a combination
vaccine against diphtheria, tetanus, pertussis, hepatitis B, and Haemophilus influenzae type
b), and the Gini coefficient indicating income inequality. The dependent variable was the
percent coverage of each municipality population with a complete primary COVID-19
vaccination course. Proportions of municipalities with completed COVID-19 vaccination
and SARS-CoV-2 tests exceeding 100.0% (as total population estimates were from 2018) were
capped at 99.0%. Given that the proportion of the population that died from COVID-19 by
municipality was relatively small, the variable was scaled by 100 in the model to achieve a
similar order of magnitude to the other variables.

Two subanalyses were also performed to assess whether the demographic associations
with vaccination in the overall model were consistent among the subgroups. In the first,
the dependent variable was limited to the population aged 60 years or older who had
completed COVID-19 vaccination. We chose this subgroup given the initial national
focus on vaccinating older adults. In the second subanalysis, the SARS-CoV-2 cases and
COVID-19 vaccination data were confined to the period of the highest national COVID-19-
related death rate, from 13 February 2020 to 1 October 2021 [6]. All count variables (derived
from the census and the MSPAS) were converted to percentages to account for differences
in municipal total populations. Data on deaths due to COVID-19 were missing for four
municipalities (San Juan Tecuaco, Santa Rosa; Concepción, Sololá; Santa Catarina Palopó,
Sololá; Río Blanco, San Marcos) and were removed from the multivariable models.

We calculated descriptive statistics for sociodemographic characteristics among munic-
ipalities and departments. We used Pearson correlation coefficients and variance inflation
factors to assess potential collinearity within our model. The poverty indicator used in
our analysis was developed using some of the variables included in our model, however,
these common variables were not heavily weighted in the poverty index [33,35]. As this
was the most robust measure of poverty by municipality despite potential collinearity, we
performed a sensitivity analysis of the model without the poverty indicator and found
similar results and chose to retain this variable (Supplementary Table S1). We identified
municipalities with high Indigenous populations, rurality, and poverty who achieved a
COVID-19 vaccination coverage of at least 70%, according to World Health Organization
(WHO) guidelines [36]. We assessed relationships between municipal- and departmental-
level factors and COVID-19 vaccination using multi-level modeling, allowing for random
department-level intercepts to account for differences between departments. The model
results were robust to different specifications of the underlying error distribution. A multi-
level linear regression model was selected to maximize both model fit and interpretability.
All variables were included in the full multivariable model, and those variables with as-
sociations significant at p < 0.05 were included in the simplified multivariable model. We
used a normal approximation of a 1000 replicate parametric bootstrap to generate our
95% confidence intervals and present both the marginal R2 (representing the proportion
of the variance explained by the model-fixed effects) and conditional R2 (representing the
proportion of the variance explained by both the fixed and random effects) for each model.
All analyses were performed using R Statistical Software (v.4.2.2; Vienna, Austria) [37].
We hypothesized, based on our literature review, that COVID-19 vaccination would be
negatively associated with higher poverty, rurality, and Indigenous population.
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3. Results

3.1. Demographic Data

Among the 340 municipalities, as of 30 November 2022, 7.05 million persons had
completed a primary COVID-19 vaccine course. The median proportion of vaccination
coverage among people aged at least six years in the municipalities was 42.3% (interquar-
tile range, IQR, 31.8–53.8%) (Table 2). The median proportion of the female sex among
municipalities was 51.3% (IQR 50.6–52.2%). The median proportion of the population
aged 60 years or older among all municipalities was 7.8% (IQR 6.9–9.3%), and the me-
dian proportion of those identifying as Maya was 30.0% (IQR 2.9–91.4%). Four out of
151 majority Maya municipalities, San José Chacayá, Santa Catarina Barahona, Chimal-
tenango, and San Lorenzo, had at least 70% of their populations who had completed
COVID-19 vaccination, and this relationship was inversely correlated (ρ = −0.299, p < 0.001)
(Figure 1A). Guatemala, Mixco, Jocotenango, and San Lucas Sacatepéquez municipalities
had the highest proportion of their populations (≥40%) who had received at least a primary
school education. The median proportion of rural residence among all municipalities was
64.8% (IQR 37.1–82.7%), with an inverse correlation (ρ = −0.417, p < 0.001) with COVID-19
vaccination coverage (Figure 1B). The median proportion of people experiencing poverty
among the municipalities was 60.8% (IQR 43.8–75.8%), with an inverse correlation with
COVID-19 vaccination (ρ = −0.634, p < 0.001) (Figure 1C). Overall, the municipalities with
the highest COVID-19 vaccination coverage were Guatemala, San José, and San José del
Golfo. By November 2022, 23 municipalities had completed primary series vaccination in
at least 70% of their populations (Figure 2). Additional summarizing demographic data
among the municipalities are shown in Table 2.

3.2. Factors Associated with COVID-19 Vaccination

In the bivariate analysis of all COVID-19 vaccination data as of 30 November 2022,
significant factors (α = 0.05) negatively associated with primary COVID-19 vaccination
course coverage by municipality, adjusting for departmental level differences, included the
proportion of the municipality identifying as Mayan (β = −0.15, 95% CI: −0.21–−0.10), the
proportion of the municipality living in a rural residence (β = −0.19, 95% CI: −0.25–−0.13),
the proportion of the municipality experiencing poverty (β = −0.54, 95% CI: −0.63–−0.46),
the proportion of the municipality in the 0–17 years age group (β = −1.81, 95% CI:
−2.16–−1.47), departmental-level under-five childhood mortality rate (β = −0.09, 95%
CI: −0.46–0.27), the proportion of those in the department reporting difficulty accessing
healthcare due to distance from a health facility (β = −0.82, 95% CI: −1.12–−0.53), and the
department’s Gini coefficient (β = −0.62, 95% CI: −1.20–−0.08) (Table 3).

Factors positively associated with primary COVID-19 vaccination series coverage by
municipality, adjusting for departmental level differences, included the proportion of the
municipality with at least a primary school education (β = 1.40, 95% CI: 1.18–1.62), the
proportion of female sex in the municipality (β = 2.53, 95% CI: 1.02–4.03), proportion of the
municipality in the 60 years and older age group (β = 4.54, 95% CI: 3.57–5.49), proportion
of the municipality tested for SARS-CoV-2 infection (β = 0.52, 95% CI: 0.43–0.61), reported
deaths due to COVID-19 in the municipality (β = 1.17, 95% CI: 0.94–1.41), and proportion
of 12–23 months old children in the department who had received the third Pentavalent
vaccine (β = 0.65, 95% CI: 0.20–1.11).

After adjusting for all covariates and departmental effects in the full model, the
proportions of the municipal population who (1) had received at least a primary school
education, (2) were experiencing poverty, (3) were below the age of 18 years, (4) were
aged 60 years and above, and (5) tested for SARS-CoV-2 remained significantly associated
with complete vaccination coverage (Table 3, Section “Full multivariable model”). In
the simplified multivariable model (Table 3, Section “Simplified multivariable model”),
when adjusting for covariates and departmental level differences, a 10% higher proportion
of people experiencing poverty within a municipality was associated with 2.5% lower
COVID-19 vaccination coverage (95% CI: −4.33–−0.70). Conversely, a 10% increase in
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the proportion of the municipality having received at least a primary school education
was associated with 7.4% higher COVID-19 vaccination coverage (95% CI: 3.83–10.75); a
10% increase in the proportion of the municipality aged <18 years was associated with
10.7% higher COVID-19 vaccination coverage (95% CI: 3.55–17.67); a 10% increase in the
proportion of the municipality in the 60 years and older age group was associated with
29.4% higher COVID-19 vaccination coverage (95% CI: 17.00–41.21); and a 10% higher
proportion of the municipality tested for SARS-CoV-2 infection was associated with a 2.5%
higher COVID-19 vaccination coverage (95% CI: 1.37–3.55). Overall, the marginal R2 value
was 0.496, and the conditional R2 value accounting for the covariates and departmental-
level differences was 0.594.

Figure 1. Guatemalan municipalities by percent of primary COVID-19 vaccination series coverage
versus (A) percent of municipality population of Mayan identity, (B) percent of municipality popula-
tion living in a rural area, and (C) percent of municipality population experiencing poverty. Labeled
municipalities are those with >70% completed COVID-19 vaccination (green dashed line) and >50% of
the Mayan population (A), rural residence (B), or people experiencing poverty (C) (gray dashed line).

62



Vaccines 2023, 11, 745

 
Figure 2. Primary COVID-19 vaccination series coverage by municipality in Guatemala. Image
adapted from Guatemala Ministry of Health and Social Assistance, 25 February 2021 to 30 November
2022 [11].
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Table 2. Demographic characteristics among the 340 municipalities and 22 departments in Guatemala.
Data source: Guatemala Population and Housing Census 2018, 2014–2015 Demographic and Health
Survey, and Guatemala Ministry of Health and Social Assistance. The poverty variable is a model
estimate from Figueroa Chávez et al. (2020) [33,35]. SARS-CoV-2 cases and vaccination data are from
13 February 2020 to 30 November 2022, except where indicated.

Municipality Characteristic
N

Median (IQR)
% a

Median (IQR)

Population 28,156.5 (15,730.8–51,426.0) -
Female sex 14,580.0 (8067.3–27,052.3) 51.3 (50.6–52.2)
Age group (years)

0–17 11,599.5 (6227.3–21,980.8) 40.8 (37.4–45.3)
18–59 14,131.0 (7891.3–25,263.5) 51.1 (48.0–53.4)
≥60 2226.0 (1321.0–3797.8) 7.8 (6.9–9.3)

Ethnicity
Maya 7129.0 (1008.8–25,847.5) 30.0 (2.9–91.4)
Garifuna 25.0 (13.0–50.8) 0.1 (0.1–0.1)
Xinka 4.0 (1.0–16.0) 0.0 (0.0–0.1)
Latino(a) 11,362.5 (2463.0–26,008.5) 63.7 (8.2–93.5)

Educational level primary school and above 18,065.0 (10,058.5–32,712.8) 74.4 (68.5–78.9)
Household rural location 13,458.5 (6260.5–28,052.5) 64.8 (37.1–82.7)
People experiencing poverty 16,086.0 (7909.0–30,343.5) 60.8 (43.8–75.8)
SARS-CoV-2 vaccination status

Vaccine eligible population (≥6 years) 27,156.0 (15,180.3–50,978.5) -
Incomplete 13,853.5 (7890.8–23,373.3) 53.0 (43.0–66.6)
Complete 10,633.5 (6286.3–18,466.8) 42.3 (31.8–53.8)
One booster dose 4813.0 (2887.5–8097.5) 18.8 (13.1–27.0)
Two booster doses 385.5 (183.8–952.0) 1.7 (0.9–3.0)

MSPAS b SARS-CoV-2 indicators
Confirmed cases 917.5 (442.0–1899.8) 3.0 (1.7–5.4)
Tests reported 5248.5 (2798.0–10,824.5) 19.4 (10.7–28.6)

Deaths due to COVID-19 20.0 (10.0–38.0) 0.07 (0.0–0.1)
People aged 60 or more years with complete vaccination 1173.5 (733.8–2071.0) 53.0 (41.5–66.9)
Measures as of 1 October 2021

Complete vaccination 3160.5 (1918.0–5897.8) 13.1 (8.5–19.6)
Tests reported 2129.0 (966.5–4492.8) 7.9 (4.5–12.4)
Deaths due to COVID-19 16.5 (8.0–30.8) 5.6 (3.2–9.5)

Departmental Characteristic
%

Median (IQR)

Under-5 childhood mortality rate (deaths per 1000 live births) 37.0 (31.0–42.5)
Difficult access to healthcare facilities due to distance 38.6 (33.8–46.9)
12–23 months old children receiving third Pentavalent vaccine 86.9 (82.0–90.4)
Gini coefficient 30.0 (30.0–40.0)

a Proportion derived by dividing by total population as provided by respective data source. b Ministry of Public
Health and Social Assistance.

3.3. Factors Associated with COVID-19 Vaccination among People Aged 60 Years or Older

Nationally, 61.9% of those aged 60 years or older had completed COVID-19 vaccination
by 30 November 2022 [12]. In the analysis of this subgroup, significant factors (α = 0.05) in
the bivariate model negatively associated with COVID-19 vaccination, adjusting for depart-
mental level differences, were similar to the overall analysis and included the proportion of
the municipality identifying as Mayan, the proportion living in a rural residence, and the
proportion experiencing poverty, but did not include the departmental-level under-five
childhood mortality rate and the department’s Gini coefficient (Table 4). Factors positively
associated in the bivariate model were the same as in the overall analysis.

After adjusting for all covariates and departmental effects in the full model, the pro-
portions of the municipal population (1) living in a rural residence, (2) having received at
least a primary school education, (3) experiencing poverty, (4) of female sex and (5) tested
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for SARS-CoV-2 remained significantly associated with complete vaccination coverage
(Table 4, Section “Full multivariable model”). In the simplified multivariable model (Table 4,
Section “Simplified multivariable model”), when adjusting for covariates and departmen-
tal level differences, a 10% higher proportion of people experiencing poverty within a
municipality was associated with 2.0% lower complete COVID-19 vaccination coverage
(95% CI: −3.79–−0.28). A 10% increase in the proportion of the municipality living in a
rural residence was associated with a 0.9% higher COVID-19 vaccination coverage (95%
CI: 0.27–1.59); having received at least a primary school education was associated with
9.8% higher COVID-19 vaccination coverage (95% CI: 5.66–13.72); a 10% increase in the
proportion of the municipality of female sex was associated with 20.6% higher COVID-19
vaccination coverage (95% CI: 6.39–34.51); and a 10% higher proportion of the municipality
tested for SARS-CoV-2 infection was associated with a 3.1% higher COVID-19 vaccination
coverage (95% CI: 1.90–4.37). The marginal R2 value was 0.487, and the conditional R2

value accounting for the covariates and departmental-level differences was 0.600.

3.4. Factors Associated with COVID-19 Vaccination up to 1 October 2021

As of 1 October 2021, immediately after the peak of COVID-19-related deaths in
Guatemala, 2.58 million persons (15.1% of the total population) had completed a primary
COVID-19 vaccine course [11]. In the bivariate analysis of all COVID-19 vaccination data
up to 1 October 2021, significant factors negatively associated with COVID-19 vaccination
coverage by municipality (α = 0.05), adjusting for departmental level differences, were
similar to the overall analysis and included the proportion of the municipality identifying
as Mayan, the proportion living in a rural residence, and proportion experiencing poverty,
but did not include the departmental-level under-five childhood mortality rate and the
department’s Gini coefficient (Table 5). Factors positively associated in the bivariate model
were the same as in the overall analysis.

After adjusting for all covariates and departmental effects in the full model, the pro-
portion of the municipal population (1) having received at least a primary school education,
(2) experiencing poverty, (3) aged 60 and above, and (4) tested for SARS-CoV-2 remained
significantly associated with complete vaccination coverage (Table 5, Section “Full mul-
tivariable model”). In the simplified multivariable model (Table 5, Section “Simplified
multivariable model”), when adjusting for covariates and departmental level differences, a
10% higher proportion of people experiencing poverty within a municipality was associated
with 1.1% lower COVID-19 vaccination coverage (95% CI: −1.90–−0.39); a 10% increase in
the proportion of the municipality having received at least a primary school education was
associated with 1.6% higher COVID-19 vaccination coverage (95% CI: −0.12–3.28); a 10%
increase in the proportion of the municipality in the 60 years and older age group was asso-
ciated with 13.9% higher COVID-19 vaccination coverage (95% CI: 8.93–18.73); and a 10%
higher proportion of the municipality tested for SARS-CoV-2 infection was associated with
a 2.6% higher COVID-19 vaccination coverage (95% CI: 1.46–3.80) (conditional R2 = 0.615).
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4. Discussion

In this cross-sectional analysis of COVID-19 vaccination coverage among Guatemalan
municipalities, we provide population-level information on sociodemographic and health
system variables associated with vaccination. In the adjusted multi-level model evaluating
vaccination data as of 30 November 2022, municipalities with higher proportions of people
experiencing poverty had lower COVID-19 vaccination coverage. Municipalities with
higher proportions of people who had received at least a primary school education, children,
people aged 60 years or older, and testing for SARS-CoV-2 infection had higher COVID-19
vaccination coverage. In our subanalyses, the timing of the country’s response to the
pandemic did not appear to notably affect the results, as factors associated with vaccination
coverage in the overall model were similar to the point at which Guatemala had just passed
its highest daily death rate. Additionally, poverty, educational level, and prevalence of
testing for SARS-CoV-2 infection remained significant factors associated with COVID-19
vaccination coverage among Guatemalans aged ≥60 years.

Our findings are generally consistent with those from previous studies. Prior studies
have largely focused on factors related to the intent to vaccinate rather than the completion
of COVID-19 vaccination. A 2022 global, population-based analysis noted that participants
identifying as female, in older age groups, with a higher level of education, and with health
insurance reported being more willing to get vaccinated [32]. In a study of Latin American
and Caribbean countries, those with a university education, residence in an urban area,
and a higher perceived likelihood of contracting COVID-19 had higher intentions to be
vaccinated [31]. With regards to age, our model showed that municipalities with more
children and people aged 60 years or older had higher vaccine coverage when adjusting for
other covariates and variations at the departmental level. This is expected given that older
populations were prioritized under national vaccination planning given their elevated risk
of severe COVID-19 [8]. The role of children is less clear, especially as vaccines for children
under 12 years of age only became available in 2022, and there are no vaccines for children
under six years of age at the time of analysis [38]. Possibly, concern over the well-being of
children motivated parents’ vaccination, or that when vaccines were available for children,
other family members were also vaccinated. The role of children in the community could
be an area of further investigation.

It is also expected that municipalities with more SARS-CoV-2 testing had a higher
proportion of the population that was vaccinated for COVID-19 as these municipalities
may have more access to health facilities or services. The MSPAS provided free testing to
people with symptoms or to those who were COVID-19 contacts, however, these services
were generally offered at health facilities that were not always accessible to rural popula-
tions [9,21,39]. It is possible that the presence of more testing resources could positively
influence individuals to receive COVID-19 vaccinations. This would support public health
interventions, such as making SARS-CoV-2 testing more accessible in rural areas through
mobile health units. In our model, higher proportions of deaths due to COVID-19 in
the municipalities were not significantly associated with increased vaccination. While
Guatemala has reported less excess mortality compared with other countries within the
region [40], the excess mortality was found to be 46% higher compared with confirmed
COVID-19 death counts, according to a study by Martinez-Folgar and colleagues [41],
indicating that mortality and case estimates are likely underestimated, which may have
affected our analysis. Moreover, their study showed that most deaths appeared to occur
at home, further highlighting barriers to healthcare access that are likely reflected in low
COVID-19 vaccination coverage and possibly higher mortality.

In unadjusted models, we observed significant associations between lower COVID-19
vaccination coverage and Indigenous identity, rural residence, poverty, and self-reported
difficulty accessing healthcare. In the adjusted model, of these sociodemographic variables,
only the proportion of the municipality experiencing poverty remained negatively associ-
ated with vaccination coverage. It is possible that poverty partially explains the observed
associations between COVID-19 vaccination and other sociodemographic variables, such
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as Indigenous identity, rurality, and healthcare access. We found a few municipalities with
high rurality and Indigenous populations that reached at least 70% vaccination coverage.
There were only three municipalities with 50% or more of their population experiencing
poverty that reached 70% vaccination coverage. Poverty remained significantly associated
with low vaccination coverage when the analysis was restricted to the time that COVID-19
deaths peaked, or to coverage among those aged 60 years or older. Even as the risk of
mortality due to COVID-19 has been shown to be higher among those in the lowest so-
cioeconomic strata [23], there is evidence that economic insecurity was associated with
fear of adverse effects from the vaccine in Latin America [27]. Additionally, the monetary
and opportunity costs of accessing vaccination sites, missing work, arranging childcare,
etc., have been described as potential barriers to vaccine access [5,21]. Therefore, while
Indigenous and rural communities are at a higher risk for low vaccine access, it may be
particularly effective to use poverty indices when designing community-wide vaccination
interventions in Guatemalan municipalities, and to focus on interventions such as trans-
portation, childcare, and alternative hours of service that can overcome cost-related barriers.
Further, research to better understand the structural determinants of poverty, including
class, gender, and race, can help guide future interventions [42]. Additional research on the
monetary and opportunity costs of accessing vaccination within Guatemala may be needed.
Lastly, outreach specifically to areas with lower access to primary school education and
vaccination programming that accommodates potential literacy issues may be considered.

There are limitations to this study which should be considered. Our analysis was
conducted at the municipal level as we did not have access to community estimates
or individual-level data that could possibly provide more complex explanations of low
vaccination coverage among certain sociodemographic groups. Our conclusions at the
population level may not be applicable to specific sociodemographic groups within munici-
palities. Secondly, factors such as poverty, Indigenous identity, and rurality are complex
and interrelated, and it is difficult to assess their relationship to vaccination and healthcare
access in isolation. The proxies we used for healthcare access, such as testing for SARS-CoV-
2 infections and vaccination program reach, such as childhood Pentavalent vaccination
coverage, may not capture the intricacies of the political, economic, and historical reasons
for low COVID-19 vaccination coverage. Additionally, our analysis may differ depending
on alternative definitions of vaccination coverage, such as partial vaccination with one
dose or coverage with booster doses. Lastly, as we relied on data from the most recent
national census, some of our findings may not reflect the population during the COVID-19
pandemic.

5. Conclusions

Through our multi-level modeling approach, we were able to identify sociodemo-
graphic factors associated with COVID-19 vaccination at the municipality level. Our
findings show more granularly where COVID-19 vaccination is lagging in Guatemala and
which municipalities could benefit from more focused vaccination activities. Municipali-
ties with populations experiencing higher poverty had lower vaccination coverage, and
municipalities with higher proportions of primary education completion, children, people
aged 60 years and older, and more testing for SARS-CoV-2 infection had higher vaccina-
tion coverage. COVID-19 vaccine delivery and public health outreach may be focused on
communities experiencing more poverty. While there has historically been a difficulty with
healthcare delivery to communities experiencing poverty, interventions based on poverty
indices may help mitigate the effects of the COVID-19 pandemic on such communities and
ultimately improve health equity.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/vaccines11040745/s1, Table S1: Association between sociodemographic
factors (by municipalities and departments) and two-dose vaccination coverage (%) by municipalities
in Guatemala (N = 336). SARS-CoV-2 case and vaccination data are from 13 February 2020 to
1 October 2021.
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Abstract: (1) Background: The Democratic Republic of the Congo (DRC) is one of the countries with
the highest number of never vaccinated or “zero-dose” (ZD) children in the world. This study was
conducted to examine the proportion of ZD children and associated factors in the DRC. (2) Methods:
Child and household data from a provincial-level vaccination coverage survey conducted between
November 2021–February 2021 and 2022 were used. ZD was defined as a child aged 12 to 23 months
who had not received any dose of pentavalent (diphtheria-tetanus-pertussis-Haemophilus influenzae
type b (Hib)-Hepatitis B) vaccine (by card or recall). The proportion of ZD children was calculated and
associated factors were explored using logistic regression, taking into account the complex sampling
approach. (3) Results: The study included 51,054 children. The proportion of ZD children was 19.1%
(95%CI: 19.0–19.2%); ZD ranged from 62.4% in Tshopo to 2.4% in Haut Lomami. After adjustment,
being ZD was associated with low level of maternal education and having a young mother/guardian
(aged ≤ 19 years); religious affiliation (willful failure to disclose religious affiliation as the highest
associated factor compared to being Catholic, followed by Muslims, revival/independent church,
Kimbanguist, Protestant); proxies for wealth such as not having a telephone or a radio; having to
pay for a vaccination card or for another immunization-related service; not being able to name any
vaccine-preventable disease. A child’s lack of civil registration was also associated with being ZD.
(4) Conclusions: In 2021, one in five children aged 12–23 months in DRC had never been vaccinated.
The factors associated with being a ZD child suggest inequalities in vaccination that must be further
explored to better target appropriate interventions.

Keywords: Democratic Republic of the Congo; immunization; vaccination coverage; zero-dose;
inequity; determinants; non-vaccination

1. Introduction

Routine childhood immunization is one of the most important advances in global
health and development [1]. Global routine childhood vaccination programs provided
protection to 86% of children in 2019, before the COVID-19 pandemic hit, greatly reducing
the effects of diseases such as polio, measles, and several others on children, helping them
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grow up healthy. Vaccination is considered one of the most cost-effective ways to promote
global well-being [2] and even development.

Despite all the proven benefits, vaccination coverage has remained low in some
settings, and this was worsened through the pandemic. In 2021, for example, nearly
25 million children remained undervaccinated, 6 million more than in 2019 and the highest
number since 2009 [2]. In addition, the number of “children zero dose”, defined as those
who did not receive any dose of a diphtheria-pertussis-tetanus vaccine as proxy for lack
of access to vaccination services [3], increased from 13.6 million in 2019 to 18.2 million in
2021 [2,3]. Many of these children live in countries affected by conflict, in urban slums, or
in remote areas that are hard to reach [2,3], but characterizing them in each country remains
important. Gavi, the Vaccine Alliance, through its action plan, has expressed the goal of
reducing the ZD children by 25% by 2025 and more than 50% by 2030 [4].

The Democratic Republic of the Congo (DRC), located in the heart of Africa, had an
estimated population of 98.3 million in 2016 according to the results of the count organized
by the health zones [5]. About 70% of this population lives in rural areas and 30% in
urban areas [5]. This population is young, 48% are less than 15 years old, 18.9% are
less than 5 years old and about 4% are less than one-year-old [5]. The health system
comprises three levels (central, intermediate, and peripheral), and vaccination activities
are an integral part of the minimum package of activities of health facilities [5]. The DRC
has made significant efforts to improve immunization through the implementation of the
Mashako Plan, which is an emergency plan to strengthen the expanded immunization
program aimed at reviving routine immunization activities to avoid epidemic outbreaks
of certain vaccine-preventable diseases (VPDs) by increasing immunization coverage [5].
Yet, vaccination coverage remains way below the 90% global target according to national
surveys and WHO/UNICEF estimates [2]. The DRC is one of the countries in Africa, and
the world, with the highest number of ZD children, which results in repeated outbreaks of
vaccine-preventable diseases such as vaccine-derived polio, measles, and yellow fever [2,6].

The present study was conducted to examine the proportion of ZD children in each
of the 26 provinces of DRC in 2021, as well as the factors associated with being ZD, using
data from a provincial-level survey. This information will help better characterize this
population and serve as a benchmark to evaluate progress.

2. Materials and Methods

2.1. Study Design

This study is an analytical cross-sectional study aimed at estimating the proportion of
ZD children in the DRC and associated factors. It used data from a vaccination coverage
survey in 511 of the 519 health zones of the 26 provinces of the DRC conducted between
December 2021 and February 2022. Seven health zones were excluded due to insecurity
linked to the presence of active armed groups or of poachers.

2.2. Sampling

Sampling was representative at the provincial level, and all 26 provinces of the DRC
were surveyed. Multistage sampling was use in each province. First stage: simple random
sampling of 5 health areas within each health zone. Second stage: simple random sampling
of 30% of avenues/villages within each selected health area. Third stage: systematic
random sampling of 34 households with at least one eligible child within each selected
avenue/village. Scheme 1 summarizes the sampling approach down to the number of
children surveyed.
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Scheme 1. Sampling procedure by level, 2021–2022 Vaccination Coverage Survey, DRC.

In accordance with the objectives, this survey consisted of 3 distinct statistical units: the
child aged 12 to 23 months (though, to estimate other indicators, children aged 6–11 months
were also included) living in the household, the head of household sheltering a child aged
12 to 23 months, and the mother/guardian of the child aged 12 to 23 months living in the
household. Response rate at the household level was 99.7%.

2.3. Data Collection

As mentioned earlier, this is a secondary analysis for data collected from a nation-wide,
provincial-level survey that collected data through interview, observation, and document
review. The interview was conducted with heads of household, mothers/caregivers of
children aged 6 to 23 months, and nurses from health centers or their assistants. The
observation and document review were of vaccination cards and health facility registries
(for children for whom a card was not seen at home) in order to transcribe vaccination
dates into the data collection tool.

All data collected for the survey was encoded on an android tablet by trained study
staff using the SurveyCTO application [7]. All data, including GPS coordinates, was
transmitted from the surveyors’ tablets to a secure virtual server after data quality checks
were conducted by the field supervisor. Vaccination status was ascertained, by hierarchical
order, by the observation of data on the vaccination card or records kept at home, the
registers at the health care facilities where available, or the use of recall or verbal history if
documented vaccination history was not available.

2.4. Variables

The outcome of interest was not having received any dose of the pentavalent vaccine.
The explanatory variables used were: household urban/rural location; wealth quintiles
calculated from household proxies for socio-economic status using Principal Component
Analysis (PCA); presence of a telephone or a radio set as a possible means of communication
in the household; maternal/caregiver characteristics including relationship with the child,
age, marital status, educational level, occupation, religion, the number of children in the
household; gender of the child; birth registration of the child with the civil authority;
potential financial barriers from the household such as having to pay for a vaccination
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card or for another immunization-related service; and caregiver knowledge of vaccine-
preventable diseases.

2.5. Data Analysis

We performed weighted descriptive analyses of household characteristics in the study
sample with categorical variables reported as frequencies and percentages and continuous
variables summarized using means and standard deviations or medians and inter-quartile
ranges, depending on normality of the distribution.

The extrapolation of ZD children in the general population was made based on the
target number of the DRC surviving infants estimated at 4,037,161 for 2021.

We conducted a bivariate analysis between ZD and factors using the Rao-Scott chi-
square test, as it is adequate for multistage sampling, to compare the proportions according
to the socio-demographic, economic, communicational characteristics, and those related to
the system when the expected minimum was ≥5. Then, a multivariable logistic regression
model was fitted. The automatic selection of variables using the forward type was used
with an entry probability of 0.05. We considered it acceptable after verification of the
area under the receiver operating characteristic curve (ROC area = 0.6640). We used the
Archer–Lemeshow test to assess the goodness-of-fit of the logistic regression model, as the
data was data collected using a complex survey design that involved clustering. Measures
of association between each variable and ZD were reported as Adjusted Odd Ratio (AOR)
along with their 95% Confidence Intervals (95% CI). Before gauging the final model, we
checked the collinearity effect among the variables. The final model only included the
variables whose effects remained significant after adjustment.

All analyses were conducted using Stata version 17 (StataCorp, College Station, TX,
USA). To account for the complex sampling design, the svy command and the weighting
taking into account the multistage design were used.

2.6. Ethical Considerations

The Kinshasa School of Public Health Ethical committee approved the vaccination cov-
erage survey before data collection (approval number: ESP/CE/175/2021). Authorization
was also provided by health and politico-administrative authorities. Before starting the
interview, oral informed consent was obtained from the study participants. The research
team provided the respondent with information about the nature of the study, its objectives,
the risks and benefits incurred, the freedom to participate or not without any prejudice, the
confidentiality, and the contact details of the person in charge of the study for subsequent
contact if necessary. Confidentiality was respected by anonymizing the dataset.

3. Results

3.1. Description of the Sample
3.1.1. Characteristics of Mothers/Caregivers of 12–23 Month Old Children and Gender of
the Child

Table 1 describes the characteristics of the sample of 51,054 children aged 12–23 months.
Mothers/caregivers had a median age of 27 years (interquartile range (IQR) = 22–33) with
the youngest at 13 and the oldest at 81 (a non-mother caregiver), were mostly married
(52.5%) or in a free union (38.1%), had completed primary (38.0%) or secondary education
(45.5%), were professionally occupied (68.8%, with 42.4% being farmers/breeders), had
religious beliefs (98.5%), and had other children under their care (99.9%). Over half of the
children 12–23 months were male (54%), and almost all (93.9%) mothers/caregivers cited
at least one vaccine-preventable disease (VPD).
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3.1.2. Household Socio-Economic, Communicational, and System-Related Characteristics

In terms of household socio-economic, communicational, and system-related char-
acteristics, the majority (89.7%) were in the bottom two wealth quintiles, living in rural
areas, with unregistered children (69.4%). Over half had a home radio and telephone. Even
though most had not paid money either for the vaccination card or for a vaccination-related
service, 39.8% did report having to pay for a card and 21.2% reported having to pay some
other immunization-related fee (Table 1).

3.2. Proportion of ZD Children 12–23 Months in DRC

The percentage of ZD children aged 12–23 months was 19.1% (95% CI: 19.0–19.2%),
which would correspond to a target population of between 767,061 and 775,135 surviving
infants in the DRC. This proportion varied importantly between provinces in the DRC. The
provinces with prevalence of ZD above the national mean included: Tshopo, Maniema,
Sankuru, Mongala, Bas Uele, Tshuapa, Maindombe, Kasai Oriental, Sud Ubangi, Kasai,
Haut Uele, and Nord Ubangi (Figure 1).

Figure 1. Proportion of ZD children aged 12–23 months by province in DRC, 2021–2022 Vaccination
Coverage Survey.

3.3. Factors Associated with Zero-Dose Vaccine in Children Aged 12 to 23 Months in the DRC

After adjusting for independent variables, being zero-dose was significantly associated
with the age of the mother or guardian being less than or equal to 19 years (AOR = 1.23
(95% CI 1.06 to 1.44)); maternal education (lack of education AOR = 3.46 (95% CI 1.99 to
5.99), primary AOR = 3.14 (95% CI 1.81 to 5.42), and secondary level AOR = 3.87 (95% CI
2.22 to 6.75) compared to the level of higher or university education); religious affiliation
(willful failure to disclose religious affiliation AOR = 4.22 (95% CI 1.63 to 10.94), Muslim
AOR = 1.71 (95% CI 1.25 to 2.33), revival/independent Church AOR = 1.35 (95% CI 1.22 to
1.50), Kimbanguist AOR = 1.31 (95% CI 1.03 to 1.66), and Protestant AOR = 1.12 (95% CI
1.01 to 1.25) compared to the Catholic); proxies for wealth such as not having a telephone to
use AOR = 1.59 (95% CI 1.45 to 1.75) or a radio AOR = 1.48 (95% CI 1.34 to 1.63); and lack of
civil registration AOR =2.04 (95% CI 1.81 to 2.24). Parents who reported having to pay for a
vaccination card or for another immunization-related service were more likely to have a
ZD child AOR =2.02 (95% CI 1.81 to 2.24) and AOR =3.22 (95% CI 2.57 to 4.03), respectively.
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Finally, not being able to name any vaccine-preventable disease (VPD) was also associated
with being ZD, AOR = 3.37 (95% CI 2.94 to 3.87). Summary of these findings are in Table 2.

Table 2. Bivariate and multivariate analysis of the association “zero-dose” and socio-demographic,
economic, communication, and system-related characteristics, 2021–2022 Vaccination Coverage
Survey, DRC.

Variables

Bivariate Multivariate

Weighted %
Zero-Doses

OR (95% CI) p-Value AOR (95% CI) p-Value

Age groups
20 to 29 years 18.9 1.00 1.00
30 to 39 years 17.9 0.94 (0.89 to 0.99) 0.034 1.01 (0.93 to 1.11) 0.760
40 to 49 years 21.6 1.19 (1.07 to 1.32) 0.002 0.97 (0.81 to 1.15) 0.680
≥50 years 29.3 1.79 (1.38 to 2.31) <0.001 1.14 (0.74 to 1.75) 0.561
≤19 years 24.0 1.36 (1.24 to 1.49) <0.001 1.23 (1.06 to 1.44) 0.007

Relationship between
respondent and child

Child’s mother 18.8 1.00
Other caregiver 27.8 1.67 (1.49 to 1.87) <0.001

Current marital status
Married 18.1 1.00

Free union 19.4 1.09 (1.03 to 1.15) 0.002
separated 28.2 1.77 (1.51 to 2.08) <0.001

Single 20.8 1.19 (1.07 to 1.32) 0.002
Divorced 34.4 2.37 (1.70 to 3.32) <0.001
Widow 28.8 1.83 (1.46 to 2.29) <0.001

Educational level
Superior 4.6 1.00 1.00
No level 22.8 6.18 (4.64 to 8.23) <0.001 3.46 (1.99 to 5.99) <0.001
Primary 14.6 3.59 (2.69 to 4.79) <0.001 3.14 (1.81 to 5.42) <0.001

Secondary 28.0 8.14 (6.09 to 10.89) <0.001 3.87 (2.22 to 6.75) <0.001

Occupation
No occupation 17.5 1.00

Teacher 13.0 0.71 (0.60 to 0.83) <0.001
Official 9.7 0.51 (0.38 to 0.67) <0.001

Farmer/Breeder 22.7 1.38 (1.30 to 1.47) <0.001
Fisherman 32.4 2.25 (1.66 to 3.05) <0.001

Trader 13.7 0.75 (0.67 to 0.83) <0.001
Worker 17.0 0.96 (0.75 to 1.24) 0.777
Others 19.1 1.11 (0.98 to 1.27) 0.103

Pupil/Student 18.4 1.06 (0.89 to 1.27) 0.507

Religion
Catholic 15.1 1.00 1.00

No religion 30.2 2.44 (2.02 to 2.95) <0.001 1.12 (080 to 1.56) 0.510
Protestant 19.7 1.39 (1.29 to 1.49) <0.001 1.12 (1.01 to 1.25) 0.031

Kimbanguist 20.7 1.47 (1.27 to 1.71) <0.001 1.31 (1.03 to 1.66) 0.026
Muslim 30.4 2.46 (2.05 to 2.96) <0.001 1.71 (1.25 to 2.33) 0.001

Revival/Ind. Church 20.5 1.45 (1.36 to 1.55) <0.001 1.35 (1.22 to 1.50) <0.001
Other religion 21.9 1.58 (1.39 to 1.80) <0.001 1.13 (0.91 to 1.39) 0.267
Do not know 14.8 0.98 (0.36 to 2.70) 0.972 0.85 (0.23 to 3.12) 0.804

Failure to disclose RA 52.0 6.12 (3.45 to 10.85) <0.001 4.22 (1.63 to 10.94) <0.001

Household wealth
quintile
Lowest 26.3 9.44 (1.23 to 72.29) 0.031
Second 15.6 4.88 (0.64 to 37.50) 0.127
Middle 8.1 2.34 (0.30 to 18.02) 0.415
Fourth 6.6 1.86 (0.25 to 14.76) 0.557
Highest 3.7 1.00

Household location
environment

Urban 12.7 1.00
Rural 21.5 1.89 (1.76 to 2.04) <0.001

Child’s gender
Male 19.4 1.00

Female 18.9 0.97 (0.92 to 1.02) 0.241

Registration of birth
with the civil authority

Yes 6.2 1.00 1.00
No 24.5 4.91 (4.50 to 5.35) <0.001 2.04 (1.81 to 2.29) <0.001

Do not know 28.9 6.17 (4.83 to 7.86) <0.001 2.36 (1.65 to 3.36) <0.001
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Table 2. Cont.

Variables

Bivariate Multivariate

Weighted %
Zero-Doses

OR (95% CI) p-Value AOR (95% CI) p-Value

Having to pay for the
vaccination card

Yes 3.8 1.00 1.00
No 11.0 3.10 (2.81 to 3.42) <0.001 2.02 (1.81 to 2.24) <0.001

Do not know 38.0 15.44 (11.29 to 21.12) <0.001 5.14 (3.46 to 7.65) <0.001

Having to pay for
another

immunization-related
service

Yes 1.8 1.00 1.00
No 9.8 5.81 (4.76 to 7.10) <0.001 3.22 (2.57 to 4.03) <0.001

Do not know 28.9 21.75 (15.58 to 30.37) <0.001 5.80 (3.82 to 8.82) <0.001

Telephone use
Yes 13.8 1.00 1.00
No 28.9 2.54 (2.41 to 2.67) <0.001 1.59 (1.45 to 1.75) <0.001

Radio
Yes 13.2 1.00 1.00
No 26.2 2.33 (2.21 to 2.45) <0.001 1.48 (1.34 to 1.63) <0.001

At least one
vaccine-preventable
disease cited by the

respondent
Yes 16.7 1.0 1.00
No 56.4 6.44 (5.90 to 7.03) <0.001 3.37 (2.94 to 3.87) <0.001

With n = number of subjects in the sample; OR = Odd Ratio; AOR = Adjusted Odd Ratio; 95% CI = 95% Confidence
Interval; RA = religious affiliation.

4. Discussion

The results from this survey showed 19.1% ZD, representing between 767,061 and
775,135 ZD children in the DRC. This result is similar to the proportion estimated by WHO
and UNICEF relating to the national vaccination coverage estimates of 19% for the DRC in
2021 [6]. The fact that almost 1 in 5 children aged 12 to 23 months was ZD in the DRC in
2021 is high in comparison to other low- and low-middle-income countries including those
in Africa [2]. There was an increase in the prevalence of zero-dose children in sub-Saharan
Africa from 6.8% in 2010 to 14% during the COVID-19 pandemic year of 2021 [2].

Our study found that zero-dose children were significantly associated with several
factors. Zero-dose children were positively associated with young mothers, which is similar
to findings from several studies. The older the mother gets, the less she may hesitate and
the fewer barriers she may face to have the child vaccinated [8–11]. Our study also found
that uneducated mothers and those who had only primary or secondary education were
more likely to have a ZD child compared to those with higher or university education.
Maternal education has been associated with vaccination in most settings [12–24]. This
may be affected by changes affected by education in attitudes, traditions, and beliefs,
and even increased autonomy and control over household resources that would improve
health-care seeking [12–20]. Zero-dose status was also associated with religious affiliation
in the DRC, with those not reporting an affiliation having the highest odds of having
an unvaccinated child. A pooled cross-sectional study of individual and national data
obtained from Demographic and Health Surveys of 33 sub-Saharan African countries found
that the children of Muslims were significantly more likely to be zero-dose than children
of Christians (25.2% versus 12.3%) [25]. However, Costa et al., in an analysis of 66 low
and middle income countries with standardized national surveys since 2010, found that
the relationship between religion and vaccination was not consistent across the world [26].
The latter suggests that various cultural and community-level factors may modulate the
relationship between religious affiliation and immunization. Working with religious leaders
may be an appropriate solution.

Zero-dose children are significantly related to proxies for wealth such as not having
a telephone to use or a radio. These two elements are currently important channels
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through which messages can pass to reach a large part of the population. This significant
link somehow reflects the existence of a dissemination of messages likely to encourage
parents to have their children vaccinated. However, information and communication
are a major challenge in the viability of an initiative. Its success or failure depends on
communication and information [27]. Vaccination services, which are the subject of so
much controversy, cannot do without communication. Communicating to convince cannot
be improvised either at the risk of reaping the opposite effects of what is expected. It is,
therefore, worthwhile to rely on the socio-cultural realities of the populations in order
to develop appropriate communication strategies, including those adapted to these two
channels, to better explain the advantages of vaccination. In the DRC, ZD children were
also significantly linked to the lack of civil registration. This result opens a window of
action to linking immunization and birth registration, as has been discussed by many
in recent years [28,29]. Another finding that is of significance is the high proportion of
people reporting having to pay for a vaccination card or another immunization-related
fee, as this is a potentially modifiable factor. This study suggests an inhibiting role of fees
on child vaccination, and this has been reported as an important barrier elsewhere. This
undoubtedly goes against the official free vaccination policy of the DRC, which is aimed at
breaking down the financial barrier to give the population maximum access to vaccination
services; several studies support that making vaccination free plays a most fundamental
role in improving immunization coverage [30,31].

Finally, not being able to name any VPD was also associated with being zero-dose.
This association has also been found in several studies conducted in sub-Saharan Africa,
particularly in Ethiopia, Burkina-Faso, or Nigeria, including systematic reviews. The
lower the level of knowledge, the less likely the caregiver is to vaccinate the child. Work-
ing on improving maternal and community knowledge about vaccination, about the
diseases that are targeted for protection, the consequences of not vaccinating the child,
the vaccination schedule, and on awareness of vaccination campaigns can help improve
vaccination [8,17,21,24,32].

The literature suggests that to reduce inequalities in immunization, targeted and
pro-equity interventions should be explicitly developed. Such interventions need to be mul-
ticomponent to mainly facilitate access through the proper offer of services and community-
based mobilization, outreach, and education, adapted to the language and health literacy of
the population [33]. Using the results of the 2021–2022 Vaccination Coverage Survey, along
with periodic monitoring of process indicators, each province, and health zone, in the DRC
is tailoring its immunization delivery strategy. The survey and this analysis were conducted
in the context of the Mashako Plan [5]. Alongside other system-strengthening actions, the
Mashako Plan is a multipartner and multicomponent initiative that is addressing access
and inequalities through simple and targeted interventions developed in collaboration
with many stakeholders. The Plan started targeting 9 provinces and has now been ex-
tended to all but two of the provinces. It took lessons from previous experiences, including
work to improve coverage in Kinshasa [34]. The focus is to favor access to vaccination by
strengthening local-level data use and accountability for better micro-planning, outreach,
and reduction of vaccine stock-outs, supportive supervision and outreach monitoring, as
well as demand generation through community engagement [5].

Limitations

This study reflects one point in time, and it does not provide longitudinal data. It relies
on survey data that can be affected by selection and information biases. The sampling frame
was derived from 1984 census data that is known to be inaccurate. To tackle this issue, a
household listing exercise was conducted in all selected clusters. Only 7 of 519 health zones
were excluded due to insecurity and non-response was 0.3%, with 86920 HHs participating
out of 87166 selected HHs. Yet, communities not included in the sampling frame may have
been left out and such communities may also be less likely to be reached with vaccines.
Vaccination history obtained from cards or facility records may have errors, as records
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can be incomplete or difficult to read or interpret [35,36]. Additionally, the proportion of
vaccination status ascertained by recall was 30%, which can lead to recall bias; although,
stating that a child was not vaccinated might be more accurate than indicating which
vaccines or how many doses a child has received [37]. Similarly, the ascertainment of
factors that relate to vaccination might also suffer from desirability or other biases that are
difficult to quantify. Finally, while we assessed factors that were related to being ZD, our
study did not go into root cause analysis of the actual reasons for not being vaccinated, or
even the factors related to the provision of vaccination services that may affect vaccination.

5. Conclusions

Zero-dose is frequent and contributes to the serious health problems in the Democratic
Republic of the Congo, with some provinces having over half of their children unvaccinated.
Important geographic, demographic, and socio-economic inequalities were observed and
quantified. Several factors were associated with not being vaccinated; yet, only better
understanding of the underlying causes of ZD will help to inform strategic and operational
decisions and to tailor interventions aiming at reducing the ZD burden. Inequalities in
immunization should continue to be monitored to assess progress.
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Abstract: Discrimination and limited access to healthcare services in remote areas can affect vaccina-
tion coverage. Therefore, this study aimed to estimate vaccination coverage for children living in
quilombola communities and rural settlements in the central region of Brazil during their first year of
life and to analyze the factors associated with incomplete vaccination. An analytical cross-sectional
study was conducted on children born between 2015 and 2017. The percentage of children who re-
ceived all vaccines recommended by the National Immunization Program in Brazil by 11 months and
29 days was used to calculate immunization coverage. Children who received the following vaccines
were considered as having a complete basic vaccination schedule: one dose of BCG; three doses of
Hepatitis B, of Diphtheria-Tetanus-Pertussis (DPT), of Haemophilus influenzae type b (Hib), and of
Poliovirus (Polio); two doses of Rotavirus, of 10-valent pneumococcal (PCV10), and of Serogroup
C meningococcal conjugate (MenC); and one dose of Yellow Fever (YF). Measles-mumps-rubella
(MMR) and other doses recommended at or after 12 months were not included. Consolidated logistic
regression was used to identify factors associated with incomplete vaccination coverage. Overall
vaccination coverage was 52.8% (95% CI: 45.5–59.9%) and ranged from 70.4% for the Yellow Fever
vaccine to 78.3% for the Rotavirus vaccine, with no significant differences between the quilombola
and settler groups. Notably, the likelihood of incomplete general vaccination coverage was higher
among children who did not receive a visit from a healthcare professional. Urgent strategies are
required to achieve and ensure health equity for this unique and traditionally distinct group with
low vaccination coverage.

Keywords: vaccination coverage; rural population; immunization schedules

1. Introduction

The World Health Organization (WHO) has addressed immunization inequity, and
global efforts to promote vaccine access are encouraged [1]. In 2021, 25 million children
worldwide (19%) did not receive basic vaccines, such one or more doses of the Diphtheria-
Tetanus-Pertussis vaccine (DTP). This number of undervaccinated children has increased by
5.9 million since 2019. Countries such as Angola, Brazil, the Democratic Republic of Congo,
Ethiopia, India, Indonesia, Myanmar, Nigeria, Pakistan, and the Philippines comprise 60%
of these children [2].

In Brazil, the National Immunization Program (NIP) was established in 1973, and
it is considered an international benchmark due to its scope and performance, offering
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most WHO-recommended vaccines free of charge [3,4]. However, the country still faces
challenges in achieving the expected worldwide vaccine coverage [5].

Incomplete childhood vaccination may be associated with demographic, socioeconomic,
and policy-related factors [6]. Additionally, gender inequalities, ethnic discrimination, and
limited access to health services in remote areas may also affect vaccination coverage [7].

In rural Brazil, significant inequalities are observed regarding urban environments
and diverse races, peoples, and cultures. Settlers are rural groups that rely on family
agricultural production, demanding agrarian reform [8]. Quilombolas are ethnic groups
distributed throughout Brazil, residing in rural or urban areas, predominantly black, with
their own historical ties [9]. Settlers and traditional quilombola communities stand out
in this scenario, characterized by cultural isolation, popular struggles of resistance, and
deprioritization. Little is known about their living and health conditions [10].

To date, there are no data on vaccination coverage for children residing in settlements
and quilombola areas in Brazil. Therefore, situational diagnoses regarding access and
factors associated with vaccination in vulnerable areas of the country are critical. These
data can guide the development of more effective actions, informing decision-making in
public policies and promoting universal access to health services.

This study aims to estimate vaccination coverage for the complete basic schedule
during the first year (Table 1) and analyze the factors associated with incomplete vaccination
in settled and quilombola children in the state of Goiás, Brazil, in response to the gaps in
vaccination for children in rural Brazil.

2. Materials and Methods

2.1. Study Design

A cross-sectional retrospective cohort analytical study was conducted in 36 municipal-
ities in the state of Goiás. This investigation is part of the “Sanitation and Environmental
Health in Rural and Traditional Communities of Goiás-SanRural Project” matrix project.
The SanRural Project aims to promote knowledge about sanitation conditions and the envi-
ronmental health of settled and traditional communities, such as riverside communities
and remnants of quilombos.

2.2. Context

The State of Goiás is located in the Center-West Region of Brazil and comprises
246 municipalities distributed in five mesoregions (Centro Goiano, East Goiano, North-
west Goiano, North Goiano, and South Goiano). Goiás is the most populous state in the
Midwest region and has the ninth-largest economy in the country. Agriculture is the main
economic activity in the state and one of the main factors responsible for the rapid pro-
cess of agro-industrialization in Goiás. The state of Goiás has an estimated population
of 6 million people, with approximately 10% residing in rural areas [11]. According to
the IBGE, 117 quilombola communities existed in the state of Goiás in 2019 [12]. In 2017,
309 settlements were registered in Goiás [13].

2.3. Participants

The study’s target population was children born from January 2015 to December 2017,
living in settled communities or traditional communities of quilombola descendants in the
state of Goiás. Children reported by the head of the household as not living in the home
were excluded from the study.

2.4. Sampling

Sampling for the SanRural Project was carried out in multiple stages. Initially, mu-
nicipalities with one or more certified and recognized quilombola community in the state
of Goiás were included, and information was checked in the official sources of accredita-
tion [14]. Therefore, of the municipalities in Goiás (n = 246), 45 (18.3%) met this criterion
and were included in the study. In addition, in these 45 municipalities, all communities
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of recognized settlements were included [15]. Thus, this study included all quilombola
communities and settlements in the selected municipalities, representing 44 quilombola
communities and 62 settlements, totaling 106 communities. Municipalities and communi-
ties were selected based on community certification criteria.

Next, the SanRural Project encompassed the following sampling units: (i) families and
(ii) individuals. Families were selected by systematic random sampling. In each community,
the first individual was selected by simple random sampling, and for every two households
(k = 2), one family was interviewed until reaching the sample size. The sample calculation
parameters for the SanRural Project study were considered, so the estimates of proportions
of the leading indicators were obtained with 95% Confidence Intervals, a maximum margin
of error per community of 10%, and a margin of error for the totality of communities of
the same type of 2%. After selecting the family, vaccination card information was collected
from all individuals in the household, including the children. Thus, all eligible children
from the selected family were included in the study. Since the family was selected by
systematic random sampling, we considered this sampling unit as the primary sampling
unit (PSU) and the individuals as the secondary sampling unit (SSU).

In this study, we used data only from children born from January 2015 to Decem-
ber 2017. Information from children in 36 municipalities (80% of the SanRural Project
municipalities), 44 settled communities (71% of the total SanRural Project settlements),
and 37 quilombola communities (84.1% of the total quilombola communities in the San-
Rural Project) were included. Thus, data from 81 communities were analyzed, including
information from 227 children (94 from settlements and 133 from quilombola communities).

Figure 1 shows the distribution map of communities and municipalities according to
the mesoregions of the state of Goiás.

Figure 1. Distribution of communities and municipalities according to the mesoregions of the state of
Goiás. Note: Map made using ArcGIS, version 3.24.3.

A field team collected data from February 2018 to September 2019, conducting inter-
views on portable computers. The person responsible for the family, aged over 18, was
asked to answer the research questions in each residence.

The electronic instrument for data collection contained questions about the family’s
socioeconomic status, housing conditions, and the health characteristics of household
residents. In addition, at the time of the interviews, the vaccination cards of all household
residents were photographed.
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The study included a total of 227 children distributed across settler communities
(n = 94) and quilombola communities (n = 133). For children who did not present their
vaccination cards during the interview (n = 80), vaccination data were obtained from
the Information System of the National Immunization Program (SI-PNI) in Brazil. Of
the investigated children (n = 227), 23 had no vaccination records and were considered
unvaccinated [16].

2.5. Variables

The construction of variables related to vaccination was based on definitions supported
by Brazil’s National Immunization Program recommendations and the World Health
Organization [4,17].

Vaccines recommended and distributed free of charge by the Brazilian government
for children under one year: BCG (single dose), Hepatitis B (4 doses), Rotavirus (2 doses),
pentavalent DTP/Hib/Hepatitis B (3 doses), Polio (3 doses), PCV10 (2 doses), MenC
(2 doses), and YF (single dose), offering protection against more than 11 diseases [17].

Doses: We considered the recommended doses according to the national child vac-
cination schedule for the first year, without considering the interval between doses. For
multiple-dose vaccines, the record of the last dose was considered [17].

Complete basic vaccination schedule: Defined as the doses of vaccines recommended
for the first year established by the basic vaccination schedule in force and applied up to
11 months and 29 days, including one dose of BCG vaccine (Bacillus Calmette-Guérin), the
last dose of Hepatitis B vaccine, the last dose of Diphtheria-Tetanus-Pertussis vaccine (DTP),
the last dose of Hemophilus influenzae type b vaccine (Hib), the last dose of Poliovirus
vaccine (Polio), the last dose of 10-valent pneumococcal vaccine, the last dose of Rotavirus
vaccine, the last dose of Serogroup C meningococcal conjugate vaccine, and one dose of
Yellow Fever vaccine [17].

Incomplete basic vaccination schedule: Not receiving at least one of the doses de-
scribed in the complete basic vaccination schedule.

Table 1 presents the changes made to the National Vaccination Calendars of the
National Immunization Program in Brazil of the vaccines recommended for the first year
between 2015 and 2017.

Table 1. Changes made to the National Vaccination Calendars of the National Immunization Program
in Brazil of vaccines recommended for the first year between 2015 and 2017.

Vaccines Schedule
Years

2015 Second Semester/2016 2017

BCG 1 dose - - -

DTP 2, 4, and 6 months

Hib 2, 4, and 6 months

Rotavirus 2 and 4 months - - -

YF 9 months - - -

Hepatitis B At birth, 2, 4, and 6 months - - -

MenC 3 and 5 months, booster 15 months - 3 and 5 months, booster 12 months -

Polio 2 and 4 months (IPV), 6 months (OPV) - 2, 4, and 6 months (IPV) -

PCV10 2, 4, and 6 months, booster 12 months - 2 and 4 months, booster 12 months -

BCG: Bacillus Calmette-Guérin vaccine; DTP: Diphtheria-Tetanus-Pertussis vaccine; Hib: Haemophilus influenzae
type b vaccine; Polio: Poliovirus vaccine (inactivated Polio vaccine (IPV))/oral Polio vaccine (OPV)); PCV10:
10-valent pneumococcal vaccine; MenC: Serogroup C meningococcal conjugate vaccine; YF: Yellow Fever vaccine.
Source: Ordinances and technical reports of the National Immunization Program [18–22]. Note: In this study,
the recommended vaccine doses up to 11 months and 29 days were included; therefore, the first dose of the
measles-mumps-rubella (MMR) vaccine and the booster of the PCV10 vaccine were not considered.
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General vaccine coverage: Vaccination coverage (VC) was calculated according to
the applied doses and was defined as the percentage of children with a complete basic
vaccination schedule, namely:

VC =
number of children with vaccination records and complete basic vaccination schedule

total number of children with vaccination records
× 100

The dependent variable in this study was incomplete general vaccination coverage
related to the vaccination situation (yes or no) according to the applied doses described in
the basic vaccination schedule, evaluated at 11 months and 29 days.

The independent variables included the sex of the child (male or female), the type of
community (settlement or quilombola), housing zone (rural or urban/periurban), mesore-
gion of Goiás (Central Goiano, East Goiano, Northwest Goiano, North Goiano, or South
Goiano), mother’s age (≤28 or ≥29 years), number of people in the house (≤5 or ≥6),
internet access (yes or no), income (≤USD 277.91 or ≥ USD 277.92), health professional
visit in the last year (yes or no), and community healthcare unit availability (yes or no).
Quantitative variables, such as the mother’s age, number of people in the house, and
income, were categorized based on their mean (less than or equal to the mean versus
greater than or equal to the mean).

2.6. Statistical Analysis

The data collected during the interview, information about the vaccines recorded on
the vaccination card, and the vaccine data obtained from the SI-PNI were exported to
statistical analysis software (IBM SPSS®, version 24 and StataCorp. 2021. Stata Statistical
Software: Release 17. College Station, TX, USA: StataCorp LLC.).

All analyses were performed using the complex sample design. Stata’s “survey”
package was used. The selected families were included as PSU, and the type of community
(settlement/quilombola communities) was used as a stratum. Individual selection sample
weights were included for each child [23], considering the selection probability according
to their community, sex, and age group.

A descriptive analysis of the participants’ characteristics was carried out initially,
followed by Pearson’s chi-square test corrected for design to assess differences in character-
istics between children from settlements and communities. Estimates of the coverage of
the complete immunization schedule by type of vaccine and type of community were then
calculated, along with 95% Confidence Intervals (95%CI). Next, bivariate and multiple anal-
yses were performed using binary logistic regression to identify the factors associated with
incomplete general vaccination coverage. In the bivariate analysis, the dependent variable
was associated with each of the independent variables analyzed. Next, the variables that
presented a p-value < 0.25 were included in the multiple logistic regression model, single
input method. The magnitude of the multiple analysis effect was presented as Adjusted
Odds Ratios (AOR) and 95%CI. Variables with p-values < 0.05 were considered significantly
associated with the outcome.

2.7. Ethical Aspects

The SanRural Project was approved by the Research Ethics Committee of the Federal
University of Goiás (CAAE number 2.886.174/2018). All participants signed the Terms
of Free and Informed Consent applied to the family by signature or fingerprint of the
interviewee.

3. Results

In the investigated communities, there were 227 children born between 2015 and 2017,
with 94 (41.4%) from settlements and 133 (58.6%) from quilombola communities.

Population Characteristics:
Table 2 shows the characteristics of the participants by type of community. Of the total

children included in the study (n = 227), 56.7% were male and 43.3% were female. Regarding
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the children’s mothers, 63.2% were aged 28 or younger. Concerning the children’s families,
66.4% had five people or fewer, 53.0% had access to the internet, and 61.5% had a gross
income of less than or equal to USD 277.91. Furthermore, most children lived in quilombola
communities (n = 133; 58.6%), rural areas (n = 172; 75.8%), and municipalities located in the
North Goiano region (n = 77; 36.8%). As for the characteristics of access to health services
for the children’s families, it was identified that, in the last year, 59.9% received a visit from
a health professional and 66.2% of the communities where the children lived did not have
a public health unit.

Table 2. Sociodemographic characteristics according to the type of community of 227 settled and
quilombola children in the state of Goiás, 2015–2017.

Variables
Total Settlers Quilombolas

χ2 ∗ p-Value
n = 227 n = 94 n = 133

Sex, n (%)
Male 126 (56.7) 52 (54.0) 74 (57.9) 0.254 0.615

Female 101 (43.3) 42 (46.0) 59 (42.1)

Housing zone, n(%)
Urban/Periurban 55 (24.2) 0 (0.0) 55 (44.8) 44.272 <0.001

Rural 172 (75.8) 94 (100.0) 78 (55.2)

Mesoregion, n (%)
Central Goiano 47 (21.0) 19 (18.8) 28 (21.9) 20.719 <0.001

East Goiano 32 (14.0) 0 (0.0) 32 (20.0)
Northwest Goiano 36 (12.9) 36 (42.6) 0 (0.0)

North Goiano 77 (36.8) 27 (28.5) 50 (40.5)
South Goiano 35 (15.3) 12 (10.1) 23 (17.6)

Mother’s age (years), n (%)
≤28 years 141 (63.2) 62 (65.6) 79 (62.2) 0.202 0.654
≥29 years 86 (36.8) 32 (34.4) 54 (37.8)

Number of people in the house, n (%)
≤5 people 158 (66.4) 77 (79.6) 81 (60.7) 5.742 0.017
≥6 people 69 (33.6) 17 (20.4) 52 (39.3)

Has internet, n (%)
Yes 120 (53.0) 41 (42.5) 79 (57.6) 3.659 0.057
No 107 (47.0) 53 (57.5) 54 (42.4)

Income (USD) **, n (%)
≤277.91 138 (61.5) 54 (56.5) 84 (63.7) 0.837 0.361
≥277.92 89 (38.5) 40 (43.5) 49 (36.3)

Health professional visits in the last year, n (%)
Yes 137 (59.9) 59 (58.0) 78 (61.0) 0.113 0.737
No 90 (40.1) 35 (42.0) 55 (39.3)

Community public health unit, n (%)
Yes 63 (33.8) 6 (6.8) 57 (45.5) 34.719 <0.001
No 164 (66.2) 88 (93.2) 76 (54.5)

Notes: Mother’s age (years)—mean 27.9, standard deviation 6.5; number of people in the house—mean 4.9,
standard deviation 1.6; income (USD)—mean 277.91, standard deviation 226.2. * Pearson’s chi-square test
corrected for study design. ** Per month.

After a global evaluation of the variables, a statistical difference was observed between
the communities (p < 0.05) concerning the following characteristics: area of residence,
mesoregion, number of people in the home, access to the internet, and the existence of a
public health unit in the community (p = 0.000).
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3.1. Vaccination Coverage

Table 3 presents the vaccination coverage of the basic vaccination schedule for the first
year evaluated at 11 months and 29 days. The overall vaccination coverage at 11 months
and 29 days was 52.8% (95% CI: 45.5–59.9%). By community, the general vaccination
coverage for the first year was 63.6% (95% CI: 51.7–74.1%) for settler communities and
48.0% (95% CI: 39.3–56.9%) for quilombola communities. The vaccine coverage by the
investigated vaccine ranged from 70.4% for the Yellow Fever vaccine to 78.3% for the
Rotavirus vaccine.

Table 3. Complete vaccination coverage and vaccine coverage, according to doses in the first year,
evaluated at 12 months in settler and quilombola children in the state of Goiás, 2015–2017.

Vaccines

Complete Vaccine Schedule

General (n = 227) Settler (n = 94) Quilombola (n = 133)

n % 95%CI n % 95%CI n % 95%CI

BCG 176 75.9 69.1–81.5 78 82.0 71.1–89.4 98 73.2 64.5–80.4
Hepatitis B 167 72.4 65.1–78.7 69 75.1 63.7–81.3 98 71.2 61.9–79.1

DTP 171 74.3 67.1–80.4 70 75.6 64.2–84.3 101 73.8 64.5–81.3
Hib 167 72.4 65.1–78.7 69 75.1 63.7–83.9 98 71.2 61.9–79.1

Polio 171 75.8 68.9–81.6 70 75.8 64.6–84.6 101 75.7 66.8–82.9
PCV10 184 77.9 71.0–83.5 75 81.4 71.1–88.6 109 76.3 67.3–83.5

Rotavirus 177 78.3 71.6–83.7 72 79.0 68.5–86.7 105 78.0 69.3–84.7
MenC 179 78.0 71.0–83.5 75 81.4 71.1–88.6 104 76.3 67.3–83.5

YF 161 70.4 63.1–76.8 65 72.9 61.8–81.7 96 69.3 60.0–77.4
General vaccine coverage 121 52.8 45.5–59.9 54 63.6 51.7–74.1 67 48.0 39.3–56.9

BCG: Bacillus Calmette-Guérin vaccine; DTP: Diphtheria-Tetanus-Pertussis vaccine; Hib: Haemophilus influen-
zae type b vaccine; Polio: Poliovirus vaccine; PCV10: 10-valent pneumococcal vaccine; MenC: Serogroup C
meningococcal conjugate vaccine; YF: Yellow Fever vaccine.

3.2. Factors Associated with Incomplete General Immunization Coverage

The binary logistic regression model was adjusted for the child’s sex, type of commu-
nity, housing zone, mesoregion, number of people in the house, and health professional
visits in the last year. These variables had a p-value of less than 0.25 in the bivariate analysis.
Based on the multiple analysis, it was observed that the odds of an incomplete vaccination
schedule were higher in children who had not received a visit from a health professional in
the last year (AOR: 1.96; 95%CI: 1.03–3.73) compared to those who had received such visits
(Table 4).

Table 4. Factors associated with incomplete general vaccination coverage for the first year. Goiás,
Brazil, 2015–2017.

Variables

Bivariate Analysis
Multiple Analysis *

Vaccine Schedule (n = 227)

Total Incomplete Complete
p-Value OR (95%CI) p-Value AOR (95%CI)

(n = 227) (n = 106) (n = 121)

Sex
Male 126 66 (52.3%) 60 (47.7%) 1.00 1.00

Female 101 40 (40.6%) 61 (59.4%) 0.119 0.62 (0.34–1.13) 0.273 0.78 (0.37–1.4)

Community type
Settler 94 40 (36.4%) 54 (63.6%) 1.00 1.00

Quilombola 133 66 (52.0%) 67 (48.0%) 0.040 1.89 (1.03–3.48) 0.882 1.08 (0.40–2.89)

Housing zone
Rural 172 75 (40.3%) 97 (59.7%) 1.00 1.00

Urban/periurban 55 31 (62.6%) 24 (37.4%) 0.008 2.48 (1.28–4.80) 0.092 2.28 (0.87–5.92)
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Table 4. Cont.

Variables

Bivariate Analysis
Multiple Analysis *

Vaccine Schedule (n = 227)

Total Incomplete Complete
p-Value OR (95%CI) p-Value AOR (95%CI)

(n = 227) (n = 106) (n = 121)

Mesoregion
Central Goiano 47 28 (61.2%) 19 (38.8%) 1.00 1.00

East Goiano 32 10 (33.9%) 22 (66.1%) 0.027 0.32 (0.12–0.88) 0.122 0.43 (0.15–1.26)
Northwest Goiano 36 13 (30.1%) 23 (69.9%) 0.014 0.27 (0.09–0.76) 0.132 0.40 (0.12–1.32)

North Goiano 77 38 (49.1%) 39 (50.9%) 0.241 0.61 (0.27–1.39) 0.726 0.84 (0.32–2.24)
South Goiano 35 17 (50.4%) 18 (49.6%) 0.371 0.64 (0.25–1.69) 0.370 0.63 (0.23–1.74)

Mother’s age (years)
≤28 141 73 (51.2%) 68 (48.8%) 1.00 1.00
≥29 86 33 (40.4%) 53 (59.6%) 0.156 0.65 (0.35–1.18) 0.101 0.58 (0.30–1.11)

Number of people in the house
≤5 158 68 (43.4%) 90 (56.6%) 1.00 1.00
≥6 69 38 (54.8%) 31 (45.2%) 0.148 1.58 (0.84–2.93) 0.092 1.82 (0.90–3.65)

Has internet
Yes 120 56 (46.8%) 64 (53.2%) 1.00
No 107 50 (47.8%) 57 (52.2%) 0.889 1.04 (0.58–1.87)

Income (USD)
≤277.91 138 68 (47.8%) 70 (52.2%) 1.00
≥277.92 89 38 (46.3%) 51 (53.7%) 0.847 0.94 (0.51–1.73)

Health professional visit in the last year
Yes 137 52 (40.8%) 84 (59.2%) 1.00 1.00
No 90 54 (56.9%) 37 (43.1%) 0.035 1.91 (1.05–3.49) 0.039 1.96 (1.03–3.73)

Is a community healthcare unit available?
Yes 63 29 (50.8%) 34 (49.2%) 1.00
No 164 77 (45.5%) 87 (54.5%) 0.505 0.80 (0.43–1.52)

Note: Incomplete and complete vaccination coverage is presented as n (%), where n is the number of observations
in the sample and % is the percentage weighted by the complex sampling design. AOR: Adjusted Odds Ratio;
95.0%CI: 95% Confidence Interval; OR: Odds Ratio. * Binary logistic regression model adjusted for child’s gender,
type of community, housing zone, mesoregion, number of people in the house, and health professional visit in the
last year.

4. Discussion

In Brazil, information on the health and vaccination status of racial/ethnic minorities
and rural groups is still scarce [10,24,25]. Therefore, this study presents the first infor-
mation regarding vaccination coverage for children in rural settlements and quilombola
communities in Goiás.

The present study showed a predominance of children from low-income families.
However, investigations on these populations also suggest a predominance of disadvan-
taged groups with characteristics that make them individually, socially, and programmati-
cally vulnerable [24,26,27].

This study identified low overall vaccination coverage, a relevant indicator of this
population’s precarious living and health conditions. While the World Health Organization
encourages all countries to achieve global immunization coverage greater than or equal
to 90% for vaccines regulated by the country [28], the present study showed an overall
vaccination coverage of 52.8% (95%CI: 45.5–59.9%). It is essential to highlight that no
statistical differences were observed between general vaccination coverage stratified by the
investigated community (settlers and quilombolas).

In Brazil, investigations in urban municipalities also showed higher vaccination cover-
age in children compared to the present study’s general vaccination coverage [29]. Indeed,
the last immunization coverage survey in urban areas was carried out in the country in
2007 and evaluated immunization coverage for vaccines recommended in the first year,
including a dose of the MMR vaccine. A total of 17,149 children from 26 Brazilian state
capitals and the Federal District were investigated and had complete vaccination coverage
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of 81.0% (95%CI: 80.4–81.6%) at 18 months [29], which is about 1.5 times greater than the
general vaccination coverage of the present study.

Garcia et al. [30] conducted a study in a medium-sized municipality in the South-
east Region of Brazil and analyzed the vaccination coverage of the complete schedule at
12 months in children born in 2015. The result was a coverage of 77.1% (95%CI: 72.6–81.0%).
Similar data were also identified in a study in the southern region of Brazil, which showed
vaccination coverage for the complete basic vaccination schedule (one dose of BCG, one
dose of SCR, three doses of Polio, and three doses of pentavalent) among children born in
2015 to be 77.2% (95% CI: 75.8–78.4%) [31].

At the international level, wide variations in general immunization coverage have been
observed in different regions worldwide. In African countries, immunization coverage for
recommended vaccines during the first year was estimated at 29.7% in Ethiopia and 67.6%
in Senegal [32,33]. In India, among children aged 12 to 36 months residing in rural areas of
26 states, complete immunization coverage, i.e., one dose of the BCG vaccine, three doses of
the DTP vaccine, and one dose of the measles vaccine, was 53.2% (95% CI: 52.7–53.7%) [34].

In developed countries such as the United States and China, recent investigations have
revealed specific differences in vaccine coverage. For example, a national survey conducted
in the United States in 2017 found that vaccination coverage for children aged 19 to
35 months living in rural areas was 66.8% (95% CI: 63.6–69.9%) for the complete schedule
of vaccines (acellular DTP, Polio, SCR, Hib, Hepatitis B, varicella, and pneumococcal) [35].
In China, data from 2016 showed that 94.0% (95%CI: 91.4–95.9%) of children aged 24 to
35 months living in rural areas were fully vaccinated with scheduled vaccines for the first
year (BCG, Hepatitis B, Polio, DTPa, and measles and rubella (MR)) [36].

These inequalities in vaccination coverage can be explained by the diversity of vaccines
recommended in each country’s vaccination schedules, making vaccination programs and
schemes more complex [5]. In addition, of course, these economic, social, and health
discrepancies exist worldwide. It is important to remember that, as of 2016, underdeveloped
countries such as Senegal, Ethiopia, and India began to receive financial resources from
Gavi, The Vaccine Alliance, to introduce and increase vaccine access for thousands of
children [37].

When evaluating vaccination coverage for each vaccine, none reached the recom-
mended minimum coverage of 90%. While the Yellow Fever vaccine had the lowest
coverage of 70.4%, the Rotavirus vaccine had the highest coverage of 78.3%. This result
may be related to the immunization program’s recommended age for these vaccines. In
Brazil, the Rotavirus vaccine is recommended earlier, at 2 and 4 months, while the Yellow
Fever vaccine is recommended at 9 months [17]. Studies have shown greater adherence
to vaccination in the first months, as vaccination dates correspond to the child’s routine
consultation, which happens monthly in the first six months [38,39].

In the present study, vaccination coverage was associated with the health services
offered to the investigated population. Families that did not receive a home visit from a
health professional in the last year had odds of having incompletely vaccinated children
that were 1.96 times higher than those who received a visit from a healthcare worker.

Brazil’s national primary care policy is crucial in discussing these data since the results
are linked to the Family Health Strategy, which significantly reorganized Primary Health
Care in the Unified Health System. In Brazil, one of the primary objectives of the Family
Health Strategy Program (FHS-ESF) is to provide comprehensive, accessible, and contin-
uous care with resolvability and good quality at public health units and homes through
a multidisciplinary team [40,41]. In the present study, home visits seem to contribute to
increased vaccination coverage of the investigated children. Furthermore, this interactive
healthcare technology identifies susceptible groups in a differentiated and equitable way,
promoting health education actions [42].

Although public policies in Brazil have positively impacted vaccination coverage
in this study, the results show a low vaccination coverage panorama for children from
racial/ethnic minorities and rural groups. Therefore, health services must be rethought for
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difficult-to-access groups with unique cultural characteristics. We believe it is necessary to
understand the reasons for vaccine hesitancy in these groups and that creating bonds and
security should be the first step towards effective health actions.

Finally, it is necessary to consider some limitations of this investigation. The SanRural
Project is a household survey to investigate the health and sanitation situation of the rural
and traditional populations in the state of Goiás. Therefore, other determinants to assess the
factors associated with vaccine incompleteness were not investigated. Although participant
compliance was high, the response rate was not measured. More studies are encouraged
to address this knowledge gap in these vulnerable groups. Another limitation was the
absence of some vaccination cards during data collection. However, to increase the veracity
of the analysis of information on vaccination coverage, all means of searching for vaccine
data were accessed from public agencies in Brazil. Another relevant point was the long
period of data collection, but it is important to highlight the great difficulty that exists in
accessing these groups, as they live in rural regions with difficult geographic mobility. Only
quilombola communities recognized by responsible bodies in Brazil participated in this
study, which restricted the participation of other communities that are in the certification
process. However, we believe that the characteristics of the communities not included are
similar to those that were studied, as both are located in the same geographic region, share
the same public health policies, and have the same challenges inherent to the traditional
population of Brazil.
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Abstract: Gender-based inequities in immunization impede the universal coverage of childhood
vaccines. Leveraging data from the Government of Sindh’s Electronic Immunization Registry (SEIR),
we estimated inequalities in immunization for males and females from the 2019–2022 birth cohorts in
Pakistan. We computed male-to-female (M:F) and gender inequality ratios (GIR) Tfor enrollment,
vaccine coverage, and timeliness. We also explored the inequities by maternal literacy, geographic
location, mode of vaccination delivery, and gender of vaccinators. Between 1 January 2019, and
31 December 2022, 6,235,305 children were enrolled in the SEIR, 52.2% males and 47.8% females. We
observed a median M:F ratio of 1.03 at enrollment and at Penta-1, Penta-3, and Measles-1 vaccinations,
indicating more males were enrolled in the immunization system than females. Once enrolled, a
median GIR of 1.00 indicated similar coverage for females and males over time; however, females
experienced a delay in their vaccination timeliness. Low maternal education; residing in remote-
rural, rural, and slum regions; and receiving vaccines at fixed sites, as compared to outreach, were
associated with fewer females being vaccinated, as compared to males. Our findings suggeste
the need to tailor and implement gender-sensitive policies and strategies for improving equity in
immunization, especially in vulnerable geographies with persistently high inequalities.

Keywords: gender inequity; routine immunization; male-to-female ratio; female vaccination; timeliness
of immunization

1. Introduction

Vaccination is considered one of the most successful and cost-effective interventions
in public health, with a potential return on investment of up to USD 16 per dollar spent [1].
However, many countries, particularly low- and middle-income countries (LMICs), strug-
gle to equitably vaccinate all children, leading to persistent immunization inequities across
multiple socio-demographic dimensions, with gender-based inequities being a prominent
factor [2]. Although there are apparently no significant differences in coverage rates be-
tween males and females at the global level, several country-specific studies have provided
contrary evidence [3]. Studies have shown there were significant biases in immunization
coverage rates that disadvantaged females in South and Southeast Asia, with Pakistan
reporting a 7.8 percentage-point difference between males and females in terms of complete
immunization; Cambodia reporting a difference of 4.9 percentage points; Nepal, a difference
of 4.3 percentage points; and India, with the largest gap of 13.4 percentage points [4]. In
addition to varying inequities at the country level, substantial differences also exist within
countries, highlighting an interplay of complex socio-cultural, economic, and geographic
factors that leave females at a disadvantage when accessing immunization services.
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Pakistan is among the countries where gender inequity in immunizations is a growing
concern. As per the Global Gender Gap Index Report 2022 [5], the country ranked 143 out of
a total of 146 countries for health and survival, highlighting the adverse position of females
relative to males, with inequities manifesting in areas such as healthcare and immunizations.
The Pakistan Demographic and Health Survey (2017–18) [6] showed there was a significant
difference in coverage rates between females and males, with females being less likely to
receive all basic vaccinations, as compared to males (63% vs. 68%), eventually contributing
to higher morbidity and mortality among females over the long term. Although concerted
efforts in recent decades have resulted in improved immunization coverage rates in the
country overall [7], the trend of differential coverage rates among females and males
remains, underscoring the gaps in equitable coverage. This is partly due to the lack of
gender-sensitive immunization strategies, which are difficult to design in the face of the
unavailability of gender-disaggregated data at the micro-level. This has led to a lack
of evidence regarding the true estimates and the extent of immunization inequities in
the regions where females are most likely to fall behind males. Additionally, there is
insufficient information regarding the risk factors associated with unequal coverage rates,
and understanding of the demand- and supply-side barriers that consistently prevent
females from accessing immunizations.

Major global immunization initiatives, including the Immunization Agenda 2030 and
the Gavi 5.0 strategy, were designed around the themes of “Leave No One Behind” and
“endeavor to reach the furthest behind first” [8], highlighting the need for identifying,
understanding, and addressing the gender-related barriers to immunizations. It is crit-
ically important for governments and other stakeholders to estimate the true extent of
female-based gender inequities in immunization outcomes at a micro-geographic level
and delineate the contributing factors. It is also vital to identify the supply-side barriers
that can adversely impact immunization uptake by females. This crucial information is
important for immunization systems to implement targeted approaches for reaching missed
female children, ensuring their immunization completion as per the WHO-recommended
immunization schedule, and promoting gender-based equity in immunizations.

We leveraged the individual child-level data from the Government of Sindh’s Elec-
tronic Immunization Registry (SEIR) to uncover a detailed picture of the gender inequities
in childhood immunizations. We estimated the male-to-female ratios for coverage and
timeliness at the micro-geographic level by districts and union councils (UCs; smallest geo-
graphic administrative unit) in Sindh Province, Pakistan. Additionally, we also examined
the gender inequality ratios for the above as an additional measure. We examined how
maternal literacy levels, geographic area (urban, rural, remote-rural, and slum areas), and
supply-side factors (gender of vaccinators and modality of immunization service delivery)
affect gender inequities in immunization.

2. Methods

2.1. Population

As per the population estimates for 2022, Sindh Province has an annual birth cohort
of 1.9 million [9], and a total population of 53.8 million people, with a population density
of 381.1 people/sq. km [10]. The province comprises 6 divisions, which are further
divided into 30 districts with 1130 UCs [11]. The median population of the UCs is 46,401
(range: 8371–574,2572). The urban and rural median populations of the UCs are 59,293
(range: 8371–574,257) and 37,936 (range: 13,000–95,886), respectively. The poverty index
of the province is 0.28 (district range: 0.02–0.50) [12]. The literacy rate for the province
is 58% (male = 68%; female = 47%; urban = 73%; rural = 39%) [13]. The annual target
population (0–23-month-old children) for the Expanded Programme on Immunization (EPI)
was 1.9 million in 2022. Immunizations in Sindh are administered predominantly through
public services supplemented by private clinics [14]. Traditionally, approximately 60% of all
provincial immunizations were provided through fixed immunization centers, whereas the
rest were delivered through routine outreach sessions [15]. However, after the COVID-19

100



Vaccines 2023, 11, 685

pandemic, this proportion has reversed, with almost 60% of the immunizations now being
provided through outreach [16]. Routine outreach comprises immunization sessions held
at a site other than the immunization center, from which vaccinators can go out and return
the same day, whereas enhanced outreach is defined as a series of immunization outreach
sessions covering a geographic area outside the radius of routine activities [17].

2.2. Data Source

We used geospatial-enabled immunization records from the SEIR (also known as
Zindagi Mehfooz (Safe Life) Electronic Immunization Registry; ZM-EIR). SEIR is an Android-
based application that allows vaccinators to enroll and track children’s immunization
records. The SEIR captures routinely collected data, including the child’s demographic
details (child’s name, father’s name, caregiver national identity card number (optional), and
contact information) and immunization details (vaccination status, dates, and modality).
Additionally, the SEIR also captures the health facility and vaccinator details and the
geolocation of each vaccination. Each child’s record is tracked through a unique identifier
assigned to the child at the time of enrollment in the SEIR. Performance management of
the data of vaccinators, including attendance and compliance of usage of the system, is
also captured.

The SEIR was scaled up in October 2017 across 28 districts of Sindh and was later rolled
out to the remaining 2 districts, Khairpur and Dadu (where primary health care is delivered
through a public–private partnership) on 24 February 2020 and 29 June 2020, respectively.
Currently, the SEIR is being used across all 30 districts of Sindh, by 3565 vaccinators
(including 15.0% female vaccinators) working at 1785 public and 373 private immunization
clinics. As of 31 December 2022, the SEIR enrolled >7.7 million children and >2.6 million
females and recorded >90 million immunization events. The SEIR enrolled 108.34%, 96.49%,
97.26%, and 95.34% of the EPI estimated annual birth cohorts of 2019, 2020, 2021, and 2022,
respectively (1,340,207; 1,638,386; 1,642,773; and 1,682,569, respectively), in the districts
where it was operational.

2.3. Study Design and Procedure

We analyzed the child-level longitudinal immunization records in the SEIR from
1 January 2019 to 31 December 2022, for all 30 districts of Sindh. Data from District Khair-
pur and District Dadu were not shown for children who had received their vaccinations in
2019, as the SEIR was launched in these districts in 2020. We extracted data related to the
demographic profile (gender, age, and maternal literacy level), immunization history (vac-
cines, date of administration, and geo-coordinates of vaccine administration site); modality
of immunization service delivery (fixed, routine outreach, or enhanced outreach), and geo-
graphical location of household (district, UC, urban vs. rural area, rural vs. remote-rural
area and slums vs. non-slums) of children from the 2019–2022 birth cohorts enrolled in
the SEIR. Out of 1130 UCs in the province, 464 were classified as urban, and 666 as rural.
Within the rural UCs, 88 were classified as remote-rural UCs, and within the urban UCs, 89
were classified as slum areas. An slum area was defined as a contiguous settlement where
the inhabitants are characterized as having inadequate housing and basic services. Slum
UCs were defined as having >75% population living in poverty. The slum area analysis
was limited to EPI-identified slums in the eight districts of Karachi and Hyderabad [18].
All slum UCs in Karachi and Hyderabad were in urban areas. Remote-rural UCs were
classified according to the Government of Sindh’s School Education and Literacy De-
partment classification of hard-area UCs that were located in remote coastal, desert, or
mountainous areas [19]. Remote-rural UCs were mostly concentrated in the eastern and
western peripheries of the province; urban UCs were found within the cities of Karachi
and Hyderabad; and the rest of the remaining UCs in the province were predominantly
rural (Supplementary, Figure S1). In addition to the geo-location data, we also extracted
the gender profile of vaccinators who used the SEIR across the province.
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2.4. Vaccination Schedule

Pakistan’s routine immunization schedule included the following vaccines: BCG
(Bacille Calmette-Guérin) and oral polio vaccine (OPV) vaccine at birth; 3 doses of pen-
tavalent (DPT, HepB, Hib) vaccine; 3 doses of pneumococcal conjugate vaccine (PCV) and
3 doses of OPV at 6, 10, and/or 14 weeks of age; 2 doses of rotavirus vaccines at 6 and
10 weeks of age; 2 doses of inactivated polio vaccine (IPV) at 14 weeks and 9 months of
age; and 2 doses of measles–rubella vaccine and typhoid conjugate vaccine (TCV) at 9 and
15 months of age. TCV, second dose of IPV, and rubella vaccine were added to the EPI
schedule on 1 January 2020, 3 May 2021, and 15 November 2021, respectively [20].

2.5. Ethics

This analysis was deemed to be exempt by the Institutional Review Board of Interactive
Research and Development under 45 CFR 46.101(b). The IRB was registered with the U.S.
Department of Health and Human Services Office for Human Research Protections with
registration number IRB 404 00005148.

2.6. Outcome

The primary outcome was the male-to-female ratios (M:F) at enrollment and by anti-
gens among children from the 2019, 2020, 2021, and 2022 birth cohorts enrolled in the SEIR.
The M:F ratio was the number of vaccinated males relative to females. Enrollment was
defined as the first encounter of the child with the SEIR. We calculated the M:F ratios at
the district and UC levels. We adjusted the M:F ratios using the sex ratios at birth (1.055)
in Pakistan [21]. We computed the M:F ratios for the up-to-date vaccination coverage for
Pentavalent-1, Pentavalent-3, and Measles-1 at 6, 9, 12, 18, and 24 months. Up-to-date
coverage was defined as the proportion of 0–24 months children who received vaccinations
by the specified months of age. In order to examine timely coverages, we also calculated
the up-to-date coverage of Penta-1 at 10 weeks, Penta-3 at 18 weeks, and Measles-1 at
10 months to account for the timeliness criteria used by EPI-Sindh (an additional 4 weeks’
time duration beyond the age at which each vaccine is due, as per the WHO-specified EPI
schedule). Furthermore, we compared the M:F ratios by maternal literacy level, geographic
residential location of the child (urban vs. rural, rural vs. remote-rural and slums vs.
non-slums), modality of vaccination (fixed center, outreach, and enhanced outreach), and
the sex ratio of vaccinators in the province. As a secondary outcome, we also calculated
the Gender Inequality Ratio (GIR) for all the above analyses, where the gender inequality
ratio was defined as the proportion of vaccinated males among those who were due for
vaccination, relative to the proportion of vaccinated females who were due for vaccination.

2.7. Statistical Analysis

We reported the median and interquartile range (IQR) of the UCs for the M:F ratios,
along with the ranges at the UC level. UCs with no children vaccinated for any particular
vaccine were excluded from the analysis for that particular vaccine only. A male-to-female
ratio of 0.00 indicated that there were no males or females vaccinated in the particular UC.
This was due to the reduced population sizes when we examined our indicators across the
sub-categories (maternal literacy and geographic location of vaccination) within a UC.

For our secondary outcome, we computed the GIR by dividing the proportion of
males who were due and received vaccinations by the proportion of females who were
due and received vaccinations. A GIR of 1.00 implied no differential in coverage rates
between females and males, whereas a GIR of above 1.00 indicated inequalities (with
higher coverage rates for males relative to females). We performed statistical analyses with
Stata, release 17 (StataCorp, College Station, TX, USA). We used digital maps to review the
immunization coverage by the district and UC using QGIS (3.16.7-Hannover).
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3. Results

Between 1 January 2019, to 31 December 2022, a total of 6,235,305 children were
enrolled in the SEIR from the 2019 (23.29%), 2020 (25.35%), 2021 (25.62%), and 2022 (25.73%)
birth cohorts. The proportion of males enrolled in the SEIR, as compared to females, was
consistently higher across all birth cohorts (2019: 52.11%, 2020: 52.14%; 2021: 52.30%; 2022:
52.25%) (data not shown).

Across districts, we found a distinctive pattern in districts Kashmore, Ghotki, Jacoba-
bad, and Tharparkar, having the highest adjusted median M:F ratios at enrollment: (Kash-
more: 1.11 (IQR: 1.04–1.25); Ghotki: 1.11 (IQR: 1.04–1.16); Jacobabad: 1.07 (IQR: 1.00–1.13),
and Tharparkar: 1.12 (IQR: 1.02–1.18)) (Table 1). The findings were similar for Penta-1,
Penta-3, and Measles-1 vaccinations. A consistent trend, therefore, emerged, showing
females falling behind males consistently in these districts from enrollment into the SEIR
until their Measles-1 vaccination. At the UC-level, a high median M:F ratio emerged for
selected UCs in District Thatta, where thrice the number of males were vaccinated, as
compared to females.

When examining the GIR, we observed that once children were enrolled in the
SEIR, coverage rates for vaccines were similar for females and males, as shown by the
UC-level median GIR for Penta-1 (median: 1.00, IQR: 1.00–1.01), Penta-3 (median: 1.00,
IQR: 0.99–1.01), and Measles-1 (median: 1.00, IQR: 0.99–1.01) (Supplementary Table S1).

Tracking the M:F ratios for vaccines over the 4 years showed high inequities in the num-
ber of females vaccinated, as compared to males, in 2019 for Penta-3 (1.14, range: 0.24–8.00)
and Measles-1 (1.14, range: 0.14–5.00), which declined to 1.10 (Penta-3 range: 0.49–5.00;
Measles-1 range: 0.25–2.07) in 2020 and remained at the same level for the following
2 years. The M:F ratios for Penta-1 remained roughly the same between 2019 and 2022,
showing no major progress was made in reducing these disparities over the last 4 years
(Supplementary Figure S2). The GIR reflected a similar picture of slightly higher inequali-
ties in coverage among the enrolled children in 2019. Thereafter, coverage rates became
more balanced between females and males (GIR: 1.00) for all the vaccines in 2020–2022
(Supplementary Figure S3). At the UC level, we found that 11.6% (131/1129) of the UCs
showed a M:F > 1.10 for Penta-1 consistently over the four years. This proportion was 10.7%
(121/1129) for Penta-3 and 8.9% (101/1129) for Measles-1, reflecting certain geographic
pockets had persistently higher numbers of males being vaccinated, as compared to females,
year-on-year (Supplementary Table S3). A closer geographic examination revealed that
these UCs were spread throughout the province, as opposed to being located in clusters
(Supplementary Figure S4).

The up-to-date coverages at specific age intervals for Penta-1, Penta-3, and Measles-1
showed more males were vaccinated, as compared to females, at each age (M:F≥ 1.10) (Figure 1).

Among the enrolled children, 1 out of every 2 UCs in the province had females falling
behind males on timely vaccinations of Penta-1, Penta-3, and Measles-1, as denoted by
GIRs > 1.00. Notably, 60.7% (685/1129), 57.4% (648/1129), and 54.5% (615/1128) of UCs
had GIRs > 1.00 for up-to-date coverage of Penta-1 at 10 weeks, Penta-3 at 18 weeks, and
Measles-1 at 10 months. This proportion continued to decline across ages, demonstrating a
narrowing of the inequity gap at the UC level as children aged (Figure 2).
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Figure 1. Male-to-female ratios of up-to-date vaccination coverage of Pentavalent-1 at 10 weeks and
6, 12, 18, and 24 months; Pentavalent-3 at 18 weeks and 6, 12, 18, and 24 months; and Measles-1 at
10, 6, 12, 18, and 24 months, in 0–23-month-old children in 2019–2022 birth cohorts enrolled in SEIR
(1 January 2019–31 December 2022).

By observing the inequities in enrollment and the number of vaccinated males and
females across maternal literacy levels, we found higher inequities among children with
mothers who had only primary education (1–5 years of education), as compared to moth-
ers with higher education levels and those who were not educated at all (Table 2). This
was evident for Penta-1 (median M:F ratio: 1.09 (IQR: 0.92–1.3)), Penta-3 (median: 1.10
(IQR: 0.91–1.33)), and Measles-1 (median: 1.10 (IQR: 0.93–1.33)). With increasing education
levels, the inequities were reduced, as shown by the median M:F ratio declining to 1.00.
However, when examining the inequities at the UC level, individual UCs had high in-
equities in enrollment and the number of vaccinated males vs. females (M:F ratio between
7.00–10.00), even when mothers had high literacy levels (≥11 years of education).
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Figure 2. Gender inequality ratio (GIR) at up-to-date vaccination coverage of Pentavalent-1 at
10 weeks and 6, 12, 18, and 24 months; Pentavalent-3 at 18 weeks and 6, 12, 18, and 24 months; and
Measles-1 at 10, 6, 12, 18, and 24 months, in 0–23-month-old children in 2019–2022 birth cohorts
enrolled in SEIR (1 January 2019–31 December 2022).

Rural UCs had higher median M:F ratios, as compared to urban UCs, for Penta-1
(median M:F ratio 1.11 vs. 1.06), Penta-3 (M:F ratio: 1.11 vs. 1.06), and Measles-1 vac-
cinations (M:F ratio: 1.10 vs. 1.07). The UC-level ranges, however, demonstrated that
there were selected UCs with as many as five times more males being vaccinated than
females for Measles-1, even in urban areas. Within the rural UCs, the remote-rural UCs
reflected worse equity outcomes, with median M:F ratios as high as 1.14 for Penta-1. The
slum UCs had the worst median M:F ratios for Penta-1 (1.07 (IQR: 1.03–1.11)), Penta-3
(1.07 (IQR: 1.03–1.12)), and Measles-1 (1.07 (IQR: 1.03–1.12)), as compared to non-slum
UCs (Penta-1: 1.05 (IQR: 1.01–1.09), Penta-3: 1.05 (IQR: 1.02–1.09), and Measles-1 1.06
(IQR: 1.01–1.09).
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Based on M:F ratios by mode of vaccination, we found marginally higher inequities in
the number of males vaccinated, as compared to females, among vaccinations conducted at
fixed immunization centers, as compared to immunizations by routine outreach (Penta-
1: 1.09 vs. 1.08; Measles-1: 1.09 vs. 1.08)). Lower median M:F ratios were found for
immunizations administered by EOAs, (Penta-1: 1.07; Penta-3: 1.07; and Measles-1: 1.07),
showing more equity between the number of females and males vaccinated during the
intensive periods of EOAs conducted in the province.

Slight variations in M:F ratios were also observed when investigating inequities across
UCs with varying numbers of female and male vaccinators. No differences between the
number of males and females vaccinated (across any antigen) were observed when examining
the median M:F ratios. However, we observed slightly increased inequities at the UC level in
areas where there were no female vaccinators (UC range: 0.80–3.00 for Penta-1 and 0.80–2.80
for Penta-3 and Measles-1). We noted that even in areas where there were more female than
male vaccinators (selected UCs in Karachi Division, Supplementary Figure S5), there were
UCs that still had fewer females vaccinated than males (UC range: 1.00–1.20).

Conducting the above analysis according to the GIR did not reveal substantial inequal-
ities in coverage rates between males and females (median GIR of UCs ranged between
0.99–1.03). Selected UCs demonstrated high inequalities. Nevertheless, a clear correlational
pattern between inequality in coverage and maternal literacy, geographic location, modality of
vaccination, and sex ratio of vaccinators, was not always obvious (Supplementary Table S2).

4. Discussion

We found that for every 100 females, 103 males were enrolled and vaccinated in the
SEIR over the last 4 years. However, the sub-national analysis at the UC level shows
the difference increased to 300 males being vaccinated for every 100 females in specific
UCs. Merely observing the aggregate levels for evidence of gender differentials masked
these nuanced yet more pronounced inequities. Moreover, recent reports by Gavi [22] and
WHO [23] asserted that subnational variations in immunization coverage were ‘one of
the tractable but unfinished challenges of immunization inequity globally.’ Differences
at the micro-geographic level reflected subtle and persistent forms of gender bias and
discrimination that continue to affect health outcomes for females over the long term.
When comparing the male-to-female ratios and gender inequality ratios, we observed a
larger number of males than females made contact with the immunization system (even
after adjusting for the male-to-female baseline population). However, once they had been
enrolled (in the SEIR), the vaccine coverage rates were similar for both females and males,
although females still fell behind males in receiving timely vaccinations.

Our findings have important implications for the zero-dose children that have yet to
make contact with the health system. Since more males than females have been enrolled
in the immunization system, this reflects substantial inequities, indicating more females
than males are left behind and being added to the higher proportion of zero-dose children.
There is a need for rethinking and emphasizing the narrative of ‘zero-dose females’, and
ensuring the use of gender-disaggregated data and gender-sensitive strategies in order to
reach the missing children. We also observed that gender inequities continue to persist
over time. The analysis of individual UCs suggested there were certain pockets and regions
spread throughout the province where females continuously fell behind males on their
vaccinations, year-on-year. Targeted, intensified efforts directed to hotspots showing high
inequities could be a potential measure to break the pattern of persistent inequities.

Although parity in coverage rates among females and males enrolled in the SEIR was
a positive finding, we observed equality was not uniformly reflected across all age groups.
Females were more likely to be delayed in their vaccinations than males. While reflecting
well on the overall view of equality, it was imperative to note that as females were delayed
on their vaccination, they remained susceptible to vaccine-preventable diseases (VPDs) for
longer periods, leading to a higher risk of morbidity and mortality over time. Delayed
vaccination for females could have a considerable impact on child survival rates overall,
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a pertinent implication for Pakistan, where infant and child mortality rates are some of
the highest globally. A study from Bangladesh showed children receiving BCG within the
first 6 months of life had a lower risk of diseases than those vaccinated later [24]. Similar
results were also reported for the delayed administration of the diphtheria–tetanus and
pertussis vaccines [25].

Our findings of higher inequities in the number of vaccinated females and males in
rural areas, as compared to urban areas, and slums, as compared to non-slums [26,27],
have been repeatedly emphasized in existing literature [28,29]. We went a step further to
demonstrate that within the rural areas, the category of remote-rural and hard-to-reach
areas fared even worse, with M:F ratios as high as 1.14. Several underlying factors have been
cited to explain the inequities, the most prominent being the deep-rooted socio-cultural
practice of “son preference”, which is inherently common in Pakistan [30] and other South
Asian countries [29,31]. Persistent patriarchal practices favor sons over daughters due to
factors such as carrying forward the family lineage, providing old-age support, financial
support, and practices pertaining to dowries. The phenomenon of son preference has been
closely associated with several adverse practices, including gender-selective abortions,
female infanticide, and neglect of the health and education of females. In rural and remote-
rural regions, not only are these practices more deeply entrenched, but when coupled
with multiple other deprivations, including poverty, lack of affordable transportation, and
long distances to healthcare services, they lead to discriminatory attitudes by caregivers
in favor of males. This was underscored in our findings with higher inequities in the
number of females and males vaccinated at fixed immunization centers. Immunizations
administered during both routine and enhanced outreach tended to be more equitable for
females, reflecting that caregivers were not inherently opposed to vaccination, but when
faced with the logistical and financial challenges of taking children to vaccination centers,
they were more likely to favor males over females.

Within remote-rural settings, several additional dynamics are at play that adversely
impacted equitable immunization, such as the higher marginal cost of reaching remote
children, retention and motivation of personnel, geographic remoteness, and limited socio-
political power among communities [32]. The factors were further undercut by gender
issues where, in the event of male vaccinators, mothers and female caregivers faced even
greater societal restrictions when accompanying children for immunization. Our findings
showed that not only did this have an adverse impact on vaccination rates overall, but the
lack of female vaccinators disproportionately and adversely affected vaccination outcomes
for females, as compared to males. The absence of gender-sensitive policies for immuniza-
tion was highlighted in our study (none of the 87 remote-rural UCs in Sindh Province had a
single female vaccinator (Supplementary Table S4) and mentioned elsewhere including no
segregated waiting rooms at immunization facilities for female caregivers and a shortage
of female vaccinators in urban impoverished areas, which was a “discouraging factor” for
the attendance of females and children at health facilities [26]. Our results showed that the
districts of Ghotki, Jacobabad, and Kashmore had high prevalence rates of inequities for
females at enrollment and for subsequent antigens. These districts are located within the
northern belt of the province, which remains deeply rooted in conservative tribal culture
with a high prevalence of other discriminatory practices against females, including domes-
tic violence and forced child marriages [33]. Gender equity in immunizations is not an
isolated concept but deeply intertwined with females’ empowerment, agency, and auton-
omy. Increasing females access to education is a proven mechanism to break the perpetual
cycle of discrimination. Within the context of immunizations, our findings were in line with
others that showed higher maternal education [34,35] led to reduced vaccination inequities
for females. However, our study showed that, even with very high levels of maternal
education (>11 years), there remained UCs that had extreme inequalities (M:F ratio: 11.0).
Upon closer geographic examination, we observed 4 of such UCs were clustered fairly close
together, suggesting there could be other prevalent socio-cultural or logistical challenges
causing inequities that even higher maternal education levels were unable to overcome.
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Vaccine hesitancy is one particular challenge that merits further investigation within the
context of gender inequities in immunization. One study has articulated the reasons for
vaccine hesitancy in Pakistan as a triad of religious traditions, misconceptions, and politi-
cal factors. [36]. Vaccine hesitancy may contribute to gender inequities in immunization
by perpetuating cultural norms and beliefs that prioritize males over females and fuel
misinformation and misconceptions about vaccines that disproportionately affect females,
limiting access to health services and decision-making power for females.

Addressing gender inequities in immunization requires multilevel, complementary
approaches. Feasible policy measures include the inclusion of more female vaccinators
in the health workforce. Due to sociocultural and gender norms in underserved commu-
nities of LMICs such as Pakistan, only female frontline health workers have unrestricted
access to households, are able to interact with mothers and provide health education, and
deliver vaccines to children. More female vaccinators could, therefore, promote building
trust concerning vaccines and encourage immunization uptake among vulnerable com-
munities. To enhance the female position in the immunization decision-making process
for their children, we must focus on overall education for females, specifically in health
literacy. A previous study revealed that females who were health literate, regardless of
their educational level, were more likely to vaccinate their children, in both rural and
urban settings [37]. Additionally, female groups in local settings and communities can be
initiated or leveraged as a platform for counseling focused on health literacy. These groups
could be complemented with programs to involve fathers, including facilitating regular
sessions with females and males to foster collaborative parenting and decision-making. A
gender-centric approach to the overall health system should be strengthened by measures
such as separate waiting areas for females in immunization clinics and the introduction of
female-only transport to immunization centers, which could increase immunization rates
among females.

Our study had a few limitations. The adjusted M:F ratios reported in the analy-
ses represented a best-guess given the lack of reliable sex ratios in birth data at district
and UC levels. Although 1.055 represented an aggregate number for the country, this
masked the heterogeneity and inequities in M:F ratios across districts and union coun-
cils. Additionally, studies have shown that sex ratios at birth varied by levels of maternal
education [38–40], ethnicity, the birth order of the child, as well as the economic and cul-
tural heterogeneities [41]. Therefore, adjustments using aggregate M:F ratios at birth could
mask the true extent of prevailing inequities at the sub-national level. Moreover, the M:F ra-
tios calculated for maternal literacy, geographic location, and mode of vaccination delivery
were not adjusted for the underlying proportion of males and females in the population due
to the unavailability of baseline population proportions for these categories. Nonetheless,
we speculated that even if these were to be adjusted, the high M:F ratios (up to 5.00 at the
UC level) still reflected substantial inequities between females and males. To validate our
estimates of M:F ratios further, we correlated them with the gender-wise proportions in the
Multiple Indicators Cluster Survey (MICs). However, since the sample size in the MICs
was small when compared against our analysis categories, no meaningful, statistically
significant correlations were found between the gender proportions in our analysis and
MICs. Additionally, only 58% of the remote-rural UCs in the province, as per our source,
were matched with the UC database in SEIR due to different names and a variation in UC
categorization used by the health and education departments. Lastly, we acknowledge that
a long-term horizon of four years to observe inequity trends did not account for various
factors that typically change over time (district-level government staff including supervi-
sors and vaccinators, external shocks such as COVID-19, and unprecedented flooding), and
these may have confounded the impact of the gender-based inequities over the last four
years. However, by also focusing on regions that have persistently demonstrated worse
immunization outcomes for females, we showed the deep-seated inequities that continue
to persist despite external changes over time.
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5. Conclusions

Our study demonstrated evidence of the gender-based inequities in Sindh Province,
Pakistan, over the last four years, with a higher number of males than females being
enrolled and immunized. Once enrolled, the coverage rates of females and males were
similar, although females tended to be delayed in receiving their vaccinations, as compared
to males. We also observed geographical pockets where females continued to fall behind
males, year-on-year, reflecting the persistent nature of the inequalities. Our findings have
important implications for the inequities among zero-dose children who are more likely to
be females. We also demonstrated that certain factors such as maternal literacy, place of
residence, and supply-side factors (mode of vaccination delivery, gender of vaccinators),
were both a cause and consequence of gender-based inequities. Socio-cultural factors
are inextricably linked to characteristics that lead to poor immunization outcomes for
females. A deeper qualitative investigation at the sub-national level is needed to uncover
the complex dynamics that impact equities in coverage, so that tailored and targeted
strategies can be implemented to ensure females and males have the same opportunities to
access and benefit from life-saving immunizations.
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Abstract: Serological surveys provide an objective biological measure of population immunity,
and tetanus serological surveys can also assess vaccination coverage. We undertook a national
assessment of immunity to tetanus and diphtheria among Nigerian children aged <15 years using
stored specimens collected during the 2018 Nigeria HIV/AIDS Indicator and Impact Survey, a
national cross-sectional household-based survey. We used a validated multiplex bead assay to test for
tetanus and diphtheria toxoid-antibodies. In total, 31,456 specimens were tested. Overall, 70.9% and
84.3% of children aged <15 years had at least minimal seroprotection (≥0.01 IU/mL) against tetanus
and diphtheria, respectively. Seroprotection was lowest in the north west and north east zones.
Factors associated with increased tetanus seroprotection included living in the southern geopolitical
zones, urban residence, and higher wealth quintiles (p < 0.001). Full seroprotection (≥0.1 IU/mL)
was the same for tetanus (42.2%) and diphtheria (41.7%), while long-term seroprotection (≥1 IU/mL)
was 15.1% for tetanus and 6.0% for diphtheria. Full- and long-term seroprotection were higher in
boys compared to girls (p < 0.001). Achieving high infant vaccination coverage by targeting specific
geographic areas and socio-economic groups and introducing tetanus and diphtheria booster doses in
childhood and adolescence are needed to achieve lifelong protection against tetanus and diphtheria
and prevent maternal and neonatal tetanus.

Keywords: seroprevalence; tetanus; diphtheria; Nigeria; serology; vaccine preventable diseases

1. Introduction

Historically, vaccination coverage surveys have been used to assess the performance
of immunization programs and identify areas at risk for vaccine-preventable diseases
(VPDs). However, data have shown that VPD coverage surveys have limitations due
to poor documentation of immunization history and parental recall bias [1]. In settings
with weak surveillance or unreliable vaccination coverage, serological surveillance can
potentially play an important role for appropriately directing interventions to improve
population immunity [2,3]. Serological surveys are increasingly being used to guide im-
munization policy and strategy from support of vaccine introduction, evidence generation
for optimizing timing of booster doses, to the verification of disease elimination [2–14].
In the case of tetanus, serological surveys can also assess routine vaccination coverage
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as tetanus infection does not lead to development of protective antibodies [14]. Tetanus
serosurveys can identify areas or subgroups yet to be reached with routine immunization
and also assess duration of vaccine-induced immunity to inform introduction of tetanus
(and diphtheria) booster doses [14]. Depending on the disease, serum antibody levels can
be maintained for years following a person’s vaccination or exposure to a pathogen, like the
one that causes diphtheria; therefore, specimens collected during cross-sectional surveys
contain an immense amount of information about current and past pathogen exposure and
levels of immunity [4].

High tetanus burden in Nigeria has been documented [15], with the tetanus case
fatality ratio (CFR) estimated at 43% [16]. In addition, high diphtheria burden and recurring
diphtheria outbreaks with high CFR have been documented in Nigeria, including a recent
outbreak in 2023 [17–19]. In 2011, over 60% of diphtheria cases occurred among children
younger than 10 years of age and over 95% were unvaccinated [17]. Nigeria’s immunization
schedule includes three doses of diphtheria-tetanus-pertussis (DTP) containing vaccine at
6, 10, and 14 weeks of age. However, diphtheria and tetanus immunity wane over time
and by school age (5–6 years old), many children are susceptible to infection. For this
reason, in addition to the three primary DTP (DTP3) doses given before the age of one year,
WHO recommends three booster doses of tetanus- and diphtheria-containing vaccines be
provided to children and adolescents at the ages of 12–23 months, 4–7 years and 9–15 years
to provide protection across the life-course [20,21].

Data on tetanus and diphtheria immunity among children in Nigeria are needed to
evaluate susceptibility to VPDs and for use in program improvement to prevent tetanus
cases and diphtheria epidemics. We conducted a national serological assessment to estimate
immunity to tetanus and diphtheria among Nigerian children born during 2004–2018
(aged <15 years old at the time of the survey in 2018) and by subpopulation (age, sex, zone,
state, urban/rural, and wealth quintile) to identify immunity gaps and specific populations
that might need targeted interventions to improve vaccination coverage.

2. Materials and Methods

2.1. Study Population and Sampling

The target population included children younger than 15 years of age and residing in
Nigeria. We used stored specimens collected during the 2018 Nigeria HIV/AIDS Indicator
and Impact Survey (NAIIS) (https://www.naiis.ng/ (accessed on 15 January 2023). NAIIS
was a national cross-sectional, household-based survey with a multi-stage cluster sampling
design. In the first stage, clusters (enumeration areas) were selected using projected census
data. Within each selected enumeration area, households were chosen through system-
atic sampling. Children less than 15 years of age were sampled in every 4th household
(28,220 households sampled for inclusion of children aged 0–14 years). The eligibility
criteria for children included having resided in the selected household or spent the night in
that household before the survey; parents or guardians willing to provide written informed
consent/permission in English, Hausa, Yoruba, or Igbo; and for children aged 10–14 years,
the child is able and willing to provide written assent in English, Hausa, Yoruba, or Igbo.
Further information on NAIIS methodology is available [22].

Assuming the most conservative estimate of 50% seroprevalence for tetanus and
diphtheria with a 95% confidence interval, a design effect of 2, and a 5% non-response rate
(e.g., not enough specimen), a sample size of 810 children per state (270 children each in age
groups 0–4 years, 5–9 years and 10–14 years) would produce a precision of +/−9% for state-
and age-level estimates. In total, 30,000 children would be needed from all 36 states and
Abuja Federal Capital Territory (FCT) (10,000 specimens per age group). NAIIS collected
specimens from 32,480 children ages 0–14 years, of which 32,337 (99%) assented for storage
and future testing of specimens and were included in this study.
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2.2. Laboratory Methods and Testing

From each participant, we used 6 mm sections punched from dried blood spots
collected on Whatman filter paper corresponding to 5 μL of serum to test for tetanus and
diphtheria IgG on a multiplex bead assay platform. An additional 6 mm section was used
in 10% of the samples to repeat testing for quality control.

2.2.1. Antigens and Couplings

Tetanus toxoid was purchased from Massachusetts Biological Laboratories (Boston,
MA, USA) and diphtheria toxoid was purchased from List Biological Laboratories (Camp-
bell, CA, USA). Antigens were coupled to MagPlex microspheres (Luminex Corp, Austin,
TX, USA), as described previously [5,23], using antigen concentrations of 12.5 μg/12.5 × 106

microspheres for tetanus toxoid and 60 μg/12.5 × 106 microspheres for diphtheria toxoid.

2.2.2. Sample Preparation and Bead Assay

Samples were diluted to a final serum concentration of 1:400 in Buffer B (PBS pH 7.2
plus 0.5% casein, 0.8% PVP, 0.5% PVA, 0.3% Tween 20, 0.02% sodium azide and 3 μg/mL
of Escherichia coli lysate containing GST). All incubation steps were performed at room
temperature in 50 μL reaction volumes protected from light while shaking at 600 rpm.
Incubation steps were followed by three washes with 200 μL PBS pH 7.2 containing
0.05% Tween 20 (PBST) using a handheld magnet. Diluted samples were incubated with
625 microspheres/antigen/well for 90 min, followed by 45 min incubation with secondary
antibodies at a concentration of 50 ng/well for anti-human IgG and 40 ng/well for anti-IgG4
(Southern Biotech, Birmingham, AL, USA). Incubations with 250 ng/well streptavidin-R
phycoerythrin (Invitrogen, Waltham, MA, USA) and assay buffer alone were carried out,
as previously described [5]. Beads were resuspended in 100 μL PBS pH 7.2 and stored
overnight at 4 ◦C prior to reading on MAGPIX (Luminex Corporation, Austin, TX, USA).

2.2.3. Quality Control and Assurance

Data were output as median fluorescence intensity (MFI). To control for background
reactivity, each assay included 2 blank wells containing Buffer B only. Samples were run
in singlicate. Each plate also contained 1 negative serum control and 2 positive serum
controls run in duplicate, as well as a positive pool serum control that was serially diluted
to make an 8-point curve to cover the linear range of MFI for most antigens. Samples and
controls were analyzed with the average of the plate background subtracted (MFI-BG).
As a measure of assay-to-assay variation, the average reactivities of the antigens with the
controls was used to create criteria for accepting or rejecting plate data.

2.2.4. Cutoffs and Interpolation

WHO international standards TE-3 and 10/262 were used to convert MFI-BG for
tetanus and diphtheria, respectively, to IU/mL. Dilutions of each standard were run on
separate plates over the course of the study at approximately one-month intervals, with a
total of seven individual runs averaged to create a single curve per antigen for all samples.
Curve fitting and interpolation were performed in GraphPad Prism v.9 using 5PL non-linear
regression. Conversion of values to IU/mL was conducted in SAS.

Tetanus and diphtheria antibody seroprotection were defined using the standard
cut-off of 0.01 IU/mL, which corresponds to the minimum level of antibody required for
protection against tetanus and diphtheria [20,21,24]. Tetanus IgG testing on MBA has
been previously validated against the reference standard double antigen ELISA IgG with
a sensitivity of 99% and specificity of 92% at the ≥0.01 IU/mL cutoff [5]. Diphtheria IgG
testing on MBA was validated against the Vero cell neutralization assay IgG with a sensi-
tivity of 95% and specificity of 83% at the ≥0.01 IU/mL cutoff for minimal protection [23].
Increasing antibody concentrations against tetanus are associated with decreased risk of
infection and increased duration of protection [25], and tetanus antibody concentrations
≥1 IU/mL are typically associated with long-term protection [6,25]. Tetanus and diphtheria
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antibody seroprotection were further categorized as IgG < 0.01 IU/mL (lack of protection),
0.01–<0.1 IU/mL (minimal protection), 0.10–<1 IU/mL (full protection), and ≥1 IU/mL
(long-term protection) [5,6,23–26].

2.3. Statistical Analyses

Statistical analyses followed the WHO tetanus serosurvey guidance published in 2018 [14].
Estimates of tetanus and diphtheria seroprotection (at ≥0.01, ≥0.1 and ≥1.0 IU/mL antibody
levels) and Wilson 95% confidence intervals were calculated using sample weights and a
Taylor series linearization method to account for survey design. To assess risk factors, seropro-
tection was calculated by sociodemographic characteristics (age, sex, zone, state, urban/rural,
and wealth quintile) and associations were assessed using Rao-Scott chi-square tests. A
p-value of <0.05 was considered statistically significant. To assess waning immunity and
the need for tetanus–diphtheria booster dose introduction, estimates of the proportions of
children by age and different antibody level categories for tetanus and diphtheria (<0.01, 0.01
to 0.099, 0.1 to 0.99, and ≥1.0 IU/mL) were calculated; geometric mean antibody levels and
95% confidence intervals (95%CI) were also calculated accounting for the survey design. We
assessed the contribution of routine immunization, waning immunity, and natural exposure
(for diphtheria) by assessing percentage of children seroprotected (≥0.01 IU/mL) against
diphtheria (including through natural infection) but not against tetanus (<0.01 IU/mL) by
age group (4–11 months, 12–23 months, 24–35 months, 36–47 months, and 48–59 months; 0–4,
5–9 and 10–14 years). All statistical analyses were conducted using SAS v9.4 (SAS Institute,
Inc., Cary, NC, USA).

Finally, we triangulated data on the proportion of children with minimal and full
seroprotection to tetanus by age with vaccination coverage to assess comparability between
serosurvey results and vaccination coverage results in those age groups given that tetanus
immunity can only be achieved by vaccination. For this purpose, we used DTP3 coverage
among children 12–23 months of age reported from three data sources that covered the
birth cohorts included in this survey (born during 2004–2018): (1) WHO/UNICEF estimates
of national immunization coverage (WUENIC); (2) country-reported official estimates for
DTP3 coverage for each birth cohort [27]; and (3) when available for the birth cohorts
included in this survey, we also used vaccination coverage survey estimates of DTP3
coverage among children 12–23 months from Demographic and Health Surveys (DHS) (for
2018, 2013, and 2008) [28] and Multiple Indicator Cluster Surveys (MICS) (for 2016, 2011,
and 2007) [29].

3. Results

3.1. General Demographics of Study Population

Of the 32,337 available specimens from children aged 0–14 years, 31,456 (97%) speci-
mens yielded results for tetanus and diphtheria immunity. A slightly higher percentage
of 5–9-year-olds (39.5%) compared to younger (30.2%) and older (30.3%) age groups, and
an almost equal proportion of males (51.0%) and females (49.0%) were tested. The highest
proportion of participants tested was in the north west geopolitical zone (27.9%) compared
to almost equal proportions in other zones (range: 12.7–16.0%). Rural areas accounted for a
higher proportion of specimens tested (58.6%) than urban areas (41.4%) (Table 1).
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Table 1. Demographic characteristics of children tested for tetanus and diphtheria, Nigeria, 2018.

Number (N = 31,456) Percentage

Age group
0–4 9487 30.2
5–9 12,435 39.5
10–14 9534 30.3

Sex
Female 15,425 49.0
Male 16,031 51.0

Geopolitical zone
North central 4634 14.7
North east 5045 16.0
North west 8784 27.9
South south 4387 13.9
South east 4000 12.7
South west 4606 14.6

Location
Urban 13,008 41.4
Rural 18,448 58.6

3.2. Tetanus and Diphtheria Seroprotection

Overall, 70.9% (95% confidence interval (CI): 69.9–72.0%) of children aged <15 years
had at least minimal seroprotection (≥0.01 IU/mL) against tetanus and 84.3% (95%CI:
83.6–85.0%) had at least minimal seroprotection (≥0.01 IU/mL) against diphtheria (Table 2).
Full seroprotection (≥0.1 IU/mL) was 42.2% (95% CI: 41.2–43.3%) for tetanus and 41.7% (95%
CI: 40.9–42.5%) for diphtheria; long-term seroprotection (≥1.0 IU/mL) was 15.1% (95% CI:
14.5–15.7%) for tetanus and 6.0% (95% CI: 5.7–6.4%) for diphtheria (Tables 2 and S1).

The proportion of children aged <15 years with seroprotection against tetanus and
diphtheria increased with age (p < 0.001). While minimal tetanus seroprotection was not
different between male and female children, full- and long-term tetanus and diphtheria
seroprotection were higher in male compared to female children (Tables 2 and S1). Tetanus
and diphtheria minimal, full, and long-term seroprotection levels were lowest in the north
west and north east geopolitical zones, while the south east and south south geopolitical zones
had the highest tetanus and diphtheria seroprotection levels (Tables 2 and S1).

Tetanus and diphtheria seroprotection varied significantly by state and age group
(Figure 1). The proportion of children with minimal tetanus seroprotection among children
aged 0–4 years was at least 90% in Enugu, Ebonyi, Cross-river, and Edo states in the south
east and south south zones. While most of the states in the north east and north west
geopolitical zones had very low seroprotection against tetanus, three states, Adamawa,
Taraba, and Yobe, had higher minimal tetanus seroprotection (>70%) among children aged
0–4 years in these zones. Only three states, FCT Abuja, Edo, and Ebonyi, had >70% of
children aged 0–4 years with full tetanus seroprotection; however, seven states had >70%
full tetanus seroprotection among children aged 10–14 years (Figure 1b). It is noticeable
that tetanus seroprotection was higher among children aged 10–14 years compared with
children aged 5–9 years in some states in the north west and north east geopolitical zones
despite the lack of childhood Td booster doses in the national immunization program.
The proportion of children with diphtheria seroprotection increased with age across the
majority of the states (Figure 1c,d). While Sokoto, Zamfara, and Jigawa in the north west
zone had less than 50% of children aged 10–14 years who had minimal seroprotection
against tetanus, those states had greater than 90% of children with minimal diphtheria
seroprotection (Figure 1a,c).
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(a) Minimal tetanus seroprotection ( 0.01 IU/mL) by age 

group and state 
(b) Full tetanus seroprotection ( 0.1 IU/mL) by age group 

and state 

  
(c) Minimal diphtheria seroprotection ( 0.01 IU/mL) by 

age group and state 
(d) Full diphtheria seroprotection ( 0.1 IU/mL) by age 

group and state 

Figure 1. Tetanus and diphtheria minimal and full seroprotection among children aged <15 years by
age group and state, Nigeria, 2018 (a–d).

The proportion of children <15 years with minimal or full tetanus seroprotection
was higher in urban compared to rural areas (Table 2) and was statistically significantly
different in all geopolitical zones (p < 0.05) except in the north east zone (Figure 2a). The
largest discrepancy between urban and rural areas with regard to proportion of children
seroprotected against tetanus was in the south west zone (Figure 2a). In comparison, the
proportion of children <15 years with minimal or full diphtheria seroprotection was higher
in rural compared to urban areas (p < 0.05) (Table 2). However, no significant difference was
observed in the proportion of children who were seroprotected against diphtheria between
rural and urban areas by geopolitical zone except for the south south and south west zones,
where the proportion seroprotected was higher in rural areas (p < 0.05) (Figure 2b).

  
(a) Tetanus seroprotection among children aged <15 
years by zone and location 

(b) Diphtheria seroprotection among children aged <15 
years by zone and location 

Figure 2. Tetanus and diphtheria minimal seroprotection (≥0.01 IU/mL) among children aged <15
years by zone and location, Nigeria, 2018 (a,b).

The proportion of children <15 years who had minimal seroprotection against tetanus
was higher in more wealthy quintiles, a pattern that was significant across all geopolitical
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zones (Figure 3a). In comparison, the proportion of children <15 years who had minimal
seroprotection against diphtheria did not show a specific trend by wealth quintile. A
significant difference in the proportion of children <15 years with minimal diphtheria
seroprotection was observed by wealth quintile in the north central and south south
geopolitical zones (p < 0.01) (Figure 3b).

  

(a) Tetanus seroprotection by zone and wealth quintile (b) Diphtheria seroprotection by zone and wealth quintile 

Figure 3. Tetanus and diphtheria at least minimal seroprotection (≥0.01 IU/mL) among children
aged <15 years by zone and wealth quintile, Nigeria, 2018 (a,b).

Among children aged <5 years, the proportion of children with minimal seropro-
tection for tetanus and diphtheria was 77.7% for children aged 4–11 months, 72.5% for
12–23 months, 66.2% for 24–35 months, 59.4% for 36–47 months, and 55.2% for 48–59 months,
while the proportions of those children without seroprotection to both tetanus and diphthe-
ria were 12.4%, 17.9%, 20.8%, 19.6%, and 19.0%, respectively. The proportion of children
who had minimal seroprotection against diphtheria but not against tetanus increased with
age from 5.8% among children aged 4–11 months, to 6.6% for 12–23 months, 9.4% for
24–35 months, 16.3% for 36–47 months, and 20.2% for 48–59 months. Overall, 13.2% of
children aged 0–4 years, 20.7% of children aged 5–9 years, and 21.6% of children 10–14 years
had minimal seroprotection to diphtheria but no seroprotection to tetanus.

By one-year age cohort, the proportion of children who were seroprotected against
tetanus was lowest in children aged 2–10 years old, and waning immunity to tetanus was
observed starting at the age of 3 years based on the drop in geometric mean antibody level
(Figure 4a). The proportion of children with long-term tetanus seroprotection was highest
in children aged younger than 1 year followed by 11–14 year-olds which corresponded to
a similar trend in geometric mean antibody levels (Figure 4a). In comparison, geometric
mean antibody levels and the proportions of children seroprotected against diphtheria
were lowest among children aged 2–5 years but increased gradually among children aged
6–14 years (Figure 4b).
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(a) Tetanus seroprotection levels and geometric mean antibody level 
by age 

(b) Diphtheria seroprotection levels and geometric mean antibody 
level by age 

Figure 4. Tetanus and diphtheria seroprotection levels and geometric mean antibody level by age,
Nigeria, 2018 (a,b).

3.3. Triangulation of Tetanus Seroprotection and Vaccination Coverage

The proportions of children with minimal tetanus seroprotection (≥0.01 IU/mL) were
higher than annual estimates of DTP3 coverage from WHO/UNICEF estimates of national
vaccination coverage (WUENIC) and vaccination coverage surveys (DHS/MICS) in all
age cohorts but lower than official country-reported DTP3 coverage among children aged
4, 5 and 8 years (Figure 5). When available, estimates of DTP3 coverage from DHS or
MICS surveys correlated better with the proportion of children who had full seroprotection
against tetanus compared with minimal seroprotection.
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Figure 5. Triangulation of tetanus seroprotection and DTP3 vaccination coverage among children
aged <15 years, Nigeria, 2018. WUENIC: WHO/UNICEF estimates of national immunization
coverage; DTP3: 3 doses of diphtheria-tetanus-pertussis vaccine; DHS: Demographic and Health
Survey; MICS: Multiple Indicator Cluster Survey.

4. Discussion

This serological assessment using specimens previously collected in 2018 from over
30,000 children aged less than 15 years provided the first estimates of tetanus and diph-
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theria seroprotection among children in Nigeria. Overall, both tetanus and diphtheria
seroprotection were below the recommended vaccination coverage levels of at least 80% for
tetanus [25] and 90% for diphtheria [26] to prevent infections in the population, especially
among younger age groups. Full and long-term seroprotection against tetanus and diphthe-
ria were low across all age groups and geographies. The survey also identified demographic
and socio-economic factors that were associated with decreased seroprotection to tetanus
and diphtheria. Tetanus seroprotection varied significantly by age, sex, geopolitical zone,
state, urban/rural, and wealth quintile. Diphtheria seroprotection varied mainly by age,
sex, geopolitical zone, and state.

Comparisons of tetanus seroprotection by age showed that children aged 2–5 years
had the highest proportions of children who lacked tetanus seroprotection and the lowest
geometric mean antibody levels; this finding correlates with studies reporting decreases in
tetanus seroprotection starting at the age of 2 years [25]. Similarly, diphtheria seroprotection
and geometric mean antibody levels were lowest in children who were 2–6 years old. When
comparing tetanus and diphtheria seroprotection by age group and state, we observed
that proportions of children with diphtheria seroprotection among older age groups were
highest in the areas that had the lowest tetanus seroprotection (Figure 1), which highlighted
the important contribution of natural infection to diphtheria seroprotection in children ages
five years and older. For example, Kano State had one of the lowest minimal seroprotection
levels against tetanus (49%) and diphtheria (52%) among children aged <4 years, reflecting
low routine immunization coverage, yet diphtheria immunity reached 87% in children aged
10–14 years. Similar observations were noted in Borno and other northern states, likely
reflecting the frequent occurrence of diphtheria outbreaks mainly in Northern Nigeria [17,18].
The most recent outbreak in Kano during 2022–2023 caused over 25 deaths, mostly among
children [19]. Hence, in addition to improving DTP3 vaccination coverage, Nigeria needs to
consider introducing the WHO-recommended booster doses for tetanus and diphtheria at
the ages of 12–23 months, 4–7 years, and 9–15 years to ensure long-term protection across
the life-course and prevent recurring diphtheria outbreaks, as well as sustain maternal and
neonatal tetanus elimination [20,21].

Given that tetanus seroprotection is an indirect measure of DTP3 vaccination cov-
erage especially in younger age groups, tetanus seroprotection levels highlighted areas
and populations requiring urgent attention to improve vaccination coverage. Girls had
significantly lower levels of full and long-term seroprotection to tetanus and diphtheria
compared to boys, indicating the need to ensure that girls are reached with immunization
services and are adequately protected against VPDs. Gender-based inequity in access to
vaccination services and protection from VPDs has been noted in multiple countries with
associations in some cases with maternal education [11,30]. In Nigeria, higher maternal
education was associated with higher childhood vaccination coverage based on analysis
of the 2018 DHS [31] and with higher utilization of essential maternal and child health
services based on analysis of five national household surveys [32].

Geographic variations in tetanus and diphtheria seroprotection highlighted zones and
states that require remediation to decrease the number of children susceptible to VPDs.
The north west and north east geopolitical zones had the lowest proportions of tetanus and
diphtheria seroprotection indicating the need for catch-up vaccination as well as strength-
ening infant immunization coverage. However, heterogeneity in seroprotection among
children aged 0–4 years was also observed between states within the same geopolitical
zone reflecting variation in routine immunization coverage. For example, Adamawa state
in the north east had >80% minimal seroprotection against tetanus and diphtheria among
children aged 0–4 years, indicating better routine immunization performance relative to
the north east zone, which had <70% tetanus seroprotection overall. Similarly, inequities in
seroprotection against tetanus were also observed in states located in the south south and
south east geopolitical zones which were better performing overall than other geopolitical
zones. Therefore, serosurvey results highlighted subnational geographies that would ben-
efit from intensive support to improve vaccination coverage and remediations efforts to
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prevent diphtheria outbreaks. Our findings were similar to a mapping of areas at risk for
measles in Nigeria, which indicated that susceptibility to multiple VPDs tended to cluster in
similar states and geopolitical zones [33]. Inequities in seroprotection against tetanus were
noted in rural versus urban areas and lower versus higher wealth quintiles. These factors
have been shown to be associated with tetanus seroprotection, vaccination coverage or
access to maternal and child health services in Nigeria and other countries [11,30–32,34,35].

Triangulating different data sources enabled further interpretation of serosurvey find-
ings. When comparing seroprevalence and vaccination coverage data, DTP3 coverage
underestimated seroprotection to tetanus across children of all ages. Immunity can result
from a partial series of a multidose vaccine (i.e., DTP2) [14]. Vaccination coverage surveys
are also at risk of information and recall bias, and both card documentation and recall
have been found to underestimate actual vaccination coverage [9]. The limitations of
measuring vaccination coverage based on card or recall have been noted in other tetanus
serosurveys [5,7,10,11]. We observed increased tetanus seroprotection among children aged
10–14 years compared with those aged 5–9 and 0–4 years, unlike the gradual decrease in
tetanus seroprotection with age documented in other countries related to waning immunity
and not providing childhood booster doses against tetanus and diphtheria [8,11,12]. The
increased tetanus seroprotection in children aged 10–14 years and the gradual increase in
geometric mean antibodies starting at the age of 6 years in Nigeria is most likely a result of
the multiple meningitis vaccination campaigns targeting ages 1–29 years in states at high-
risk for meningitis in Northern Nigeria during 2011–2014 [36,37]. These campaigns used
the meningococcal A conjugate vaccine (MACV) which is conjugated to tetanus toxoid [38]
and has been shown to boost tetanus immunity in other countries in the African meningitis
belt [39,40]. A tetanus serosurvey conducted in Mali before and after the MACV campaigns
showed increase in geometric mean concentrations and tetanus immunity among people
aged 1–29 years from 57% to 88% [39]. In addition, clinical studies on MACV showed
robust tetanus serologic response in people aged 1–29 years after MACV vaccination [40].
Therefore, the four rounds of MACV campaigns in 17 states in northern Nigeria might have
helped boost tetanus immunity and contribute to the higher proportion of minimal, full,
and long-term tetanus seroprotection in older children compared to younger age groups.

This serologic assessment used existing stored specimens from NAIIS, which was
designed and implemented to make the survey as representative as possible. However,
any deviations from protocol implementation may limit generalizability of the findings to
the Nigerian population. For example, 72 (1.8%) enumeration areas out of a total of 4035
selected for NAIIS were unable to be visited because of security challenges and one area
was not visited due to flooding, potentially limiting representativeness of survey estimates
in these areas. The response rate for blood collection in children aged 0–9 years (68.5%)
was lower than in children aged 10–14 years (92.3%), and while the distribution of children
whose parents refused use of specimens for other tests was similar across gender, age,
zone and cluster compared to those who were tested for tetanus and diphtheria, more of
these children were in Lagos (15.6%) and Kano (11.0%) [22]. However, the survey included
a large sample size which allowed for precise estimates of seroprotection down to the
state level, and the overall population distribution of the NAIIS survey was similar to
the population of Nigeria [41]. Finally, while the serosurvey results represent a specific
time point (2018), results are still relevant in 2023 as vaccination coverage in Nigeria has
not changed significantly compared to 2018. DTP3 coverage estimates were 56% during
2019–2021 compared to 55% in 2018 based on WUENIC estimates [27] and 57% in the
MICS 2021 compared to 50% in the 2018 DHS [28,42]. These vaccination coverage estimates
were still below the seroprotective levels needed to prevent infections. Hence, results in
this serosurvey are still relevant to inform public health interventions and policy. In the
future, it would be beneficial if testing for vaccine-preventable diseases could be integrated
in parallel with other disease-specific testing in large population-based surveys, such as
NAIIS, instead of waiting until completion of testing for other diseases to be able to access
the specimens. This would enable timely availability of data showing granular differences
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in seroprotection in specific demographic and socio-economic groups and would help
inform immediate targeted public health actions to address inequities in immunization.

5. Conclusions

This study provided the first estimates of tetanus and diphtheria seroprotection in
Nigeria. The findings highlighted the need to target specific geographic areas and to
consider gender and socio-economic equity in improving access and demand for vaccina-
tions, as well as the need to introduce tetanus and diphtheria containing booster doses at
12–23 months, 4–7 years, and 9–15 years of age to address waning immunity and prevent
tetanus cases and diphtheria outbreaks. The survey results also highlighted the benefit
of supplementing vaccination coverage data with seroprevalence data and other data
sources to provide a better assessment of the vaccination program and to help identify
immunity gaps.
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Abstract: A lack of a universal adult immunization scheme in India poses a challenge to achieve
universal health coverage. Healthcare disparity is one of the biggest challenges in low- and middle-
income countries such as India. We aimed to estimate the disparities in coverage of various adult
vaccines among older adults in India using nationally representative data. An observational analysis
among 31,464 participants aged ≥60 years from the Longitudinal Ageing Study in India, 2017–2018,
was conducted. Vaccination coverage across wealth quintiles and selected non-communicable dis-
eases were reported as frequencies and weighted proportions along with their 95% confidence
intervals as a measure of uncertainty. The highest coverage was of the diphtheria and tetanus vac-
cine (2.75%) followed by typhoid (1.84%), hepatitis B (1.82%), influenza (1.59%), and pneumococcal
(0.74%). The most affluent groups had a higher coverage of all vaccines. Participants having high
cholesterol, psychiatric conditions, and cancer had the highest coverage of all vaccines. Overall, a
very low coverage of all vaccines was observed. The coverage was influenced by social determinants
of health, depicting a disparity in accessing immunization. Hence, at-risk groups such as the de-
prived and multimorbid patients need to be covered under the ambit of free immunization to achieve
universal health coverage.

Keywords: vaccines; adult immunization; disparities; VPDs; India; pneumococcal; influenza;
hepatitis B; typhoid; diphtheria and tetanus; multimorbidity

1. Introduction

Immunization has been considered one of the most cost-effective public health in-
terventions worldwide [1]. Its efficacy and transparency have already been marked for
eradicating smallpox globally. The launch of the Expanded Program of Immunization (EPI)
by the World Health Organization (WHO) has configured the Universal Immunisation
Program (UIP) which aims at achieving coverage of vaccines for all neonates, children, and
pregnant women [1]. However, some vaccine-preventable diseases (VPDs) may equally
affect the adult population. Moreover, owing to the current demographic transition in low-
and middle-income countries (LMICs) such as India, the adult population is on the rise [1].
An increase in the adult population highlights the urgent need for their immunization to
achieve universal health coverage (UHC). Adult immunization has become a major con-
cern, especially in LMICs such as India where this group is more susceptible to acquiring
diseases during outbreaks or various other conditions associated with non-communicable
diseases (NCDs) [1,2]. Additionally, waning immunity and age-related factors (including
immunosenescence) also highlight the need for adult vaccination [2,3].

The measles and rubella (MR) vaccine and consideration of the human papillomavirus
(HPV) for potential inclusion in the UIP under the ambit of public vaccination efforts have
brought the transition of childhood vaccination programs towards adolescents. Vaccines
such as tetanus toxoid (TT) vaccines for pregnant ladies and Japanese encephalitis (JE)
vaccines for adults residing in endemic districts are also provided free of cost by the
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government. Moreover, TT and JE have the highest coverage among adult vaccines [1].
However, other adult vaccines such as influenza, pneumococcal, hepatitis B, typhoid, and
diphtheria and tetanus vaccines are also available but are often underutilized. Still, adult
vaccination remains a challenge, especially amongst deprived groups [2,4]. Additionally,
various groups such as adults with multimorbidity (simultaneous occurrence of two or
more chronic conditions in an individual without considering index disease) are at a higher
risk of contracting VPDs and may immediately need vaccination [2,3].

Adult immunization is one of the keys to empowering a life course initiative for
health care services. The sustainability of vaccines depends on availability and affordability.
However, India does not have a clear mandate for providing universal adult vaccination
which makes these vaccines underused. This becomes grave with the under-recognition of
outbreaks and a deficiency of data on the real burden of VPDs among adults [1,5]. Further,
this points toward an urgent need to generate evidence on the present adult vaccination
coverage in India. This would help in planning future policies for transitioning conven-
tional childhood and recent adolescent immunization towards adults to avert mortality
and morbidity in this age group. Additionally, there is a dearth of literature on adult
immunization coverage in India. The available studies represent either a city or some
particular region with no national-level data. Hence, this study was conducted to estimate
the coverage of the influenza vaccine, pneumococcal vaccine, hepatitis B vaccine, typhoid
vaccine, and diphtheria and tetanus (DT) vaccine among adults in India using nationally
representative data.

2. Methods

An observational analysis based on the first wave of the Longitudinal Ageing Study in
India (LASI), 2017–2019, was conducted. The LASI is a community-based study proposed
to be conducted every two years among the aging population aged ≥60 years and above
and their spouses, irrespective of age. The LASI is a multi-partner undertaking by the
Harvard School of Public Health (HSPH), the International Institute of Population Sciences
(IIPS), and the University of Southern California. The LASI utilizes a multistage stratified
area probability cluster sampling design to achieve the ultimate sampling unit. A response
rate of 87.3% was registered by the first wave of the study. Face-to-face interviews were
conducted among 31,464 participants aged ≥60 years which formed the ultimate sample
for our study. The detailed methods related to the LASI survey can be found on their
website [6].

2.1. Outcome Variables

The individual survey schedule of the LASI asked “have you ever received any
immunizations for adults, such as the influenza vaccine, pneumococcal vaccine, hepatitis B
vaccine, or typhoid vaccine?”. Multiple answers were allowed for the above question. If
the response was “yes” for a particular vaccine, then we considered an individual to be
vaccinated for that particular vaccine such as influenza vaccine, pneumococcal vaccine,
hepatitis B vaccine, or typhoid vaccine which formed the main outcomes of interest for our
study.

2.2. Independent Variables

We took into account the following socio-economic and demographic factors: age
(in years), sex, residence, caste, education, occupation, marital status, MPCE quintile,
and health insurance. Answers to the age-based question “how old were you on your
last birthday?” were categorized into three groups, namely 60–69 years, 70–79 years, and
>80 years. Sex was recorded based on observation as male or female. The residence of the
respondents was divided as urban or rural. Caste was classified into four groups, namely
scheduled caste, scheduled tribe, other backward class, and others (includes: no caste/tribe
and none of these) based on two questions “what is your caste or tribe?” followed by
“Do you belong to a scheduled caste, a scheduled tribe, other backward class, or none
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of these?”. Education of the respondents was assessed through the question “have you
ever attended school?” with responses yes or no corresponding with formal education
and no formal education, respectively. The current occupation status of the respondent
grouped as currently employed or currently unemployed was based on the responses to
“have you ever worked for at least 3 months during your lifetime?”. Marital status was
classified based on “what is your current marital status?” with responses grouped as with
partners (currently married or live-in relationship) or without partners (widowed, divorced,
separated, deserted, or never married). The economic status was based on the monthly
per capita expenditure (MPCE) grouped into quintiles ranging from the most deprived to
the most affluent class. The health insurance coverage among participants was assessed
through “are you covered by health insurance?” with responses as yes or no. Based on an
extensive literature search, ten self-reported most common NCDs such as hypertension,
diabetes, cancer, chronic lung disease, chronic heart disease, stroke, arthritis, psychiatric
problems, and high cholesterol were taken into account based on one of the questions:
“has any health professional ever diagnosed you with the following chronic conditions or
diseases?”. Multimorbidity was defined as having two or more chronic conditions out of
the above-mentioned chronic conditions.

2.3. Statistical Analysis

We employed STATA version 16.0 (Stata Corp™, College Station, TX, USA) for the
analysis. Descriptive statistics included mean and standard deviation along with range,
frequencies, and percentages to assess the respondents’ background characteristics and
estimate the coverage of vaccines. Vaccination coverage across various socio-demographic
attributes and selected NCDs was reported. A multi-variable logistic regression model
assessed the association between various levels of uptake for adult vaccines and wealth
quintiles adjusted for other socio-demographic characteristics. A weighted analysis was
conducted to compensate for complex survey designs. We reported a 95% confidence
interval (CI) for all weighted proportions as a measure of uncertainty.

2.4. Ethics Statement

The LASI received ethical endorsement from the Indian Council of Medical Research
(ICMR), New Delhi, and the International Institute for Population Sciences (IIPS), Mumbai.
Entrants were given a prospectus containing the information on the aims and objectives of
the survey, confidentiality of their personal information, and safety of health assessment.
Written consent forms were subjugated at household and individual levels. The LASI
employed informed written consent forms. This study is based on anonymous secondary
data from the LASI; hence, no ethical concerns arise.

3. Results

This study was based on 31,464 participants aged ≥60 years with a mean age of
68.87 ± 7.51 years. Almost half of the participants (58.51%) were 60–69 years of age (Table 1).
We observed a female predilection (52.55%) in the study population. Around 70.55 of the
respondents lived in rural areas. We found that 43.48% of the participants had formal
education and 74.06% of respondents were currently employed. We observed that 18.24%
of the participants had health insurance coverage.

The overall coverage of the diphtheria and tetanus vaccine (2.75% (95% CI: 2.75–3.12))
was highest, followed by the typhoid vaccine (1.84% (95% CI: 1.69–1.99)), hepatitis B
vaccine (1.82% (95% CI: 1.67–1.97)), influenza vaccine (1.59% (95% CI: 1.45–1.73)), and
pneumococcal vaccine (0.74% (95% CI: 0.65–0.84)). Further, it was observed that the
participants from the most affluent group had a higher coverage of adult vaccinations
compared to any other group. Diphtheria and tetanus vaccines were mostly (4.21%) taken
by the most affluent group. The pneumococcal vaccine had the minimum coverage among
the most deprived group, i.e., only 0.16% (Table 2).
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Table 1. Characteristics of the study population.

Characteristics Weighted n (%)

Age in years (n = 31,464)
60–69 18,410, (58.51)
70–79 9501, (30.20)
>80 3553 (11.29)

Sex (n = 31,464)
Male 14,931, (47.45)

Female 16,533, (52.55)

Residence (n = 31,464)
Rural 22,196, (70.55)
Urban 9268, (29.45)

Caste (n = 31,198)
Scheduled caste 5926, (18.99)
Scheduled tribe 2546, (8.16)

Other backward class 14,175, (45.44)
Others 8551, (27.41)

Education (n = 31,464)
Formal Education 13,681, (43.48)

No formal education 17,783, (56.52)

Occupation (n = 31,460)
Currently Employed 23,151, (74.06)

Currently Unemployed 8309, (26.41)

Marital Status (n = 31,464)
Without partner 11,928, (37.91)

With partner 19,536, (62.09)

MPCE Quintile (n = 31,464)
Most deprived 6829, (21.70)

2 6832, (21.71)
3 6590, (20.95)
4 6038, (19.19)

Most affluent 5175, (16.45)
Health insurance (N = 31,162)

Yes 5685, (18.24)
No 25,477, (81.76)

Table 2. Coverage of various adult vaccines across wealth quintiles among older adults in India.

Wealth
Quintiles

Influenza
Vaccine n, %

(95% CI)

Pneumococcal
Vaccine n, %

(95% CI)

Hepatitis B
n, % (95% CI)

Typhoid
n, %

(95% CI)

Diphtheria and
Tetanus n, %

(95% CI)

Most
deprived

57, 0.84,
(0.64–1.08)

11, 0.16,
(0.08–0.28)

37, 0.55,
(0.38–0.75)

56, 0.82,
(0.62–1.07)

95, 1.40,
(1.13–1.71)

2 78, 1.16,
(0.91–1.43)

34, 0.51,
(0.35–0.70)

101, 1.49,
(1.21–1.81)

103, 1.52,
(1.24–1.84)

190, 2.81,
(2.42–3.22)

3 90, 1.41,
(1.13–1.72)

40, 0.63,
(0.44–0.85)

102, 1.60,
(1.30–1.93)

124, 1.93,
(1.61–2.30)

190, 2.97,
(2.56–3.41)

4 94, 1.58,
(1.27–1.93)

59, 0.99,
(0.75–1.27)

138, 2.32,
(1.95–2.73)

118, 1.98,
(1.64–2.37)

220, 3.70,
(3.23–4.20)

Most
affluent

172, 3.37,
(2.88–3.89)

85, 1.68,
(1.33–2.05)

185, 3.63,
(3.12–4.17)

170, 3.33,
(2.85–3.85)

215, 4.21,
(3.67–4.79)

The adjusted multi-variable model revealed that the most affluent group had a higher
chance of getting vaccinated for influenza (AOR: 3.32 (95% CI: 2.52–4.39)), pneumococcal
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(AOR: 5.53 (3.41–8.99)), hepatitis B (AOR: 5.24 (95% CI: 3.99–6.87)), typhoid (AOR: 3.53
(95% CI: 2.65–4.70)), and diphtheria and tetanus (AOR: 3.60 (95% CI: 2.96–4.39)) than the
most deprived group (Table 3).

Table 3. Association between uptake of various adult vaccines and wealth quintiles among older
adults in India.

Wealth
Quintiles

Influenza
Vaccine

AOR
(95% CI)

Pneumococcal
Vaccine

AOR
(95% CI)

Hepatitis B
AOR (95% CI)

Typhoid
AOR

(95% CI)

Diphtheria and
Tetanus AOR

(95% CI)

Most
deprived Ref

2
1.25 1.99 1.86 1.90 1.59

(90.98–1.71) (1.16–3.41) (1.37–2.52) (1.40–2.59) (1.28–1.98)

3
1.64 2.88 2.18 2.24 2.01

(1.21–2.21) (1.73–4.80) (1.62–2.93) (1.66–3.02) (1.63–2.47)

4
2.26 3.61 3.38 2.41 2.67

(1.69–3.02) (2.18–5.95) (2.55–4.48) (1.79–3.25) (2.18–3.27)

Most
affluent

3.32 5.53 5.24 3.53 3.60
(2.52–4.39) (3.41–8.99) (3.99–6.87) (2.65–4.70) (2.96–4.39)

Adjusted for age, sex, residence, caste, occupation, and health insurance.

It was found that respondents with psychiatric problems (5.28%) followed by high
cholesterol (3.69%), multimorbidity (2.59%), and stroke (2.46%) had taken influenza vac-
cines more than participants having other selected chronic conditions. Pneumococcal
vaccination coverage was observed to be higher among respondents having high choles-
terol (2.56%) followed by psychiatric problems (2.29%) and cancer (2.20%). The coverage
for the hepatitis B vaccine was found to be higher in respondents with high cholesterol
(5.53%) followed by cancer (5.51%) and psychiatric problems (5.06%). Typhoid vaccination
coverage was found to be higher in respondents having high cholesterol (4.59%) followed
by psychiatric problems (5%) and cancer (4.46%). Respondents with high cholesterol
(10.05%) followed by psychiatric problems (6.86%) and cancer (6.84%) had higher coverage
of diphtheria and tetanus vaccines (Table 4).

Table 4. Coverage of adult vaccines across selected non-communicable diseases among adults in
India.

Non-
Communicable

Disease

Influenza
Vaccine n, %

(95% CI)

Pneumococcal
Vaccine n, %

(95% CI)

Hepatitis B
Vaccine n, %

(95% CI)

Typhoid
Vaccine n,

% (95% CI)

Diphtheria
and Tetanus

n, %
(95% CI)

Hypertension 334, 2.28 139, 0.95 360, 2.46 403, 2.75 545, 3.72
(2.04–2.53) (0.79–1.11) (2.21–2.72) (2.50–3.03) (3.42–4.04)

Diabetes
145, 2.16 60, 0.90 162, 2.41 138, 2.06 221, 3.29

(1.82–2.54) (0.68- 1.15) (2.06–2.81) (1.73–2.42) (2.87–3.75)

Cancer
5, 1.37 7, 2.20 18, 5.51 15, 4.46 23, 6.84

(0.49–3.50) (0.85–4.32) (3.26–8.48) (2.56–7.38) (4.47–10.27)

Chronic lung
disease

86, 2.31 40, 1.09 68, 1.83 90, 2.43 131, 3.54
(1.85–2.85) (0.77–1.46) (1.42–2.32) (1.95–2.97) (2.96–4.17)

Chronic heart
disease

51, 2.41 32, 1.53 53, 2.50 52, 2.47 76, 3.60
(1.79–3.14) (1.03–2.11) (1.87–3.24) (1.83–3.19) (2.82–4.45)
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Table 4. Cont.

Non-
Communicable

Disease

Influenza
Vaccine n, %

(95% CI)

Pneumococcal
Vaccine n, %

(95% CI)

Hepatitis B
Vaccine n, %

(95% CI)

Typhoid
Vaccine n,

% (95% CI)

Diphtheria
and Tetanus

n, %
(95% CI)

Stroke
27, 2.46 14, 1.29 28, 2.52 32, 2.84 51, 4.59

(1.59–3.49) (0.68–2.09) (1.67–3.59) (1.96–4.01) (3.41–5.95)

Arthritis
207, 2.37 78, 0.89 234, 2.68 253, 2.89 289, 3.29

(2.05–2.70) (0.70–1.10) (2.34–3.03) (2.54–3.26) (2.93–3.69)

Psychiatric
problem

64, 5.28 28, 2.29 61, 5.06 60, 5.00 83, 6.86
(4.09–6.69) (1.54–3.32) (3.87–6.42) (3.79–6.32) (5.49–8.42)

High
cholesterol

44, 3.69 31, 2.56 67, 5.53 55, 4.59 121, 10.05
(2.65–4.85) (1.74–3.62) (4.32–6.98) (3.45–5.88) (8.37–11.84)

Multimorbidity 193, 2.59 94, 1.26 211, 2.83 212, 2.85 318, 4.26
(2.24–2.97) (1.01–1.54) (2.46–3.23) (2.47–3.24) (3.82–4.75)

4. Discussion

The overall coverage of adult vaccination was considerably low among the participants
belonging to deprived groups. The highest coverage was of the DT vaccine followed by
those of typhoid, hepatitis B, influenza, and pneumococcal. Participants having high
cholesterol, psychiatric conditions, and cancer had the highest coverage for all vaccines.

We observed that the DT vaccine had the highest coverage followed by typhoid,
hepatitis B, influenza, and pneumococcal vaccines. A recent facility-based study conducted
at an adult vaccination center in Jodhpur observed that tetanus toxoid, anti-rabies, and
yellow fever vaccines had the highest coverage [1]. However, the coverage of the hepatitis
B vaccine (8%), followed by the pneumococcal vaccine (7%) and typhoid vaccine (3%)
was reported higher than the findings of our study [1]. Interestingly, the coverage of the
influenza vaccine (1%) was found to be lower compared to the present study. Notably,
there is a dearth of literature on adult vaccination in India which makes comparing our
findings with similar studies difficult. A 2018 US report on adult vaccination surveillance
observed the coverage of the influenza vaccine to be around 46.1%, hepatitis B around 30%,
and pneumococcal around 23.3%, which is significantly lower than the coverage of adult
immunization in India [7]. The major reason for this could be the disparity in accessing
vaccines in India, as adult vaccination is not covered in the routine universal immunization
schedule.

The increase in antibiotic-resistant bacterial strains such as S. pneumonia [8] due to
over-the-counter drugs has led to a rise in pneumococcal infections which may also invade
the bloodstream, causing meningitis. Older adults are particularly at a higher risk of
becoming severely ill and dying; hence, they must be vaccinated [8,9]. This could be the
probable reason for the higher coverage of the pneumococcal vaccine among participants
aged ≥61 years. Influenza caused by the influenza virus affects individuals of all ages but it
has the highest risk of complications among older adults [8]. However, the effectiveness of
the influenza vaccine is lower among older adults [10,11]. The WHO advises for an annual
influenza immunization for older adults [8,12]. Our findings are consistent with the WHO’s
recommendations for vaccinating older adults; however, the coverage is considerably
low which may pose a challenge for UHC [8]. Pneumococcal and influenza vaccines
are indicated among diabetes patients since they have irregularities in immune function,
leading to a rise in morbidity and mortality from infection [11,13]. Further, diabetics have
a higher chance of complications from influenza and pneumococcal infections leading to
hospitalization and death [11]. Diabetics have an appropriate humoral immune response to
immunization [11]. Nonetheless, previous studies have reported that the influenza vaccine
has reduced hospital admission during epidemics, whereas the pneumococcal vaccine
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has been effective in reducing bacteremic infections [11]. Our findings show a very low
coverage of both of these vaccines among diabetics which is a grave concern.

Typhoid fever continues to be an endemic disease in Southeast Asia with a substantial
number of cases among teenagers and young adults [14]. Poor sanitation facilities, espe-
cially among deprived groups, is a major cause of typhoid [14,15]. However, we observed
that deprived strata had a lower coverage of the typhoid vaccine which may lead to an
increased case burden in this group. Additionally, both acute and chronic infections of
hepatitis B cause disproportionately higher mortality and morbidity in LMICs, where it is a
significant public health issue [16]. Evidence suggests catch-up immunization for younger
adults is beneficial above costs [17]. Hence, for adults in India, catch-up immunization must
be planned for those who were not vaccinated in their childhood. This should specifically
be for the adults who are at a higher risk of infection such as drug abusers and individuals
with liver diseases. Similar to the hepatitis B vaccine, the coverage of the DT vaccine during
childhood is high but previous studies have reported unsatisfactory antibody levels among
adults [18]. This highlights a need for adult DT vaccination [19]. It is to be noted that we
found a low coverage of all vaccines which might lead to a high disease burden among
adults.

We observed a variation in the coverage of various adult vaccines across wealth
indexes. Participants belonging to the most affluent groups had the highest coverage of
all vaccines. Our findings are consistent with the reports from other LMICs such as China,
where a study observed that people living with a finance-reimbursed vaccination policy
had a higher vaccination rate [20]. Moreover, a study conducted in Pakistan observed
that the majority of the participants were not receiving adult vaccines due to lack of
awareness [21]. A probable reason for this could be their ability to pay. Since we do not
have a universal program for adult vaccination in India, individuals need to pay to receive
the vaccines. However, the disparities across deprived and affluent groups may lead to
a low coverage of vaccines which needs to be equitably dealt with. These findings are
relevant with the conceptual framework of the Commission on Social Determinants of
Health (CSDH) [22,23]. Additionally, our findings are consistent with the findings of a
systematic review which investigated the role of social determinants and seasonal influenza
vaccination in adults aged 65 years and above and found that age, gender, education,
ethnicity, etc. influenced immunization [22]. Here, it is worth noting that older adults in
India might need information, education, and communication (IEC) to take up vaccination
as, conventionally, it is thought to be for children. Lack of awareness can be a major barrier
in increasing immunization coverage which needs to be strengthened.

4.1. Implications for Policy and Practice

The National Technical Advisory Group on Immunization in India (NTAGI) does not
provide a clear mandate on adult vaccination in India. However, their recommendations can
shape the future course of adult immunization in India. Similar to COVID-19 vaccination, a
phase-wise coverage based on the assessment of risk factors is required for all adult vaccines
in India. Additionally, the provision of subsidized vaccines can also help in achieving
higher immunization coverage. Along with the at-risk groups, women and economically
deprived groups also need to be focused on. People living in hard-to-reach areas and
tribal groups also are vulnerable to VPDs; hence, they require support for vaccination. The
Ayushman Bharat scheme should establish adult vaccination in the bundle of services for
the deprived class. Systematic mechanisms to vaccinate individuals with chronic conditions
and multimorbidity is required. For equitable and egalitarian access, the availability of
vaccines should be at the nearest healthcare centers. Furthermore, IEC and behavioral
change communication (BCC) are required for beneficiaries to understand the need for
vaccines. Adult immunization should be included in mainstream medical education and
training curricula. Future studies on operational feasibility and enablers and barriers to
adult immunization need to be explored.
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4.2. Strengths and Limitations

This study used nationally representative data to investigate adult immunization
coverage in India. To the best of our knowledge, this is the first study on nationwide adult
immunization coverage. However, our study is limited by self-reported vaccination status
which is susceptible to recall bias.

5. Conclusions

We observed a very low coverage of all vaccines among adults. Furthermore, the
coverage was higher in affluent groups, depicting a disparity in accessing immunization.
However, universal vaccination may not be feasible in India due to the huge population of
at-risk groups and disadvantaged sections of society such as deprived strata and women,
who need to be covered under the ambit of free immunization, which can help in achieving
universal health coverage.
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Abstract: Since December 2020, COVID-19 vaccines have become increasingly available to popu-
lations around the globe. A growing body of research has characterised inequalities in COVID-19
vaccination coverage. This scoping review aims to locate, select and assess research articles that report
on within-country inequalities in COVID-19 vaccination coverage, and to provide a preliminary
overview of inequality trends for selected dimensions of inequality. We applied a systematic search
strategy across electronic databases with no language or date restrictions. Our inclusion criteria
specified research articles or reports that analysed inequality in COVID-19 vaccination coverage
according to one or more socioeconomic, demographic or geographic dimension of inequality. We
developed a data extraction template to compile findings. The scoping review was carried out using
the PRISMA-ScR checklist. A total of 167 articles met our inclusion criteria, of which half (n = 83)
were conducted in the United States. Articles focused on vaccine initiation, full vaccination and/or
receipt of booster. Diverse dimensions of inequality were explored, most frequently relating to age
(n = 127 articles), race/ethnicity (n = 117 articles) and sex/gender (n = 103 articles). Preliminary as-
sessments of inequality trends showed higher coverage among older population groups, with mixed
findings for sex/gender. Global research efforts should be expanded across settings to understand
patterns of inequality and strengthen equity in vaccine policies, planning and implementation.

Keywords: COVID-19; dimension of inequality; disparity; health equity; immunisation; inequality;
research; scoping review; vaccination

1. Introduction

The COVID-19 pandemic has brought substantial attention to matters of health in-
equality, which is defined as a difference in a measurable aspect of health across socially
relevant population subgroups [1]. Health inequalities have been evident in COVID-19
exposure risks, outcomes, responses and impacts and, since the mass rollout of COVID-19
vaccination beginning in December 2020, COVID-19 vaccination coverage [2,3]. In this
paper, we review the current state of research about inequalities in COVID-19 vaccination
coverage.

The development of vaccines against COVID-19 was a major breakthrough in the
scientific world and a turning point for controlling the progression of the pandemic [4,5].
Initially, limited global vaccine supplies meant that vaccination implementation plans
prioritised certain population groups. Guidance issued by the World Health Organization
(WHO) recommended prioritisation of older adults, health workers and immunocompro-
mised persons [6]. As vaccine supplies have become more widely available, however, the
inadequate uptake of vaccines by some populations has limited their potential for impact.
As of January 2023, nearly 70% of the global population has received at least one dose of a
COVID-19 vaccine, although only one-quarter of people in low-income countries have this
level of coverage [7]. Inequalities in COVID-19 vaccination coverage are also evident within
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countries, as certain population subgroups remain systematically disadvantaged; that is,
unvaccinated or under-vaccinated. For instance, there were early indications of racial
inequity just weeks after vaccine distribution began in the United States, as available data
suggested lower vaccination among Black and Hispanic people alongside higher shares
of cases and deaths [8]. More recently, data from 14 million adults across 90 countries
suggested pervasive education-related inequalities in self-reported receipt of a COVID-19
vaccine in nearly every country, with higher vaccination among the more educated [9].

Distinct factors contribute to COVID-19 vaccination inequalities between countries
versus inequalities within countries [10,11]. In this review, we focus on a growing body
of research dedicated to exploring within-country inequalities in COVID-19 vaccination
coverage. Broadly, the body of research addresses how coverage varies according to
dimensions of inequality (i.e., criteria that define population subgroups, such as age,
economic status, education level, place of residence, sex or subnational region) that are
relevant within a specified population and context. Research efforts to characterise these
inequalities offer important insights into situations that may be inequitable (unfair, unjust
and/or avoidable through reasonable means [1]). Namely, assessments of inequalities
in vaccination coverage can provide evidence about which population subgroups had
access to and received the vaccine, and which did not. This evidence can inform how
national policies and programmes may be targeted to reach disadvantaged groups and,
when repeated over time, monitoring inequalities can support enhanced accountability for
upholding and advancing health equity [12].

The present review considers research pertaining to COVID-19 vaccination coverage—
the actual receipt or non-receipt of a vaccine. We pose the question: what is the cur-
rent status of research on within-country inequalities in COVID-19 vaccination coverage?
COVID-19 vaccination coverage is defined based on the receipt or non-receipt of a COVID-
19 vaccine and/or booster dose. The primary objective of the paper is to describe how
within-country inequalities in COVID-19 vaccination coverage have been researched and
characterised in the academic literature. Specifically, we seek to understand the settings,
populations, vaccination indicators, dimensions of inequality and reporting practices fea-
tured in this body of research. A secondary objective is to provide a preliminary narrative
overview of the trends in inequalities reported for dimensions of inequality that are most
frequently addressed by this body of literature. Our findings will be useful to identify
and justify areas for further study on this topic, including the design of more detailed
systematic literature reviews and meta-analyses.

2. Methods

To address the research question, we conducted a scoping review. Scoping reviews are
appropriate “to determine the scope or coverage of a body of literature on a given topic and
give clear indication of the volume of literature and studies available as well as an overview
(broad or detailed) of its focus” [13]. Further, scoping reviews are useful for assessing an
emerging body of evidence to determine specific avenues for further study, for example,
through more focused systematic reviews and meta-analyses [13]. Drawing from guidance
in the JBI Manual for Evidence Synthesis [14], we developed a protocol for this scoping
review, which was refined throughout the process of the review (Supplementary Materials
S1). No major deviations from the protocol were introduced. In preparing this manuscript,
we followed the Preferred Reporting Items for Systematic reviews and Meta-Analyses
extension for Scoping Reviews (PRISMA-ScR) checklist [15].

2.1. Eligibility Criteria

Our focus was on the state of research on inequalities in COVID-19 vaccination, as
characterised in the academic literature. Therefore, research articles and reports with
primary or secondary data were considered for inclusion, as well as peer-reviewed pre-
prints, brief reports and short research communications. Opinion pieces such as comments,
letters and editorials, were excluded along with publications of a journalistic and/or less-
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academic nature (e.g., news stories, biographies and interviews). Relevant publications
pertained to human populations. No language restrictions were applied. For inclusion in
the review, the full text of the article needed to be available.

Articles were considered for inclusion if the objective pertained to reporting inequali-
ties in COVID-19 vaccination coverage by one or more dimension of inequality. For the
purpose of this review, we considered a broad conceptualisation of COVID-19 vaccination
(Table 1). Articles were considered for inclusion if the COVID-19 vaccination coverage
indicator was defined based on the receipt or non-receipt of any one or more COVID-19
vaccine and/or booster. To be considered for inclusion, dimensions of inequality could en-
compass any or multiple socioeconomic, demographic or geographic factors; publications
that focused on reporting vaccination coverage according to medical factors were excluded.
Our scoping review is focused on within-country inequality; therefore, dimensions of
inequality could be measured at the individual, household, community or small-area level.
Articles that primarily reported between-country inequality were excluded.

Table 1. Criteria to determine relevance of COVID-19 vaccination coverage indicator for a scoping
review about inequalities in COVID-19 vaccination coverage.

Inclusion Criteria Exclusion Criteria

• Indicator captures receipt or non-receipt
of COVID-19 vaccine and/or booster dose

• May specify any number of vaccine or
booster doses

• May be self-reported, reported by a proxy
(such as a parent) or obtained through
administrative source or health records

• Indicator captures:

� intention to vaccinate
� attitudes about vaccination
� vaccine availability, accessibility

or eligibility
� access to vaccination sites
� vaccine readiness
� vaccine decision-making factors
� participation in vaccination trials
� strategies for increasing

vaccination uptake
� predictive modelling of

vaccination uptake
� perceptions about vaccination

uptake

2.2. Search Strategy and Screening Process

A systematic search was conducted on 27 October 2022 in PubMed, Scopus and Web
of Science. Additional potential sources were obtained through handsearching reference
lists. No language, article type or date restrictions were applied to the search (though due
to the nature of the research question, eligible articles were published after the rollout of
COVID-19 vaccines, which began in late 2020). The electronic search strategy consisted
of three domains related to ‘inequality’ AND ‘COVID-19’ AND ‘vaccines’ search terms,
incorporating medical subject heading (MeSH) indexed terms, keywords, topic terms and
terms used in the title or abstract (Supplementary Materials S2). In the case of PubMed,
additional searches were conducted using MeSH terms related to ‘COVID-19 vaccines’.

The results from the literature search were imported to Covidence software for removal
of duplicates, title and abstract screening, full text review and data extraction. Title and
abstract screening was done by one reviewer, followed by full text review conducted in
duplicate by two reviewers. Any discrepancies were resolved through discussion and in
consultation with a third reviewer, as needed. For studies excluded during the full text
review, the first reason for exclusion was recorded, according to the following ordered list:

1. Wrong article type;
2. Does not pertain to humans;
3. Study objective not relevant;
4. Does not meet criteria for COVID-19 vaccination coverage;
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5. Does not meet criteria for dimension of inequality;
6. Only reports on between-country inequality;
7. Full text not available;
8. Insufficient information to assess eligibility.

If the full text of the article was not available online, we requested it from the cor-
responding authors. Likewise, if we did not have sufficient information to assess the
eligibility of the study, we made multiple attempts for clarification from corresponding
authors.

2.3. Data Extraction and Analysis

Data extraction was performed using the Covidence Extraction 2 tool, based on a
custom data extraction template. The template covered general information about the
article and where it was published; characteristics of the study setting, population, study
objective and design; characteristics of the COVID-19 vaccination indicator; characteristics
of the dimensions of inequality; analysis methods; results; and conclusions. After reviewing
10% of studies in tandem to ensure consistency in the interpretation and application of the
template, data extraction was performed by one of two reviewers. The reviewers reached
consensus on any questions or points of ambiguity that arose with input from a third
reviewer.

Using the data extraction outputs, descriptive data analysis was undertaken to assess
and tabulate study characteristics. In describing the frequency of dimensions of inequal-
ity and inequality trends, we used the PROGRESS-Plus framework as a starting point
for grouping dimensions of inequality pertaining to common themes. PROGRESS fac-
tors include place of residence, race/ethnicity/culture/language, occupation, gender/sex,
religion, education, socioeconomic status and social capital [16]. We also identified the fol-
lowing categories, some of which align with the factors described in the “Plus” component
of the above framework: age; disability status; family size or composition; health insur-
ance; housing type or characteristic; marital status; migration status; sexual orientation;
subnational region or area; and vulnerability, deprivation or poverty index.

As an extension of our analysis, we assessed the preliminary trends in the findings
related to dimensions of inequality that appeared most often in the assessed articles.
To this end, we coded and compiled reported findings for age; race, ethnicity, cultural
group, language and nationality or country of birth; and sex or gender. For age and
sex or gender, where the criteria for measuring the dimension were largely comparable
across most studies (as years or male/female, respectively), we coded the main findings
according to the directionality of the inequality. For race, ethnicity, cultural group, language
and nationality or country of birth, where the criteria for measuring the dimension were
heterogeneous, we coded whether inequality related to this dimension was reported as
meaningful or not meaningful. Our coding of results as meaningful or not meaningful was
based on the conclusions reported in the original studies. Most, but not all, studies defined
this as statistically significant in comparisons at p < 0.05; however, the nature of statistical
comparisons differed by paper and not all papers reported statistical significance.

3. Results

3.1. Selection of Sources

Our search identified 7784 items (after removing duplicates) that were considered for
inclusion. After screening titles and abstracts, 315 were retained for full-text review. A total
of 148 items were excluded at the full-text review stage because the study objective was
not relevant, the criteria for COVID-19 vaccination coverage was not met, the article type
did not meet the inclusion criteria, the criteria for dimension of inequality was not met,
the article only reported between-country inequality or there was insufficient information
to assess eligibility. In total, 167 articles were included from which data were extracted
(Figure 1).
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Figure 1. PRISMA flow diagram depicting stages of selecting sources for a scoping review about
inequalities in COVID-19 vaccination coverage.

The included articles were published in 2021 (43 articles) or 2022 (124 articles), across
a total of 82 academic journals (Supplementary Materials S3). Journals represented by
five or more included articles were: Vaccines (18 articles); Morbidity and Mortality Weekly
Report (15 articles); Vaccine (11 articles); International Journal of Environmental Research and
Public Health and PLoS One (7 articles each); and BMJ Open (5 articles). The articles were
of variable lengths and scope/depth of analysis, context and discussion. To provide an
indication of the type of articles included, we categorised them as full research papers
(around six pages or longer, with greater analytical scope and contextual detail) or short
research papers (around five pages or less with more limited analytical and contextual
detail). The article type designated by the journal also informed the categorisation. Most
included articles were designated as full research papers (119 articles, including 1 review),
with the remaining designated as short research papers (48 articles).

3.2. Study Characteristics
3.2.1. Setting and Study Populations

Most articles contained data from a single country setting (161 out of 167 articles), rep-
resenting a total of 38 countries. Eighty-three of the single country studies were conducted
in the United States of America, followed by studies in the United Kingdom (13 articles),
Israel (7 articles),Canada (6 articles) and Hong Kong (5 articles). Six articles included
data from multiple countries (representing a total of 18 countries). In total, the number of
unique countries represented across all studies was 47. According to the current World
Bank classifications [17], 26 of the 47 countries are high-income countries (55%), 11 are
upper-middle-income countries (23%), 6 are lower-middle-income countries (13%), and 3
are low-income countries (6%); the remaining 1, Palestine, is not classified (Table 2).

While many studies drew from a national population, others pertained to one or more
subnational administrative areas or specified institutions (such as hospitals, universities
and prisons). Noting that some articles included more than one of the populations listed
below, study populations included general public/adults (88 articles); health care workers
(21 articles); older adults (14 articles); pregnant or postpartum women (12 articles); chil-
dren/adolescents (10 articles); military personnel/veterans (7 articles); university students
and staff (5 articles). A smaller number of articles focused on the following populations: peo-
ple defined based on migratory status (3 articles); incarcerated people (2 articles); LGBTQ+
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people (2 articles); people who inject drugs (1 article); EMTs and paramedics (1 article);
teachers/staff at schools (1 article); and nursing home residents and staff (1 article).

Table 2. Countries represented by one or more study included in a scoping review about inequalities
in COVID-19 vaccination coverage.

Country Income Group
Classification

Countries

High income

Australia (2 articles); Canada (6 articles); Czech Republic (1 article);
France (2 articles); Germany (1 article); Greece (2 articles); Hong Kong
(5 articles); Hungary (2 articles); Israel (7 articles); Italy (2 articles);
Japan a (2 articles); Kuwait a (1 article); Latvia (1 article); Netherlands
(1 article); New Zealand (1 article); Norway a (1 article); Qatar a

(1 article); Romania (1 article); Saudi Arabia a (3 articles); Singapore
(2 articles); Slovakia a (1 article); Spain (1 article); Sweden a

(4 articles); United Arab Emirates a (2 articles); United Kingdom a

(15 articles); United States of America a (86 articles)

Upper-middle income

Belarus (1 article); Brazil (2 articles); China (3 articles); Guatemala a

(1 article); Iraq a (1 article); Jordan a (1 article); Kazakhstan a

(1 article); Mexico a (3 articles); Peru (1 article); Serbia (1 article);
Thailand (1 article)

Lower-middle income Bangladesh (1 article); Egypt (1 article); India a (3 articles); Indonesia
(1 article); Lebanon a (1 article); Pakistan (1 article)

Low income Ethiopia (1 article); Guinea (1 article); Malawi (2 articles)

Not classified Palestine a (3 articles)
a Country included in at least one multi-country study or review article.

3.2.2. COVID-19 Vaccination Coverage

As per our inclusion criteria, all 167 included studies defined COVID-19 vaccination
coverage based on the receipt or non-receipt of any one or more COVID-19 vaccine and/or
booster. Many articles focused on vaccine initiation, that is, receipt or non-receipt of at least
one dose of vaccine (97 articles). In 29 articles, COVID-19 vaccination coverage was defined
as ‘fully vaccinated’ according to the specifications of the study setting, and in 4 articles,
the focus was on receipt or non-receipt of a COVID-19 vaccine booster. A total of 33 articles
looked at multiple COVID-19 indicators that met our inclusion criteria, and the remaining
4 articles did not clearly state the number of vaccine doses or boosters used to define the
receipt or non-receipt of a COVID-19 vaccination.

Information about COVID-19 vaccination coverage was sourced from surveys (84 articles),
and administrative or surveillance records, including health records (84 articles), noting
that one article used data from both of these types of sources. In some cases, administrative
or surveillance data were linked to census data to derive denominator values. COVID-19
vaccination coverage was commonly measured at the level of the individual (138 articles),
although some articles presented data aggregated at the small-area level (such as county,
municipality, zip-code area, province/state or census area) (27 articles), or by institution
(such as nursing home or school) (2 articles).

3.2.3. Dimensions of Inequality

Articles assessed inequalities in COVID-19 vaccination coverage according to di-
verse socioeconomic, demographic and/or geographic dimensions of inequality (Table 3).
In 157 out of 167 articles, inequality in vaccine coverage was reported for at least two
dimensions of inequality. The most common dimension of inequality applied was age
(127 articles), followed by dimensions of inequality related to race, ethnicity, cultural group,
language and nationality or country of birth (117 articles). Inequalities according to sex
or gender were reported in 103 articles and 81 articles reported data disaggregated by
occupation- or employment-related factors. Other dimensions of inequality that were
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featured in 10 or more articles include education (76 articles); subnational region or area
(68 articles); economic status (68 articles); place of residence (39 articles); vulnerability,
deprivation or poverty index (38 articles); marital status (30 articles); family size or compo-
sition (27 articles); health insurance (27 articles); and disability status (10 articles). Religion
(8 articles), housing type or characteristic (7 articles), migration status (5 articles), social
capital (3 articles) and sexual orientation (3 articles) were included less often. Articles
relied on different criteria to define and measure dimensions of inequality, with variation
depending on the context of the study.

Table 3. Dimensions of inequality featured in sources for a scoping review about inequalities in
COVID-19 vaccination coverage, including corresponding number of articles, percentage of total
number of articles (n = 167) and examples of measurement criteria.

Dimension of Inequality
Number of Articles
(% of Total) a Illustrative Examples of Measurement Criteria b

Age 127 (76%) years; parental age; above or below median age of
population

Race, ethnicity, cultural group, language,
nationality or country of birth 117 (70%)

White, Black, Hispanic, Asian or Other (applicable to
studies based in the United States); language at home;
national or foreigner

Sex or gender 103 (62%) male or female; transgender or non-binary (yes/no)

Occupation- or employment-related
factor 81 (49%)

employed or unemployed; employment in healthcare
industry (yes/no); essential worker, non-essential worker,
or non-working status; public or private sector employee;
military ranking; profession

Education level 76 (46%) years of schooling; highest level of schooling completed;
highest qualification

Subnational region or area 68 (41%) state/province; region; municipality; census tract; county;
health zone

Economic status 68 (41%)
household income; above or below defined poverty line;
self-perceived financial status; level of difficulty covering
household expenses

Place of residence 39 (23%) urban or rural; metro or non-metro; urban, rural or camp;
population size of zip code

Vulnerability, deprivation or poverty
index 38 (23%)

Social Vulnerability Index (applicable to studies based in the
United States); Index of Multiple Deprivation (applicable to
studies based in the United Kingdom); Human
Development Index; Multi-Dimensional Poverty Index

Marital status 30 (18%) single, married, cohabitating, divorced, widowed; living
with partner (yes/no)

Family size or composition 27 (16%)
number of children; household size; elderly living with
family (yes/no); children living in household (yes/no);
living alone (yes/no)

Health insurance 27 (16%) insured or uninsured status; private or public health
insurance type

Disability status 10 (6%) self-reported living with a disability (yes/no); extent of
daily activity limitation

Religion 8 (5%) religious affiliation (e.g., Christian, Buddhist, Hindu, Jewish,
Muslim, Sikh, other, none)

Housing type or characteristic 7 (4%)
homeless (yes/no); house owned, private rented, social
rented, other; type of housing: mobile, detached house,
attached house, multiunit apartment, etc.
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Table 3. Cont.

Dimension of Inequality
Number of Articles
(% of Total) a Illustrative Examples of Measurement Criteria b

Migration status 5 (3%) citizen, landed immigrant, refugee, temporary/other;
migration history (yes/no)

Social capital 3 (2%) trust in others; civic participation; social capital index

Sexual orientation 3 (2%) bisexual, gay/lesbian, heterosexual

Other: food security, incarceration status,
income inequality, car ownership,
computer ownership, school type

1–2 each

a The scoping review included a total of 167 articles; most articles featured more than one dimension of inequality.
b Note that this is not an exhaustive list of all approaches to measuring the dimensions of inequality.

Information about dimensions of inequality was sourced from surveys (93 articles)
and administrative or surveillance data, including health records (79 articles) and censuses
(20 articles) (note that 24 articles relied on more than one type of data source). In most
articles, dimensions of inequality were measured at the same level as the corresponding
COVID-19 vaccination indicator (149 articles). In some articles, various dimensions of
inequality measurements included both individual and small-area levels (15 articles). Three
articles measured the dimension of inequality at the small-area level and the COVID-19
vaccination indicator at the individual level.

3.2.4. Reporting Practices

In general, articles presented disaggregated data and association or regression mea-
sures when reporting inequality findings (108 articles). Thirty-three articles included
disaggregated estimates only, while 16 articles reported association or regression measures
only. Sixteen articles included difference, ratio, slope index of inequality and/or relative
index of inequality summary measures.

About a third of articles (54 out of 167) reported multiple disaggregation; that is,
they presented data about vaccination coverage broken down by two or more dimensions
of inequality simultaneously. For example, several articles explored sex- or age-related
inequalities across different urban–rural classifications [18–21].

3.3. Study Findings: Preliminary Trends for Selected Dimensions of Inequality
3.3.1. Age

Of the 127 articles that reported COVID-19 vaccination coverage by age, the majority
(89 articles, or 70%) found higher vaccination among older groups. The age ranges and
categorisation (groupings) of these 89 articles were diverse: while many study populations
included those aged 18 years and older, some were limited to other age groupings. For
example, a study in England reported higher rates of being unvaccinated in younger
individuals of study populations aged 50 years or older [22]. Similarly, vaccination with
one or more doses of a COVID-19 vaccine was higher among those aged over 75 years
compared to those 65–74 years in Connecticut, United States [23], and higher among those
75 or older compared to those 60–74 years in Sweden [24]. A study by Khatatbeh et al.
(2022) in the Eastern Mediterranean Region, looked at COVID-19 vaccination in children
aged 12 or younger versus those aged 12–17; it also explored the association between
parental age and receipt of a COVID-19 vaccine in their child(ren). In both cases—child age
and parental age—older ages were predictive of the child being vaccinated [25]. Studies in
other settings, including Indonesia [26] and the United States [27,28] also reported positive
associations between age and COVID-19 vaccination coverage within child/adolescent
populations.

In contrast, the opposite pattern—higher vaccination among younger groups—was
reported in 8 articles (6%). These articles focused on adult populations across different
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settings, including health care workers in China [29] and Egypt [30]; university students or
staff in the United States [31,32]; active military personnel in Israel [33]; pregnant or post-
partum women in the United States [34]; and general adult populations in Singapore [35]
and the United States [36].

Nineteen of the articles that reported on age-related inequality (15%) found no/minimal
inequality and 9 articles (7%) demonstrated other patterns (such as higher vaccination cov-
erage in a mid-range age group) or mixed patterns (such as different age-related patterns
for different population groups, or for different COVID-19 vaccination indicators). Two
articles (2%) did not report age-related findings in the main text of the article.

3.3.2. Race, Ethnicity, Cultural Group, Language, Nationality or Country of Birth

Overall, 117 articles reported on COVID-19 vaccination coverage by race, ethnicity,
cultural group, language, nationality and/or country of birth. Nearly all of these articles
(101 articles, or 86%) reported meaningful inequality according to this dimension of in-
equality, while 18 articles (15%) reported no meaningful inequality (noting that 3 articles
included in the above counts reported both meaningful and non-meaningful findings for
different variables in this category). One article (1%) did not report the findings for this
dimension in the main text of the article.

Most of the studies conducted in the United States included a dimension of inequality
related to race, ethnicity, cultural group, language, nationality and/or country of birth (73
out of 83, or 88%), and in 88% of these studies (64 out of 73), authors reported meaning-
ful inequality by at least one of these dimensions. Although standardised racial/ethnic
diversity categories used in the United States Census are applied in many studies, it is
difficult to assess trends in the findings due to different study designs and comparison
groups. We observed, however, that Asian and/or White subgroups were often among
the most advantaged with regards to COVID-19 vaccination coverage. For instance, in a
study of race/ethnicity inequalities in the United States, subgroups identifying as Asian
or White had higher booster uptake than Black and Hispanic populations in all of the
states for which there were data (24 states plus Washington, D.C.) [37]. Di Rago et al.
(2022), assessing COVID vaccination rates across eight American cities over a three-week
period, found increasing gaps in vaccination between White or Asian and Black or Hispanic
communities [38].

3.3.3. Sex or Gender

A total of 103 articles reported on COVID-19 vaccination coverage by sex or gender, of
which 45 articles (44%) found no or minimal difference between subgroups. In 31 articles
(30%), COVID-19 vaccination was higher among males; in 25 articles (24%), vaccination
was higher among females. Two articles (2%) reported different patterns of sex-related
inequality across age groupings [39] or by disability status [40].

Two studies, both focusing on LGBT or LGBTQ+ adults in the United States, consid-
ered sex and gender as separate variables in their analysis. Low et al. (2022) reported
no differences based on sex assigned at birth (categorised as female, male and intersex)
or gender identity (categorised as cisgender and transgender/nonbinary/other gender
minority) [41]. McNaghten et al. (2022) reported higher vaccination among females than
males, but no difference based on gender identity (dichotomously categorised as transgen-
der/nonbinary or not) [42].

4. Discussion

In this scoping review, we assessed the current state of research pertaining to within-
country inequalities in COVID-19 vaccination coverage. Our findings show that this body
of research covers a diversity of populations and settings, suggesting a wide interest in
assessing and understanding the patterns of vaccination coverage inequality across popu-
lations. The geographical representation of study settings within this literature favoured
high-income countries in North America and Europe—for example, half of articles were
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conducted in the United States, with only five articles based on populations in the African
continent. High-income countries accounted for more than half of the countries repre-
sented in this body of literature, whereas low-income countries accounted for less than
10%. This finding was not surprising, as populations in high-income countries tended
to have earlier access to vaccines than lower-income countries, and thus implemented
vaccine programmes sooner; moreover, timelines, access and incentives for publishing in
academic journals may differ between settings. Nevertheless, more research on inequalities
in COVID-19 vaccination coverage is warranted in lower-income countries, particularly as
vaccines become more widely available in these settings.

We found that demographic factors, including age, race/ethnicity/cultural group/
language/nationality/country of birth and sex/gender, were the most commonly reported
dimensions of inequality in vaccine coverage rates in this body of literature. Indeed, early
into the COVID-19 pandemic, the scientific community made strong calls to enhance the
collection and reporting of data disaggregated by these factors [43–46]. In the cases of age
and sex/gender, the application of similar measurement criteria (years and male/female,
respectively) allowed us to comment on the general trends in the directionality of inequality
reported in these articles. Our preliminary assessment of this literature suggested that
vaccination coverage tended to be higher among (relatively) older population groups,
across many age ranges. This is in line with WHO guidance [6], suggesting the imple-
mentation of vaccine rollout strategies that initially prioritised older age groups. With
regards to findings on sex/gender-related inequality, a substantial proportion of articles
that reported on this dimension concluded that there were no meaningful differences.
Of those articles that did report a difference, the directionality was variable, with vacci-
nation coverage more often reported to be higher in males than in females. It was not
feasible to do even preliminary comparisons of findings for the race/ethnicity/cultural
group/language/nationality/country of birth dimension of inequality, as the measurement
of this dimension is context specific (i.e., not standardised across settings). There were,
however, common approaches applied within particular country settings, which could
be explored through more narrowly-focused systematic reviews and/or meta-analyses.
Indeed, more rigorous meta-analyses, including quality assessments, are warranted to
delve into vaccination coverage inequalities by demographic factors.

Among the other dimensions of inequality highlighted in our scoping review were
those related to socioeconomic factors (most frequently occupation/employment, education
level, economic status and vulnerability, deprivation or poverty indices) and those related
to geographical factors (most frequently subnational region/area and place of residence).
Characterising patterns of socioeconomic inequality offers deeper understanding into the
motivations and barriers experienced by population groups, while geographic patterns
of inequality may have immediate and practical implications for program delivery and
resource allocation [47]. Other dimensions of inequality, such as sexual orientation, social
capital, and migration status, received less attention in the research, although some of these
articles provide initial indications that these may be meaningful avenues for future study.
For instance, the three articles that reported inequality in COVID-19 vaccination coverage
related to a measure of social capital all reported higher vaccination among groups with
greater social capital [20,48,49].

The application of multiple disaggregation in one-third of studies permitted explo-
ration of the intersection of different dimensions of inequality. Multiple disaggregation can
begin to lend insight into more nuanced patterns of inequality, for example, suggesting how
multiple vulnerabilities may put certain groups at heightened risk for lower vaccination
coverage [50]. Multiple disaggregation should be incorporated, to the extent possible, in
future inequality analyses in this topic [51].

We reported variability in how dimensions of inequality were measured, reflecting
diverse study populations, settings and research aims. In some cases, standardised criteria
were applied within a country (such as race/ethnicity categories in the United States),
enhancing comparability across these studies. For most dimensions of inequality, however,
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the lack of standardised criteria for measuring dimensions of inequality limits the extent to
which direct comparisons of inequality can be made across studies and across settings.

Our scoping review extends on a previous review by Bayati et al. (2022), which had
a broader aim of assessing both between-country and within-country factors associated
with COVID-19 vaccine distribution [11]. The portion of the review focused on within-
country factors included 19 studies, and concluded that “age, race, ethnic, household
income, residency in the deprived areas, employment, poverty, location (urban/rural) and
gender were most often mentioned in the literature”. Our scoping review, encompassing
167 studies, highlights additional dimensions of inequality that have been explored in
the literature, including education level, indices of vulnerability, deprivation or poverty,
marital status and family characteristics. Additionally, it provides a more detailed overview
of the study settings, data sources, reporting practices and preliminary findings.

The findings of this scoping review are broadly in line with previous reviews exploring
inequalities in COVID-19 vaccination intentions and attitudes [52,53]. For instance, the
directionality of the age- and sex/gender-related inequality that we reported corresponds
with those reported in a meta-analysis on inequalities in COVID-19 vaccination intention,
which included 28 nationally representative populations across 13 countries. It reported
female sex, younger age and belonging to an ethnic minority group to be consistently
associated with lower intention to vaccinate, highlighting “an urgent need to address
social inequalities in vaccine hesitancy and promote widespread uptake of vaccines as they
become available” [52]. Similarly, a meta-analysis including 63 surveys and more than
30 countries concluded that age, gender and education level were among the factors most
often associated with willingness or hesitancy to be vaccinated [53]. We note, however,
an important distinction between the body of research pertaining to vaccination coverage
from research on vaccination intentions and attitudes. Attitudes towards vaccines have
been found to shift over time [9], and do not directly translate into behaviours. A study
of vaccination uptake during the 2009 influenza (H1N1) pandemic, for example, found
that only a small percentage of those reporting a positive intention to vaccinate followed
through on receiving the vaccine after two months [54].

Limitations and Further Considerations

Our findings and their interpretations are subject to a number of limitations and
considerations. We acknowledge that there is a bias in this body of literature towards
settings where vaccines have been rolled out, studied and reported. Settings that lack
reliable data collection about COVID-19 vaccinations are less likely to be represented in
published academic literature, and therefore less likely to be included in this scoping
review.

Across studies, approaches to defining COVID-19 vaccination coverage were not
standardised. For the purpose of our scoping review, we adopted a broad definition for the
COVID-19 vaccination coverage indicator and included studies reporting on receipt (or
non-receipt) of a single dose, multiple doses and/or booster doses. Nearly one in five of the
articles included in our review reported on more than one vaccination coverage indicator
that met our inclusion criteria. The application of common definitions for COVID-19
vaccination coverage would facilitate greater cross-study comparability and more nuanced
analyses.

We relied on the PROGRESS-Plus framework as a starting point to guide how we
grouped and labelled dimensions of inequality. Alternate frameworks may have yielded
different conclusions about the most frequently reported dimensions of inequality. We did
not report political factors as relevant dimensions of inequality, although we noted that 13
of the 167 articles reported on inequalities based on political views or voting patterns. Of
these studies, 11 were conducted in the United States, all of which found lower vaccination
among Republican voters and/or higher vaccination among Democrat voters.

Our exploration of inequality trends for selected dimensions of inequality in this
scoping review was premised on findings that may be of variable quality. Approaches and
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thresholds to determine the ‘meaningfulness’ of inequality were different across studies.
More rigorous meta-analyses incorporating quality assessments are required as an extension
of our initial findings.

As per the design of our scoping review, we did not account for how countries may
have prioritised different populations during phased vaccine rollouts. Initially, COVID-
19 vaccine doses were in limited supply and inequality during the early stages of their
distribution was inevitable (though COVID-19 vaccination coverage equity remains an end
goal for most countries) [10]. Many of the included articles, however, did take this into
account in their study design. We did not focus on the reasons underlying vaccination
status, such as whether population subgroups remained unvaccinated by choice (low
acceptance of the vaccine) or their circumstance (low access to the vaccine). Explorations
of the drivers of inequality were outside the scope of this review. We did not differentiate
between studies conducted in general populations versus studies that evaluated a specific
campaign or programme, which may have been targeted towards certain populations.

5. Conclusions

In this scoping review, we assessed 167 research articles to provide an overview of
how within-country COVID-19 vaccination coverage inequality has been studied. Our
findings demonstrate that most research to date has been conducted in higher income
countries, underscoring the need for expanded research in other contexts to gain a fuller
understanding of patterns of inequalities across populations and settings. While we
characterised research on diverse dimensions of inequality, those most frequently studied
were related to demographic factors. The trends that we reported for inequalities by age,
race/ethnicity/cultural group/language/nationality/country of birth, and sex/gender
dimensions of inequality were intended to be preliminary and exploratory. More detailed
analyses across these and other dimensions of inequality are warranted, including dedicated
systematic reviews and meta-analyses to draw more reliable and specific conclusions.
Research in this topic area can be further strengthened by adopting standardised COVID-19
vaccination indicators, which would promote greater cross-study comparability.

As COVID-19 vaccination programmes, including the administration of booster doses,
continue to expand globally, ongoing efforts are needed to grow this body of research
and capture the evolution of inequalities in vaccination coverage, both globally and lo-
cally within countries. The characterisation of inequalities related to multiple, diverse
dimensions of inequality (encompassing both context-specific and universally applicable
dimensions) stands to offer relevant lessons and insights for strengthening equity in vaccine
policies, planning and implementation.
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contains the terms used to conduct systematic searches within PubMed, Scopus and Web of Science;
S3: Study sources. This document contains information about the journals where sourced articles were
published. Table S1: Number of articles included in a scoping review about inequalities in COVID-19
vaccination coverage, by journals where pub-lished. Refs. [13,14,52] are cited in Supplementary
Materials.
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Abstract: Background: The importance of immunization for child survival underscores the need
to eliminate immunization inequalities. Few existing studies of inequalities use approaches that
view the challenges and potential solutions from the perspective of caregivers. This study aimed to
identify barriers and context-appropriate solutions by engaging deeply with caregivers, community
members, health workers, and other health system actors through participatory action research,
intersectionality, and human-centered design lenses. Methods: This study was conducted in the
Demographic Republic of Congo, Mozambique and Nigeria. Rapid qualitative research was followed
by co-creation workshops with study participants to identify solutions. We analyzed the data
using the UNICEF Journey to Health and Immunization Framework. Results: Caregivers of zero-
dose and under-immunized children faced multiple intersecting and interacting barriers related
to gender, poverty, geographic access, and service experience. Immunization programs were not
aligned with needs of the most vulnerable due to the sub-optimal implementation of pro-equity
strategies, such as outreach vaccination. Caregivers and communities identified feasible solutions
through co-creation workshops and this approach should be used whenever possible to inform
local planning. Conclusions: Policymakers and managers can integrate HCD and intersectionality
mindsets into existing planning and assessment processes, and focus on overcoming root causes of
sub-optimal implementation.

Keywords: health inequalities; immunization; equity; inequality; human-centered design; vaccination
services; zero-dose children; community

1. Introduction

Immunization is widely recognized as one of the most important public health inter-
ventions for reducing childhood morbidity and mortality [1]. Enormous efforts led to a
significant increase in global coverage of the third dose of diphtheria–tetanus–pertussis
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(DTP3) vaccine over the past two decades, reaching its highest point at 86% in 2019, al-
though this fell to 83% in 2020 due to the COVID-19 pandemic, and 81% in 2021 [2].
Immunization services miss millions of children each year, including those who are not
fully vaccinated and those considered zero-dose, defined as not having received the first
dose of a DTP-containing vaccine. It is estimated that 16 million children were zero-dose in
2020 and 18 million were zero-dose in 2021. These children are at risk of illness or death,
and are likely to live in circumstances that further exacerbate this risk [2].

Research exists on the drivers of immunization inequality [3–10], yet most of the
existing research focuses either on individual attributes or health system drivers, with-
out analysis of the social and structural processes that produce inequalities [11]. Recent
attention to the role of gender in immunization (in)equity is overdue [8,12] but too often,
gender is explored alone, without consideration of how it intersects and interacts with
other social, institutional, and structural dimensions of inequality, including social determi-
nants of health. Novel research approaches are needed to reconceptualize immunization
inequality—and potential solutions to overcoming it—from caregivers’ lived perspectives.

This study seeks a way forward to engage and support individuals, caregivers, fam-
ilies, communities, and the health system to co-produce immunization equity. We ap-
ply paradigms and approaches from a human-centered design (HCD) and intersectional-
ity [11,13], to reconceptualize the barriers, facilitators, and root causes of no immunization
and under-immunization from the perspective of caregivers of infants and young children.
When applied to health, intersectionality is the theory that individuals’ lives are shaped
by multiple social, institutional, and structural axes, that work together and interact to
produce advantages or disadvantages [11,13]. Through this lens, we shift towards un-
derstanding each caregivers’ experience as unique to their situation and the role that all
social forces play in empowering or disempowering them. HCD has been used in global
health programs to better understand the needs and context of end-users, and to co-create
context-appropriate solutions [14], which this study sought to do. In all steps of the study’s
design and implementation, we sought to increase empathy for caregivers, an important
step towards equity and justice.

1.1. Country Contexts
1.1.1. Democratic Republic of the Congo

The DRC remains among the most vulnerable countries in the world for the spread of
vaccine-preventable diseases, as evidenced by the most recent outbreaks in measles, polio
and yellow fever. DRC is home to poor infrastructure and difficult access, as well as remote
missed communities, mobile and conflict-affected populations, and weak health systems, all
leading to a high proportion of zero-dose and under-immunized children, and substantial
within-country inequalities. In 2021, the WHO and UNICEF estimated that more than
700,000 children in the DRC were zero-dose [2]. Causes of no immunization and under-
immunization include frequent vaccine stockouts, weak funding and governance, limited
and demotivated human resources, poor service experience [15], and access difficulties.
Analyses of the 2013 Demographic and Health Survey (DHS) survey data indicate a DTP3
coverage gap of more than 20-percent points between the lowest and highest wealth
quintiles, and between rural and urban residents [6].

1.1.2. Mozambique

Mozambique has a history of political commitment to vaccination and primary health
care; however the WUENIC estimate of DTP3 coverage dropped from 88% in 2019, to
79% in 2020, to 61% in 2021, in large part due to vaccine stockouts. Equity analyses
of the 2015 DHS data show that while the wealth gap has narrowed since 1997, there
remains a 20-percent point difference between the lowest and highest wealth quintiles.
Children of educated mothers and mothers living in urban settings have DTP3 coverage
approximately 15 percentage points higher than uneducated mothers or those living in
rural areas [6]. Mozambique also has substantial within-country geographic inequalities,
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with a DTP3 ranging from 74.6% in Nampula, to 97.5% in Maputo Province in the 2015 DHS
survey [16]. Evidence suggests that the general public and caregivers of young children,
in particular, have positive attitudes toward child vaccination [17]. However, long travel
distances, frequent stockouts, the perception of adverse outcomes from administering
multiple vaccines at the same time and fear of being mistreated by healthcare providers
contribute to low vaccine coverage and wide geographic inequalities [17–19].

1.1.3. Nigeria

In 2021, Nigeria had one of the highest numbers of zero-dose children (2.2 million) in
the world [2], a challenge that was exacerbated by COVID-19. Equity analyses of 2013 and
2018 DHS data demonstrate stark inequalities based on wealth (over 70 percentage points),
maternal education (50 percentage points), and place of residence (nearly 40 percentage
points). Nigeria is one of the few countries where, nationally, more boys are vaccinated than
girls [6]. Geographic inequality is significant between Nigeria’s states, and within them,
the majority of zero-dose and under-immunized children are living in the northern states.
Qualitative research of barriers to vaccination has highlighted mistrust of the government
and vaccines, lack of awareness, fear of adverse events following immunization, shortage
of health workers, long waiting times, and long travel times [20]. COVID-19 has also
exacerbated some of these barriers and recent research on the reasons behind the slow
uptake of COVID-19 vaccinations point to many of the same determinants [21].

2. Materials and Methods

2.1. Study Design

Each country implemented a qualitative study to identify the barriers and facilitators of
vaccination faced by caregivers of zero-dose and under-immunized children, and to identify
context-tailored solutions from the perspective of caregivers and other stakeholders. This
study was implemented as part of the USAID-funded MOMENTUM Routine Immunization
Transformation and Equity project, and a major objective of this study was to inform the
design of locally tailored solutions to include in the project’s activity workplans. We drew
from participatory action research, intersectionality, and human-centered design (HCD)
approaches to design a study that would ensure the engagement and collaboration of
stakeholders at all levels. A key innovation was the inclusion of community-based co-
creation workshops, which sought to validate initial study findings, build empathy for
caregivers among other stakeholders, and use HCD tools to identify potential interventions
to overcome barriers. Our approach aligns with draft guidance from UNICEF on integrating
HCD into sub-national immunization coverage and equity assessments [22].

2.1.1. Analytical Framework

The research team drew on three similar analytical frameworks to inform research
questions and data collection tools: the UNICEF Journey to Health and Immunization
framework [22]; the WHO Behavioural and Social Drivers framework [23]; and the Deter-
minants of childhood vaccine coverage model [5,24]. These frameworks all explain vaccine
uptake as a function of three main factors: behavioral drivers such as knowledge, aware-
ness and beliefs, attitudes, and social norms; the practical and access issues caregivers face,
including geographic and financial access; and characteristics of the health system, such as
service convenience, quality, and experience of care. We used the UNICEF framework to
guide analysis as it most closely represents empathy for a caregiver and concepts of HCD
and intersectionality, by situating them in the center of an ecosystem [25] and explicitly
recognizing the influence of multiple levels (Figure 1). This framework also captures issues
faced by health personnel.
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Figure 1. The UNICEF Journey to Health and Immunization framework. UNICEF, Demand for
health services field guide: a human-centered approach. New York: UNICEF, 2018.

These models and our pilot phase forced us to clarify the meaning of ‘caregiver’ in
our study countries. In the DRC, Mozambique, and Nigeria, we observed that mothers, or
occasionally other adult female family members, had the socially prescribed role to get a
child vaccinated, and so we use the term ‘caregiver’ in this paper with an understanding
that the data primarily reflects the experiences of mothers. We acknowledge that caregivers
could be men, including fathers, but these findings specifically reflect the gendered realities
of the female caregivers we interacted with.

2.1.2. Study Setting and Sampling Criteria

The study was implemented in the DRC (May–June 2021), Mozambique (July–August
2021), and Nigeria (October 2022) by research teams comprising qualitative researchers
and project staff with expertise in immunization. The selection of study states/provinces,
districts, health facilities, and communities was done stepwise with health system managers
at each level. As a qualitative study, we did not use sample size calculations, but did aim to
interview enough respondents to achieve theoretical saturation on our research questions.
The first sub-national unit, states or provinces, were selected with the project funder
and national immunization managers, to ensure that this project’s eventual interventions
were implemented in provinces in need of an immunization technical partner. Within
those states/provinces, we used survey or administrative data to rank districts by their
proportion of un- and under-vaccinated children. Among those districts with the highest
proportion of un- and under-vaccinated children, we purposefully selected districts that
were accessible to our study team during the study period (all countries), represented a
mix of both urban and rural districts (DRC), and were free from security concerns (Nigeria).
The number of districts selected in each country depended on available financial and
human resources to implement the study, resulting in seven districts (health zones) in the
DRC, six in Mozambique, and three in Nigeria. Within the selected districts, we worked
with district-level managers to select health facilities that represented typical cases of that
district, and then selected one community linked to each facility with high proportions
of zero-dose or missed communities. We worked with community leaders and CHWs to
identify mothers of zero-dose and under-vaccinated children in selected communities.

2.2. Data Collection and Analysis, including Co-Creation Workshops
2.2.1. Data Collection

The research team and additionally trained data collectors collected data for this
study through semi-structured and open-ended in-depth interviews (IDIs), focus group
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discussions (FGDs; Nigeria only), and co-creation workshops. In Nigeria, FGDs were used
instead of interviews at the community level, with caregivers and community members
separately, to optimize time and resources. Interview and FGD guides reflected the ana-
lytical frameworks, and we adapted during implementation based on emerging insights.
The teams also collected health facility data for common indicators of facility readiness
and performance, as found in existing health facility surveys and immunization-specific
supportive supervision checklists. While these quantitative data were later used to inform
our project’s intervention design, we did not include them in the analysis presented at
co-creation workshops due to the rapid implementation timelines (1–2 weeks for data
collection, analysis, and co-creation) of these qualitative studies; thus, we do not report
them here.

2.2.2. Data Analysis and Synthesis

The research teams took notes during interviews and FGDs and wrote memos summa-
rizing the key findings of each interview. Teams met daily in-person or online to discuss
new data, emerging themes, and questions to probe further on. Upon completion of data
collection in a study area, the teams rapidly sorted the data, key insights, and emerging
themes into text-based tables, categorized according to the domains of the analytical frame-
works. This step helped to identify key barriers and facilitators to vaccination in that
community. Through this process, the research team selected three key issues to explore
further during the local co-creation workshops, with the goals of strengthening participants’
empathy for caregivers by highlighting the challenges they face, and identifying common
barriers that had the potential to be resolved through local solutions. The research team
developed ‘personas’—short stories centered around a caregivers’ experiences based on
the synthesized data—to illustrate each selected challenge at the co-creation workshop,
while ensuring the confidentiality of the research participants. Following all data collection
and workshops, country research teams synthesized all analyzed data into reports which
informed the development of the project’s activity workplan.

2.2.3. Co-Creation Workshops

Immediately following data collection, the research teams facilitated workshops with
study participants and other relevant stakeholders at the district level. These co-creation
workshops aimed to validate emerging findings from the data collection phase, strengthen
feelings of empathy for caregivers, and identify locally relevant interventions to overcome
identified barriers. The research team first summarized findings and facilitated discussion,
and then implemented HCD tools adapted by the project to achieve the empathy and
solution-identification objectives: the mothers’ vaccination ecosystem; solution briefs; and
a solutioning activity (Table 1). All study participants were invited and workshops were
attended by 20–30 individuals, including caregivers. Experienced facilitators were attentive
to the possibly negative consequences of mixing multiple levels of social power, and took
care to ensure the respect for and confidentiality of the caregiver attendees. Caregivers’
confidentiality was protected by the use of persona tools to share fictionalized findings
based on the synthesis of experiences across all interviewees (Table 2). Community-level
co-creation workshops were followed by district-level and then state/provincial and/or
national workshops, to share insights and solutions from the level below, validate findings
at each level, and assess motivation and priority for community-developed solutions across
the other levels. Research teams generated additional insights on stakeholder motivations,
preferences, and needs by observing the group discussions and taking notes.
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Table 1. HCD tools used during co-creation workshops.

HCD Tool Brief Description Purpose

Mothers’ Vaccination
Ecosystem

Visual bullet eye diagram to represent a mother (or
female caregiver) and her baby, and the barriers she faces

at each ecosystem level: family, community, health
system. Used as a discussion and group-work tool.

• To generate empathy for mothers by illustrating the
many intersecting barriers they face.

• To encourage responsibility and collective action by
other stakeholders by seeing and discussing
barriers faced by mothers, and generate ideas to
reduce barriers mothers face.

Solution Brief

The solution brief is a persona tool that draws data from
synthesized findings from in-depth interviews and focus

group discussions. Drawing from the data, the tool
includes a persona (a fictionalized representation of an

individual; see Table 2), assumptions about the root
causes of immunization barriers, and problem or

opportunity statements for specific user personas, which
could include caregivers, health workers, or others. The
end of the brief outlines a specific problem, or solution
framing in the form of a question to address; this is the

beginning point of the solutioning activity.

• To generate empathy for specific users (e.g.,
healthcare workers, caregivers, community health
workers).

• To simplify the complex system of barriers to
immunization by seeing the barriers from the
perspective of a specific user.

Solutioning Activity

This solutioning activity tool is a collaborative
problem-solving exercise for small group breakout teams.

Each team receives a solution brief detailing the user
persona and their challenges, as well as a specific

problem for the group to address, based on the user’s
perspective. As a group often including users who share
this challenge, the team works through a set of prompts
from brainstorming, to using a rubric to decide which
ideas to build out, to finally building out two solutions

for the user’s problem.

• To generate multiple-solution ideas to a specific
immunization barrier in a short period of time.

• To build the relationship between community and
health system by working toward shared solutions.

• Triangulate data collected from in-depth interviews
and focus groups.

Table 2. Select caregiver personas used during co-creation workshops, based on study findings.

Study Theme Problem Statements from Solution Briefs/Personas

Theme 1: Caregiver facing
multiple intersecting and

interacting barriers based on
her context

• When mother was able to get to the health center, she was not provided vaccines because
she did not have a vaccination card.

• Mother did not have money for a card (although these should be free, she was told she
would need to pay for one).

• Mother was insulted by a nurse for having a baby outside of the health center, but she had
no way to get to the health center for her birth, as it was 35 km away.

Theme 2: Immunization
services not aligned with a

caregivers’ needs

• Mother has missed vaccinations due to lack of time (she was busy with household chores).
• She makes decisions about her child’s health on her own, but has the support/advice of her

husband, and he is the one who takes them to the health facility.
• Mother received advice on child health from her aunt.
• Mother heard about the mobile brigade through the religious leader.
• Mother regrets the fact that the mobile vaccination services sometimes postpone, and when

this happens mothers are not informed in advance; she had already gone to the scheduled
place and date in vain.

• Unlike the other mothers, she preferred the mobile vaccination services to be in the morning,
so she can dedicate the rest of the day to her errands.

2.2.4. Cross-Country Synthesis

The research team reviewed country finding reports and manually re-coded data and
findings according to the UNICEF framework and through the lens of intersectionality
and power dynamics at the individual, institutional, and structural levels [13]. The team
discussed key findings to better understand barriers and facilitators faced by caregivers
and how they differed by context. This led to the identification of three mid-level themes
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which the team considered to be of broad importance and actionable, and emphasized the
empathy mindset for caregivers and communities.

Ethical approval was granted from the Kinshasa School of Public Health (DRC), the
University Eduardo Mondlane (Mozambique), and the Edo and Jigawa State Health and
Research Ethics Committee (Nigeria). Consent to participate was obtained by investigators
trained in ethical procedures and prior to any observation or engagement. Team members
read the consent form to participants in the local language and provided time to ask
questions and clarify concerns. The team obtained written or verbal consent (in some
situations) after answering the participants’ questions and before beginning the activity or
observation. As described in the consent form provided to the participants, all participants
could request to withdraw from participation at any time.

3. Results

Table 3 summarizes the number of study participants by country and level of the
health system. The section below presents synthesized findings from across the three
countries, according to three emergent mid-level themes.

Table 3. Study participants.

Number of Participants by Type and Country

Health System
Level

Participant Type

DRC (Kasaï (Ndjoko
Punda, Kalonda Ouest);
Kasaï Oriental (Nzaba,

Cilundu); Lualaba
(Dilala, Kazenze))

Mozambique (Zambezia
(Gurue, Ile, Molumbo)
Nampula (Murrupula,

Erati, Mossuril))

Nigeria (Edo
(Ikpoba Okha)

and Jigawa
(Buji))

Community

Caregivers 24 20 18 (FGDs)

Community leaders and activists;
community health workers and volunteers;

traditional birth attendants
12 25 10 (FGDs)

Health facility Facility-level healthcare worker;
vaccinators; nurse managers 12 10 8

District/health
zone

District/zonal EPI manager, community
engagement focal point, monitoring and
evaluation focal point, financial officer,

health Education officer

6 11 14

Province
Provincial logistics focal point, EPI

manager, MEL, finance officer, community
engagement/health education focal point

6 6 16

TOTAL 60 72 66

FGD: focus group discussion; EPI: Expanded Program on Immunization; MEL: Monitoring, Evaluation,
and Learning.

3.1. Social and Structural Factors Intersect to Produce Inequitable Power Relationships and Limit
Health System Actors’ Empathy for Caregivers

Across all the countries, most of the caregivers interviewed expressed the desire for
their child to be vaccinated, and most were aware of the general benefits of vaccines.
However, gender, social factors, and structural inequalities intersected and interacted to
produce a variety of barriers for caregivers (Table 4). The type and magnitude of these
barriers differed by a caregivers’ social status, wealth, place of residence, and economic
role—which in turn varied by country and region—and often played out as power dynamics
that produced inequitable access to and quality of immunization services. Most caregivers
reported some difficulty juggling their gender-prescribed tasks related to childcare and
domestic work with getting a child vaccinated. These difficulties were more common
among caregivers who faced other financial or time-related resource barriers, whether
because of poverty or because the child’s father worked or lived away from the home.
Gender inequality was sometimes apparent in the caregivers’ lack of agency to make a
decision about whether to vaccinate her child. While most caregivers said they were able to
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make a decision themselves about vaccination, we also heard cases where caregivers noted
they were not the key decision-makers, and this pertained more often to caregivers of zero-
dose children. Decision-making divergence worked in both directions: sometimes women
followed their male partners’ preference to not get vaccinated, and sometimes they followed
his preference to get vaccinated. When decision-making agency intersected with wealth
and women relied on their male partners for financial support to access vaccination, it often
resulted in the child not getting vaccinated. When husbands assisted with practical aspects,
such as childcare or transport, which was reported by some respondents, caregivers were
more likely to seek vaccination. Gender dynamics were also presented in conversations
related to adverse events following immunization (AEFI). Many caregivers reported that
they feared AEFI, such as fever or fussiness, as an uncomfortable infant disrupted the
household dynamic, and this fear increased if their husband had complained.

Table 4. Examples of findings through the intersectionality lens.

Intersection Resulting Interaction
Impact on Vaccination Outcomes, Particularly

Zero-Dose Children

Gender × wealth
Caregivers with fewer resources were less able to overcome

gender barriers related to their paid or unpaid work and
opportunity costs of going to the health facility.

These caregivers were more likely to have zero-dose
children than other caregivers.

Gender × geographic
access

Caregivers felt unsafe traveling to distant health facilities, up
to 2 days in Mozambique, and did not have resources for

other forms of transport.

Many caregivers of zero-dose children cited this
barrier, and these also comprise missed communities.

Wealth × service
experience

Caregivers of low socioeconomic status faced more
disrespectful care.

Typically resulted in under-vaccination, where
caregivers who were treated poorly did not return

for additional vaccines.

Wealth × governance ×
financing

Caregivers who could not afford fees for services or cards
could not access vaccination services. These fees were often

charged as a substitute for formal income.

Many caregivers of zero-dose children cited
this barrier.

Wealth × geographic
access × financing

Caregivers in the most remote and poorest communities were
least likely to be reached by outreach vaccination services.

Many caregivers of zero-dose children cited
this barrier.

Equity-limiting power dynamics also existed within the health system, where health
workers wielded power from relative privilege over clients, and experienced disempower-
ment from managers and institutions that did not value them. This created a vicious cycle of
negative power relations between health workers and clients. We observed that caregivers
of low socioeconomic status experienced more disrespectful care from health workers (all
countries) and were most likely to be blamed for not vaccinating their children (DRC).
These particular caregivers expressed feelings of shame for being inappropriately dressed
(DRC, Mozambique). In the DRC and Mozambique, caregivers of zero-dose children felt a
sense of shame or exclusion that prevented them from accessing services, and caregivers
who experienced blame or disrespect at the vaccination facility were the least likely to
return. Caregivers in the DRC and Nigeria reported having to pay illicit fees for vaccine
services or cards, and transport costs, which resulted in some caregivers being unable to
afford services. In the DRC these illicit fees were the consequence of health workers being
unpaid; in Nigeria they were explained as necessary to run an underfunded system. Many
caregivers reported being unable to overcome at least one cost-related barrier, whether the
service fees, costs of transportation to reach the facility, or opportunity costs of leaving paid
or unpaid work. In Nigeria, financial and non-financial incentives were given by partners to
caregivers, to cover the opportunity cost and transport costs. In the DRC many respondents
reported that they had appreciated receiving nutritional and other non-cash incentives in
the past, and had lost trust in the health system when those incentives were ended. Cost
barriers were most challenging for caregivers of zero-dose children and intersected with
gender and other access barriers to limit vaccination (see Table 2 for caregiver personas
used during the co-creation workshops to illustrate these intersections).

Negative beliefs or misinformation about vaccination or vaccines were rarely the sole
barrier to vaccination, although they did exist and interact with other barriers in a caregivers’
overall influencing environment, particularly for the caregivers of zero-dose children.
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Interviews highlighted the critical role of religious leaders in influencing decisions—either
towards or away from vaccines—in all countries. Our data suggest a lesser influence
of CHWs or community health volunteers, often because they themselves did not have
sufficient information on immunization services to counteract misinformation or provide
practical information. In all communities, they faced retention and motivation challenges
due to limited financing for community health, weakening their potential as a trusted link
to the health system.

3.2. Insufficient Accountability, Governance, and Financing Respectively Contribute to
Sub-Optimal Person-Centredness

At an institutional level, our findings indicated that the health systems faced multiple
design and implementation constraints to fully delivering pro-equity or people-centered
immunization and PHC services. Strategies to improve equity by aligning service design
and delivery to the needs and preferences of those at greatest risk of access barriers—such as
vaccination in communities (e.g., outreach or mobile vaccination services), expanded clinic
hours, and community mobilization activities—existed in policy and facilities’ operational
plans and budgets, but were sub-optimally implemented. The lack of person-centeredness
was most acute for caregivers and communities that were geographically inaccessible,
socially excluded, or faced financial access barriers. For example, many caregivers decided
not to seek vaccination services because of the long, difficult, or unsafe walks to health
centers, as well as long wait-times once there, and this was exacerbated among low-income
women and those who were socially isolated. Planned outreach vaccination sessions are
meant to overcome these barriers, but a theme across all three countries was dissatisfaction
with the low frequency of these services or not knowing when they would occur. When
community-based or outreach services were implemented, they were implemented in com-
munities close to the health facility, as health workers faced their own challenges—financial
or logistical—in reaching remote communities.

Respondents in all countries described insufficient or poorly planned and managed
immunization and PHC budgets, which led to insufficient operational funds to implement
these strategies. Triangulation of data across multiple levels of the health system identi-
fied the root causes of weak governance and accountability, insufficient and fragmented
financial resources, and weak leadership and management capability. Poor resource gen-
eration, allocation, and management, thus, most affected communities that already faced
access barriers to immunization services. In Mozambique and Nigeria, national policies
supporting integrated health services were sub-optimally implemented due to insufficient
and fragmented finances stemming from weak governance. In all countries there was a
recognition that certain remote or migrant communities were missed entirely with health
and social services, and that no mechanism existed to identify these communities and link
them to services.

Current or previous experience with vaccine stockouts weakened caregivers’ trust
in vaccination services. Many zero-dose children in the DRC were unvaccinated due
to an ongoing shortage of BCG vaccines; the likelihood of a caregiver returning again
after a missed opportunity for vaccination depended on the intersection of other barriers.
Sub-optimal health worker motivation and performance was an important barrier to
vaccination in all countries, ranging from absenteeism that led to missed opportunities
for vaccination, to disrespectful care, to poor clinical quality of care. Caregiver reports of
service quality varied across interviewees, but we noted that mothers of under-vaccinated
children were likely to report poor service experience as a reason for not returning for
additional doses. This included perceptions that sub-optimal clinical quality resulted in
common side effects, such as swelling or sores at the vaccination site. As noted above,
health workers themselves experienced institutional inequality and disempowerment.
Despite these conditions, and as noted elsewhere, many health workers and other health
system staff noted their commitment and intrinsic motivation to their roles [26].
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3.3. Local Solutions Address Power Imbalances

Local co-creation workshops succeeded in reconceptualizing the problem of no im-
munization and under-immunization among participants, by presenting challenges from
caregivers’ or healthcare workers’ perspectives. The exercise challenged each participant to
empathize with caregivers and healthcare workers by better understanding the barriers
they face in getting children vaccinated. By facilitating group discussions with caregivers
and health workers, it allowed all community and health system participants in the work-
shop to work together to identify how they were responsible in supporting caregivers
to overcome barriers. It was a new experience for all participants to be brought into a
workshop where district, health facility, community leaders, and caregivers were invited as
equals. In the DRC and Mozambique, district and provincial stakeholders expressed that
the workshops were enlightening, and their perspectives changed about mothers related to
the barriers they face and their agency in overcoming them.

Community-level participants from all countries expressed excitement at how they
could support caregivers in getting their children to the health center. Solutions that
emerged from the workshop included forming walking groups of caregivers to travel
together to health facilities (Mozambique), husbands helping with transport (Mozam-
bique) or childcare (Nigeria), and championship by community and religious leaders,
who themselves are supported with training and information (DRC and Mozambique).
These solutions suggest that participants were motivated by feelings of social cohesion. All
co-creation workshops also proposed better implementation of existing solutions, such as
outreach vaccination. Health system participants often uncovered new knowledge about
financing challenges between levels of the health system that inhibited their ability to better
support healthcare workers in adhering to their facility’s immunization goals or implement
outreach activities. Multiple solutions reflected ideas of people-centered care and improved
service experience, such as joint planning for outreach services across health programs to
better reach remote communities, integrated delivery of all child health services at facilities,
reducing waiting times, and expanded service hours.

4. Discussion

The drivers of vaccination, identified through this study, are consistent with other
studies, but we provide a new way of reconceptualizing them through HCD and intersec-
tional lenses. Viewed through a caregivers’ perspective, each individual has a unique set of
social, institutional, and structural circumstances that intersect and interact to constrain or
enable her options and outcomes. As Crenshaw argued when she proposed the intersec-
tionality theory [27], it is limiting to group caregivers into binary categories, such as race or
gender or to attribute a single characteristic—such as religion, education, or wealth—to
explain immunization inequalities. A complete understanding of the drivers of inequality
requires analyzing the joint influence of multiple factors related to the individual, as well
as the health system and greater structural context. Our study used qualitative interviews
guided by an HCD mindset to identify the lived experiences, challenges, and needs of
caregivers of un- and under-vaccinated children. Presentation of their stories in community-
level workshops built empathy and enabled co-design of locally relevant solutions that
addressed the needs and preferences of caregivers. Some of the solutions were novel to
the researchers, such as community walking groups, but many were in fact the improved
implementation of existing strategies, such as outreach vaccination. As a project with the
goal of overcoming entrenched obstacles to immunization equity, the resulting solutions
guided our choice of activities and their design, with a focus on strengthening the local
capacity for gender integration, strengthening community partnerships, and addressing
root causes of sub-optimal service experience.

Our empirical data demonstrated the lack of person-centeredness or alignment of
immunization programs with client needs, particularly for caregivers and communities
facing multiple intersecting vulnerabilities.
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Despite the many pro-equity strategies that exist and are budgeted and planned
for [28], very few were actually implemented due to financial resource constraints at
the operational level stemming from weak accountability and governance. We note that
strategies to reach zero-dose children likely cost more, and that at the operational level,
vaccinating individuals and communities at a higher risk of morbidity and mortality
should be prioritized [29]. With the increased global investment in pro-equity strategies
to reach zero-dose children and missed communities, we note the importance of also
strengthening accountability for implementation and stronger health system governance
and management.

Another root cause of the lack of people-centeredness stems from the way in which
power structures are entrenched in health systems. On an interpersonal level, this can
result in inconvenient or disrespectful services, but on an institutional level, results in weak
accountability and insufficient resources to improve access, quality and experience. We
saw evidence that stakeholders at operational and community levels were interested in
and committed to taking actions to support caregivers to access vaccination, ensure the
implementation of outreach vaccination services, and improve the overall convenience
of services. Will they succeed? We believe this is the level where efforts to reorient
PHC around user needs can have the most traction, although tangible pathways towards
improved empathy and person-centeredness exist also at planning, policy and funding
levels. Policies and programs can invest in or encourage approaches that are gender
responsive, people-centered, integrate HCD and intersectional lenses, and explicitly address
institutional and structural root causes. For example, tools for operational planning, such
as integrated microplans, can be revised to ensure identification of the barriers and needs
of the hardest-to-reach, and can engage caregivers and communities in the identification
of solutions. Technical partners, such as our project, can catalyze the engagement of non-
traditional partners to fill resource gaps needed to implement pro-equity strategies (e.g.,
local businesses) and ensure accurate sharing of information from trusted voices (e.g.,
religious leaders). Policymakers and external funders can support efforts to integrate the
delivery of all PHC services for improved efficiency and client satisfaction, address human
resource motivation, and improve management skills.

4.1. Comparison with Other Research

This study identified similar determinants of vaccine inequality as has been observed
across other qualitative and quantitative research on drivers of immunization coverage and
equity, including access, cost, health systems readiness, gender-related barriers, vaccine
supply, fear of side effects, community engagement, lack of knowledge, and provider
absenteeism [3–5,10]. Our study contributes to this literature by identifying the relation-
ships among these barriers and how those interactions contribute to no vaccination or
under-vaccination. As noted in the recent systematic review of vaccination barriers by
Kaufman [7], less than half of all global studies report barriers across all determinants of vac-
cination, but our study was designed to holistically and comprehensively explore barriers
from the perspective of caregivers. A handful of published studies use HCD approaches to
study vaccination barriers and solutions, including ones from Mozambique [19], India [30],
and the Philippines [31]. The Mozambique study identified similar patterns of barriers
to vaccination, including the role of gender barriers and power imbalances with health
workers. Cross-national quantitative analyses of household survey data show that immu-
nization inequalities are associated with household wealth and maternal education [6], and
that the prevalence of zero-dose children is associated with gender inequality [8], birth
order, birth weight, maternal education, maternal occupation, household wealth, and the
number of antenatal care visits [9].

4.2. Limitations

Our study had some limitations related to the design and implementation. The
intentional selection of study units with high proportions of zero-dose children means that
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our findings are not necessarily representative of the countries, or even states/provinces
within the countries, and these findings should not be interpreted to represent the most
common or typical barriers to vaccination, but rather the barriers faced by those most
excluded from access to quality immunization services. Because we sought to tailor the
study design for the context of each country, comparing or synthesizing the findings across
countries should be treated with caution. We did not originally design the study with the
intersectionality lens in mind, and as such, we missed the opportunity to explore specific
intersections and interactions during data collection. We were able to identify and interview
caregivers of zero-dose children in most study settings, but not the Edo province in Nigeria.
Similarly, the study was not implemented in regions with refugees, displacement, or
conflict-affected populations, which we know face many barriers to vaccination. We
designed the study to be implemented rapidly to inform timely program design, but the
short duration of the data collection period limited the number of respondents interviewed
in each community, which may mean the findings are biased. In Nigeria, we used FGDs
instead of in-depth interviews with caregivers and community members to optimize the
limited time available, but FGDs may have consequences on the type of information shared,
particularly for sensitive information. Similarly, because we prioritized the ability to
validate most findings in co-creation workshops immediately following data collection, we
did not have time to analyze quantitative data during the rapid study period.

5. Conclusions

This qualitative study presents drivers of immunization inequality from the per-
spectives of caregivers, who face multiple, often compounding, barriers related to social,
institutional, and structural dynamics. Applying HCD and intersectional approaches
highlights the little agency caregivers face in their journeys to vaccinate their children,
and how vaccination and PHC services are not designed with their needs in mind. We
found that caregivers who face the greatest number of barriers to accessing and receiv-
ing quality immunization services tend to face a double burden of living in communities
where outreach vaccination strategies are unimplemented due to weak governance and
accountability. Based on our experiences, implementing this study and our observation
that it was feasible to build empathy and co-design solutions with caregivers, communities,
and health system actors, we recommend the integration of HCD and intersectionality
approaches and tools in immunization research and programs. Immunization and PHC
professionals at all levels can take simple steps to integrate HCD and intersectionality into
their planning, management, and implementation processes, such as:

• As part of routine coverage and equity analyses that many countries undertake [32],
select qualitative methods that engage directly with caregivers and communities and
work with them to identify locally relevant solutions.

• Revise existing planning processes (e.g., annual planning processes, funding applica-
tions) and tools (e.g., microplanning tools, supervision checklists) to provide guidance
or requirements related to gender integration, engaging communities, and addressing
root causes of sub-optimal implementation.

• Invest in strengthening skills and culture related to gender, intersectionality, and HCD
among immunization stakeholders to ensure strategies, activities, and interventions
address the needs of the most vulnerable caregivers and families.

• Encourage donors, such as Gavi, to target investments towards interventions that are
gender-responsive or transformative, towards activities that are designed to reach
caregivers and communities furthest from health justice, and towards supporting
larger health systems and governance reforms that improve the availability, quality,
and convenience of people-centered PHC approaches.

• Encourage and fund research and evaluation of the effectiveness and equity consequences
of existing and new interventions to reach zero-dose children and missed communi-
ties [28], and on how to overcome entrenched obstacles related to their implementation.
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We found that the power of local knowledge must be leveraged as a catalyst for all of
these steps.
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Abstract: In the context of the WHO’s measles and rubella elimination targets and European Im-
munization Agenda 2030, this large cross-sectional study aimed to identify inequalities in measles
vaccination coverage in Wales, UK. The vaccination status of individuals aged 2 to 25 years of age,
alive and resident in Wales as of 31 August 2021, was ascertained through linkage of the National
Community Child Health Database and primary care data. A series of predictor variables were
derived from five national datasets and all analysis was carried out in the Secure Anonymised
Information Linkage Databank at Swansea University. In these 648,895 individuals, coverage of the
first dose of measles-containing vaccine (due at 12–13 months of age) was 97.1%, and coverage of the
second dose (due at 3 years and 4 months) in 4 to 25-year-olds was 93.8%. In multivariable analysis,
excluding 0.7% with known refusal, the strongest association with being unvaccinated was birth
order (families with six or more children) and being born outside of the UK. Living in a deprived
area, being eligible for free school meals, a lower level of maternal education, and having a recorded
language other than English or Welsh were also associated with lower coverage. Some of these factors
may also be associated with refusal. This knowledge can be used to target future interventions and
prioritise areas for catch up in a time of limited resource.

Keywords: vaccination; immunisation; socioeconomic factors; measles; MMR; measles, mumps and
rubella vaccine

1. Introduction

The 2012 WHO Global Measles and Rubella Strategic Plan outlined the aim to achieve
elimination of measles and rubella in at least five of the six WHO regions by the end
of 2020 [1]. In 2018, the UK lost its measles elimination status, and since 2020 endemic
transmission remains re-established [2]. Although there has not been a confirmed case of
rubella in Wales (one of the four nations of the UK) since 2010, there have been regular and
sometimes large outbreaks of measles [3–5]. A milestone achievement in the 2012 strategy
was to ensure countries have at least a 95% uptake of two routine doses of measles- and
rubella-containing vaccine by 2020. In line with these aims, the Wales Measles Elimination
Task Group Action Plan 2019–2021 specifically highlighted the importance of increasing
measles, mumps and rubella (MMR) vaccination coverage in young people [6].

Public Health Wales has produced COVER (Coverage of Vaccination Evaluated
Rapidly) reports for over 30 years [7]. These reports present uptake of all routine childhood
immunisations up to 16 years of age. These figures are fed back to vaccination providers to
guide service improvements and requirements for catch-up. Data for these reports come
from the National Community Child Health Database (NCCHD), which is a population
register of all children in Wales registered with the National Health Service (NHS). Primary
care doctors and nurses, school nurses and immunisation teams administering vaccines
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send completed vaccination forms to their health board child health office, detailing vacci-
nations that have been given. This information is then entered into the health board child
health database, with the records extracted on a monthly basis and combined to form the
NCCHD. The first dose of MMR is due at 12–13 months of age with a second routine dose
at 3 years and 4 months, before school entry. Vaccination status checks are encouraged
at routine primary care appointments, on entry to primary and secondary school, and
alongside administration of teenage immunisations.

Routine reporting in Wales has shown that national coverage of one dose of MMR
reported at two years of age has ranged between 86% and 98% over the last 20 years, whilst
coverage of two doses at five years of age has varied between 71% and 94% [7]. Currently
coverage is generally high; however, coverage in teenagers is lower and varies by region.
Coverage in those aged older than 16 years is not routinely reported due to archiving of
NCCHD data around this age. At an ecological level, there is lower vaccine uptake in more
deprived areas compared to less deprived areas across all age groups [8]. Equitable access
and coverage of vaccinations has been highlighted in the WHO European Immunization
Agenda 2030 [9]. Socioeconomic factors are often associated with vaccination coverage
for routine childhood immunisations. In developed countries, areas experiencing poverty,
families that have a lower income, parents with a lower level of education and those
experiencing unemployment are generally associated with lower vaccine uptake [10,11].
In contrast, higher education status [12] and higher income [13] have also been shown
to be associated with lower uptake of vaccines in some populations. The association
between poverty and low vaccine coverage is also seen in many low and middle income
countries [14]. Vaccination coverage also appears to be lower in children resident in large or
single parent households [11,15,16]. Demographic factors such as ethnicity, age of mother,
country of birth, religion and gender have also been shown to be predictors of vaccination
status [14,17–20].

Large ecological studies looking at routine childhood immunisations are still rare, and
specific reasons for low uptake in Wales have not been previously explored. In this study
we used data linkage of national datasets to identify factors associated with lower coverage
of measles-containing vaccine, with the aim that this knowledge can be used to investigate
what the barriers are for uptake of vaccination, develop interventions and prioritise areas
for catch-up in a time of limited resources.

2. Materials and Methods

Analyses were completed within the Secure Anonymised Information Linkage (SAIL)
Databank held at Swansea University [21]. A cohort of individuals aged 2 to 25 years of age,
alive and resident in Wales as of 31 August 2021, was created using the Welsh Demographic
Service Dataset. Individuals who do not have a record in the NCCHD or were registered to
a GP that does not submit data to SAIL were excluded. Approximately 80% of GP practices
in Wales submit data to SAIL [22].

Measles vaccination status was assigned using an extract from the NCCHD, supple-
mented by Read coded vaccination status data from primary care GPs. MMR, measles and
rubella (MR) and single antigen measles vaccination were all considered valid vaccinations
in this analysis. In line with UK guidance, the first dose of vaccine had to have been given
at 12 months of age or later with the second dose given at least one month after the first at
15 months of age or later [23].

A series of independent variables were identified to test for association with vac-
cination coverage. Gender, age as of 31 August 2021, month of birth, mothers’ age at
birth, health board of residence, and age first moved to Wales were taken from the Welsh
Demographic Service Dataset. Urban/rural classification and deprivation quintile of resi-
dence were derived as described previously [24]. Broad ethnic group was derived from the
Office for National Statistics 2011 census, with information taken from the Education Wales
Schools and Pupils Dataset or primary care GP record, if census data were unavailable.
Total number of primary care visits in the 1 September 2020 to 31 August 2021 year and age
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first registered with a primary care GP in Wales were calculated using data from primary
care GPs, and flags were derived for learning disability, diagnosed sight loss and hearing
loss based on published primary care Read code sets [25,26]. Mothers’ unique identifier,
birth order, maternal smoker flag and premature status (born before 37 weeks’ gestation)
were taken from the NCCHD. A flag for ever being eligible for free school meals, attendance
at a special school or ever being excluded from school was taken from the Education Wales
Schools and Pupils Dataset. Information on mothers’ highest qualification was taken from
the 2011 census. Religion was as recorded in census data, otherwise as recorded in data
from primary care GPs. Where there were contradicting values, the most recent record
was kept. Mothers’ religion was used as default; otherwise, where this was missing, the
child’s recorded religion was used. Country of birth (COB) was derived from the Office for
National Statistics Annual District Birth Extract. If a child was born in Wales they appear in
this data; otherwise, this information was taken from the 2011 census or data from primary
care GPs. Where a child’s COB was unknown, mother’s COB was used. Mother and child’s
recorded language was taken from census data, and where this was unavailable, language
data from primary care GPs was used. If this information was not recorded in either dataset
but they were born in Wales it was assumed English/Welsh was a primary language. A
Charlson Comorbidity Index score was created using data from primary care GPs based on
published Read code sets [27]. Previous vaccinations (three doses of pertussis-containing
vaccine, one of pneumococcal vaccine and two of rotavirus vaccine) as outlined in the UK
schedule were derived using the same methods used for measles-containing vaccine.

The odds of being vaccinated with one and two doses of measles-containing vaccine
were calculated, with independent variables considered significant at the 0.05 level. In a
multivariable analysis of those aged 4 to 25 years, records with missing information were
dropped. The maternal smoker flag was dropped due to a high proportion of missing
data. Mothers’ recorded language and age first moved to Wales were excluded from
the multivariable model due to co-linearity with child’s recorded language and age first
registered with a Wales GP, respectively. The final model was constructed stepwise in order
of strength of association as indicated by the univariable analysis; variables which did not
improve the Akaike Information Criterion score were dropped.

Unvaccinated individuals with a vaccine refusal Read code (68NY., 68NB., 68NP.,
68NR., 68Nb., 68Na., 8I3x., 68N6., 68NM.) on their GP record were excluded from the
equality analysis and described separately.

3. Results

3.1. Coverage of Measles-Containing Vaccine in the Study Population

There were 795,734 individuals aged 2 to 25 years of age, alive and resident in Wales
as of 31 August 2021. Of these, 35,254 did not have a record in the NCCHD and a further
111,585 were not registered with a GP who submits data to the SAIL Databank. Using
NCCHD data only, coverage of one dose of measles-containing vaccine in these 648,895
remaining individuals was 96.2% and coverage of two doses in those aged 4 to 25 years
of age was 92.0%. After reconciling with GP data, coverage increased to 97.1% for one
dose and 93.8% for two doses (Figure 1). Of those who were vaccinated, 1620 had received
measles-containing vaccines other than MMR for their first dose and 2781 had received
measles-containing vaccines other than MMR for their second dose. The majority of non-
MMR measles vaccines were given to those aged 15 to 21 years (with the highest proportion
received by 20-year-olds, 1.3%). The proportion of all measles vaccines received that were
non-MMR was under 0.5% in all other age groups.
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Figure 1. Coverage of one (a) and two (b) doses of measles-containing vaccine in those aged 2 to
25 years of age, alive and resident in Wales as of 31 August 2021. The improvement in coverage from
reconciling the National Community Child Health Database and primary care GP data is also shown.

3.2. Determinants of Measles Vaccination Coverage

After exclusion of 4688 individuals with vaccine refusal codes, there were 644,207 individuals
aged 2 to 25 years in the equity study population. In a univariable analyses, month of
birth was the only variable that was not significantly associated with vaccination uptake
of either dose. Having had previous vaccinations was strongly associated with having
had at least one dose of measles-containing vaccine; OR 177.45 (95% CI 162.99–193.60) for
pneumococcal vaccine, OR 100.25 (95% CI 96.52–104.14) for three doses of pertussis vaccine
and OR 27.60 (95% CI 25.82–29.50) for two doses of rotavirus vaccine.

Age first registered with a primary care GP in Wales was most strongly associated
with vaccine coverage, with those first registering at secondary school age (12 to 16 years of
age) least likely to be recorded as vaccinated, compared to those born in Wales. Those born
outside of the UK were less likely to be vaccinated, OR 0.07 (95% CI 0.06–0.07) for one dose.
For groups with at least 100 persons, coverage of one dose was under 80% in those born in
Romania, Bulgaria, Syria, Lithuania, Turkey, Slovakia, Czech Republic, Nigeria, Zimbabwe,
Iraq, South Africa and Asia (not otherwise specified). Coverage was also higher in those
who had English or Welsh recorded as a language, OR 8.45 (95% CI 7.88–9.06) for one dose.
For groups with at least 100 persons, coverage of one dose was under 80% in those recorded
as speaking Bulgarian, Romanian, Lithuanian, Russian, Hungarian, Slovak, Italian and
Spanish. There was also association with ethnicity and coverage, with those who were in
a combined Black, Asian, Mixed or other ethnic group having lower coverage than those
in the combined White ethnic group. In the univariable analysis those with a recorded
religion of Buddhism, Islam, Pagan or other religions were less likely to be vaccinated than
those who stated they had no religion.

Females were more likely to be vaccinated than males, OR 1.09 (95% CI 1.05–1.12)
for one dose. Mothers who were older (36 years and over) and younger (under 17) when
giving birth were less likely to have children who were vaccinated, as well as those born
in to families with more children (OR 0.16 95% CI 0.14–0.18 if sixth or greater compared
to first born). There was variation by health board and deprivation quintile of residence,
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with vaccination less likely in more deprived areas. Coverage was also lower in urban
areas, compared to rural areas, OR 0.74 (95% CI 0.71–0.77) for one dose. Those who have
ever been eligible for free school meals were less likely to be vaccinated, OR 0.86 (95% CI
0.82–0.89) as well as those who were born to mothers who smoked during pregnancy (OR
0.76 95% CI 0.69–0.84) and mothers who had no qualifications compared to those with at
least GCSE qualifications. People were less likely to be vaccinated with two doses if they
had a school exclusion record (OR 0.76 95% CI 0.72–0.80), although this association was not
seen with one dose. This association was stronger for those with a permanent exclusion
record compared to a temporary exclusion record.

There was no association with vaccination and premature birth for dose one but
coverage of two doses was significantly lower, OR 0.92 (95% CI 0.87–0.97). Those who
consulted with their GP at least once between 1 September 2020 and 31 August 2021 were
more likely to be vaccinated, and coverage was significantly higher in those with recorded
comorbidities. Those with chronic pulmonary disease, renal disease and uncomplicated
diabetes were significantly more likely to be vaccinated, and those with liver disease, peptic
ulcer and rheumatic disease were significantly less likely to be vaccinated. Coverage of
at least one dose in those with hearing loss or sight loss was higher than the rest of the
study population; coverage of two doses in those with sight loss was not significantly
different. Coverage of two doses in those with a learning disability was lower than the
general population, OR 0.62 (95% CI 0.55–0.71), although there was no difference for one
dose. Those who attend, or have attended, a special school had lower coverage of one and
two doses.

The univariable analyses including the full cohort can be found in Supplementary Table S1.
The variables included in the final model are presented in Table 1. The cohort was

restricted to those aged 4 to 25 years without missing information across all variables, pro-
ducing a study population of 419,405. This restricted cohort had higher vaccine coverage
overall, and led to some notably different estimates in the univariable analyses. Although
having a comorbidity score of one was associated with higher vaccination coverage com-
pared to those with no comorbidities, those with a score of three or more were less likely
to be vaccinated in the restricted cohort. Also, younger mothers (aged under 17) in the
restricted cohort were more likely to have vaccinated children compared to the univariable
analysis in the full cohort, which showed they were less likely.

In the multivariable analysis, after controlling for other factors, the strongest associ-
ation with vaccination uptake was birth order (OR 0.21 95% CI 0.17–0.26 for one dose if
sixth or greater compared to first born) and being born outside of the UK (OR 0.21 95% CI
0.18–0.25 for one dose). Living in a more deprived area of residence was still associated
with lower coverage but the association was not as strong. The association with recorded
language, free school meal eligibility and mothers’ highest qualification was also slightly
reduced. Having a comorbidity score of 3 or more was no longer significant. However, the
biggest difference was seen in ethnicity, where those in the combined Asian ethnic group
were more likely to be vaccinated with at least one and two doses after controlling for other
factors (OR 1.58 (95% CI 1.27–1.97) for at least one dose), and those in the combined Black
ethnic group were no longer significantly less likely to be vaccinated. Differences were also
seen in those who had recorded religion of Islam, who were more likely to be vaccinated
with one and two doses after controlling for other factors (OR 1.45 (95% CI 1.13–1.87) for at
least one dose).
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3.3. Individuals Refusing Measles Vaccination

A total of 4688 individuals aged 2 to 25 years had a vaccine refusal code on their
GP record (0.7% of the full study population). Of these, 1814 had received one dose of
measles-containing vaccine but not two. The proportion of recorded refusals were highest
in those aged 2 and 3 years (over 1.0%).

In a univariable analysis comparing individuals who had received one dose of measles-
containing vaccine, with those who had a vaccine refusal code; those resident in urban
areas were more likely to be vaccinated than have a refusal code compared to those resident
in rural areas (OR 1.51 95% CI 1.40–1.63). Additionally, those with a recorded language of
English or Welsh were more likely to be vaccinated (OR 1.53 95% CI 1.27–1.81), as well as
those in less deprived areas compared to more deprived areas (OR 1.19 95% CI 1.06–1.35).
Children born to mothers who were over 30 years of age were less likely to be vaccinated
than have a refusal code, compared to those aged 26–30 years (OR 0.54 95% CI 0.46–0.62
for mothers aged over 40), as well as those with more siblings (OR 0.31 95% CI 0.24–0.40 if
sixth or greater compared to first born) and those eligible for free school meals (OR 0.83
95% CI 0.76–0.91). Having a recorded religion of Buddhism (OR 0.27 95% CI 0.17–0.44) or
Paganism (OR suppressed due to small numbers) was associated with being less likely to
be vaccinated than have a refusal code, compared to those with no religion, whereas having
a recorded religion of Christian was associated with being more likely to be vaccinated
(OR 1.22 95% CI 1.11–1.34). Those in the combined Asian ethnic group were more likely
to be vaccinated compared to those in the combined White ethnic group (OR 2.21 95% CI
1.57–3.24), whereas those in the combined Black ethnic group (OR 0.65 95% CI 0.45–0.98) or
combined Mixed ethnic group (OR 0.70 95% CI 0.57–0.87) were less likely to be vaccinated
than have a refusal code.

4. Discussion

Measles vaccination uptake in this cohort of children and young adults in Wales is
reassuringly high, with coverage of one dose over 95% in all NHS-registered children aged
2 to 25 years. However, potential remains for outbreaks of measles where unvaccinated
individuals are clustered. All routine childhood vaccinations in Wales should be recorded
in the child health system until 16 years of age to manage appointment call and re-call
and enable accurate reporting. However, we have seen that administrative records are
not always correct, and reconciling multiple data systems may help improve accuracy.
Despite high coverage, minor improvements in some age groups may be the difference
between reaching the 95% coverage target or not. Although the oldest individuals in this
analysis would have been scheduled for vaccination in the latter years of the decline in
MMR uptake seen following the Wakefield scandal, coverage appears high. However, the
young adults who were young children at the time of the negative publicity might explain
some of the significantly reduced odds of vaccination in those aged 19 years and older. This
analysis may also exclude a number of individuals who are not registered with the NHS,
and therefore not included in the datasets used to produce these figures.

MMR coverage is frequently reported as a measure of the proportion of the population
protected from measles infection. These analyses have identified that over 4000 single (or
duel MR) antigen measles doses had been received by those in the study cohort. However,
the receipt of non-MMR vaccines has decreased in younger age groups. Some of these
records may be miscoded and validation of the type of vaccination received would be
necessary to have accurate records of which viruses individuals are protected against.

A small proportion of the study population (0.7%) had a GP Read code indicating
measles vaccine refusal. A higher proportion of those in younger age groups had a refusal
code, which could be an indication of a recent increase in vaccine hesitancy. However, this
trend could also be due to improvement in coding over time. Although this study tries
to focus on factors associated with low coverage in those who have not actively refused
vaccination, there is suggestion of variation in refusal by different characteristics, some
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of which, such as residing in rural areas, appear to be associated with refusal but not
other reasons for being unvaccinated. Monitoring refusals would be beneficial to highlight
any concerns or mistrust as early as possible [28]. The USA has seen a recent increase in
exemptions for MMR vaccine due to religious, philosophical or personal reasons, which
may be contributing to a resurgence in cases [29].

Excluding those with known refusal, we have seen that inequitable coverage is par-
ticularly prevalent in households with more children and for those born outside of the
UK. Living in a deprived area, being eligible for free school meals, lower level of maternal
education, and having a recorded language other than English or Welsh were also asso-
ciated with lower coverage. These factors are similar to those mentioned in previously
published literature [10,12,15,30]. Lower coverage persists in deprived urban areas, and
factors relating to deprivation are complex and hard to separate out.

Evidence from this study is useful to develop tailored interventions; for example,
community health care visits [31], which in this case could be prioritised for large house-
holds with multiple unvaccinated children, or joint scheduling for siblings that require
catch-up. Having had previous vaccines meant there was a higher chance of having had
measles-containing vaccine, suggesting it may be efficient for catch-up campaigns to tar-
get more than one vaccine programme. Improving accessibility of resources and using
tailored public health messaging may reduce inequities [32]. In addition, using the WHO
Tailoring Immunisation Programmes approach can help us understand specific barriers in
communities identified as having lower coverage [33,34].

A recent review has suggested migrants are half as likely to be vaccinated compared to
non-migrants [35]. Challenges specifically relating to migrants who have transited through
a number of countries, and refugees, include lack of information on vaccination status at
arrival, fear of registration with medical authorities and lack of coordination between public
health authorities of neighbouring countries [36]. It is likely that recording of immunisations
in those who were on vaccination schedules different to the UK is difficult and parents
often do not have evidence of their child’s previous vaccinations, which makes entering
dates into the system, and scheduling further doses, challenging. UK guidance indicates
restarting a vaccine course if vaccination history is uncertain [37]. Tailoring immunisation
services to ensure there are no language barriers when carrying out vaccination status
checks and ensuring flexible systems for recording immunisations from overseas could be
beneficial. Low vaccination coverage in Eastern European communities has been linked
to measles outbreaks in the UK, with language, literacy and trust of health care providers
identified as potential barriers [38]. Building trusting relationships with minority groups
such as Gypsies, Travellers and Roma may also improve utilisation of health care services
including uptake of vaccination [39].

There are limitations to this study. Some individuals will not be registered with NHS
health services, and those who do not have a NCCHD record were excluded, which will
affect those who first resided in Wales after 16 years of age. Additionally, some vaccinations
recorded in primary care GP data, but not on the NCCHD record, for older ages may
be due to catch-up immunisations given more recently. There is the possibility of ‘ghost
records’ for those who have moved away and not notified the system. The multivariable
analysis was restricted to those without missing information, which disproportionately
affected some groups. This analysis would exclude those families who moved to Wales
since 2011 when the census took place, as variables such as mothers’ highest education
level were derived from census data only. The higher vaccine coverage and reduction in
effects that were seen in the multivariable analysis may therefore be due to this restricted
cohort only including those who have been settled in Wales for a longer time period. It is
challenging to draw conclusions around those factors, which showed different associations
in the univariable analyses when using the full and restricted study population, including
comorbidities and mothers’ age. Additionally, some data may not reflect the current status
of an individual as it may be out of date. This includes information taken from the 2011
census and information on language, as even if a language other than English or Welsh
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is recorded, a person could be bilingual or have sufficient understanding of English or
Welsh to access services and make an informed decision around vaccination. However,
this analysis is still a useful indicator to highlight areas at risk of outbreaks and where
coverage could be improved. This is a large population study that has been able to provide
new evidence on a number of characteristics associated with measles vaccination coverage
in Wales.

Reducing inequalities in vaccination coverage remains key for preventing measles
outbreaks and reaching the WHO measles elimination targets [1]. Disruption to routine
vaccine schedules during the COVID-19 pandemic may have exacerbated the inequalities
reported here, making the need for catch-up activities even more pressing [40]. Reported
measles cases in Europe decreased from mid-2020 [41], but now that travel restrictions have
been fully lifted, the likelihood of a resurgence in cases is high and identifying/reducing
inequalities in vaccine coverage should remain a priority.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/vaccines11030680/s1, Table S1: Uptake of one or two doses of
measles-containing vaccine in those aged 4 to 25 years alive and resident in Wales as of 31 August
2021, without a vaccine refusal code, by individual characteristics. Univariable Odds Ratios and 95%
Confidence Intervals are also presented. Groups with uptake under 95% are indicated with bold text.
Analysis is presented for the whole study cohort.
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Abstract: Background: The third round of the global pulse survey demonstrated that the abrupt
and rapid progression of the COVID-19 pandemic significantly disrupted childhood immunization
in many countries. Although Cameroon has reported over 120,000 COVID-19 cases, the reported
national childhood vaccination coverage during the pandemic seems to have increased compared to
that during the pre-COVID-19 period. Indeed, the first dose of the diphtheria, tetanus, and pertussis-
containing vaccine (DTP-1) coverage increased from 85.4% in 2019 to 87.7% in 2020, and DTP-3
coverage increased from 79.5% in 2019 to 81.2% in 2020. The paucity of literature on the impact of
COVID-19 on childhood vaccination in COVID-19 hotspot regions poses a challenge in developing a
context-specific immunization recovery plan, hence the need to conduct this study. Methodology: We
conducted a cross-sectional study using 2019 (pre-pandemic period) and 2020 (pandemic period) dis-
trict childhood immunization data from the DHIS-2 database, weighted using completeness for each
data entry against regional data completeness in 2020. Based on COVID-19 incidence, two hotspot
regions were selected, with all districts (56/56) included in the final analysis. The Chi-square test
was used to compare DTP-1 and DTP-3 coverage during the pre-pandemic and pandemic periods.
Results: In the two hotspot regions, 8247 children missed DTP-1, and 12,896 children did not receive
DTP-3 vaccines in the pandemic period compared to the results from the pre-pandemic period. Indeed,
there was a significant drop in DTP-1 and DTP-3 coverage of 0.8% (p = 0.0002) and 3.1% (p = 0.0003),
respectively, in the Littoral Region. Moreover, the Centre Region reported a 5.7% (p < 0.0001) and
7.6% (p < 0.0001) drop in DTP-1 and DTP-3 coverage, respectively. Most districts in the hotspot
regions reported a decline in childhood immunization access (62.5%) and utilization (71.4%). Indeed,
in the Littoral Region, 46% (11/24) and 58% (14/24) of districts experienced decreased vaccination
access and utilization, respectively. Meanwhile, 75% (24/32) and 81% (26/32) of districts in the Centre
Region experienced a drop in vaccination access and utilization, respectively. Conclusion: This study
reported a situation where the national immunization indicators mask the impact of COVID-19 on
childhood immunization in heavily hit regions. Therefore, this study presents valuable information
for ensuring continuous vaccination service delivery during public health emergencies. The findings
could also contribute to developing an immunization recovery plan and informing policy on future
pandemic preparedness and response.
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1. Background

Complex emergencies and natural disasters are associated with outbreaks of infectious
diseases due to disruptions in health service delivery, including vaccination and nutri-
tion [1]. Although there is limited literature on the impact of pandemics on essential health
service delivery, the COVID-19 pandemic forced countries to observe social isolation, phys-
ical distancing, lockdowns, curfews, and quarantines. This may have posed a population
health risk similar to the case of complex emergencies and natural disasters. Since 2019, the
SARS-CoV-2 virus has rapidly spread from China, infecting over 650 million people, with
6.6 million deaths recorded globally as of 22 December 2022 [2].

The abrupt and rapid progression of the COVID-19 pandemic has caused significant
disruptions in essential health service delivery in many countries, reversing past efforts to
improve health indicators [3–5]. Indeed, according to the third round of the global pulse
survey on the continuity of essential health services during the COVID-19 pandemic, over
90% of countries reported a serious continuous disruption in the delivery of essential health
services [6]. Moreover, 53% of countries reported persistent disruptions in primary health
care, with about 40% experiencing increased backlogs during the second half of 2021 [6].
These disruptions are mainly due to decreased care seeking in 25% of countries, but also
unintended disruptions resulting from the lack of healthcare resources and intentional
service delivery modifications in one-third of surveyed countries [6]. Moreover, a systemic
review suggested a significant decline in vaccination coverage due to COVID-19, leading to
a four-fold increase in polio cases in polio-endemic countries [7]. According to the authors,
factors contributing to the observed decline include: fear of being exposed to the virus
at healthcare facilities, restriction on city-wide movements, a shortage of workers, and
diversion of resources from child health to address the pandemic, among others [7].

Cameroon, with an estimated population size of 27 million in 2022, has recorded
over 120,000 COVID-19 cases and about 2000 COVID-19-related deaths, yet the reported
national childhood routine vaccination coverage seems to have improved compared to the
pre-COVID-19 period [2]. For instance, the first dose of the diphtheria, tetanus, pertussis-
containing vaccine (DTP-1) coverage increased by almost 2 percentage points (pp), rising
from 85.4% in 2019 to 87.7% in 2020. Similarly, the third dose of DTP-containing vaccine
(DPT-3) increased from 79.5% in 2019 to 81.2% in 2020. The observed increase in cover-
age suggests an increased access to, and utilization of, vaccination services during the
COVID-19 pandemic [8]. This observation runs contrary to what has been reported by
previous studies, which all showed serious disruptions in regards to other essential health
system indicators. These authors reported serious disruptions in blood donation services,
utilization of radiology units, geriatric consultations, pediatric hospitalization, and HIV
service utilization, among others [9–15]. Another cross-sectional study assessed the impact
of COVID-19 on immunization services in a single hospital setting in Cameroon—posing a
problem for result generalizability [16]. In the current study we aimed to contribute by fill-
ing the existing knowledge gap concerning the impact of COVID-19 on routine childhood
immunizations in Cameroon, which might be critical in ensuring continuous vaccination
service delivery during public health emergencies. In addition, findings from this study
will provide salient recommendations that could contribute to developing the COVID-19
recovery plan and informing policy on future pandemic preparedness and response.

2. Methodology

2.1. Study Design and Setting

This cross-sectional study compared childhood routine immunization access and
utilization in the pre-pandemic period (2019) to the pandemic period (2020). The study
considered aggregated secondary district-level data on routine childhood immunization
from the District Health Information System (DHIS)-2. All districts found in the top
two COVID-19 hotspot regions were considered for analysis.
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2.2. Key Operational Definitions

In this study, childhood routine immunization access was measured using diphtheria,
pertussis, tetanus first dose (DTP-1) vaccination coverage as an indicator, while routine
immunization utilization was based on DTP-3 vaccination coverage, DTP-1 and DTP-3
were used as indicators to align with the Cameroon ministry of public health’s definitions
for vaccination access and utilization; thus allowing for result dissemination and use by
policy makers. Moreover, we defined COVID-19 hotspot regions as those with the highest
number of cumulative COVID-19 cases as of July 2022.

2.3. Sampling and Data Collection

Based on administrative data, the Littoral Region, with 32,995 COVID-19 cases repre-
senting 28.27% of national cumulative cases, and the Centre Region, with 36,506 COVID-19
cases representing 31.28% of national cumulative cases, were considered COVID-19 hotspot
regions, and were included in the study. The secondary data on annual district DTP-1 and
DTP-3 coverages in all districts in the two hotspot regions were extracted from DHIS-2
and prepared for analysis. A total of 56 of 189 health districts (29.6%) in Cameroon were
included in the study, notably 24 from the Littoral Region and 32 from the Centre Region.

2.4. Data Management and Analysis

The data were exported as a Microsoft Excel 2013 worksheet into R Statistical Soft-
ware (v4.1.2; R Core Team 2021) for statistical analysis. District vaccination coverage was
weighted using completeness of the data entry according to regional data completeness
in 2020. Data on regional and district data entry completeness reported in the DHIS-2
database (in percentages) was downloaded and cleaned, and the formulas below were used
to calculate the adjusted vaccine coverages.

Adjusted DTP − 1 coverage =
Regional data completeness
District data completeness

× DTP − 1 coverage (1)

Adjusted DTP − 3 coverage =
Regional data completeness
District data completeness

× DTP − 3 coverage (2)

Using the Chi-square test, we compared the adjusted DTP-1 and DTP-3 coverages in
2019 (pre-pandemic) and 2020 (pandemic). The 2020 data were considered the observed
outcome, and the 2019 data reflected the expected outcome in the analysis. A p-value < 0.05
was considered statistically significant.

2.5. Ethical Considerations

This study did not involve any individual-level data, so ethical clearance was not required.

3. Results

This study included annual DTP-1 and DTP-3 vaccination coverages from all districts
in the COVID-19 hotspot regions, representing one-third of districts (56/189) in Cameroon.
Based on the DHIS-2 data quality assessment tool, data completeness in the pre-pandemic
period was 96% and 100% in the Littoral and Centre regions, respectively. In addition, in
the pandemic period, data exhibited 91% and 94% completeness in the Littoral and Centre
regions, respectively.

Basing on these assumptions, our results unveiled a significant drop in vaccination
coverage of 3.3% and 5.4% in DTP-1 and DTP-3 coverages, respectively. As a result,
8247 children missed DTP-1, and 12,896 children did not receive DTP-3 vaccines in the
pandemic period compared to the results for pre-pandemic period in the two hotspot
regions. This is contrary to the trend in national data, as shown in Figures 1 and 2.
Additionally, most districts reported a decline in childhood immunization access (62.5%)
and utilization (71.4%), ranging from a drop of 0.1% to 43.7% in vaccination coverage.
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Figure 1. Change in DTP-1 and DTP-3 coverage in hotspot regions during the pandemic.

 

Figure 2. Number of children who missed vaccination in hotspot regions and contrasting national
gain in children vaccinated during the pandemic.

As presented in Tables 1 and 2, in the Littoral Region, 46% (11/24) of districts ex-
perienced a decreased vaccination access, which ranged from 2.6% to 29.4%. Moreover,
58% (14/24) of districts experienced decreased vaccine utilization, which ranged from
0.1% to 28.3%. The adjusted drop in vaccination coverage in the Littoral Region was 0.8%
(p = 0.0002) and 3.1% (p = 0.0003) for DTP-1 and DTP-3 vaccination coverages, respec-
tively. This implies that about 748 children missed DTP-1 vaccines, and 2898 children
the Littoral Region did not receive DTP-3 vaccines during the pandemic compared to the
pre-pandemic period.
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Table 1. DTP-1 coverage variations in the pre-pandemic and pandemic period in the Littoral Region.

District
2019

Weight
2019

Coverage

Adjusted
2019

Coverage

2020
Weight

2020
Coverage

Adjusted
2020

Coverage
Variation *

Adjusted
Variation *

Abo 0.98 131.3 128.2 1.12 107.8 120.7 −23.5 * −7.5 *
Bangue 1.08 88.2 95.0 1.06 91.4 97.3 3.2 2.3
Boko 0.93 49.1 45.8 0.91 47.3 43.2 −1.8 * −2.6 *
Bonassama 1.02 96 97.5 1.00 101.6 101.5 5.6 4.0
Cite Des Palmiers 1.18 101.3 119.6 1.13 81.6 92.2 −19.7 * −27.3 *
Deido 0.91 95.7 87.1 0.88 65.3 57.7 −30.4 * −29.4 *
Dibombari 0.97 101.7 98.5 0.92 135.6 124.9 33.9 26.4
Edea 1.04 76 79.1 1.12 82.5 92.8 6.5 13.7
Japoma 1.16 72.6 84.2 1.14 85.8 97.5 13.2 13.3
Logbaba 1.26 89.8 112.7 1.41 84.5 119.4 −5.3 * 6.7
Loum 0.98 119.5 117.2 0.98 116.5 113.6 −3 * −3.6 *
Manjo 1.15 86.9 99.8 1.12 74.5 83.4 −12.4 * −16.5 *
Manoka 2.43 15.4 37.4 1.04 23.8 24.8 8.4 −12.6 *
Mbanga 1.11 72.4 80.2 1.15 63.4 73.1 −9 * −7.0 *
Melong 0.97 100.4 97.8 1.10 88.8 97.8 −11.6 * 0.0
Ndom 1.07 45.1 48.1 1.39 43.4 60.5 −1.7 * 12.4
New Bell 0.97 70.8 68.4 0.99 94.8 93.9 24 25.5
Ngambe 1.09 51.6 56.4 0.91 65.2 59.3 13.6 3.0
Njombe Penja 1.42 89 126.2 1.13 95.1 107.1 6.1 −19.0 *
Nkondjock 0.99 101.9 101.1 0.95 103.8 98.2 1.9 −2.9 *
vvNkongsamba 0.99 106.6 105.3 1.07 99.9 107.0 −6.7 * 1.6
Nylon 0.91 94.3 86.2 0.93 96.9 90.4 2.6 4.2
Pouma 1.09 100.3 109.6 1.46 80.3 116.9 −20 * 7.3
Yabassi 1.27 76.7 97.6 1.32 65.3 86.4 −11.4 * −11.2 *

* The negative sign (−) shows a drop in coverage after the pandemic compared to before, while a positive sign (+)
indicates an increase in coverage.

Table 2. DTP-3 coverage variations in the pre-pandemic and pandemic period in the Littoral Region.

District
2019

Weight
2019

Coverage

Adjusted
2019

Coverage

2020
Weight

2020
Coverage

Adjusted
2020

Coverage
Variation *

Adjusted
Variation *

Abo 0.98 122.4 119.5 1.12 108.9 121.9 −13.5 * 2.4
Bangue 1.08 89.3 96.2 1.06 90.4 96.2 1.1 0.0
Boko 0.93 52.3 48.8 0.91 49.6 45.3 −2.7 * −3.4 *
Bonassama 1.02 92.7 94.1 1.00 96.3 96.2 3.6 2.0
Cite Des Palmiers 1.18 99.8 117.8 1.13 80.1 90.5 −19.7 * −27.2 *
Deido 0.91 88.6 80.6 0.88 59.2 52.3 −29.4 * −28.3 *
Dibombari 0.97 94.7 91.7 0.92 133.5 123.0 38.8 31.3
Edea 1.04 72.9 75.9 1.12 71.4 80.3 −1.5 * 4.4
Japoma 1.16 70.8 82.1 1.14 77.1 87.6 6.3 5.5
Logbaba 1.26 82.4 103.4 1.41 71.3 100.8 −11.1 * −2.7 *
Loum 0.98 109.4 107.3 0.98 109.1 106.4 −0.3 * −0.9 *
Manjo 1.15 89.2 102.5 1.12 75.9 85.0 −13.3 * −17.5 *
Manoka 2.43 8.4 20.4 1.04 8.3 8.6 −0.1 * −11.8 *
Mbanga 1.11 81.6 90.3 1.15 59.5 68.6 −22.1 * −21.7 *
Melong 0.97 97.4 94.9 1.10 79.9 88.0 −17.5 * −6.9 *
Ndom 1.07 44.6 47.5 1.39 34 47.4 −10.6 * −0.1 *
New Bell 0.97 64.5 62.3 0.99 83.8 83.0 19.3 20.7
Ngambe 1.09 48.7 53.2 0.91 60 54.6 11.3 1.4
Njombe Penja 1.42 80 113.4 1.13 94.2 106.1 14.2 −7.3 *
Nkondjock 0.99 106.4 105.6 0.95 101.8 96.3 −4.6 * −9.3 *
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Table 2. Cont.

District
2019

Weight
2019

Coverage

Adjusted
2019

Coverage

2020
Weight

2020
Coverage

Adjusted
2020

Coverage
Variation *

Adjusted
Variation *

Nkongsamba 0.99 95.8 94.7 1.07 90.7 97.1 −5.1 * 2.4
Nylon 0.91 90.1 82.4 0.93 94.1 87.8 4 5.4
Pouma 1.09 97.7 106.7 1.46 72.3 105.3 −25.4 * −1.5 *
Yabassi 1.27 77.9 99.1 1.32 65.6 86.8 −12.3 * −12.4 *

* The negative sign (−) shows a drop in coverage after the pandemic compared to before, while a positive sign (+)
indicates an increase in coverage.

Meanwhile, as shown in Tables 3 and 4, the Centre Region experienced a 5.7%
(p < 0.0001) drop in DTP-1 and a 7.6% (p < 0.0001) drop in DTP-3 coverage, with about
7498 children missing DTP-1 and 9998 others missing DTP-3 during the pandemic com-
pared to the pre-pandemic period. This decrease in DTP-1 vaccination coverage was
reported in 75% (24/32) of districts, ranging from a 2.1% to a 31.6% drop in coverage.
Likewise, 81% (26/32) of districts showed a decreased DTP-3 vaccination coverage in the
pandemic period, with a 2.5% to a 43.7% drop in coverage.

Table 3. DTP-1 coverage variations in the pre-pandemic and pandemic period in the Centre Region.

District
2019

Weight
2019

Coverage

Adjusted
2019

Coverage

2020
Weight

2020
Coverage

Adjusted
2020

Coverage
Variation *

Adjusted
Variation *

Akonolinga 0.94 97.8 92.2 0.93 81.1 75.8 −16.7 * −16.4 *
Awae 0.94 100.9 94.8 0.94 67.3 63.3 −33.6 * −31.6 *
Ayos 0.95 88.2 83.5 1.05 69.9 73.4 −18.3 * −10.1 *
Bafia 0.94 95.3 89.3 0.95 87.5 82.9 −7.8 * −6.4 *
Biyem Assi 0.97 164.2 158.6 0.94 157.7 148.4 −6.5 * −10.2 *
Cite Verte 1.04 89.1 92.3 1.34 82 110.0 −7.1 * 17.6
Djoungolo 0.89 93.4 83.4 0.92 86.3 79.3 −7.1 * −4.1 *
Ebebda 0.80 99.7 79.4 0.81 79.8 64.3 −19.9 * −15.1 *
Efoulan 0.96 86 82.6 1.04 84.3 87.9 −1.7 * 5.4
Elig Mfomo 0.94 102.5 96.4 0.94 99 93.1 −3.5 * −3.3 *
Eseka 0.91 82.7 75.0 0.91 59.2 53.7 −23.5 * −21.3 *
Esse 0.88 100.7 88.4 0.90 83.8 75.6 −16.9 * −12.8 *
Evodoula 0.94 112.2 105.5 0.95 75.1 71.2 −37.1 * −34.3 *
Mbalmayo 0.98 82.5 81.0 0.93 87.6 81.7 5.1 0.7
Mbandjock 1.00 111.9 111.9 0.95 105.3 99.6 −6.6 * −12.3 *
Mbankomo 0.88 131.1 115.4 1.06 107.3 114.1 −23.8 * −1.3 *
Mfou 0.97 128.8 124.3 1.17 142.2 166.5 13.4 42.2
Monatele 0.94 81.3 76.4 1.03 72.2 74.3 −9.1 * −2.1 *
Mvog-Ada 0.97 160 154.9 1.01 151.1 152.4 −8.9 * −2.5 *
Nanga Eboko 0.94 89.8 84.4 0.97 68 65.9 −21.8 * −18.5 *
Ndikinimeki 0.95 75.1 71.0 0.94 68.7 64.6 −6.4 * −6.4 *
Ngog Mapubi 0.94 85.5 80.1 0.94 91.8 86.3 6.3 6.2
Ngoumou 0.94 96.5 90.7 0.94 86 80.8 −10.5 * −9.9 *
Nkolbisson 0.92 81.8 75.1 0.92 92.4 85.2 10.6 10.1
Nkolndongo 0.92 88.7 81.4 0.94 82.6 77.6 −6.1 * −3.8 *
Ntui 0.94 97.5 91.2 0.95 84.9 80.4 −12.6 * −10.8 *
Obala 0.94 105.7 99.7 0.98 76.8 75.4 −28.9 * −24.2 *
Odza 0.94 85.9 80.3 0.93 88 82.0 2.1 1.6
Okola 0.96 125.4 120.2 1.07 96.7 103.4 −28.7 * −16.7 *
Sa’a 0.95 95.6 90.5 0.94 91.5 85.8 −4.1 * −4.7 *
Soa 0.94 124.4 116.9 0.97 154.6 149.8 30.2 32.9
Yoko 1.03 83.2 85.3 0.94 69 64.9 −14.2 * −20.4 *

* The negative sign (−) shows a drop in coverage after the pandemic compared to before, while a positive sign (+)
indicates an increase in coverage.
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Table 4. DTP-3 coverage variations in the pre-pandemic and pandemic period in the Centre Region.

District
2019

Weight
2019

Coverage

Adjusted
2019

Coverage

2020
Weight

2020
Coverage

Adjusted
2020

coverage
Variation *

Adjusted
Variation *

Akonolinga 0.94 99.8 94.1 0.93 83.7 78.2 −16.1 * −15.9 *
Awae 0.94 94.2 88.5 0.94 47.7 44.8 −46.5 * −43.7 *
Ayos 0.95 67.9 64.3 1.05 53.3 56.0 −14.6 * −8.3 *
Bafia 0.94 88.3 82.8 0.95 77.6 73.5 −10.7 * −9.2 *
Biyem Assi 0.97 161.6 156.1 0.94 151.5 142.6 −10.1 * −13.6 *
Cite Verte 1.04 82.6 85.6 1.34 72.5 97.2 −10.1 * 11.6
Djoungolo 0.89 87.9 78.5 0.92 79.7 73.2 −8.2 * −5.2 *
Ebebda 0.80 89 70.8 0.81 75.1 60.5 −13.9 * −10.3 *
Efoulan 0.96 89.6 86.0 1.04 85.5 89.2 −4.1 * 3.2
Elig Mfomo 0.94 91.3 85.8 0.94 82.7 77.7 −8.6 * −8.1 *
Eseka 0.91 84.7 76.8 0.91 55.9 50.7 −28.8 * −26.1 *
Esse 0.88 90.9 79.8 0.90 71.7 64.7 −19.2 * −15.1 *
Evodoula 0.94 98 92.1 0.95 76.5 72.5 −21.5 * −19.6 *
Mbalmayo 0.98 71.4 70.1 0.93 76.3 71.2 4.9 1.0
Mbandjock 1.00 85.1 85.1 0.95 86.9 82.2 1.8 −2.9 *
Mbankomo 0.88 115.6 101.7 1.06 89.2 94.9 −26.4 * −6.9 *
Mfou 0.97 118 113.9 1.17 126.3 147.8 8.3 34.0
Monatele 0.94 75.5 71.0 1.03 61.4 63.2 −14.1 * −7.8 *
Mvog-Ada 0.97 155.5 150.5 1.01 139.7 140.9 −15.8 * −9.6 *
Nanga Eboko 0.94 73.4 69.0 0.97 57.6 55.8 −15.8 * −13.2 *
Ndikinimeki 0.95 73.1 69.1 0.94 64.7 60.8 −8.4 * −8.3 *
Ngog Mapubi 0.94 83.2 78.0 0.94 84.5 79.4 1.3 1.5
Ngoumou 0.94 92.3 86.8 0.94 79.2 74.4 −13.1 * −12.3 *
Nkolbisson 0.92 76.9 70.6 0.92 86.1 79.3 9.2 8.8
Nkolndongo 0.92 80.7 74.1 0.94 72.7 68.3 −8 * −5.7 *
Ntui 0.94 84.5 79.0 0.95 67.7 64.1 −16.8 * −14.9 *
Obala 0.94 101.8 96.0 0.98 71 69.7 −30.8 * −26.2 *
Odza 0.94 85 79.5 0.93 82.7 77.0 −2.3 * −2.5 *
Okola 0.96 113.6 108.9 1.07 88.7 94.9 −24.9 * −14.0 *
Sa’a 0.95 87.8 83.1 0.94 84.4 79.1 −3.4 * −4.0 *
Soa 0.94 125.3 117.8 0.97 146.2 141.7 20.9 23.9 *
Yoko 1.03 65.5 67.1 0.94 47.3 44.5 −18.2 * −22.7 *

* The negative sign (−) shows a drop in coverage after the pandemic compared to before, while a positive sign (+)
indicates an increase in coverage.

4. Discussion

Analyzing data from the two COVID-19 hotspot regions in Cameroon revealed a
significant drop in DTP-1 coverage of 3.3% and in DTP-3 coverage of 5.4%. This drop
resulted into 8247 and 12,896 children missing out on their DTP-1 and DPT-3 vaccines,
respectively, in the pandemic period compared to the pre-pandemic period. Moreover, the
DTP series vaccination dropout rate increased from 7.5% to 9.3% in the Centre Region and
from 3.7 to 6.0 in the Littoral Region. Our findings run contrary to national administrative
data, which suggested improved childhood vaccination access and utilization during the
pandemic period. Improvement at the national level is understandable, because vacci-
nation has mainly been driven by the organization of periodic intensification of routine
immunization (PIRIs) in many districts of some regions, particularly those in the Southwest
and Northwest regions [17]. Moreover, several vaccination campaigns were organized in
other regions in response to VPD epidemics, coupled with the introduction of a second
dose of measle and rubella vaccine [18,19]. This may have had a significant impact on the
coverage of other antigens, increasing national vaccination coverage.

Despite this improvement in national coverage, which was purely driven by the PIRIs,
our findings clearly align with those reported by the third round of the global pulse survey
on the impact of COVID-19 on immunization services [6]. The survey revealed that 70%
(64/91) of participating countries reported disruptions in routine immunization services,
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with 18% (16/91) experiencing severe disruptions between February and August 2020 [20].
Moreover, a study conducted in a tertiary hospital in Cameroon revealed a decreased
demand for childhood immunization services during the COVID-19 pandemic, with a
significant drop in the coverage of DTP-containing vaccines [16]. Other studies reported a
similar decline in immunization indicators during the pandemic [21,22].

The significant drop in vaccination coverage in our study can be explained by the
advent of a novel pandemic that encountered an unprepared and weak health system, hence
the grave challenges in meeting the demands of pandemic control. This led to task shifting
in favor of the pandemic, creating an unintended negative impact on essential health
services, such as routine immunization. Additionally, sub-optimal training of clinicians
regarding routine patient care, including vaccination amid the pandemic, created, the
fear of contracting COVID-19 when offering health services [9]. This fear was worsened
by inadequate personal protective equipment and standards of operation to keep the
disease in check in a clinical setting [9]. Delays in COVID-19 confirmatory diagnosis due
to limited test kits and diagnostics targeted every patient presenting in a clinical setting
with upper or lower respiratory tract symptoms as a suspected case, leading to poor care,
even for patients presenting with other ailments [9]. This complexity and uncertainty
associated with contracting the COVID-19 infection may have created a spillover effect
of COVID-19 stigma and hesitancy toward other routine essential health care services,
including immunization services.

Although districts recorded varying degrees of change in vaccination access and the
utilization of tracer indicators between the pre-pandemic and pandemic period, more than
two-thirds of them reported a drop in DTP-1 (62.5%) and DTP-3 coverages (71.4%). Up to a
31.6% and a 43.7% drop in DTP-1 and DTP-3 coverage, respectively, was reported in some
districts. This finding lends support to the results of a cross-sectional study in Senegal
that showed a significant decrease in immunization uptake at the health facility level [23].
This further emphasizes the need for a real-time assessment tool to be used at the different
tiers of vaccination service delivery, including health facilities. This is important because
aggregated data at higher administrative levels may mask prevailing low performance at
lower operational levels. The role of such a tool in data-driven decision making at all levels
is invaluable.

The region most heavily hit by the COVID-19 pandemic (the Center Region) recorded a
higher drop in vaccination access and utilization in the pandemic period, with more districts
reporting a drop in vaccination indicators compared to the results from the Littoral Region.
The drop ranged from 5.7% (p < 0.0001) to 0.8% (p = 0.0002) in the Centre and Littoral
regions, respectively. There was also a significant drop in the utilization of immunization
services in both regions, and estimates stood at 7.6% (p < 0.0001) and 3.1% (p = 0.0003) in
the Center and Littoral regions, respectively. In a country such as Cameroon, with limited
health resources, this piece of information may be helpful to prioritize regions and districts
with higher decline in RI indicators, as this may guide the development of a post-COVID-19
recovery plan to reverse the impact of the pandemic on key RI indicators. This finding can
also be employed in informing policy on future pandemic management.

Despite the potential usefulness and application of our findings, there are certain
limitations that must be acknowledged. These limitations are essentially linked to data
completeness on the DHIS-2 platform, which was the main source of data for our study.
Based on the DHIS-2 data quality assessment tool, data completeness in the pre-pandemic
period was 96% and 100% in the Littoral and Centre regions, respectively; however, during
the pandemic period, data completeness was at 91% and 94% in the Littoral and Centre
regions, respectively. In this study, we adjusted this limitation by weighting the data against
regional data completeness. The data weighting may have introduced bias in some districts
by disproportionately increasing or decreasing vaccination coverage.

Based on our findings, we will first recommend a further survey in a sample of these
districts to identify factors associated with the decline in vaccination coverage during the
pandemic. Second, we recommend the development and validation of a digital tool that can
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support the early detection of the impact of a pandemic on RI variables at all health system
tiers. These two recommendations may be valuable in developing tailored strategies to
detect and reverse-inverse trends of the pandemic on RI performance.

5. Conclusions

This study presented a practical scenario in Cameroon, where national data masked
the impact of the COVID-19 pandemic on childhood immunization in COVID-19 hotspot
regions. Indeed, the study revealed a remarkable decrease in vaccination access and
utilization in the two COVID-19 hotspot regions, with an increase in DTP-series dropout
rate during the pandemic compared to the pre-pandemic period. Therefore, there is a
resounding need to develop and implement recovery and catch-up immunization strategies
to mitigate the impact of the pandemic on routine childhood immunization in these regions.
To ensure the continuity of childhood routine immunization in future pandemics, there is
need to set up a system that will drive the early detection of the impact of the pandemic
on immunization services. Moreover, a digital tool that would evaluate the impact of the
pandemic at all operational levels in real-time will be of great value. This will help unveil
the pandemic’s true impact and support data-driven decision making. Additionally, the
study findings can be leveraged to inform policies on sustaining immunization services
during future pandemics in Cameroon.
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Abstract: Background: Measles–rubella supplementary immunization activities (MR-SIAs) are con-
ducted to address inequalities in coverage and fill population immunity gaps when routine immu-
nization services fail to reach all children with two doses of a measles-containing vaccine (MCV). We
used data from a post-campaign coverage survey in Zambia to measure the proportion of measles
zero-dose and under-immunized children who were reached by the 2020 MR-SIA and identified
reasons associated with persistent inequalities following the MR-SIA. Methods: Children between
9 and 59 months were enrolled in a nationally representative, cross-sectional, multistage stratified
cluster survey in October 2021 to estimate vaccination coverage during the November 2020 MR-SIA.
Vaccination status was determined by immunization card or through caregivers’ recall. MR-SIA
coverage and the proportion of measles zero-dose and under-immunized children reached by MR-SIA
were estimated. Log-binomial models were used to assess risk factors for missing the MR-SIA dose.
Results: Overall, 4640 children were enrolled in the nationwide coverage survey. Only 68.6% (95% CI:
66.7%, 70.6%) received MCV during the MR-SIA. The MR-SIA provided MCV1 to 4.2% (95% CI: 0.9%,
4.6%) and MCV2 to 6.3% (95% CI: 5.6%, 7.1%) of enrolled children, but 58.1% (95% CI: 59.8%, 62.8%)
of children receiving the MR-SIA dose had received at least two prior MCV doses. Furthermore,
27.8% of measles zero-dose children were vaccinated through the MR-SIA. The MR-SIA reduced the
proportion of measles zero-dose children from 15.1% (95% CI: 13.6%, 16.7%) to 10.9% (95% CI: 9.7%,
12.3%). Zero-dose and under-immunized children were more likely to miss MR-SIA doses (prevalence
ratio (PR): 2.81; 95% CI: 1.80, 4.41 and 2.22; 95% CI: 1.21 and 4.07) compared to fully vaccinated
children. Conclusions: The MR-SIA reached more under-immunized children with MCV2 than
measles zero-dose children with MCV1. However, improvement is needed to reach the remaining
measles zero-dose children after SIA. One possible solution to address the inequalities in vaccination
is to transition from nationwide non-selective SIAs to more targeted and selective strategies.

Keywords: zero-dose; under-immunization; measles; rubella; vaccination; supplementary immunization
activity; campaign; children; inequality

1. Introduction

Measles and rubella remain important causes of morbidity and mortality. In 2021,
there were an estimated 9.5 million measles cases and 128,000 measles deaths globally [1].

Vaccines 2023, 11, 608. https://doi.org/10.3390/vaccines11030608 https://www.mdpi.com/journal/vaccines
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Rubella results in an estimated 100,000 annual deaths globally due to congenital rubella
syndrome [2]. Both viruses are endemic in sub-Saharan Africa, and the elimination targets
for all member states in the World Health Organization (WHO) Africa region are far from
being reached [3].

Zambia has made significant progress in increasing coverage with measles-containing
vaccines (MCVs) over the past two decades and attained high routine vaccination coverage
of 93% with the first dose of MCV (MCV1) in 2019. However, routine vaccination coverage
with the second dose of MCV (MCV2) has lagged behind at approximately 66% [4]. Follow-
ing widespread disruptions to immunization services because of the COVID-19 pandemic,
there are concerns that children who missed their routine and campaign vaccination doses
could form clusters of susceptible populations that drive measles outbreaks [5–8]. To fill
these population immunity gaps that arise when routine immunization services fail to
reach all children with two doses of MCV, the Zambian Ministry of Health has conducted a
nationwide non-selective measles–rubella supplementary immunization activity (MR-SIA)
every four years since 2003 to avoid accumulation of a cohort of measles-susceptible chil-
dren. The most recent MR-SIA was conducted in November 2020 during the COVID-19
pandemic, targeting children between the ages of 9 and 59 months [9].

After the MR-SIA, a nationwide, population-level post-campaign coverage survey
(PCCS) was conducted in October 2021 as required by Gavi [10]. A PCCS should typically be
conducted within three months of SIA completion to measure MR-SIA coverage, defined as
the proportion of children in the target age group who received an MR vaccine dose during
the SIA. The PCCS for the 2020 MR-SIA was delayed and conducted almost a year after the
SIA due to the COVID-19 pandemic. For a PCCS to measure progress towards the goals of
the Immunization Agenda 2030, a global strategy “to leave no one behind”, it is critical to
estimate MR-SIA coverage among subpopulations who had not previously received MCV
from routine services (referred to as measles zero-dose children) and subpopulations of
those eligible for MCV2 who had not received MCV2 before the MR-SIA (measles under-
immunized children) [11,12]. We used national, cross-sectional data from the PCCS to
understand how MR-SIA can address vaccination inequalities by estimating routine and
SIA MCV coverages, as well as the proportion of measles zero-dose and under-immunized
children reached by the MR-SIA, and identified reasons associated with missing the MR-SIA.
Our study will help program managers and researchers understand vaccination inequalities
that are overlooked when implementing SIA and when measuring the impact of SIAs using
the PCCS.

2. Methods

2.1. Study Design and Population

Using data from a nationwide, cross-sectional survey conducted in Zambia, we es-
timated the proportion of measles zero-dose and under-immunized children who were
vaccinated during the 2020 MR-SIA. The PCCS was conducted in October 2021 following
a non-selective, nationwide MR-SIA in November 2020. The survey enrolled children
between the ages of 9 and 59 months at the time of the November 2020 SIA. Therefore, all
children born between December 2015 and the end of February 2020 residing in the selected
households were eligible for the survey.

2.2. Sampling Strategy

Sample selection was based on a two-stage stratified cluster sample design. In total, 110
and 162 enumeration areas (EAs) were selected within urban and rural strata, respectively,
with probability proportional to size. Before selection, EAs were sorted by province, district,
constituency, ward, rural/urban status, census supervisory area, and standard enumeration
area to assure implicit representation.

In the second stage, an updated listing of the households in the selected EAs was
generated to ensure that key information in the selected EAs was updated, as well as the
accuracy of the number of residential households and households with at least one child
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aged 9 to 59 months at the time of the SIA. From each EA, 20 households with eligible
children were selected using systematic random sampling, and data were collected on
all children in the household who met the eligibility criteria. In EAs with 20 or fewer
households with eligible children, all households with eligible children were eligible for
enrolment (see Supplementary Methods for more detail).

2.3. Data Collection

Prior to the interview, informed consent was obtained from the parents or legal
guardians. After obtaining parental permission, survey staff collected sociodemographic
characteristics and vaccination history from the parents or caregivers of the child using a
standardized, tablet-based questionnaire. Receipt of routine and campaign MCV doses was
collected by first asking caregivers to recall the child’s vaccination history; then, this was
verified by reviewing the under-5 immunization card or any documents (i.e., journals, piece
of paper with vaccination notes) where vaccinations were recorded. Standardized questions
previously used in demographic and health surveys were asked to collect information on
routine and campaign doses of MCV, routine diphtheria–tetanus–pertussis (DTP) vaccine,
and routine Bacille Calmette-Guérin (BCG) vaccine.

2.4. Statistical Analysis

The weighted study outcomes were, (1) the percentage of children who received the
MR vaccine during the SIA, (2) the percentage of measles zero-dose children who received
the MR vaccine during the SIA, and (3) MCV1 and MCV2 coverage before and after the SIA.
In addition, the impact of the MR-SIA was estimated by calculating the increase in MCV1
and MCV2 coverage after the SIA. For children whose vaccination cards or records were
available, we assessed routine vaccination status before the SIA to estimate the proportion of
Gavi-defined zero-dose, under-immunized and fully vaccinated children [13]. Gavi defined
“zero-dose children” as children who have not received the first dose of the DTP vaccine.
“Under-immunized” children were defined as those who missed a third dose of the DTP
vaccine. Together, zero-dose and under-immunized children formed missed communities.
To assess MCV coverage, we defined “measles zero-dose” children as children who did
not receive MCV1. Unvaccinated was defined as children whose parents or caregivers
could not recall their children’s vaccination status. Sensitivity analyses were conducted by
(1) treating these children as vaccinated and (2) restricting the analysis to children whose
vaccination status was card-confirmed.

Log-binomial regression analysis was performed to assess factors associated with
missing MR-SIA vaccination. Participant characteristics for enrolled children (sex, setting,
age, and DTP vaccination status) and household characteristics (relationship of head of
household with enrolled children, maternal education level, maternal COVID-19 vaccina-
tion status, and travel time) were included in the univariable analysis to identify social
determinants associated with missing MR-SIA vaccination. The prevalence ratio (PR) and
the corresponding 95% confidence intervals (95% CI) were calculated. Age-adjusted log-
binomial regression was used to address heterogeneity between age categories. Forward
and backward stepwise selection methods were used to select the best-fit model. The final
multivariable model included variables with a p-value < 0.05 from age-adjusted univariable
analyses and variables that were of public health importance. Log-likelihood and Akaike’s
information criteria (AIC) were used to determine the goodness of fit, and the model with
the lowest AIC was selected as the best-fit model. All statistical analyses were performed in
R version 4.1.3, and the model was run using the survey package to account for sampling
weights [14,15]. Figures were generated using the ggplot2 package [16].

3. Results

3.1. Characteristics of Survey Respondents

Overall, 5440 households with at least one child younger than 15 years of age at the
time of the SIA were selected. Respondents from 5155 (95%) households were available
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during the survey period. Of the available households, only 4641 (90%) were eligible for the
survey after excluding 514 households that had no child between the ages 9 and 59 months.
Of these households, only 51 (1%) respondents refused to participate in the survey. After
applying the exclusion and inclusion criteria, data were collected on 4640 eligible children
during the MR-SIA (Figure 1). After weighting, 49.8% (95% CI: 48.1%, 51.3%) of the children
were male, and 59.2% (95% CI: 57.6%, 60.7%) lived in rural areas. About two-fifths (40.5%,
95% CI: 37.6%, 43.1%) did not have vaccination cards or other documents that showed their
vaccination status. Overall, 88.2% (95% CI: 87.2%, 89.2%) were fully vaccinated with all
recommended DTP doses for their age (Table 1). A proportion of mothers had a primary
school education (41.0%, 95% CI: 39.5%, 42.6%), and only 7.7% (95% CI: 6.8%, 8.6%) had an
education level higher than secondary school. More than three-quarters of adults (79.1%;
95% CI: 78.2%, 80.0%) who lived in the selected households were not vaccinated against
SARS-CoV-2 at the time of PCCS. Only 24.9% (95% CI: 23.5%, 26.3%) of the parents or
guardians traveled fewer than 15 min to get to the nearest health facility, regardless of the
mode of transport.

 

Figure 1. Study flow diagram.

Table 1. Participants and household characteristics.

Characteristics Unweighted N (%) Weighted % (95% CI)

Total 4640

Gender

Male 2310 (49.8) 49.8 (48.2, 51.3)

Female 2330 (50.2) 50.2 (48.7, 51.8)

Setting

Rural 2876 (62.0) 59.2 (57.6, 60.7)

Urban 1764 (38.0) 40.8 (39.3, 42.4)

Province

Central 447 (9.6) 10.3 (9.4, 11.3)

Copperbelt 631 (13.6) 14.1 (13.0, 15.2)

Eastern 601 (13.0) 11.8 (10.7, 12.8)

Luapula 379 (8.2) 7.7 (6.9, 8.6)

Lusaka 816 (17.6) 17.7 (16.6, 18.9)

Muchinga 281 (6.1) 6.1 (5.4, 6.9)
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Table 1. Cont.

Characteristics Unweighted N (%) Weighted % (95% CI)

Northern 387 (8.3) 8.8 (8.0, 9.7)

North-Western 292 (6.3) 5.6 (4.9, 6.3)

Southern 510 (11.0) 12.0 (10.9, 13.1)

Western 296 (6.4) 6.0 (5.4, 6.7)

Age at SIA

9–17 months 710 (15.3) 15.4 (14.3, 16.6)

18–59 months 3930 (84.7) 84.6 (83.4, 85.7)

Availability of vaccination card

Card available and verified 2626 (56.6) 56.6 (55.1, 58.2)

Card not available but another document verified with vaccination status 136 (2.9) 2.9 (2.4, 3.4)

Reported card available but could not provide a document with
vaccination status 405 (8.8) 8.8 (7.6, 10.0)

No card and no other document 1473 (31.7) 31.7 (30.0, 33.1)

DTP vaccination status (both card and recall) 1

Fully vaccinated for DTP 4076 (87.8) 88.2 (87.2, 89.2)

Under-immunized for DTP 45 (1.0) 1.0 (0.7, 1.4)

Zero-dose for DTP 97 (2.1) 2.2 (1.7, 2.6)

Unknown 424 (9.1) 8.7 (7.9, 9.6)

Head of the household

Biological parent 3435 (74.0) 74.3 (73.0, 75.6)

Other 1205 (26.0) 25.7 (24.4, 27.1)

Maternal education level

No education 471 (10.2) 9.6 (8.7, 10.5)

Primary 1959 (42.2) 41.0 (39.5, 42.6)

Secondary 1373 (29.6) 30.3 (28.9, 31.8)

Higher 312 (6.7) 7.7 (6.8, 8.6)

Unknown 525 (11.3) 11.4 (10.4, 12.4)

COVID-19 vaccination status of the adults in the household 2 (N = 9780)

Fully vaccinated 1610 (16.5) 17.0 (16.1, 17.8)

Partially vaccinated 354 (3.6) 4.0 (3.5, 4.4)

Not vaccinated 7816 (79.9) 79.1 (78.2, 80.0)

Time to health facility for routine vaccinations

Less than 15 min 1115 (24.0) 24.9 (23.5,26.3)

15–30 min 1188 (25.6) 25.7 (24.3, 27.0)

31 min–1 h 1204 (26.0) 26.0 (24.6, 27.4)

More than 1 h 1040 (22.4) 21.6 (20.4, 23.0)

Unknown 93 (2.0) 1.2 (0.9, 1.6)
1 Gavi zero-dose children are those who have not received any routine vaccines. For operational purposes, Gavi
defined “zero-dose children” as children who have not received the first dose of a diphtheria–tetanus–pertussis-
containing vaccine (DPT1) as a proxy measure. “Under-immunized” was defined as children missing a third dose
of a diphtheria–tetanus–pertussis-containing vaccine (DPT3). 2 The COVID-19 vaccination status of all the adults
living in the same household as the enrolled child. Fully vaccinated: one dose of Johnson & Johnson or two doses
of AstraZeneca vaccine.

3.2. SIA Coverage and Added Value in Addressing Inequalities

Based on verbal recall and card-confirmed weighted results, 84.9% (95% CI: 81.8%,
88.0%) of children received at least one dose of routine MCV before the 2020 MR-SIA
(Figure 2, Table S1). Routine MCV1 coverage before the SIA for children between the ages
of 9 and 17 months was 83.9% (95% CI: 76.3%, 91.6%) and 85.7% (95% CI: 81.7%, 86.6%)
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for those 18 months and older (Table S2). When treating children with unknown MCV
vaccination status as vaccinated, the percentage of children who received at least one MCV
dose increased from 84.9% to 90.6% (Table S3).

Figure 2. Measles and rubella vaccination coverage (at least one dose) among children between
the ages of 9 and 59 months. The dashed line and percentage indicate the change in percentage of
unvaccinated children before and after the MR-SIA.

Overall, 68.6% (95% CI: 66.7%, 70.6%) of children eligible for the 2020 MR-SIA received
MCV during the SIA. Only 2.7% of these eligible children had documented evidence of
receiving the MR-SIA dose, and the rest were identified by caregiver recall. When routine
and SIA MCV coverage was combined, coverage of at least one dose of MCV increased by
4.2%, from 84.9% (95% CI: 81.8%, 88.0%) to 89.1% (95% CI: 86.0%, 92.2%), as assessed by
card and verbal recall. Before the MR-SIA, 15.1% (95% CI: 13.6%, 16.8%) of children were
measles zero-dose. Of these measles zero-dose children, 27.8% were vaccinated during
the SIA when unknown vaccination status was categorized as unvaccinated. This implies
that the MR-SIA reduced the proportion of measles zero-dose children from 15.1% (95% CI:
13.6%, 16.7%) to 10.9% (95% CI: 9.7% to 12.3%) (Figure 2, Table S1). Although the study
was not powered for comparisons between provinces, Central Province had the lowest SIA
coverage and Eastern and Copperbelt Provinces had the highest SIA coverage (Figure 3A).
Western Province had a higher proportion of measles zero-dose children who remained
unvaccinated after the SIA (18.9%, 95% CI: 12.8%, 22.5%) (Figure 3B). Prior to the SIA, 59
(8.3%) measles zero-dose children were also DTP zero-dose. After the SIA, 55 (95%) of
those children remained zero-dose for both MCV and DTP.

200



Vaccines 2023, 11, 608

 

 

Figure 3. Provincial-level MR-SIA coverage and the proportion of measles zero-dose children.

During the SIA, 6.3% (95% CI: 5.6%, 7.1%) of enrolled children received MCV2, and
58.1% (95% CI: 59.8%, 62.8%) received a third or further MCV dose (Figure 4, Table S4). The
sensitivity analysis restricted to children who had a vaccination card or other documenta-
tion of vaccines (N = 2762) showed that 1.5% (95% CI: 1.0%, 2.0%) of the children received
MCV1 through the SIA, 2.7% (95% CI: 2.1%, 3.4%) of children received MCV2, and 3.6%
(95% CI: 2.9%, 4.4%) remained measles zero-dose after the SIA (Table S5).
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Figure 4. Receipt of measles and rubella vaccine among children 9–59 months post SIA, including
documented or recalled evidence of vaccination. 0 dose: children who had a documented record
or recalled not having received any MCV doses though routine immunization or SIA; 1 routine
dose: children who had a documented record or recalled having received MCV1 through routine
immunization; 2 routine doses: children who had a documented record or recalled having received
MCV1 and MCV2 through routine immunization; 1 SIA dose: children who had a documented record
or recalled not having received any MCV through routine immunization and a had documented
record or recalled having received MCV1 through SIA; 1 routine dose + 1 SIA dose: children who had
a documented record or recalled having received MCV1 through routine immunization and had a
documented record or recalled having received MCV2 through SIA; 2 or more routine doses + 1 SIA
dose: children who had a documented record or recalled having received MCV1 and MCV2 and/or
additional MCVs through routine immunization and recalled having received an additional MCV
through SIA.

3.3. Persistent Inequalities after the SIA

Among children eligible for the 2020 MR-SIA, 1454 (31%) were missed by the 2020
MR-SIA (Table 2). Compared to fully vaccinated children using the Gavi definition, zero-
dose children were 2.8 times more likely to miss the SIA dose (PR:2.8; 95% CI: 1.8, 4.4), and
under-immunized children were 2.2 times more likely to miss the SIA dose (PR:2.2; 95% CI:
1.2, 4.1) after adjusting for age, sex, maternal education level, and travel time to health
facilities (Table 2). Children in urban areas were 39% more likely to miss the SIA dose than
those in rural areas (PR: 1.39; 95% CI: 1.18, 1.63). Children whose mothers had primary
and secondary education were less likely to miss the SIA vaccination than children whose
mothers had no formal education (PR: 0.73; 95% CI: 0.58 and 0.92, and PR 0.60; 95% CI: 0.47
and 0.77, respectively) (Table 2). Increased travel time to the nearest health center increased
the likelihood of children missing the SIA dose. With children living less than 15 min away
from the health center as the reference group, children who lived 30 to 60 min away from
a health center were 51% more likely to miss the SIA dose (PR: 1.51; 95% CI: 1.23, 1.84),
while those who lived more than 1 h from the health center were 70% more likely (PR: 1.70,
95% CI: 1.37, 2.11) to miss the MR vaccination during SIA (Table 2).
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4. Discussion

Prior to the November 2020 SIA in Zambia, 84.9% of children aged 9 to 59 months
had received at least one dose of MCV. However, during the 2020 MR-SIA, only 68.6% of
children in this age group received a campaign MR vaccine dose. Among the 709 measles
zero-dose children, only 27.8% were vaccinated during the MR-SIA. Overall, the MR-SIA
increased MCV1 coverage from 84.9% to 89.1%. An additional 6.3% of enrolled children in
the PCCS received MCV2, and 58.1% received a third dose. Living in an urban area and
longer travel time to a health center were associated with missing the MR-SIA vaccine dose.
Zero-dose children and children whose mothers had lower education levels were less likely
to be vaccinated during the SIA.

Previous MR-SIAs in Zambia reported coverages higher than 95% [17]. Although
the 2020 MR-SIA used strategies similar to previous SIAs, coverage was lower for two
likely reasons. First, the 2020 MR-SIA was implemented at the time when all COVID-19
control measures were instituted, including stopping all public gatherings, and when the
COVID-19 vaccine was just beginning to be rolled out. During this period, a decline and
delay in vaccinations were observed in many parts of the world [18]. Secondly, a Child
Health Week (CHW) that included MR vaccination was conducted 5 months prior to the
MR-SIA [9]. Many children may have received the MR vaccine during the CHW and
therefore were not brought to the MR-SIA. Because of the general decline in the coverage
of the SIA as compared to previous SIAs, the Ministry of Health must intensify routine
immunization activities such as school vaccination activities and periodic intensified routine
immunizations to reach children who were missed by the SIA.

According to our analysis, 27.8% of measles zero-dose children were vaccinated during
the MR-SIA. This number is higher than was estimated in 11 other countries on the African
continent based on an analysis of Demographic and Health Survey (DHS) data. Specifically,
Portnoy et al. estimated that the proportion of measles zero-dose children vaccinated by
a measles SIA ranged from 3% in Lesotho to 20% in Burkina Faso in 2003 [19]. Although
PCCS and DHS do not have the same sampling frames, given that both datasets are
meant to be nationally representative, this comparison may be possible and shows that
Zambia’s MR-SIA does comparably well in reaching measles zero-dose children. However,
further work is needed for MR-SIAs to reach more measles zero-dose children and address
the inequity of routine vaccination. Ideally, SIAs do not perpetuate the inequities in
routine vaccination such that SIA doses are independent of routine administered doses.
This means that an SIA dose is equally as likely to reach measles zero-dose children as
measles-vaccinated children; in this analysis, we expected 84.9% MR-SIA coverage among
all children, regardless of previous vaccination status. An even more ambitious goal
is that the SIA effectively reverse inequities in routine vaccination such that SIAs reach
a larger proportion of unvaccinated children than that of all targeted children; in this
analysis, we expected the proportion of measles zero-dose children reached by the MR-
SIA to be greater than 84.9%. When planning SIAs, the Ministry of Health must consider
utilizing and triangulating administrative coverage and local survey data to identify missed
communities and develop SIA microplans that target such communities with intensive
vaccination activities.

Although the MR-SIA did not vaccinate a large proportion of measles zero-dose chil-
dren, it did particularly well in reaching under-immunized children who were eligible
for MCV2 but had only received MCV1 at the time of the SIA. Achieving high MR-SIA
coverage in the under-immunized subpopulation is a good result for the Zambia expanded
program on immunization because routine coverage for MCV2 has lagged (66%) compared
to routine MCV1, which is normally above 90% [4]. We postulate that the large difference
in coverage between zero-dose and under-immunized subpopulations was observed be-
cause these subpopulations have different vulnerabilities and therefore require different
approaches to be reached. When developing SIAs, these subpopulations must be consid-
ered carefully, and microplans must be developed according to their needs. Approximately
58% of children vaccinated during the SIA already had two MCV doses before the SIA,
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indicating unnecessary doses, resulting in excess costs, given that these children were
fully vaccinated against measles prior to the SIA [20]. However, evidence of vaccination
was based on parental recall for a considerable proportion of children; therefore, reaching
these children may have provided a missing dose to children who were misclassified as
vaccinated. We recommend that the vaccination card be updated to explicitly provide a
section for SIA doses and dates when the SIA doses are administered.

The regression analysis showed that zero-dose children were less likely to be reached
by the SIA than fully vaccinated children. In most cases, PCCSs do not report coverage
among zero-dose and under-immunized children. Children who lived further from a health
center or lived in an urban area were less likely to receive the MR-SIA dose. Previous studies
reported increasing distance and travel time as impediments to routine vaccination [21].
Long distance to vaccination sites also affects coverage of SIAs, especially among missed
communities. Our analysis confirms findings from a study conducted during the 2020
Zambia MR-SIA, which demonstrated a lower vaccination coverage among measles zero-
dose children as the distance to the nearest vaccination site increased [22]. Differences in
vaccination coverage between urban and rural areas have been reported previously [23].
Most countries have higher coverage in urban areas because of easy access to primary health
facilities, as well as less travel time and cost [23]. Although routine MCV administrative
coverage in Zambia is generally higher in urban areas than in rural areas, poor urban
communities in high-population-density areas may have large numbers of unvaccinated
children [24]. Not reaching zero-dose children in high-population-density urban areas
may result in clusters of susceptible children that can sustain measles outbreaks. Other
studies have shown that adjusting for other social-determinant factors diluted the urban–
rural differential, suggesting it is not the driving factor but correlated with more proximal
determinants [23]. Routine and SIA planning must deliberately address factors driving
rural–urban vaccination inequalities to reach missed communities.

This study has several limitations. Inferences about the impact of the 2020 MR-SIA on
reaching measles zero-dose and under-immunized children may have been constrained by
recall bias. Firstly, the time between the SIA and PCCS was longer than the recommended
3 months [10]. This may have resulted in misclassification of vaccination status because
caregivers may have forgotten the details of events that happened 10 months ago. Secondly,
although card retention was high, SIA doses were rarely documented and could only be
measured by caregivers’ recall. To address the potential impact of recall bias, we performed
sensitivity analyses by restricting the analysis to only children with vaccination cards
(Table S5).

5. Conclusions

We have shown the MR-SIA’s strengths and limitations in addressing inequalities
in immunization through reaching and failing to reach measles zero-dose and under-
immunized children. The SIA reached more under-immunized children in a context in
which MCV2 coverage is low. However, the SIA only reached a small proportion of measles
zero-dose children. To reduce vaccination inequalities for missed communities, further
work is needed for both MR-SIA and routine immunization programs in Zambia to reach
more measles zero-dose children and address the inequity of routine vaccination. When
developing SIAs, the vulnerability of zero-dose and under-immunized subpopulations
must be considered carefully, and microplans must be developed according to their needs.
One possible solution is to transition from nationwide non-selective SIAs to more targeted
and selective strategies.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/vaccines11030608/s1, Table S1: Measles and rubella vaccination
coverage (at least one dose) among children between 9 months to 59 months; Table S2: Measles and
rubella vaccination coverage (at least one dose) among children between 9 months to 59 months,
stratified by 9–17 months and 18–59 months; Table S3: Measles and rubella vaccination coverage (at
least one dose) among children between 9 months to 59 months, treating unknown as vaccinated;
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Table S4: Unweighted and weighted estimates of the number of routine and SIA MR doses that
each child 9–59 months had received; Table S5: Receipt of MR vaccine among children 9–59 months
post-SIA by strategy, including only documented vaccination; Table S6: Details of survey design.
Table S7: Sample allocation within provinces.
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Abstract: Background: Cameroon’s suboptimal access to childhood vaccinations poses a significant
challenge to achieving the Immunization Agenda 2030 goal—ranking among the top 15 countries with
a high proportion of zero-dose (unvaccinated) children worldwide. There are clusters of zero-dose
children in pockets of communities that traditionally miss essential healthcare services, including
vaccination. The Manoka Health District (MHD) is home to such settlements with consistently
low vaccination coverages (DPT-HepB-Hib-1: 19.8% in 2021) and frequent outbreaks of vaccine-
preventable diseases (VPD). Therefore, the absence of literature on zero-dose children in this context
was a clarion call to characterize zero-dose children in fragile settings to inform policy and interven-
tion design. Methodology: This cross-sectional analytical study involved 278 children, 0–24 months
of age, selected from a 2020 door-to-door survey conducted in the two most populous health areas
in an archipelago rural district, MHD (Cap-Cameroon and Toube). We used R Statistical Software
(v4.1.2; R Core Team 2021) to run a multivariable logistic regression to determine zero-dose associated
factors. Results: The survey revealed a zero-dose proportion of 91.7% (255) in MHD. Children who
were delivered in health facilities were less likely to be zero-dose than those born at home (AOR: 0.07,
95% CI: 0.02–0.30, p = 0.0003). Compared to children born of Christian mothers, children born to
minority non-Christian mothers had higher odds of being zero-dose (AOR: 6.55, 95% CI: 1.04–41.25,
p = 0.0453). Children born to fathers who are immigrants were more likely to be zero-dose children
than Cameroonians (AOR: 2.60, 95% CI = 0.65–10.35, p = 0.0016). Younger children were likely to
be unvaccinated compared to older peers (AOR: 0.90, 95% CI: 0.82–1.00, p = 0.0401). Conclusions:
In the spirit of “leaving no child behind,” the study highlights the need to develop context-specific
approaches that consider minority religious groups, immigrants, and younger children, including
newborns, often missed during vaccination campaigns and outreaches

Keywords: zero-dose; childhood vaccination; Cameroon

1. Background

In the past half century, morbidity and mortality due to vaccine-preventable diseases
(VPD) have reduced tremendously in children [1]. This is primarily because of the sub-
stantial progress in vaccination coverage worldwide since the creation of the Expanded
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Program on Immunization (EPI) in 1974 [2]. In addition to the eradication of smallpox,
the recent certification of the African Region as wild poliovirus-free, making it the fifth
of six World Health Organization (WHO) regions, is another excellent example of the
impact of effective vaccination [3]. Despite successes in global immunization, an estimated
21.8 million infants worldwide are still not being reached by routine immunization ser-
vices [4]. Among the 19.7 million children worldwide who did not complete the three-dose
of Diphtheria, Tetanus, and Pertussis-containing vaccine (DTP) series in 2019, 13.8 million
(70%) were zero-dose children [2]. This number has witnessed a steep rise following the
abrupt and rapid progression of the COVID-19 pandemic, which has significantly disrupted
essential health service delivery in many countries, reversing past efforts to improve health
indicators, including childhood immunization [5–7]. In 2021, about 25 million infants did
not receive basic vaccines (the highest number since 2009), and the number of completely
unvaccinated children (the so-called zero-dose children) increased by 5 million since the
onset of the COVID-19 pandemic in 2019 [8].

Although many low- and medium-income countries (LMIC) have seen a steady in-
crease in national-level vaccination coverage, many did not reach the 90% target for 2020
established by the World Health Organization (WHO) [9]. In fact, an estimated 20% of
children in the African region are under-vaccinated despite the mammoth benefits of
vaccination [10]. As a result, about three million children die annually of infectious dis-
eases in this region, most of which are preventable by vaccination [10,11]. This is mainly
due to suboptimal vaccination coverage in hard-to-reach subpopulations [12]. Therefore,
achieving universal coverage with all recommended vaccines will require tailored, context-
specific strategies to reach communities with substantial proportions of zero-dose and
under-vaccinated children, particularly those in remote rural, poor semi-urban, conflict,
and fragile settings [13].

In Cameroon, the EPI is responsible for childhood immunization, which is free for
children under two years of age as shown in Table 1 below [14]. A household Demographic
Health Survey (DHS) conducted in 2018 reported an immunization coverage (both from
declaration and proofs of vaccination) of 86.7%, 71.5%, and 65.3% for Bacilli Calmette-
Guérin (BCG), DTP-3, and measles-containing vaccines (MCV), respectively, with a zero-
dose proportion of 9.7% [14]. The significantly low immunization coverage most likely
explains the increase in reported cases of VPDs in Cameroon [15,16]. To reach global
coverage goals with vaccines recommended across the life course, hard-to-reach and hard-
to-vaccinate populations must be at the center of vaccination interventions [17]. The
Manoka Health District (MHD) in the Littoral Region of Cameroon is one of such hard-to-
reach districts with low vaccination coverage and several poorly documented outbreaks of
VPDs. In 2021, the estimated DTP-1 vaccination coverage in MHD from the District Health
Information Software 2 (DHIS2) was 19.8%, which is far below the 90% mark adopted by
the Cameroon Ministry of Public Health (MoPH) during the World Health Assembly in
2012 [18].

Several studies in Cameroon have attempted to describe factors associated with in-
complete vaccination and low vaccination coverage [14,17,19–21]. These factors include
non-utilization of antenatal care services, younger mothers, being the ≥3rd born child in
the family, lack of access to vaccination information, and longer distances from vaccinating
facilities [17,22]. However, these studies are primarily hospital-based, conducted in urban
settings, and did not characterize unvaccinated children living in pockets of communities
that traditionally miss primary healthcare services, including immunization—the so-called
missed communities. Therefore, this study aimed to close the knowledge gap on factors
associated with zero-dose vaccination status among children 0–2 years of age in a missed
community in Cameroon. These findings can be leveraged to inform policy and to design
tailored programs to reduce the zero-dose proportion in the MHD and similar settings.
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Table 1. Cameroon EPI Calendar.

Contacts Age Antigenes *

1st contact At birth BCG, OPV 0

2nd contact Six weeks Penta 1 (DPT-1 + Hep B1 + HIB1),
OPV-1, Pneumo 13-1, Rota-1

3rd contact Ten weeks Penta 2 (DPT-2 + Hep B2 + HIB2),
OPV-2, Pneumo 13-2, Rota-2

4th contact 14 weeks Penta 3 (DPT-3 + Hep B3 + HIB3),
OPV-3, Pneumo 13-3, IPV

5th contact Nine months MR1, yellow fever vaccine

6th contact 15 months MR2
* BCG = Bacillus Calmette-Guerin, Penta = Pentavalent vaccine, DPT = Diphtheria, Pertussis, and Tetanus vaccine,
Hep B1 = Hepatitis B vaccine, HIB = Haemophilus influenzae vaccine, OPV = Oral Polio vaccine, Pneumo 13 =
Pneumococal 13 valent conjugate vaccine, IPV = Injectable polio vaccine.

2. Methodology

2.1. Study Design and Setting

The study design was a cross-sectional analytical study. It was conducted in MHD, in
the Littoral Region of Cameroon, over 20 km from Douala city. It is an enclaved archipelago
district with about 19,943 persons distributed unequally across 47 islets. Most of the
inhabitants are peasant fishermen who live in temporal houses with large family sizes of
5–12 persons. The men spend most of their time at sea fishing, while the women spend time
at home with the children—their principal activities being fish ‘smoking’ and household
chores. The island’s population comprises native Cameroonians and people from other
countries (like Nigeria and Mali) who migrated for fishing. Immigrants make up over
70% of the total population. Most of these immigrants lack a residence permit that grants
them legal status to live in Cameroon, limiting the freedom to travel to other towns/cities
for essential commodities and services, including health services. Therefore, they depend
on local boat couriers to purchase goods from out-of-town, and roadside drug vendors,
dispensaries, and traditional healers for their health care. A single health facility serves
the entire district. Pregnant women mostly deliver at home in the hands of traditional
birth attendants and relatives, resulting in a considerable proportion of unregistered live
births. Consequently, children in this district are generally missed by routine vaccination
and other primary health care services.

2.2. Data Collection and Sampling

This study was based on secondary data collected in 2020 by the Clinton Health Access
Initiative (CHAI) in partnership with Gavi, the vaccine alliance, and the Cameroon EPI.
During this period, they conducted a door-to-door survey in MHD to identify zero-dose
and under-immunized children. The field team employed convenience sampling to select
health areas (administrative level 4) in MHD for the survey based on population size.
Trained community health workers (CHWs) used convenience sampling to administer
structured survey tools to caregivers based on their availability in the two most populous
health areas (Cap-Cameroon and Toube)—the combined population constitutes over a
third of the entire population of the MHD. Data captured were primarily vaccination status
and relevant socio-demographic factors, such as the parent’s level of education, religion,
educational level, sex, age, and place of delivery.

The vaccination status of children was based on caregivers’ recall because it was
realized that most children were only vaccinated during Supplementary Immunization
Activities (SIA) and vaccination campaigns—in the past five years, vaccination cards
were only issued during routine immunization. The team, therefore, decided to rely on
caregiver recall to avoid losing valuable data due to the exclusion of children without
vaccination cards and birth certificates. Moreover, data collectors corroborated caregivers’
information on children’s vaccination status with a checklist containing the timing of SIA
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and vaccination campaigns conducted in MHD in the past five years to minimize bias. All
children under two years of age surveyed in the zero-dose identification project in MHD
were considered for the study. However, children whose caregivers were unable to recall
whether they were vaccinated were excluded.

2.3. Key Operational Definitions

Where vaccination cards or birth certificates were unavailable, the study relied on
caregivers’ recall to attribute the vaccination status of children. The outcome of interest
was zero-dose vaccination status. Zero-dose children were those who had never received
any recommended vaccine antigen for their age based on the Cameroon EPI calendar. Com-
pletely vaccinated children included those who had received all vaccines recommended for
their age. Incompletely vaccinated children were those who had received at least one dose
of any of the recommended vaccines but had not completed vaccines that were appropriate
for their age. Finally, at least single-dose (ASD) vaccinated children were those who had
received at least one dose of any vaccine. Therefore, ASD encompassed both incomplete
and completely vaccinated children.

2.4. Data Management and Analysis

The zero-dose project dataset on children born between 31/11/2018 and 30/08/2020
was exported as a Microsoft Excel 2013 worksheet into R Statistical Software (v4.1.2; R
Core Team 2021) for statistical analysis. Categorical variables (sex, birth site, vaccination
status, availability of birth certificate, health area (administrative level 4), child’s birth order,
marital status, parents’ educational level, occupation, religion, and nationality) were sum-
marized in percentages. Collinearity was evaluated for predictor variables before including
them in the final regression model. Missing data points were included in the analysis.
Univariate analysis was used to determine associations between individual explanatory
variables and the zero-dose vaccination status of children. The factors independently
associated with zero-dose vaccination status and explanatory variables with p < 0.2 in
univariate analysis were included in the multivariate logistic regression with zero-dose
status as an outcome. The adjusted odd ratios (AOR) with corresponding 95% Confidence
Intervals (CI) were then calculated. The decision to use explanatory variables with p < 0.2
in the univariate analysis as factors in the multivariate model was to maximize the chance
of capturing variables that might have an effect on the association or explain some of
the variances in the outcome, even though they were not significantly associated with
it. To verify the robustness of our results, they were compared to those obtained from a
multivariable model that includes all potential explanatory variables as factors.

2.5. Ethical Considerations

CHAI had obtained ethical clearance from the Cameroon National Ethics Committee
before data collection. Authorization from appropriate CHAI Cameroon administrative
authorities was obtained to gain access to the zero-dose project dataset. Furthermore, the
data was used solely for this study and not shared with any third party.

3. Results

During the zero-dose identification, head counting of children under two was con-
ducted in all households (100%) in the two most populous islets (Cap-Cameroon and
Toube)—284 children under two years of age were identified. However, six children were
excluded from the analysis because their parents were unavailable during the survey, and
the available relatives could not provide information about their vaccination status.

The mean age of children included in the study was 11.6 months (SD = ±6.7), with
male children overrepresented (53.2%). A considerable proportion of the children (92.8%)
were born at home with the aid of traditional birth attendants. As such, most of them
had no proof of dates of birth (birth certificates), 93.5%, making information on child age
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heavily reliant on the caregiver’s recall. Children had immigrant mothers for the most part
(87.1%) and were mainly from the Cap-Cameroon health area (57.6%).

Of the 278 children retained for the final analysis, 8.3% were ASD children (1.8%
completely vaccinated and 6.5% incompletely vaccinated), while 91.7% were zero-dose
cases. ASD cases were mainly vaccinated during a national vaccination campaign (78.3%),
with BCG being the most utilized antigen (73.9%). The details of the socio-demographic
characteristics of all the children surveyed, the distribution of zero-dose children by socio-
demographic factors, and the chi-square test results are outlined in Table 2 below. Table 3
highlights the vaccination profile of the surveyed children. This univariate analysis revealed
that the child’s age, birth site, owning a birth certificate, and nationality of both parents
are significantly associated with zero-dose vaccination status. There was no significant
difference in the distribution of zero-dose children among the variables of the other socio-
demographic factors. However, the birth order, mother’s age, mother’s religion, and
mother’s educational level were included in the multivariate analysis based on p < 0.2
to increase the chance of capturing variables that might be associated with the zero-dose
vaccination status.

Table 2. Distribution of zero-dose vaccination status by socio-demographic factors.

Characteristic N = 278 Zero-Dose (%) p-Value

Sex
0.7453Male 148 (53.2%) 137 (92.6%)

Female 129 (46.4%) 118 (91.5%)

Health Area
0.5781Cap-Cameroon 160 (57.6%) 145 (90.1%)

Toube 118 (42.4%) 110 (93.2%)

Birth Site
0.0000Home 258 (92.8%) 244 (94.6%)

Health facility 20 (7.2%) 11 (55%)

Birth Certificate
0.0077Yes 18 (6.5%) 13 (72.2%)

No 260 (93.5%) 242 (93.1%)

Father’s nationality
0.0000Cameroonian 46 (16.5%) 33 (71.7%)

Immigrants 211 (75.9%) 202 (95.7%)

Father’s Profession
0.8702Fishing 220 (79.1%) 202 (91.8%)

Others 38 (13.7%) 34 (89.4%)

Father’s Religion
0.7748Christian 241 (86.7%) 221 (91.7%)

Others 14 (5.0%) 12 (85.7%)

Father’s Educational level

0.8450
Not Educated 182 (65.5%) 166 (91.2%)
Primary Education 46 (16.5%) 43 (93.5%)
Secondary Education 30 (10.8%) 27 (90%)

Mother’s nationality
0.0000Cameroonian 35 (12.6%) 25 (71.4%)

Immigrant 242 (87.1%) 229 (94.6%)

Mother’s Profession
0.5431Housewife 167 (60.1%) 155 (92.8%)

Others 110 (39.6%) 99 (90%)

Mother’s Religion
0.0623Christian 256 (92.1%) 237 (92.6%)

Non-Christians 15 (5.4%) 13 (86.7%)
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Table 2. Cont.

Characteristic N = 278 Zero-Dose (%) p-Value

Mother’s Educational level

0.1589
None 104 (37.4%) 98 (94.2%)
Primary Education 135 (48.6%) 124 (91.9%)
Secondary Education 38 (13.7%) 32 (84.2%)

Marital Status of Mother
1Married 242 (87.1%) 222 (91.7%)

Others 33 (11.9%) 30 (90.9%)

Table 3. Vaccination status of the children surveyed.

Characteristic Frequency (%)

Vaccination Status (N = 278)
Complete 5 (1.8)

Incomplete 18 (6.5)
Zero-dose 255 (91.7)

Vaccination site for ASD (N = 23)
Manoka District Hospital 17 (73.9)

Other Districts 5 (21.7)

Vaccination strategy for ASD (N = 23)
Vaccination campaigns 18 (78.3)

Routine vaccination in a health facility 4 (17.4)

Antigen received by ASD (N = 23)
BCG 17 (73.9)

OPV 0 13 (56.5)
OPV 1 5 (21.7)
OPV 2 4 (17.4)
OPV 3 3 (13)

IPV 3 (13)
Penta 1, PCV 1 4 (17.4)
Penta 2, PCV 2 4 (17)
Penta 3, PCV 3 3 (13)

Rota 1 4 (17.4)
Rota 2 2 (8.7)

Measles/yellow fever 0 (0.0)

Reason for non-vaccination among zero-dose
children (N = 255)
No health facility 234 (91.7)

No transportation means 10 (3.9)
No reason 11 (4.3)

Factors Associated with Zero-Dose Vaccination Status

Table 4 highlights multivariable logistic regression results to determine factors in-
dependently associated with being a zero-dose child. Factors associated with zero-dose
vaccination status are younger children, children born at home, children born of immi-
grant fathers, and of non-Christian mothers. As seen from the Table, the odds of being
a zero-dose child decrease with the child’s age and birth in a health facility, but increase
among children born to immigrant fathers or non-Christian mothers. Children delivered
in health facilities are less likely to be zero-dose than those born at home (AOR: 0.07, 95%
CI: 0.02–0.30, p = 0.0003). Similarly, compared to a Christian mother, children born to
minority non-Christian mothers have higher odds of being zero-dose (AOR: 6.55, 95% CI:
1.04–41.25, p = 0.0453). Children born to fathers who are non-nationals are likelier to be
zero-dose children than Cameroonians (AOR: 2.60, 95% CI = 0.65–10.35, p = 0.0016). Also,
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younger children are likely to be unvaccinated compared to older peers (AOR: 0.90, 95%
CI: 0.82–1.00, p = 0.0401).

Table 4. Factors associated with zero-does status.

Univariate Logistic Analysis
Multivariate Logistic

Analysis

N Zero-Dose (%) COR (95%CI) p Value AOR (95% CI) p Value

Age of child (months) - - 0.91 (0.84–0.97) 0.0074 0.90 (0.82–1.00) 0.0401

Child’s birth order - - 1.27 (1.01–1.60) 0.0426 1.33 (0.97–1.81) 0.0753

Birth site
Home 258 94.6 1 1

Health facility 20 55 0.07 (0.02–0.20) 0.0000 0.07 (0.02–0.30) 0.0003

Birth Certificate
No 18 72.2 1 1
Yes 260 93.1 0.19 (0.06–0.60) 0.0046 0.76 (0.15–3.85) 0.7354

Mother’s educational level
Not Educated 104 94.2 1 1

Primary Education 135 91.9 0.69 (0.25–1.93) 0.4802 0.76 (0.19–2.93) 0.6903
Secondary Education 38 84.2 0.33 (0.01–1.08) 0.0675 0.53 (0.09–2.96) 0.4692

Mother’s Religion
Christian 256 96.2 1 1

Non-Christians 15 86.7 0.26 (0.08–0.88) 0.0299 6.55
(1.04–41.25) 0.0453

Mother’s Nationality
Cameroonian 35 71.4 1 1

Immigrants 242 94.6 7.05
(2.80–17.72) 0 2.60

(0.65–10.35) 0.1760

Father’s Nationality
Cameroonian 46 71.7 1 1

Immigrants 211 95.7 8.84
(3.50–22.32) 0 8.92

(2.29–34.65) 0.0016

Mother’s Age – – 1.01 (0.95–1.07) 0.7362 1.00 (0.92–1.09) 0.9794

4. Discussion

This research reveals a zero-dose proportion of 91.7% (255/278), almost ten times the
Cameroon national zero-dose proportion of 9.7% reported in 2020 [23]. This low vaccina-
tion coverage contributing to the low national EPI coverage could be explained partly by
factors peculiar to its hard-to-reach characteristics. These factors include the absence of
health facilities in the study health areas, distance from the lone health facility, multiple
poorly accessible communities (islets), and frequent diurnal flooding, making access an
uphill task. Our findings are consistent with a publication by Ozawa et al. in 2019 on
the characteristics of hard-to-reach communities—based on an extensive literature review
from 2000 to 2018 [24]. In our study, the primary service delivery approach employed in
vaccinating children was mass vaccination campaigns—78.3% of vaccinated children were
vaccinated through this approach. This highlights the importance of Supplementary Immu-
nization Activities (SIA) and vaccination campaigns in improving vaccination coverage in
hard-to-vaccinate communities, similar to the role of SIA in preventing measles outbreaks
during the COVID-19 pandemic in Kenya [25].

Based on the multivariable logistic regression analysis, the log odds of being a zero-
dose child decreased with the child’s age and being born in a health facility. However,
children born to immigrant fathers and non-Christian mothers had higher odds of being
zero-dose children than those born to Cameroonian fathers and Christian mothers, re-
spectively. Younger children are likely to be unvaccinated compared to their older peers
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(AOR: 0.90, 95% CI: 0.82–1.00, p = 0.0401). This can be explained by the fact that this
population depends solely on outreach and mobile strategies for vaccination and most
often have to wait for a national vaccination campaign or an interventional vaccination
program during an epidemic to receive routine vaccines. By reviewing demographic and
health surveys in sub-Saharan Africa, Mutua et al. showed that on-time vaccination was
relatively low in sub-Saharan Africa and varied depending on different factors, including
place of residence [1]. This implies younger children are likely to miss their vaccines and
only get them at an older age. This is also consistent with a study by Stein-Zamir et al.
in Israel, which showed that age-specific vaccine delays would lead to fewer vaccination
cases at younger ages compared to older children [26]. A study in 2018 showed the impact
of a mobile vaccination strategy in hard-to-reach communities, with children of older ages
having higher vaccination coverages than those of younger age groups, similar to the
findings in this study [27]. It is, therefore, of significant value to design tailored approaches
that permit routine vaccination of children from birth to ensure all children benefit from
vaccine protection throughout childhood.

Children born in health facilities were less likely to be unvaccinated than those de-
livered at home (AOR: 0.07, 95% CI: 0.02–0.30, p = 0.0003). Since women deliver at home,
they miss the vaccines given to the child at birth, including vaccination-related counseling
and scheduling, which can explain this finding. Also, 93.5% of children in this study did
not have birth certificates, which presents a challenge in determining a child’s age, posing
a problem in terms of logistics, routine vaccination micro-planning, and the vaccination
activity itself, as it relies on the ages of the children. This is consistent with other studies,
though they did not focus on zero-dose cases, but were more interested in incomplete and
complete vaccination cases [24,28–30]. In missed communities, a context-specific approach,
such as setting up micro-health facilities or collaborating with traditional birth attendants to
identify, track and vaccinate children from birth, will significantly improve immunization
coverage and the fight against VPDs.

Children born to immigrant fathers were likely to be zero-dose children compared
to children whose fathers were native Cameroonians (AOR: 2.60, 95% CI = 0.65–10.35,
p = 0.0016). Most immigrants do not have a residence permit and as such, they cannot
easily access essential health services outside their current residence. As a result, they tend
to depend on traditional healers, birth attendants, roadside drug vendors, and unregistered
private dispensaries for their healthcare needs. As such, even if parents are willing to
vaccinate their children, they would have no choice but to wait for an outreach vaccination
program since they cannot travel to get vaccines outside of this setting. A systemic review
of studies in sub-Saharan Africa and the European region revealed migration as a factor
associated with low vaccination coverage [31,32]. Also, comparatively lower vaccination
coverage was found among immigrants in India compared to the locals because of the high
prevalence of home births, lack of awareness of the location of health facilities, mobility,
and fear of vaccine side effects [33].

In the same line, this study reveals that children born to minority non-Christian moth-
ers are likelier to be zero-dose children than those born by Christian mothers (AOR: 6.55,
95% CI: 1.04–41.25, p = 0.0453). The non-Christian communities in MHD represent a minor-
ity population, with only 5.4% of mothers belonging to this population as opposed to their
Christian counterparts, 93.8%. To leave no child unvaccinated, the finding in this study
further emphasizes the need to identify minority communities; employ human-centered
design and tools, such as the WHO framework of behavioral and social drivers (BeSD), to
have in-depth knowledge on supply and demand barriers specific to minority populations;
and develop context-specific strategies.

Unlike most studies, birth order was not significantly associated with zero-dose
vaccination status, AOR, 1.33, 95% CI: 0.97–1.81, p = 0.0753 [28,34,35]. For instance, a nested
case-control study conducted on a cohort of 110,902 Israeli children under the age of 5
revealed that birth order progression is inversely associated with vaccine utilization [36].
The critical explanation is that previous parental vaccination service delivery experiences
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with their firstborns tend to shape parents’ new attitudes towards vaccination [36]. Birth
order was probably insignificant in this study because vaccination coverage was too low in
these health areas to significantly impact subsequent parental attitudes toward vaccination.

5. Conclusions

This study establishes an association between being a zero-dose child and home-
based births, being the younger child, being born to immigrant fathers, and minority
non-Christian mothers. Therefore, the study highlights the need to develop context-specific
approaches to vaccinating children in hard-to-reach communities to close health equity
gaps. This can be achieved by paying more attention to minority groups, immigrants, and
younger children, including newborns, who are often missed during vaccination campaigns.
The study findings also reemphasize the value of SIA in such a missed community.

5.1. Limitations

A major flaw in this study is the possibility of non-differential misclassification of
the vaccination status of children since more than 90% of children did not have birth
certificates, and their ages were estimated based on their parents’ recall. Although this
may have affected the proportion of incomplete and complete vaccination cases, it did
not affect the multivariable logistic regression findings because the outcome variable was
solely based on whether the child had ever received any vaccine antigen on the Cameroon
EPI calendar (zero-dose vaccination status). Also, we minimized bias stemming from the
caregiver’s recall by corroborating the children’s vaccination status with a checklist of
timing of SIA and national vaccination campaigns in the past five years.

The certainty of the evidence is limited by the small sample size of specific populations,
such as non-Christian mothers and fathers, and the number of health facility-based births.
Apart from the limited statistical power of this study, the cross-sectional study design
conducted using secondary data posed a challenge of generalizability. However, the
findings are aligned with many similar studies in other countries.

Convenience sampling was employed which, may have compromised the generaliz-
ability of this study. However, the sampling approach took into consideration the most
populous islets in MHD with high zero-dose proportion. The population dynamics and
social activities of these communities make availability a major issue—this is the reason
why convenience sampling was a great fit so as not to lose valuable data.

5.2. Recommendation

A qualitative study to establish in-depth reasons for zero-dose and under-vaccinated
children will further close the knowledge gap on missed communities in Cameroon.
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Abstract: Background: Global immunization inequities persist, reflected in the 25 million underim-
munized and 18 million zero-dose children in 2021. To identify country approaches to reach underim-
munized and zero-dose children, we undertook a structured synthesis of pro-equity strategies across
61 countries receiving programmatic support from Gavi, the Vaccine Alliance. Methods: We extracted
data from 174 Country Joint Appraisals and Multi-Stakeholder Dialogue reports (2016–2020). We iden-
tified strategies via a targeted keyword search, informed by a determinants of immunization coverage
framework. Strategies were synthesized into themes consolidated from UNICEF’s Journey to Health
and Immunization (JTHI) and the Global Routine Immunization Strategies and Practices (GRISP)
frameworks. Results: We found 607 unique strategies across 61 countries and 24 themes. Strategies
to improve care at the point of service (44%); to improve knowledge, awareness and beliefs (25%);
and to address preparation, cost and effort barriers (13%) were common. Fewer strategies targeted
experience of care (8%), intent, (7%) and after-service (3%). We also identified strategies addressing
gender-related barriers to immunization and targeting specific types of communities. Conclusions:
We summarize the range of pro-equity immunization strategies employed in Gavi-supported coun-
tries and interpret them thematically. Findings are incorporated into a searchable database which can
be used to inform equity-driven immunization programs, policies and decision-making which target
underimmunized and zero-dose communities.

Keywords: immunization; children; equity; gender; rural; remote; conflict; urban; poor

1. Introduction

Despite tremendous immunization progress in recent decades, global inequities per-
sist, reflected in the 25 million underimmunized and 18 million zero-dose children in
2021 [1]. Zero-dose children are defined by the Immunisation Agenda 2030 consortium
(IA2030) as those that lack access to or are never reached by routine immunization services,
measured by the lack of the first dose of diphtheria-tetanus-pertussis containing vaccine
(DTP1) [2]. Health inequities are significant drivers of the gaps in immunization coverage
and challenges in reaching the most under-served communities in low- and middle-income
countries (LMICs) [3,4]. It is estimated that half of zero-dose children reside in three key ge-
ographic contexts: urban poor areas, remote communities and conflict-affected settings [5].
Moreover, gender-related barriers to immunization create additional challenges, with indi-
cators such as maternal education and age being significant determinants of immunization
coverage [3,4,6,7].
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To improve immunization coverage and equity, the World Health Organization has
launched the Immunization Agenda 2030 (IA2030), with the goal of “leaving no one be-
hind”, including a core objective to extend immunization services to reach zero-dose and
underimmunized children and communities [8]. Aligned with IA2030, Gavi has launched
its 5.0 Strategy with the goal of reducing the number of zero-dose children by 25% by 2025
and by 50% by 2030 [9,10]. Through several funding streams, Gavi supports immunization
programs in more than 70 LMICs [11]. Gavi also supports UNICEF to conduct implementa-
tion research to improve policies and programs, identify implementation bottlenecks and
promote equity in immunization delivery [12].

To understand how countries are currently addressing these gaps and where there
is scope for improvement, we undertook a mapping and structured synthesis of pro-
equity strategies for immunization across 61 low-income countries receiving programmatic
support from Gavi, expanding on a more targeted mapping exercise by Dadari and col-
leagues [13]. The synthesis aimed to identify current practices and promising opportunities
to reach zero-dose and underimmunized children in LMICs and to inform the creation of
a searchable database to enable countries to identify potential solutions to immunization
challenges and support country-level programmatic planning.

2. Materials and Methods

Strategy mapping followed a two-phased approach. Phase I (2019) led by Dadari and
colleagues focused on 13 Gavi-supported countries (Afghanistan, Central African Republic,
Chad Republic, Democratic Republic of Congo, Ethiopia, India, Kenya, Kyrgyzstan, Mada-
gascar, Myanmar, Nigeria, Pakistan, Uganda) [13]. Phase II (expanded mapping in 2021)
considered data from 48 additional Gavi-supported countries. A list of countries selected
for both phases is available in Appendix A.

2.1. Methods for the Initial Mapping by Dadari et al.

The extraction of pro-equity strategies was guided by the development of a conceptual
framework by UNICEF researchers, including the determinants of immunization coverage,
key thematic areas and associated keywords. Methods for the first phase are described in
detail in previous published work by Dadari et al. [13].

2.2. Methods for the Expanded Mapping

The expanded mapping sought to include data from 48 additional Gavi-supported
countries, as well as incorporate more recent data from phase I countries, when available.
We also aimed to interpret data by applying additional equity filters, considering gender-
related barriers to immunization and inequities in immunization for target populations
(urban poor, remote rural, conflict). Lastly, we sought to organize strategies thematically
and identify opportunities to make findings accessible to countries, development partners
and other interested parties

2.2.1. Data Source Selection

The mapping considered Gavi Annual Country Joint Appraisals (JA) reports be-
tween 2016 and 2019, aligning with the Gavi 5.0 strategy timeline. JA reports describe
country-level implementation progress and the performance of Gavi funding support [14].
Countries were selected based on eligibility for Gavi support in 2020. In view of the
COVID-19 pandemic in 2020, countries did not submit JA reports. Instead, countries con-
ducted “Multi-Stakeholder Dialogues” (MSD), which aim to convene relevant stakeholders
to discuss country-level barriers to immunization and align future objectives and actions.
MSD reports summarizing key findings from these sessions were included as data points
for that year. JAs and MSDs were obtained from the Gavi website and the Gavi Secretariat.

A total of 126 JAs (n = 106) and MSDs (n = 20) from 48 additional countries were
selected for the data extraction. Up to three most recent data points were chosen for each
country, when available. Additionally, given that Syria only became eligible for Gavi
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support in 2019 and there were no JAs or MSDs available, a report on Syria’s National
Immunization Strategy was obtained as an alternative data source.

2.2.2. Data Extraction and Synthesis

Strategies were identified via a targeted keyword search, informed by the phase I
conceptual framework. The data extraction method was initially calibrated by manually
extracting strategies from randomly selected JAs used in phase I. After careful review of
the initial mapping and JA reports, additional keywords were generated for the thematic
areas to improve the identification of strategies and increase the scope of the extraction.

Data extraction was facilitated by the “text retrieval” feature of the freely available
qualitative analysis software QDA Miner Lite to accommodate a large dataset and increase
the reliability of results. For efficiency and convenience, keywords were searched across all
JA and MSD reports simultaneously. Paragraphs where keywords appeared were analyzed
for their relevance and presence of strategies corresponding to the thematic areas. An
Excel extraction matrix, including countries, thematic areas and keywords, was populated
with strategies.

Data extraction was performed by the first author, with supplemental cross-check
for 10% of the data by a second reviewer. Independently obtained results between both
reviewers were compared at multiple occasions. Differences in data extraction and strategy
capture were discussed among reviewers and co-authors until a consensus was reached
and appropriate adjustments or calibrations were made. Additionally, all keywords were
translated in French to enable data extraction from reports available only in French. The
final set of keywords used for extraction can be found in Appendix B.

Data from phase I and II were collated, yielding a total of 607 unique strategies, ex-
tracted from 174 reports and 61 countries. The thematic synthesis of pro-equity strategies
was informed by the analysis led by Dadari and colleagues in Phase I, UNICEF’s Journey
to Health and Immunization (JTHI) framework, and the Global Routine Immunization
Strategies and Practices (GRISP) framework [13,15,16]. The JTHI framework is a tool used
to identify the factors influencing different points of the immunization service delivery, in-
cluding before, during, and after immunization. The framework also offers an opportunity
for a more targeted identification of barriers and solutions. Table 1 outlines key dimensions
related to each step of the JTHI framework.

Table 1. Key caregiver and health worker dimensions of the JTHI framework [15].

JTHI Step Caregiver Health Worker

1: Knowledge, Awareness
and Beliefs

Practical knowledge, norms and values, trust in
vaccines and providers

Practical competencies, norms and
values, perception of clients

2: Intent Decision-making power, self-efficacy Motivation/satisfaction, social
recognition, community respect

3: Preparation, Cost and Effort
Logistics of remembering, transport, childcare,

juggling competing priorities, social and
opportunity costs

Preparing getting to clinic/outreach site,
opportunity costs

4: Point of Service Appropriateness and convenience of services,
service hours, social distance Training, job aids, workload, facility/flow

5: Experience of Care
IPC and treatment by health workers, physical

conditions, use of home-based records,
client satisfaction

Interpersonal communication skills, trust
building, pain mitigation, training and

experience, social distance

6: After-Service
Information on AEFI and when and where to

return, sharing +/− experience with community,
reinforcement of vaccination as norm

Family and community respect,
celebration of achievements,

supportive supervision

The thematic synthesis of strategies was also informed by the Global Routine Im-
munization Strategies and Practices (GRISP) framework [16]. The GRISP comprehensive
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framework of strategies and practices for routine immunization introduces key areas of
action to strengthen immunization systems and improve coverage. The framework also
describes a systemic approach to address barriers by tackling four categories of actions:
maximizing reach, managing the program, mobilizing people and monitoring progress [16].
Among these actions, GRISP highlights nine transformative investments, aimed to guide
governments to transform immunization programs and achieve better outcomes [16].

We thematically synthesized the collated pro-equity strategies, building on the themes
identified in phase I, JTHI steps and GRISP dimensions. When relevant, GRISP approaches
were included in the themes. Examples of GRISP themes include the integration of im-
munization with other routine services, strategies to address vaccine hesitancy and mis-
information and practices to build the capacity of healthcare workers. Given that some
strategies were found to be relevant to more than one theme and JTHI step, we opted to
include them in all relevant dimensions and themes, leading to a total of n = 740 data points
used for the analysis. To support knowledge use, a learning tool and searchable database of
strategies was created by UNICEF. The tool allows filtering of results by country, JTHI steps,
health system element, relevance to key populations and the application of a gender lens [17].

3. Results

The number of unique strategies reported by each country ranged from a minimum
of one strategy (Cambodia, Mongolia, Philippines, DPR Korea, Syria) to a maximum of
twenty-seven strategies (Nigeria) (see Figure 1).

Figure 1. Number of strategies per country.

3.1. Strategies Addressing JTHI Steps

Strategies targeting JTHI step 4 (Point of Service, n = 328 [44%]), step 1 (Knowledge,
Awareness and Beliefs, n = 181 [25%]) and step 3 (Preparation, Cost and Effort, n = 98
[13%]) were the most common. Countries less frequently reported strategies targeting
step 5 (Experience of Care, n = 58 [8%]), step 2 (Intent, n = 54 [7%]) and step 6 (After-
Service, n = 20 [3%]). Figure 2 illustrates the number and relative proportion of strategies
by JTHI step and determinants of immunization coverage.
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Figure 2. Relative proportion of strategies per JTHI step and determinant of immunization coverage.

Moreover, nested within each step and determinant of immunization coverage, we
consolidated strategies into 24 themes (see Figure 3).

Figure 3. Number of strategies per JTHI step, determinant of immunization coverage and theme.

Pro-equity strategies relevant to JTHI step 4 (Point of Service) targeted a variety
of determinants and themes, including Utilization (n = 115 [16%]), Management and
Coordination (n = 81 [11%]), Human Resources (n = 53 [7%]), Commodities (n = 49 [6%])
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and Budget and Expenditures (n = 30 [4%]). The most common theme identified at this
step was: tailoring the location of service delivery (n = 81 [11%]), which is related to factors
influencing the utilization of services by clients. For example, in Guinea, immunization
supplies and equipment were installed in private, religious and armed forces infrastructures
in order to expand the supply of vaccination services for populations that are harder to
reach in urban areas.

Further, strategies relevant to step 1 (Knowledge, Awareness and Beliefs) targeted
the determinants Social Norms (n = 161 [22%]) and Human Resources (n = 21 [3%]). The
themes most commonly identified at this step were: engaging local leaders to address
misinformation and raise awareness (n = 84 [12%]) and use of communication strategies to
address misinformation and raise awareness (n = 76 [10%]). For example, in Lao People’s
Democratic Republic, community leaders and village health volunteers have been targeting
mothers in known high-risk villages by engaging them to understand their own personal
views and potential hesitancy regarding immunization. Moreover, in Indonesia, a com-
munication campaign was developed to advocate for measles and rubella immunization
through short films, SMS blast messages, art/graphic design and communication channels
(Facebook, Twitter, WhatsApp, etc.).

Strategies related to step 3 (Preparation, Cost, and Effort) targeted the determinants
Utilization (n = 69 [9%]) and Management and Coordination (n = 29 [4%]). Strategies at
that step were most commonly related to the theme: reminders and strategies to reduce
time, costs and opportunity barriers (n = 39 [5%]). For example, in Eritrea, mothers and
caregivers were encouraged by healthcare providers to bring defaulter children to sites for
vitamin A supplementation and immunization during the African Vaccination Week and
Child Health and Nutrition Week activities.

Strategies used at step 5 (Experience of Care) were most often related to the theme:
adjusting service delivery approach and engaging community to ensure acceptability
(n = 44 [6%]). A strategy under this theme was implemented in Ethiopia with the use
of community outreach agents to perform the community-based monitoring of children
eligible for vaccinations, thus engaging community leaders and volunteers. Moreover,
strategies at step 2 (Intent) were most often related to the theme: financial and non-financial
incentives to improve staff motivation and performance (n = 41 [5%]). For example, in South
Sudan, 465 vaccinators and 24 supervisors were trained in interpersonal communication
(IPC) skills. Lastly, we found fewer strategies targeting step 6 (After-Service), where
the most common themes were: strengthening accountability, trust and communication
for mobilization (n = 12 [2%]), including AEFI training conducted in multiple countries
(Nicaragua, Eritrea, Mozambique and Myanmar, among others).

The least frequently identified themes among all JTHI steps were as follows: health
workers being from the communities they serve (n = 6 [1%]), taking stock of post-care
successes and failures (n = 6 [1%]), performance rewards for healthcare workers (n = 2
[0.2%]) and security initiatives to allow services to happen (n = 1 [0.1%]).

3.2. Strategies Targeting Key Populations and Gender

Our approach allowed the identification of strategies targeting special populations,
including the key geographical contexts identified by the Equity Reference Group for
Immunization and reflected in both IA2030 and Gavi’s strategy 2021–2025: poor urban
areas, remote rural communities and populations affected by conflict [3,8–10]. Additionally,
gender was identified as a cross-cutting theme and influencing factor for immunization
and was incorporated in the data interpretation process. The UNICEF searchable database
allows filtering of results based on their relevance to key populations and the consideration
of gender [17]. Given the volume of data, a few select examples related to the most common
theme identified in the mapping (engaging local leaders to address misinformation and
raise awareness) are highlighted here.

For example, in Malawi, mother care groups (village head chiefs, women volunteers)
were created by Malawi Health Equity Network (MHEN) in hard-to-reach areas, urban
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slums and refugee camps. The groups’ activities involve defaulter tracing (door-to-door),
health education, interpersonal communication and advocacy at the community level.

Additionally, in Pakistan, a prototype on immunization in slums of one union council
in Lahore was developed and implemented locally. Through this approach, twelve slum
health committees were established with participation from local community notables,
religious leaders, teachers and local government representatives for advocacy and social
mobilization among slum communities.

Moreover, in Nigeria, the Women Advocates for Vaccine Access (WAVA), a coalition of
women-focused civil society organizations, was formed to advocate for increased routine
immunization and sustainable vaccine financing.

4. Discussion

We summarize pro-equity immunization strategies employed in 61 Gavi-supported
countries between 2016 and 2020, as reported in JA reports. This mapping provides an
overview of what is being done to improve immunization equity and reach the most
disadvantaged communities in Gavi-supported LMICs. Moreover, we offer a thematic
synthesis of strategies in the form of a searchable database, informed by the JTHI and
GRISP frameworks [17].

Countries are using various strategies to tackle immunization challenges at each
JTHI step. While there is an abundance of strategies targeting Point of Service (step 4);
Knowledge, Awareness and Beliefs (step 1); and Preparation, Cost and Effort (step 3),
we found gaps in addressing immunization Intent (step 2), Experience of Care (step 5)
and After-Service (step 6). Mapping strategies against the JTHI and GRISP frameworks
allowed the identification of common practices among countries, as well as opportunities
for strategy development and future investments to improve immunization outcomes.

Strategies focused on leveraging communication strategies and engaging local leaders
to raise awareness and address misinformation were common among countries. These
strategies shape knowledge, awareness and beliefs about immunization among caregivers
and health workers and influence the first step of the JTHI framework. Efforts aligned
with this theme also support the IA2030 strategic priority to increase commitment and
demand by improving public trust and confidence, acceptance and value of vaccination,
and addressing the reluctance to vaccinate [8]. Vaccine hesitancy remains a key challenge
in LMICs and was identified by the WHO as one of the top global health threats in
2019 [18,19]. While the prevalence of vaccine hesitancy in LMICs can vary, prioritizing
efforts to influence caregiver knowledge and confidence about the importance, safety and
effectiveness of vaccines can have a significant impact on vaccine uptake globally [20,21].
However, given that the causes for vaccine hesitancy can be complex and context-specific,
understanding how Gavi-supported countries are addressing these challenges can inform
future efforts to increase immunization coverage and equity, particularly in countries with
similar socio-cultural contexts. [16,18,19].

Strategies targeting the logistics of service delivery, such as tailoring the location of ser-
vices, were also common. These include efforts to provide tailored services for hard-to-reach
communities, microplanning, Reach Every District (RED)/Reaching Every Child (REC)
initiatives and other “bottom-up” approaches, which have previously been supported by
the literature [22,23]. Additionally, countries reported strategies focused on reminders and
strategies to reduce time, costs and opportunity barriers and on conducting coverage and
equity assessments (CEAs). These strategies directly address the IA2030 strategic priority
of improving coverage and equity as they focus on identifying barriers to vaccination due
to age, location, social and cultural and gender-related factors [8]. Moreover, prioritizing
CEAs can further contribute to bridging equity gaps by promoting the identification of
under-served communities, the selection and prioritization of pro-equity strategies and the
monitoring of pro-equity strategies, interventions and outcomes [24].

Furthermore, countries reported a variety of strategies focused on addressing systemic
elements of the immunization process, such as strengthening healthcare systems, improving
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information and data management systems; strengthening supply chains and logistics; and
investing in the healthcare workforce. These strategies demonstrate an alignment with
GRISP transformative investments, including building vaccinator capacity, modernizing
vaccine supply chains and investing in information systems [16].

Opportunities for strategy development can be found in the least common themes
identified: health workers are from the communities they serve and security measures
to allow immunization services to happen safely in conflict-affected areas. Strategies to
address these themes can be guided by the GRISP areas targeting the mobilization of people
(through engaging communities) and maximizing reach (through designing services to
effectively deliver vaccines to all target groups and improve equity), respectively [16].

Lastly, there are opportunities for strategy development at the JTHI steps for which we
found fewer strategies (Intent, Experience of Care, and After-Service). Immunization intent
is related to the caregiver’s decision-making power and self-efficacy, which is influenced by
societal gender norms and roles [15]. Although women are traditionally the primary care-
givers in households, they often lack the decision-making power to influence the health of
their children [25–27]. Moreover, the link between maternal education and child immuniza-
tion has been thoroughly documented in the literature and can be an important contributor
to the “social distance” between caregivers and health workers, which is a key component
of addressing the experience of care [4,7,15]. An emphasis on improving maternal health
literacy can be an important consideration to address this gap [25–27]. Further, an ecological
framework can be useful in identifying gaps and interventions targeting individual and
household factors affecting women’s decision-making process, including health literacy
and capacity for negotiation within households and within healthcare settings [25].

Given that step 6 feeds back into the JTHI cycle and can influence other dimensions of
the care-seeking process, more attention should be brought to assessing the opportunities at
that step. JTHI step 6 strategies focus on clients’ access to information about the after-effects
following immunizations (AEFI), knowledge about follow-up appointments and when to
return for services [15]. At that step, very few strategies targeted performance rewards
and processes for evaluating programs (taking stock of post-care successes and failures).
Opportunities for strategy development addressing these themes can be informed by two
of the GRISP areas of action. Firstly, in the area of maximizing reach, there are opportunities
for transformational investments related to building the capacity of vaccinators, including
the provision of performance rewards for healthcare workers [16]. Secondly, in the area of
monitoring progress, there are opportunities to develop strategies related to the evaluation
of programs through surveys and review, which includes taking stock of post-care successes
and failures [16].

4.1. Strengths and Limitations of the Mapping

Our synthesis builds on and reinforces previous work to describe pro-equity strategies
for immunizations in Gavi-supported countries (13). Moreover, we demonstrate the utility
of using JA reports to characterize and understand country-level practices to improve
immunization coverage and equity. The mapping of strategies to multiple key dimensions
and themes, including JTHI steps, systemic factors emphasized by GRISP and relevance to
key populations, allowed us to create a searchable database which can be used for knowl-
edge sharing among countries, as well as inspiration for addressing gaps and developing
targeted approaches [17].

An important limitation of the mapping is that it considers only the strategies that
are being reported by countries in the JA and MSD reports. Therefore, the data extracted
from these reports might not include all strategies used at the national or subnational
levels. Additionally, data might be incomplete for the countries where only one or two data
points were available. Moreover, the review represents a snapshot of the strategies that
are currently being implemented in all countries, without evaluating the implementation
process or the efficacy of these strategies directly. Therefore, the recommendations that can
be made from the data are limited to “what” is being done, without being able to explain
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“how” these strategies are implemented or how well they worked. This is an important
evidence gap that needs attention.

4.2. Implications for Policy and Practice

An equity-driven approach is necessary to identify immunization gaps and oppor-
tunities to reach underimmunized and zero-dose children in LMICs. The awareness of
current strategies and gaps can inform equity-driven immunization programs, policies
and decision making targeting zero-dose and underimmunized children in LMICs. The
dissemination of these findings can also promote knowledge and expertise sharing be-
tween countries and can serve as a base for strategic planning and scale-up of interventions
promoting equitable immunization programs, particularly between countries in similar
socio-political or cultural contexts. Future directions for this work could include an analysis
of the country-level impact of these strategies on immunization inequities. An emphasis on
monitoring and evaluation activities could further characterize the areas where investments
are justified and desired.

Given that Gavi-supported countries submit JA or MSD reports yearly, it would be
beneficial to continuously update the data and searchable database on a yearly basis, as
reports become available [17]. Moreover, given the disruption of services that occurred due
to the COVID-19 pandemic, we recommend a detailed analysis of the pro-equity mitigation
strategies deployed in 2020 since the start of the pandemic. Lastly, continued work to
categorize strategies based on key dimensions, such as relevance to key populations (urban,
remote rural and conflict) and gender considerations, can provide opportunities for more
targeted solutions to implementation challenges.

5. Conclusions

We conducted a targeted mapping and synthesis of pro-equity strategies for immu-
nization in 61 Gavi-supported countries. Strategies were thematically mapped against the
JTHI steps and the GRISP framework, which allowed us to identify common practices and
opportunities for future investments. Findings have been incorporated into a learning tool
and searchable database of pro-equity strategies, which can serve as a resource and a guide
to other countries who want to improve their immunization coverage and equity [17].
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List of Relevant Abbreviations

AEFI Adverse Events Following Immunization
CEA Coverage and Equity Assessment
CHW Community Health Worker
CRVS Civil Registration and Vital Statistics
CSO Civil Society Organization
DHIS District Health Information System
EPI Expanded Programme on Immunization
GIS Geographic Information System
GRISP Global Routine Immunization Strategies and Practices
HeRAMS Health Resources Availability Monitoring System
HSS Health Systems Strengthening
IPC InterPersonal Communication
IA2030 Immunisation Agenda 2030
IEC Information, Education and Communication
JA Joint Appraisal
JTHI Journey to Health and Immunization
KAP Knowledge, Awareness and Practices
MOU Memorandum of Understanding
MSD Multi-Stakeholder Dialogue
NGO Non-Governmental Organization
RED Reaching Every District
SDD Solar Direct Drive
SMS Short Message Service
SWAp Sector Wide Approach
UNICEF United Nations Childen’s Fund
WHO World Health Organization

Appendix A

Table A1. Gavi-supported countries included in phases I and II of the mapping.

Country Phase I Phase II

Afghanistan �
Bangladesh �

Benin �
Burkina Faso �

Burundi �
Cambodia �
Cameroon �

Central African Republic �
Chad �

Comoros �
Cote d’Ivoire �

Democratic Republic of Congo �
Djibouti �

DPR Korea �
Eritrea �

Ethiopia �
Ghana �
Guinea �
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Table A1. Cont.

Country Phase I Phase II

Guinea-Bissau �
Haiti �
India �

Indonesia �
Kenya �

Kyrgyzstan � �
Lao People’s Democratic Republic �

Lesotho �
Liberia �

Madagascar �
Malawi �

Mali �
Mauritania �
Mongolia �

Mozambique �
Myanmar � �

Nepal �
Nicaragua �

Niger �
Nigeria �
Pakistan �

Papua New Guinea �
Philippines �

Republic of the Congo �
Rwanda �

Sao Tome and Principe �
Senegal �

Sierra Leone �
Solomon Islands �

Somalia �
South Sudan �

Sudan �
Syria �

Tajikistan �
Tanzania �

Timor-Leste �
Togo �

Uganda �
Uzbekistan �

Vietnam �
Yemen �
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Table A1. Cont.

Country Phase I Phase II

Zambia �
Zimbabwe �

Appendix B

Table A2. Keywords used for data extraction.

Determinant of
Immunization

Coverage
Theme Keywords (English) Keywords (French)

Utilization

Adjusting time of immunization

schedule_change, time_change,
extended_time, time_adjustment,
weekend_immunization,
service_delivery, weekend,
event, period*

horaire*, changement_horaire,
ajustement_horaire, prolong*,
temps_supplémentaire,
immunisation_weekend,
fin_de_semaine,
prestation_de_service,
heur*_supplémentaire*

Tailor location of service delivery to
meet the needs of caregivers

marketplace_session*,
mobile_session*, location*,
service_delivery, urban,
special_session*, marketplace,
session*, rural, gender, transit_camp*,
volunteer*, micro_plan,
outreach, market*

prestation_de_service, urbain, marché,
genre, place_du_marché,
camp*_de_transit,
service*_de_proximité, volontaire*,
bénévol*

Network of health workers
peer_support, network*, remote, rural,
social_group, SMS, Whatsapp,
text_message*, support

Support_par_les_pairs, réseau,
éloigné, rural, groupe_social, SMS,
messag*_texte, texto, Whatsapp,
groupe*_de_soutien, soutien

Reminder and recall systems

SMS, Whatsapp, reminder*,
defaulter_tracing, defaulter_tracking,
incomplete_vaccination,
incomplete_immunisation, missed,
unvaccinated, defaulter*

SMS, Whatsapp, rappel*, repérage,
traçage, localisation, suivi, abandon*,
décrochage,
immunisation*_incomplète*

Social norms

Community leaders and multiple
advocates to address
misinformation/identify normative
positions and match the messenger
to the recipient

mistrust, misinformation,
disinformation, influence, community,
civil_society, NGO, religi*, shaman,
clan_leader, tradition*, accepta*,
rumo*, misconcept*

Désinformation, fausse_information,
faux_renseignement*, influence*,
communauté*, Communautaire,
société_civile, ONG, religi*,
organization_non_gouvernementale,
rumeur*, idée*_fausse*

Peer/women-support groups in
communities

hesitancy, women_group*,
women_support, peer_group,
men’s_group, peer_support, fem*

hésitation, groupe*_de_femme*,
support_entre_femmes,
groupe_de_pairs, groupe_d’hommes,
support_par_les_pairs, soutien

Leveraging social norms—using
champions from the target
population who are well-liked and
influential to shape perceptions
peers have of vaccines

champion*, mistrust, misinformation,
disinformation, influence, community,
NGO, civil_society, rumo*

champion, hésitation,
fausse_information,
faux_renseignements, influence,
communauté, communautaire, ONG,
société_civile, rumeur*

Journalists as EPI champions
journal*, journalis*, news, media,
print, radio*, social_media, channel*,
Facebook, Twitter, Instagram, rumo*

journal*, journalis*, media*, radio,
réseau*_socia*, châine*, Facebook,
Twitter, Instagram, rumeur*

Social structure household decision
makers/widen the audience for IEC

decision_mak*, gender, empower*,
mother*, father*, IEC, informa-
tion_education_and_communication,
KAP,
Knowledge_attitudes_and_practices,
daughter*, son*, girl*, boy*, teenag*

prise_de_décision*, décideur, genre,
autonomisation, mère*, père*, IEC,
informa-
tion_éducation_et_communication,
fill*, garçon*, adolescen*

Gender transformative approaches:
men as fathers

decision_make*, gender*, empower*,
mother*, father*, daught*, son*,
teenag*

décideur*, prise_de_décision, genre*,
autonomis*, fill*, garçon*, adolescen*,
père*, mère*
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Table A2. Cont.

Determinant of
Immunization

Coverage
Theme Keywords (English) Keywords (French)

Management and
coordination

EPI support groups for rural/urban
populations

urban_immunization, rural, urban,
slum*, communit*

immunisation_urbaine, rural, urbain,
binonville*, communaut*

Strategies for negotiating access to
populations affected by conflict

conflict, safe_corridor*,
corridor*_of_peace, safe_zone,
change_agent, hard_to_reach, securit*

conflit*, corridor*_de_paix, sécurit*,
zone_sécurit*, agent*_de_changement

Communication chains amongst
health providers

health_worker_communication,
health/service_provider_communication,
SMS, Whatsapp, messag*

travailleur_de_santé,
prestataire_de_santé, communication,
prestataire_de_services, SMS,
Whatsapp

Services monitoring system monitoring_system, HeRAMS système*_de_surveillance

Alternatives to
immunization records microchip*, record*, registr*, bracelet puce*, puce_électronique, dossiers,

registr*, bracelet

Population tracking tracking, GIS, satellite,
mobile_network, mapping

suivi, localisation, repérage, satellite,
réseau_mobile, géolocalisation

Linkages to registration systems
e-register, tracker, DHIS,
DHIS2, CRVS,
civil_registration_and_vital_statistics

registr*_numérique, tracker,
état_civil_et_statistiques_démographiques,
statistiques_de_l’état, DHIS, DHIS2

Human resources

Digital financial services
digital_money, digital_payment,
mobile_money, electronic_payment,
finance*, budget

argent_numérique,
monnaie_électronique,
paiement_électronique,
argent_électronique, finance*, budget

Health worker recognition
incentiv*, reward_system, motivation,
recognition, pay-for-performance,
training, capacity_building, reward

incitati*, motivation, encouragement,
stimulus, valorisation,
récompense, formation

Environment

Security to allow immunization
services to happen

security, safe_access, late_hours,
extended_hours

sécurité, accès_sécuritaire,
heure_tardive, extension,
horaire_prolongé,
heures_supplémentaires

Setting up overnight stay points to
reach access-compromised areas

overnight, camping, night,
mobile_team

nuit, pendant_la_nuit, camping,
équipes_mobiles

Commodities Cold chain technology

solar_direct_drive_refrigerator*, SDD,
long_term_passive_cold_box,
freeze_prevention, freeze_protetion,
controlled_temperature_chain,
outside_cold_chain, thermostable,
cold_chain*, temperature*, freezer,
fridge, refrigerator*

réfrigérateur_solaire, réfrigérateur,
congélation, protection_contre_le_gel,
prévention_du_gel,
chaîne_de_température, thermostable,
chaîne_de_froid, température*,
réfrigérateur*, frigidaire*, congélateur

Budget and
expenditures Coordinated activity plans

one_plan, one_budget, one_system,
MOU, joint_plan, SWAp, budget,
expenditure,
memorandum_of_understanding,
sector_wide_approach

un_plan, un_budget, un_système,
plan_conjoint, approche_sectorielle,
budget, dépense

* Asterisks refer to truncated search terms used to extract relevant keywords and their variations.
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Abstract: Introduction: Following a call from the World Health Organization in 2017 for a methodol-
ogy to monitor immunization coverage equity in line with the 2030 Agenda for Sustainable Devel-
opment, this study applies the Vaccine Economics Research for Sustainability and Equity (VERSE)
vaccination equity toolkit to measure national-level inequity in immunization coverage using a multi-
dimensional ranking procedure and compares this with traditional wealth-quintile based ranking
methods for assessing inequity. The analysis covers 56 countries with a most recent Demographic
& Health Survey (DHS) between 2010 and 2022. The vaccines examined include Bacillus Calmette–
Guerin (BCG), Diphtheria–Tetanus–Pertussis-containing vaccine doses 1 through 3 (DTP1–3), polio
vaccine doses 1–3 (Polio1–3), the measles-containing vaccine first dose (MCV1), and an indicator for
being fully immunized for age with each of these vaccines. Materials & Methods: The VERSE equity
toolkit is applied to 56 DHS surveys to rank individuals by multiple disadvantages in vaccination
coverage, incorporating place of residence (urban/rural), geographic region, maternal education,
household wealth, sex of the child, and health insurance coverage. This rank is used to estimate a
concentration index and absolute equity coverage gap (AEG) between the top and bottom quintiles,
ranked by multiple disadvantages. The multivariate concentration index and AEG are then compared
with traditional concentration index and AEG measures, which use household wealth as the sole
criterion for ranking individuals and determining quintiles. Results: We find significant differences
between the two sets of measures in almost all settings. For fully-immunized for age status, the
inequities captured using the multivariate metric are between 32% and 324% larger than what would
be captured examining inequities using traditional metrics. This results in a missed coverage gap of
between 1.1 and 46.4 percentage points between the most and least advantaged. Conclusions: The
VERSE equity toolkit demonstrated that wealth-based inequity measures systematically underesti-
mate the gap between the most and least advantaged in fully-immunized for age coverage, correlated
with maternal education, geography, and sex by 1.1–46.4 percentage points, globally. Closing the
coverage gap between the bottom and top wealth quintiles is unlikely to eliminate persistent socio-
demographic inequities in either coverage or access to vaccines. The results suggest that pro-poor
interventions and programs utilizing needs-based targeting, which reflects poverty only, should
expand their targeting criteria to include other dimensions to reduce systemic inequalities, holistically.
Additionally, a multivariate metric should be considered when setting targets and measuring progress
toward reducing inequities in healthcare coverage.

Keywords: equity; vaccine; immunization; global health; LMICs; health equity; quantitative analysis;
socioeconomic; measurement
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1. Introduction

Routine vaccination coverage is an essential component of primary healthcare and
assessing health systems’ strength. Despite increases in national levels of coverage over
time, sub-national inequities in coverage and vaccination status across individuals persist
due to multiple structural and socio-demographic barriers to access [1]. Despite this,
most metrics used for measuring the degree of inequity in health outcomes, such as
vaccine coverage, only allow for measuring disparities along one dimension at a time,
such as wealth or urban/rural location [2]. Such measures mask persistent disparities
correlated with multiple dimensions. This study utilizes the Vaccine Economics Research
for Sustainability and Equity (VERSE) measurement toolkit [3] to compare inequity in full
immunization status using both traditional concentration indices and absolute equity gaps
(AEG) employing wealth-based ranking with concentration indices and AEGs derived from
a multivariate ranking procedure. The analysis is conducted separately for 56 countries
utilizing their most recent Demographic and Health Survey (DHS) between 2010 and 2022.

The focus on measuring equity in vaccination coverage derives from a 2017 call by the
World Health Organization (WHO) for new methodologies to monitor immunization cover-
age equity in line with the 2030 Agenda for Sustainable Development. To fill this evidence
gap, the Vaccine Economics Research for Sustainability and Equity (VERSE) toolkit was cre-
ated to provide a standardized approach for measuring and tracking multivariate equity in
vaccination coverage, economic impact, and health outcomes [4,5]. The methodology of the
VERSE project builds upon existing equity methodologies and toolkits, such as the United
Nations Development Programme (UNDP) Global Dashboard for Vaccine Equity, as well
as the WHO Health Equity Assessment Toolkit (HEAT) [2,3,6], by expanding the outcomes
assessed and by providing a standardized approach for ranking individuals across multiple
factors influencing equity including socioeconomic, demographic, educational, sex-based,
and geospatial covariates. The metrics produced exhibit several desirable properties of
equity metrics such as being comparable over time and between settings, while also being
sensitive to the intersectional nature of health equity.

The VERSE toolkit’s approach to assessing equity accounts for the intersectionality of
individual and district-level correlates of disadvantage in becoming vaccinated is aligned
with approaches taken by numerous governmental institutions and international organiza-
tions, including the European Commission [7], the United States Census Bureau [8], the
government of the United Kingdom [9], and the United Nations [10], which have all begun
expanding beyond a singular focus on income or wealth as the basis for measuring and
tracking social equity. However, in examining equity in healthcare access, the measurement
of equity remains limited to approaches employing either a single factor for ranking or
a series of separate bivariate equity assessments [11–14]. While this type of sub-group
comparison over specific factors is commonplace, a systematic approach for combining and
measuring multivariate inequality over multiple groups is needed to produce numbers that
better capture the combined magnitude of different types of inequities, while accounting
for overlap and intersectionality. For example, urban/rural status and socioeconomic status
may partially capture the same type of inequity, but an individual possessing both low
socioeconomic status and living in a rural area may also face a higher aggregate degree of
disadvantage compared with being of either low socioeconomic status or from a rural area
alone [14,15].

In addition to generating comparable equity metrics across 56 countries, this study also
compares both multivariate and traditional concentration indices and the corresponding
absolute equity gaps for vaccination coverage within the same survey for each country
in order to assess whether there are systematic differences in the magnitude of inequity
captured between approaches. The analysis is conducted over coverage of 8 key routine vac-
cines against 4 antigens: Bacillus Calmette–Guerin (BCG), Diphtheria–Tetanus–Pertussis-
containing vaccine doses 1 through 3 (DTP1–3), polio vaccine doses 1–3 (Polio1–3), and
the measles-containing vaccine first dose (MCV1), as well as an indicator for being fully
immunized for age with each of these vaccines.
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2. Materials & Methods

The data for this study include the most recent DHS survey between 2010 and 2022
for 56 countries (see Appendix A). DHS surveys are nationally representative and all
contain data at the individual-level on coverage for eight key routine vaccines against four
antigens, which are utilized in this assessment. The vaccines assessed include: Bacillus
Calmette–Guerin (BCG), Diphtheria–Tetanus–Pertussis-containing vaccine doses 1 through
3 (DTP1–3), polio vaccine doses 1–3 (Polio1–3), and the measles-containing vaccine first
dose (MCV1), as well as an indicator for being fully immunized for age with each of these
vaccines. Data on vaccination coverage, as well as socio-demographic covariates, are used
alongside the VERSE multivariate vaccination equity assessment toolkit to measure both
wealth-based and multivariate equity in vaccination coverage within each country over
each vaccine outcome. A complete list of variables from the DHS surveys that are used in
the multivariate equity assessment is presented in Appendix B.

The primary outputs of the VERSE toolkit and the featured outcomes of this study are a
multivariate concentration index, a relative measure of equity, and an absolute equity gap in
coverage, an absolute (level) measure of equity. These measures are derived from literature
on the measurement of socioeconomic equity by Wagstaff and Erreygers, combined with
measures of “direct unfairness”—a term borrowed from social choice theory, which has
been applied to healthcare access in the works of Fleurbaey, Schokkaert, Cookson, and
Barbosa [15–21]. The multivariate concentration index takes the form of a traditional
concentration index over vaccination coverage where, instead of ranking individuals by
income, individuals are ranked by multivariate unfair disadvantage in access. Multivariate
unfair disadvantage, as parameterized in the VERSE model, is measured as an individual-
level propensity score for unfair disadvantage, netting out the effect of fair sources of
variation in coverage. For the purposes of this study, the only fair source of variation
in coverage status is whether a child is underage to receive the vaccine according to
the national immunization schedule of the country examined. Unfair sources of variation
included in this assessment are the sex of the child, maternal education level, socioeconomic
status derived from the DHS wealth index, coverage by health insurance, urban or rural
designation, and geopolitical sub-unit of residence. These factors were chosen based on
standardized and near-universal data collection across all demographic and health surveys
(DHS) [22]. Complete mathematical details of the quantification of unfair disadvantage, as
well as the multivariate equity metric produced by the VERSE toolkit, can be found in the
VERSE toolkit’s methodological publication [3].

In addition to the multivariate concentration index produced in the VERSE Toolkit,
an absolute equity gap is also produced [19,20]. The AEG is a measure of the absolute
difference in vaccination coverage achieved by the top 20% compared with the bottom 20%
of the population, where the population is ranked based on their propensity score for unfair
disadvantage. Mathematically, this is equivalent to isolating the top and bottom quintiles
from the Lorenz curve used to estimate the Wagstaff (direct) concentration index [20]. In
most equity studies, socioeconomic status as measured by either income or, in the case of
the DHS surveys, wealth index, is the sole variable used to rank or group individuals prior
to computing a concentration index, slope index, Gini coefficient, Kakwani index, Atkinson
index, absolute equity gap, or relative equity gap. In keeping with this convention, we
also compute the Wagstaff (direct) concentration index, as well as the AEG between the
top and bottom quintile, utilizing the DHS’s wealth index as the only criterion to rank
individuals. Concentration indices and AEGs derived from both the multivariate and
traditional approaches are computed for 56 countries utilizing the same DHS dataset. The
concentration indices and AEGs are then compared directly within countries with one
another to provide empirical evidence of the degree of inequity, stemming from multiple
factors known to be related to disadvantage in being vaccinated, that is missed by using
only the traditional approaches for equity measurement.
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3. Results

3.1. Full Immunization for Age

Among the 56 countries included in the analysis, the average multivariate concentra-
tion index for the fully immunized for age status was 0.125 (95% confidence interval: 0.109,
0.140), not weighting by population size. Meanwhile, the average wealth-based concentra-
tion index was estimated only at 0.014 (0.004, 0.024)—a difference of 0.110, representing
that traditional concentration indices captured, on average, 89% less inequity compared
with multivariate concentration index (see Table 1).

Table 1. Average inequities among 56 studied countries, by vaccine.

Vaccine Coverage
Multivariate

Concentration
Index

Wealth-Based
Concentration Index

% Captured
Inequity

Difference

Coverage Gap
Multivariate
(Percentage

Points)

Coverage Gap
Wealth

(Percentage
Points)

Additional
Coverage Gap

(Percentage
Points)

MCV1 0.772 0.079 (0.067, 0.090) 0.011 (0.002, 0.020) 86.1% 21.5 (17.8, 25.1) 11.4 (7.4, 15.4) 10.1

Polio1 0.860 0.049 (0.039, 0.059) 0.003 (−0.007, 0.013) 93.9% 19.0 (16.3, 21.8) 8.5 (5.5, 11.5) 10.5

Polio2 0.797 0.065 (0.053, 0.077) 0.006 (−0.004, 0.016) 90.7% 22.1 (18.9, 25.2) 9.7 (6.3, 13.2) 12.4

Polio3 0.684 0.087 (0.075, 0.100) 0.007 (−0.003, 0.016) 91.9% 24.0 (20.4, 27.5) 9.5 (5.6, 13.4) 14.5

BCG 0.868 0.058 (0.049, 0.068) 0.012 (0.002, 0.022) 79.3% 23.1 (20.7, 25.4) 14.3 (11.9, 16.6) 8.8

DTP1 0.844 0.063 (0.053, 0.072) 0.010 (−0.001, 0.020) 84.1% 22.8 (20.0, 25.5) 12.9 (9.9, 15.8) 9.9

DTP2 0.789 0.078 (0.066, 0.088) 0.012 (0.003, 0.022) 84.6% 25.0 (22.0, 28.1) 13.3 (9.9, 16.8) 11.7

DTP3 0.716 0.098 (0.086, 0.111) 0.014 (0.005, 0.024) 85.7% 27.1 (23.7, 30.4) 14.2 (10.4, 18.0) 12.9

FULL 0.559 0.125 (0.109, 0.140) 0.014 (0.004, 0.024) 88.8% 28.8 (25.1, 32.6) 13.8 (9.5, 18.2) 15.0

The countries with the most significant difference in concentration index between
the two approaches were Chad (0.31), Gabon (0.26), Afghanistan (0.25), Angola (0.25),
Ethiopia (0.24), Nigeria (0.22), Papua New Guinea (0.21), Yemen (0.20), Guinea (0.19),
and Madagascar (0.18). These countries also have among the lowest full immunization
coverage of countries with eligible DHS surveys, ranging from 16% to 50%, and the
highest multivariate concentration indices, ranging from 0.205 to 0.331 (see Table 2). When
considering wealth-based concentration indices, most of these countries either indicate very
slight inequity, or none at all. However, comparing the two types of concentration indices
illustrates that, among this group of countries, the traditional wealth-based concentration
index misses between 67% and 107% of the coverage inequity for full immunization for age.

Furthermore, nine of these ten countries had the largest AEG values in the data set,
ranging from a 33 to 59 percentage point gap in coverage between the most and least
advantaged quintiles. The differences between the multivariate and wealth-based AEGs
range from 3 to 36 percentage points, highlighting the importance of including multiple
criteria when assessing disadvantage and equity.
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Countries presenting modest differences between concentration indices and equity
gaps were typically also among those with the highest levels of coverage for the fully
immunized for age status (ranging from 55.6% and 92.1%). While high coverage is likely
to be correlated with higher levels of equity utilizing either wealth-based or multivariate
approaches—due to fewer individuals missing out on vaccines—it is not always true that
a higher performing country will have a higher degree of equity. For instance, Pakistan
achieved a full immunization for age coverage level of 65.1% in 2016, yet its multivariate
concentration index indicates significant inequity: 0.152, which is 0.123 points higher than
its corresponding wealth-based concentration index. Additionally, low coverage does not
always lead to inequity, depending on how that coverage is distributed with respect to
the assessed characteristics. For example, Uganda achieved a full immunization coverage
level of 50.9% in 2016, and yet presented significantly lower multivariate and wealth-based
concentration indices, estimated respectively at 0.092 and −0.044, compared with Pakistan.
This indicates that while there is a large proportion of children who did not receive the
full course of immunization as per Uganda’s immunization schedule, these children are
more randomly distributed throughout the population in terms of both geographic and
socio-demographic parameters (sex, wealth, education, insurance status) than in Pakistan.

Examining the absolute equity gaps using the multivariate metric, full immunization
coverage among the bottom quintile of the population would need to increase by approxi-
mately 28.8 percentage points (95% confidence interval: 25.1, 32.6) to achieve a similar level
of the fully immunized for age status as the most advantage quintile of the population (see
Table 1). When utilizing only the wealth-based approach, the AEG for the fully immunized
for age status was estimated as only a 13.8 percentage point gap (95% confidence interval:
9.5–18.2). This indicates that wealth-based measures significantly underestimate the fully
immunized coverage gap between the most and least advantaged by 15.0 percentage points,
on average, across all datasets (see Table 1).

3.2. Individual Vaccines (BCG, DTP, Polio, and MCV)

Focusing on BCG, the eight countries reporting the greatest difference between the
multivariate and wealth-based concentration indices are the Maldives (0.178), Afghanistan
(0.172), Chad (0.170), Senegal (0.133), Yemen (0.121), Guatemala (0.110), and Madagascar
(0.117). However, absolute differences in the AEG vary widely from 1 to 42 percentage
points. In contrast, countries with the lowest differences between multivariate and wealth-
based concentration indices also had the lowest absolute differences between AEGs. For
44 of the 56 countries in this analysis, the multivariate concentration index is statistically
significantly greater than that of wealth-only. For the remaining 12 countries, which include
the Kyrgyz Republic, Republic of Congo, Mozambique, Comoros, Benin, India, The Gambia,
Sierra Leone, Lesotho, Peru, Malawi, and Ghana, there is no statistical difference between
multivariate and wealth-based concentration indices. When looking at total country av-
erages for individual vaccines, BCG has the lowest difference between multivariate and
wealth-based estimates with a concentration index difference of 0.046 and an AEG differ-
ence of 8.8 percentage points, suggesting that wealth accounts for a significant proportion
of the total inequity in this birth-dose vaccine (see Table 1).

If we consider MCV1, the greatest differences in concentration index values are at-
tributed to Guinea (0.230), Afghanistan (0.215), Madagascar (0.166), Angola (0.152), Nigeria
(0.145), Ethiopia (0.145), and the Maldives (0.144). Again, we observe a wide range in the
differences in AEG values between approaches, ranging from 4 to 39 percentage points. By
evaluating inequity with a multivariate approach, it is revealed that the use of a wealth-only
ranking metric results in a significant underestimation of inequity for 51 of the 56 countries
considered. Countries for which the multivariate concentration index is not statistically
different from the wealth-only concentration index include the Kyrgyz Republic, Mozam-
bique, Republic of Congo, Comoros, and Lesotho. Using national averages, the difference
between concentration indices as measured by each approach for MCV1 was 0.068 with an
AEG difference between approaches of 10.1 percentage points.
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For the three-dose vaccines DTP and Polio, the absolute difference between concen-
tration indices generally increases for subsequent doses, though the same trend does not
apply to differences in the AEG, suggesting that much of the inequity present after re-
ceiving the first dose occurs in the middle of the distribution rather than the tails of the
distribution. The greatest difference in DTP concentration index values when comparing
the multivariate and wealth-only methodologies are exhibited by Chad (DTP1: 0.192, DTP2:
0.216, and DTP3: 0.268) and Afghanistan (0.186, 0.204, and 0.224). Of all the vaccines
included in this study, DTP3 has the highest national average absolute difference between
concentration index types at 0.084 and experiences an AEG difference between approaches
of 12.9 percentage points, on average. The concentration index differences for DTP1 and
DTP2 are 0.053 and 0.066, respectively, with AEG differences between approaches of 9.9
and 11.7, respectively.

The greatest differences between multivariate and wealth-based concentration indices
for Polio occur in the Maldives (0.160), Afghanistan (0.130), and Senegal (0.130) for dose 1;
Gabon (0.150), Afghanistan (0.142), and Madagascar (0.135) for dose 2; and Angola (0.184),
Chad (0.179), and Guinea (0.177) for dose 3. The average differences in concentration index
over all countries for Polio doses 1, 2, and 3 are 0.046, 0.059, and 0.080, respectively, with
differences in AEG between approaches estimated to be 10.5, 12.4, and 14.5, respectively.

4. Discussion

This case-study application of the VERSE toolkit to 56 countries demonstrates that
using multivariate procedures for measuring vaccine coverage equity results in significantly
larger values compared with traditional methods in most settings. The findings indicate
that metrics which only utilize socioeconomic status as a basis for measuring inequity,
in order to track whether or not access is pro-poor, will miss a significant amount of
the variation in the overall equity in vaccination status that is directly correlated with
observable characteristics such as education, sex, and geographic location [23,24].

In countries such as Chad, Afghanistan, or Guinea, if inequities in fully immunized
status were only captured through the traditional wealth-based concentration indices or
absolute equity gaps, the measures would show that there was no systematic inequity in
vaccine coverage within the country (concentration indices between −0.006 and 0.020);
however, the multivariate concentration index demonstrates otherwise.

Several recent studies on equity also support the empirical findings of this study.
A 2022 systematic review by Ali et al. found that besides wealth, maternal education,
sex, and geographic access can also systematically and independently affect vaccination
coverage [25]. Additionally, a 2020 study by Acharya et al. comparing the inequalities in
full vaccination coverage based on maternal education and wealth quintiles also found
that in four of the six studied countries, the absolute inequalities arising from a metric
using maternal education level were significantly larger than those measured using wealth
quintile [26]. These studies further emphasize the importance of utilizing multivariate
metrics to holistically measure and work toward reducing systemic inequality.

Multivariate indicators integrating these multiple socio-demographic parameters
effectively quantify differences in coverage even in countries with more modest inequity,
such as Uganda. Uganda achieved large increases in overall vaccination coverage during
the 2000s with its immunization program through the implementation of Family Health
Days and other regular health outreach initiatives, which made the coverage distribution
significantly pro-poor. However, when considering the other factors included in the VERSE
toolkit’s approach, we can estimate a residual inequity driven by both supply- and demand-
side factors such as the district of residence and maternal education [27]. Such an approach
revealed aspects of access to vaccines, such as sufficient health literacy and adequate and
timely supply across districts, which can help the country consider new approaches to
continue to improve coverage equity [28,29].

While the VERSE approach and toolkit can yield a stable metric to track equity over
time or between settings, it is also subject to several practical limitations common to
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all measures of equity and inequality [15]. The first is the inability to objectively state
what a “good” or “bad” level of inequity is using the concentration index alone. Like all
concentration indices, the results of the VERSE methods lend themselves more toward
assessing relative performance than to categorizing objective performance. Although
values closer to 0 are objectively preferred, whether a value of 0.1 is bad or good depends
upon the circumstances of a specific setting, the mean level of coverage obtained in the
setting overall, and the specific benchmarks associated with the rollout and distribution
of each vaccine. For this reason, all equity metrics should be put into the context of the
outcome or intervention they are evaluating. To assist with this contextualization, the
VERSE toolkit produces an absolute equity gap alongside the concentration index to assist
with interpretation. While the AEG is a measure of absolute inequity, and the concentration
index measures relative inequity, they are both based on the same ranking procedure. They
can therefore complement one another, with the AEG providing important coverage-level
context to the concentration index.

Another limitation is the data used to populate the tool. While DHS surveys are
designed to be nationally representative, evidence shows that settings like urban slums,
conflict areas, and refugee settlements are significantly under-sampled, in addition to being
more likely to be under-immunized [30]. As a result, estimates of vaccination coverage
generated using the DHS are likely to be systematic overestimates of true immunization
coverage, and estimates of coverage inequity are likely to be systematic underestimates of
true coverage inequities.

5. Conclusions

Most measures of equity employed in healthcare equity analyses only examine in-
equities in outcomes across one dimension which is often decomposed into multiple
dimensions. This approach results in the systematic underestimation of aggregate inequity
in health outcomes and makes it impossible to measure aggregate inequity across multiple
dimensions (e.g., sex, district, and socioeconomic status) in a manner that is comparable
across time and place. The VERSE toolkit generates measures of multivariate inequity in
vaccination coverage that allow for standardized measurement over time and between
locations. Comparing the multivariate concentration indices and absolute equity gaps with
traditional wealth-based measures of inequity demonstrates that wealth-based measures
systematically underestimate the gap between the most and least advantaged in specific
vaccination coverage, as well as fully-immunized coverage. Furthermore, these differ-
ences are directly attributable to differences in maternal education, geography, and sex.
Not accounting for these multiple dimensions when measuring equity results in a missed
vaccination coverage gap between the most and least advantaged of between 1.1–46.4 per-
centage points, depending on the country. As a result, closing the coverage gap between the
bottom and top wealth quintiles is unlikely to eliminate the persistent socio-demographic
inequities in both vaccination coverage and access to vaccines linked with other routinely
measured covariates. The results suggest that pro-poor interventions, as well as campaigns
and programs utilizing needs-based targeting which reflects poverty, should expand their
targeting criteria to include other dimensions in order to reduce systemic inequalities,
holistically. Additionally, a multivariate metric should be considered when setting targets
and measuring progress toward reducing inequities over time and comparing inequity
across settings.
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Appendix A List of Countries and the Year of the Most Recent DHS

Country Year

Afghanistan 2015

Angola 2015

Armenia 2015

Bangladesh 2016

Benin 2017

Burkina Faso 2010

Burundi 2016

Cambodia 2014

Cameroon 2012

Chad 2014

Comoros 2012

Republic of Congo 2011

Congo (DRC) 2013

Cote d’Ivoire 2012

Dominican Republic 2013

Egypt 2013

Ethiopia 2016

Gabon 2012

The Gambia 2020

Ghana 2014

Guatemala 2014

Guinea 2018

Haiti 2016

Honduras 2011

India 2020

Indonesia 2017

Jordan 2017

Kenya 2014

Kyrgyz Republic 2012

Lesotho 2014
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Country Year

Liberia 2019

Madagascar 2021

Malawi 2015

Maldives 2016

Mali 2018

Mozambique 2011

Myanmar 2015

Namibia 2013

Nepal 2016

Niger 2012

Nigeria 2018

Pakistan 2016

Papua New Guinea 2016

Peru 2012

Philippines 2017

Rwanda 2019

Senegal 2019

Sierra Leone 2019

South Africa 2016

Tajikistan 2017

Timor-Leste 2016

Togo 2013

Uganda 2016

Yemen 2013

Zambia 2018

Zimbabwe 2015

Appendix B List of DHS Variables Used in Multivariate Ranking

Variable Name Code

Region v101

Urban/Rural Status v025

Maternal Education v106

Wealth Quintile v190

Sex of Child b4

Health Insurance Coverage v481
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Abstract: Reaching zero-dose (ZD) children, operationally defined as children who have not received
a first dose of the diphtheria, tetanus, and pertussis (DTP1) vaccine, is crucial to increase equitable
immunisation coverage and access to primary health care. However, little is known about the
approaches already taken by countries to improve immunisation equity. We reviewed all Health
System Strengthening (HSS) proposals submitted by Gavi-supported countries from 2014 to 2021
inclusively and extracted information on interventions favouring equity. Pro-equity interventions
were mapped to an analytical framework representing Gavi 5.0 programmatic guidance on reaching
ZD children and missed communities. Data from keyword searches and manual screening were
extracted into an Excel database. Open format responses were analysed using inductive and deductive
thematic coding. Data analysis was conducted using Excel and R. Of the 56 proposals included, 51
(91%) included at least one pro-equity intervention. The most common interventions were conducting
outreach sessions, tailoring the location of service delivery, and partnerships. Many proposals had
“bundles” of interventions, most often involving outreach, microplanning and community-level
education activities. Nearly half prioritised remote-rural areas and only 30% addressed gender-
related barriers to immunisation. The findings can help identify specific interventions on which to
focus future evidence syntheses, case studies and implementation research and inform discussions
on what may or may not need to change to better reach ZD children and missed communities
moving forward.

Keywords: immunization; vaccines; zero-dose; equity; health systems

1. Introduction

While global immunisation coverage has improved monumentally since the 1980s,
progress in increasing coverage for different antigens has slowed or stalled over the last
several years and has even declined during the COVID-19 pandemic [1,2]. Of particular
concern are children who have not received any routine vaccination, referred to as zero-dose
(ZD) children. These children are defined operationally by the Immunization Agenda 2030
(IA2030) as those who have not received a first dose of the diphtheria, tetanus, and pertussis
(DTP1) vaccine in their first year of life [3]. With the COVID-19 pandemic straining health
systems and severely impacting routine immunisation services in many countries, the
number of ZD children—estimated at 14 million in 2019—increased by 34% globally in
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2021, when there were approximately 18.2 million ZD children [4]. Of these, 12.5 million
(68%) lived in one of the 57 Gavi-supported countries1 [4]. Gavi-supported countries are
countries that are eligible to apply for Gavi support, determined by their national income.
In 2020, countries with a Gross National Income (GNI) per capita equal to or less than US
$1630 over the last three years were eligible for support [5]. It is thus now more critical
than ever to reverse this trend and reach the remaining unimmunised children. Reaching
ZD children and missed communities, which are operationally defined as being home
to clusters of ZD and under-immunized children, is a central component of both IA2030
and Gavi, the Vaccine Alliance’s strategic plan for 2021–2025 (Gavi 5.0), with a vision of
“leaving no one behind with immunisation” [3,6]. Reaching these populations is expected
to bring more children to full immunisation and increase access to primary health care [7,8].
This, in turn, is an important component towards achieving universal health coverage,
especially in low- and middle-income countries (LMICs) [9].

Even though the concept of equity has been guiding global immunisation efforts and
was already a key principle of the Gavi 4.0 strategy (2016–2020), the stalled progress in re-
cent years and backsliding of routine immunisation during the pandemic have highlighted
the inability of traditional interventions to maintain high coverage and reach the approxi-
mately 15% of children worldwide who remain unvaccinated with DTP1 [2]. Adding to
the complexity is that ZD children are among the world’s most vulnerable populations
and are believed to face complex and overlapping deprivations, with several proximal,
distal and greater contextual determinants (e.g., gender, conflict, and health systems fac-
tors) at play. Indeed, they often have a lower socioeconomic status, belong to religious or
ethnic minorities, suffer from childhood malnutrition and are children of mothers with
lower levels of education and empowerment, making them more socially and economically
disadvantaged [9–13]. Along these lines, the Equity Reference Group for Immunisation
(ERG) has emphasized and called for a greater focus on four key areas to reach ZD children,
namely conflict-affected, urban poor, and remote rural areas as well as gender-related
barriers. While those overlapping vulnerabilities make it particularly challenging to reach
ZD children with vaccination, the potential benefits to children’s’ health and development,
to their families and communities, and to societies, are immense.

While the concept of “zero-dose” children has existed for several years [14], it only
recently came to the forefront of the attention of the global health community and there
is still an important lack of knowledge about which interventions can be implemented to
best reach them, how much they cost, and how to sustain progress. Understanding which
interventions are already being implemented is one step towards building this evidence
base. To the best of our knowledge, only one study has been published that explores
this question. Dadari and colleagues mapped pro-equity strategies being implemented
in thirteen Gavi-supported countries through review of Joint Appraisal (JA) reports from
2016 to 2019 [15]. JA reports are documents submitted to Gavi by countries every year
detailing all Gavi-supported activities implemented, progress and performance. The
authors found that all thirteen countries had in place over 250 interventions aiming to
increase vaccine equity and concluded that further efforts should be made to do a similar
mapping with other types of Gavi documents and across more countries to establish a more
complete picture [15].

Building on this foundation, the current paper presents findings from a similar map-
ping in Gavi Health System Strengthening (HSS) proposals. These documents are partic-
ularly relevant because they are focused on achieving equitable immunisation coverage
and have by far the largest envelope of all Gavi cash grants [16]. Indeed, as of December
2021, commitments for HSS support from 2000 to 2025 for all Gavi-supported countries
amounted to US $3005.4 million. In comparison, the next biggest funding lines were opera-
tional support with an envelope of US $935.5 m and immunisation services support with US
$355.9 m [17]. In HSS proposals for the Gavi 4.0 strategy period, countries had to articulate
how funds would be used and detail clear strategies to improve immunisation access and
equity, though not specifically for zero-dose children since this only became a focus in Gavi
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5.0. Proposals submitted to Gavi are reviewed and approved by an Independent Review
Committee (IRC) comprising experts in different fields including public health, epidemiol-
ogy, and economics. We reviewed these HSS proposals to document and learn more about
the pro-equity interventions used by countries to improve immunisation equity and to
understand how these investments can help us prioritise interventions moving forward.

2. Materials and Methods

2.1. Data Sources

All HSS proposals submitted by Gavi-supported countries from 2014 to 2021 inclu-
sively were reviewed. The overall number of Gavi-supported countries during this period
varied from 73 in 2014 to 57 in 2021 [5]. These proposals were most likely to have been
developed and/or implemented during the Gavi 4.0 strategy period (2016–2020). Older
proposals were excluded because they were written well before Gavi 4.0 and thus would
likely not be focused on increasing equity. Two countries submitted two different HSS
proposals during this period. In these cases, we included only the oldest one since 2014 in
the analysis as those were more likely to have followed Gavi 4.0 recommendations and to
have been implemented during that period. The documents were available through the
“country documents” web pages on the Gavi website [18]. The final mapping included
56 HSS proposals from 55 countries (with two separate proposals for Syria related to
different regions).

2.2. Analytical Framework Development

To collect relevant and useful information from the mapping, we developed an analyt-
ical framework based on the Gavi programmatic guidance [19] and the UNICEF mapping
of JA reports [15]. Table 1 provides a list of the variables used to summarise the pro-equity
strategies planned by each country to reach ZD/under-immunised children. Adapting
the definition used by Dadari and colleagues [15], we defined a pro-equity intervention as
any tailored or targeted approach designed to reach underserved/vulnerable populations
or communities with immunisation. All other interventions planned to be implemented
throughout the country or not targeted at the priority groups or areas identified as being
most vulnerable were not included. We created categories of interventions by thematic
areas (grouping interventions that were similar and had the same purpose) to analyse
which types of pro-equity interventions countries planned to implement. We validated
the categories against those used by UNICEF and the Gavi programmatic guidance to
ensure they were comprehensive and aligned. When a thematic area was identified that
did not fit in any of the existing categories, it was brought to an internal working group to
determine whether to create new categories. A complete list of intervention categories and
their definitions can be found in Table A1.

Table 1. Variables included in the analytical framework and their corresponding response type.

Variables Response Type

Country Open text
HSS proposal submission year Open text

Is there at least one pro-equity intervention in the proposal? Yes or No response
Intervention category (ies) Open text [list all]

Description of intervention (s) Open text
Partners engaged Open text
Target population Open text
Geographic areas Open text

Involvement of civil society organisations? Yes or No response
Are demand-side barriers addressed? Yes or No response

Interventions addressing demand-side barriers Open text
Are supply-side barriers addressed? Yes or No response

Are gender barriers addressed? Yes or No response
Gender transformative interventions Open text
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Table 1. Cont.

Variables Response Type

Gender responsive interventions Open text
Are funding strategies addressed/selected? Yes or No response

Funding strategy details Open text
Are supplemental immunisation activities (SIAs), including periodic
intensification of routine immunization (PIRIs), discussed to reach

vulnerable populations?
Yes or No response

What are key barriers and enabling factors? Open text
Is sustainability discussed? Yes or No response

Have other health/non-health sectors been integrated? Yes or No response

2.3. Searching and Data Extraction

The search strategy consisted of a manual screening of specific sections of the HSS
proposals and keyword searches. Data on interventions planned to reach the target pop-
ulations were usually found in the “Objectives of the proposal” and/or “Description of
Activities” sections. Different keywords were used to answer specific questions, such as
“sustainability” and “gender” to identify whether those topics were addressed, for example.
Relevant information was extracted into an Excel database, in which each row represented
a different proposal and each column a variable of the analytical framework (see Table 1 for
the variables included). One researcher extracted these data from all HSS proposals during
February and March 2022. To run the correlation analysis in R, we also created a separate
database listing all the pro-equity intervention categories included in the proposals.

2.4. Data Analysis

The quantitative analysis consisted of descriptive statistics (counts, proportions, and
frequencies) and was conducted on Microsoft Excel PivotTables, version 2206. Furthermore,
we performed a correlation matrix using the R expand function to find the correlations of
interventions in each country. This was conducted to find which interventions are often
planned to be implemented together in the countries. Lastly, we performed inductive and
deductive thematic coding based on information and observations noted throughout data
extraction for open-ended variables. The coding was conducted by constructing a matrix
in Excel.

3. Results

Overall, 51 of the 56 HSS proposals reviewed (91%) included at least one pro-equity
intervention. When ranked by frequency (Figure 1), we found that the 15 most common
pro-equity intervention categories included a mix of supply-oriented, demand-oriented
and multifaceted strategies (see Table A1 for a complete list of categories and their re-
spective definitions). We found the most common category was “outreach/tailor location
of service delivery and partnerships”, with 46/56 proposals reviewed (82%) planning to
implement this. This category included any activities that sought to increase immunisation
coverage by either conducting outreach services or tailoring the location of service delivery
to reach underserved populations. It also included mobile vaccination efforts, building
new infrastructure, and creating or leveraging partnerships (e.g., with non-governmental
organisations, private sector) to expand vaccine access. The second most common category
was the development of microplans at the health facility or district level and/or the im-
plementation of other “Reach Every District” (RED) strategies [20]. Microplans and RED
strategies were often implemented together, but if proposals planned just one of the two, it
was still included in this category.
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Figure 1. The 15 most common pro-equity intervention categories listed in the HSS proposals.

Three of the top six most common categories aimed to generate demand at community-
level (community-level education activities, communication strategies to generate demand
and engaging community and/or religious leaders to promote immunisation). On the
supply-side, several countries invested in transportation (motorcycles, boats, etc.) and cold
chain equipment for their most hard-to-reach districts.

Next, we looked at the proportion of HSS proposals addressing the close-ended vari-
ables of the analytical framework (Yes or No response type) as shown in Table 2. Of
note, civil society organisations (CSOs) were often mentioned as key partners in imple-
menting activities and reaching vulnerable populations. This was most often performed
through implementing sensitisation and social mobilisation activities at community-level
to generate demand.

Table 2. Number and proportion of HSS proposals (out of 56) which addressed the close-ended
variables (Yes or No response type) of the analytical framework.

Close-Ended Variables
Number of Proposals
with Answer “Yes”

Proportion of Proposals
with Answer “Yes”

Is there at least 1 pro-equity intervention in the proposal? 51 91%
Involvement of civil society organisations? 47 84%

Are demand-side barriers addressed? 42 75%
Are supply-side barriers addressed? 51 91%

Are gender barriers addressed? 17 30%
Are funding strategies addressed/selected? 16 29%

Are SIAs, including PIRIs, discussed to reach vulnerable populations? 15 27%
Is sustainability discussed? 47 84%

Have other health/non-health sectors been integrated? 28 50%

Interventions addressing demand-side barriers included, for example, tailored immu-
nisation sensitisation activities to different groups (women, religious, etc.) and conducting
information, education, and communication (IEC) sessions in priority districts with com-
munities, including educational chats, film showings, and outdoor theatres. Interventions
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addressing supply-side barriers, on the other hand, included conducting outreach and
mobile sessions, investing in targeted infrastructure and procuring motorcycles, boats and
other transportation equipment for health workers to access hard-to-reach areas.

Less than one third of the proposals (17/56) explicitly addressed gender-related
barriers. Of those, sixteen included gender-responsive interventions and five proposed
gender-transformative ones. Considering Gavi’s gender policy, gender-responsive ap-
proaches “adopt a gender lens to consider individual needs of different gender identities
without necessarily changing the larger contextual issues that lie at the root of the gender
inequities and inequalities” [21]. For example, employing female health workers may
facilitate enhanced immunisation service acceptance and uptake, but would not address
the underlying cultural barrier that prevents female caregivers from seeking immunisation
services from male health workers. Gender-transformative approaches, on the other hand,
“attempt to re-define and change existing gender roles, norms, attitudes, and practices.
These interventions tackle the root causes of gender inequity and inequality and reshape
unequal power relations” [21]. For example, one country planned to have community
health workers promote a gender approach with the involvement of fathers for the vac-
cination of children in households and another sought involvement of national and local
leaders to promote, advocate immunisation and serve as ‘role models’ to help increase
male participation.

Regarding geographic areas of focus, namely ERG settings, twenty-seven proposals
selected remote-rural areas (including hard-to-reach areas) as a priority whereas only four
prioritized urban poor areas (though twenty in total selected “urban”) and four selected
conflict-affected areas.

The correlation matrix of different interventions in each country showed that “out-
reach/tailor location of service delivery and partnerships” was very strongly correlated
with other interventions. Indeed, this type of intervention was planned along with de-
veloping district microplans/RED strategies in 29 HSS proposals, with community-level
education activities in 27 proposals and with communication strategies to generate demand
in 25 proposals (Figure 2). Thus, this suggests that outreach sessions in countries were often
planned along with microplanning and community engagement activities as a “bundle” of
interventions. Figure 2 depicts the correlations between the eight most common categories
and the complete correlation matrix can be found in Figure A1.

Figure 2. Correlation matrix representing the number of times the eight most common intervention
categories were planned with each other in HSS proposals.

We additionally found that the theory, or rationale, behind the selection of specific pro-
equity interventions in the HSS proposals was often not provided. When it was provided, it
was generally for unique interventions that were not commonly used by countries, such as
immunisation ambassadors programs and the tool “My Village My Home” implemented in
a few countries, for example. Lastly, even though most countries included some pro-equity
interventions, many activities listed in the HSS proposals overall were not targeted at the
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priority groups or areas identified as being most vulnerable but were instead planned to
be implemented at the national level or in the other, non-priority areas. These were not
included in the database, nor the analysis presented here.

4. Discussion

Our mapping confirmed that most countries have already been proposing pro-equity
interventions using Gavi HSS funds for several years and is consistent with the results
from UNICEF’s mapping of JA reports [15]. It is the first time we are aware that such an
analysis of pro-equity interventions in HSS proposals from all Gavi-supported countries
was conducted. Importantly, we found that outreach and tailoring location of service
delivery was very commonly presented in those proposals. This aligns with the observation
that one of the main bottlenecks to getting children immunised reported in the proposals
was the long distances to health facilities. This bottleneck is also well documented in the
literature as a significant barrier to access to immunisation services [22]. Countries mostly
addressed this bottleneck by conducting outreach and mobile sessions in hard-to-reach
areas or areas with no health facility nearby. However, sustainability concerns and cost-
effectiveness of conducting outreach and mobile sessions as compared to other long-term
strategies were rarely discussed in the HSS proposals. One explanation for this might be
the fact that outreach and mobile sessions have been used for a long time and are generally
considered necessary to increase immunisation coverage in those contexts.

District microplans and RED strategies were also very common and were assembled
into one category because they were frequently planned to be implemented concurrently
and since microplanning is often the only component of RED that is implemented. The
RED approach was developed by the World Health Organization (WHO), UNICEF and
other partners in the Gavi Alliance to improve immunisation coverage and it includes
five operational components aimed at improving vaccination coverage: re-establishment
of regular outreach services, supportive supervision, on-site training, community links
with service delivery, monitoring and use of data for action, and better planning and
management of human and financial resources [20]. These components thus have a large
span and since they were grouped together under “RED strategies” in the proposals, we
could not have a clear vision on what was planned exactly in each country. It was interesting
to see, however, how widespread this overall approach has become as a strategy to improve
immunisation coverage and increase equity.

Interestingly, two categories were reported in the UNICEF pro-equity mapping of JA
reports that were, however, not found in the HSS proposals. These were “peer support
group for health providers” and “security to allow immunisation services to happen safely”.

Additionally, the results showed that several proposals focused on reaching remote-
rural and hard-to-reach areas, but few prioritised the other ERG settings, namely urban
poor and conflict-affected areas. To note that only proposals that explicitly stated they
would prioritise those areas and developed key interventions to improve coverage there
were included in the results. It is possible that other planned pro-equity interventions
would address barriers in those areas, but were not clearly acknowledged as doing so.
These results were not surprising, however, as we analysed HSS proposals submitted
starting from 2014, while the ERG priority areas were only defined in 2018. Furthermore,
recent evidence shows that unlike what we might have expected, less than 50% of ZD
children live in ERG settings worldwide, suggesting that although they are key areas for
prioritisation, it is unlikely that we will make considerable progress by solely targeting
those settings [23]. Still, many proposals did mention having large pockets of unimmunised
children in large urban areas and slums. It is estimated that 28% of un- or under-vaccinated
children lived in urban and peri-urban areas and up to 15% lived in conflict-affected areas
in 2020 [24]. It would thus be beneficial to pay special attention to those populations. In
this sense, it is worth noting renewed efforts to reach conflict-affected populations with the
launch of the Zero-Dose Immunisation Programme (ZIP) in June 2022. This initiative led
by Gavi in partnership with the International Rescue Committee and World Vision aims
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to identify and reach ZD children in the Horn of Africa and the Sahel regions, prioritising
children living in conflict settings, mobile populations, and cross-border refugees [25].

Interestingly, the results of the correlation analysis suggest that “bundles” of in-
terventions are commonly used at the country-level as part of the strategy to increase
immunisation coverage in the priority areas. Indeed, we found that outreach sessions
and tailoring location of immunisation services was often implemented along with devel-
oping district microplans/RED strategies, community-level education activities as well
as communication strategies to generate demand. Conversely, the analysis revealed how
often certain interventions were not bundled, potentially limiting their sustainability and
effectiveness. This links to increasing evidence that there are no silver bullets but rather
bundles, or packages, of evidence-based interventions tailored to local context that are
needed to increase immunisation coverage [26,27]. Learning efforts exploring these bundles
of interventions to better reach ZD children and how to use the interventions synergistically
to build off one another would be worth exploring. Developing a theory of change, among
other things, would be a useful exercise to justify the bundling of activities and validate
their effectiveness through implementation research or other approaches [28].

The finding that the rationale, or theory, behind the selection of specific pro-equity
interventions was seldom provided in the proposals does not suggest that there is no
rationale, but only that it was not clearly formulated. This made it difficult to assess the
relevance and intended effects of interventions in different contexts. The few instances
when a rationale was presented were generally for interventions that were not commonly
found in other countries’ HSS proposals. One might reasonably assume that there was less
established evidence supporting the implementation of these rarer interventions, thus the
need to justify them in the proposals. Documenting the assumptions and reasoning for
specific interventions, especially less common ones, would be beneficial to monitor and
measure their effectiveness. For example, by developing a theory of change or a strong
logical model based on evidence of good results from other similar programs.

Furthermore, in the case of bundles, theories of change would be helpful to articulate
how different interventions are expected to work synergistically to produce change. It
would also help with the monitoring and evaluation of programmes. Considering this,
it would be highly useful to build an evidence base of interventions, namely through
implementation research, that may be used in those bundles. This has been conducted, for
example, in the field of family planning, where over sixty organisations have endorsed
and participated in the development, dissemination and implementation of a repository
of evidence-based interventions coined “High Impact Practices”, or HIPs [29]. The group
explores practices that have demonstrated impact and generate evidence around replica-
bility, scalability, sustainability, and cost-effectiveness of the different interventions and
disseminate information namely through evidence briefs. Building similar evidence on
interventions aiming to reach ZD children would be extremely valuable and would help pri-
oritisation and strategic planning for future investments. This work could also be used for
advocacy, design and implementation of programs, development of policies and guidelines,
and identify knowledge gaps for future research.

Furthermore, several of the interventions listed in the proposals were not considered
pro-equity according to our definition (and were thus not included in the database nor
analysis), but they could easily become so if they were targeted or tailored to specific
populations. For example, social mobilisation activities to generate demand aimed at the
entire population of a country through mass media could become pro-equity by adapting
the messaging to specific target communities. Along the same lines, capacity building
of health workers could become a pro-equity intervention if the health workers received
adapted training on interpersonal relations with specific vulnerable groups such as refugees,
for example, or if they served a low-performing area. In short, countries do not necessarily
have to go back to the drawing board to design ‘pro-equity’ interventions but should build
on existing interventions and tailor and target them to areas and/or populations with
large numbers of ZD children. Accurately identifying who and where zero-dose children
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is evidently a critical pre-requisite to be able to do this effectively. This is not to say that
innovative interventions are not needed to reach ZD children, but both strategies can be
used coincidently. It is also not to say that simply targeting and tailoring an intervention to
a subgroup will necessarily be effective. Understanding the context, including the different
vulnerabilities and barriers faced by a particular community, as well as building human-
centred designs will be critical to appropriately reach the remaining unimmunised children.

A crucial point at the centre of the ongoing work around zero-dose children is the
lack of an agreed upon definition of what constitutes a “pro-equity” approach. Vega &
Irwin first highlighted in 2004 that pro-equity health policy should not only consider
socioeconomic status, but all other social and systemic factors that influence health [30].
Wagner more specifically referred to pro-equity approaches as promoting equity for women
and girls, special education needs and “marginalized” populations [31]. In the current
article, we defined pro-equity interventions as “tailored or targeted approaches towards
un- or under-immunised children and missed communities”. Dadari and colleagues,
for their part, defined them as “strategies designed to reach underserved children and
populations” [15]. However, there is no formal definition and none of the current ones
explicitly address the intersectional nature of inequities. Intersectionality, a concept first
coined in African American feminist literature, describes the ways in which different
inequalities are linked together and are mutually reinforcing in perpetuating discrimination
and disadvantage [32]. Promoting health equity has been a priority for a long time now and
much effort has gone towards it. However, the fact that inequities remain today may in part
be explained by the fact that even though research shows the importance of many social
determinants on health, we often take a siloed view on how to address them. Policy and
action have mostly failed to recognise their intersectional nature and have instead focused
extensively on addressing inequities related to socioeconomic status or on specific programs
without addressing social determinants, which may generate short-term results but may
not promote sustainability [33]. Stakeholders should thus reflect on what can be completed
differently, such as building packages of interventions addressing different, overlapping
vulnerabilities for example, that might help us bridge the gap to promote equity and reach
ZD children and missed communities. Having a clear and common definition of what
constitutes a pro-equity intervention would be important to avoid working in silos and to
help test the effectiveness of pro-equity approaches in reaching zero-dose children.

The limitations of this study must be acknowledged. First, the HSS proposals provided
an incomplete picture of pro-equity interventions being implemented at the country-level.
They were limited in scope and reflected what countries planned to do with Gavi HSS funds,
but Gavi is not the only source of funds for programmes. This might have led to a loss of
perspective of other sectors in the findings and analysis. Secondly, the documents analysed
did not report on implemented activities, but rather on plans susceptible to change in the
countries’ dynamic contexts, and thus did not necessarily reflect what truly happened in
the field. Furthermore, considering the length of each proposal, a search by keyword was
performed. Even though we conducted a manual screening of sections likely to contain
relevant information, it is likely that some information was missed. Finally, a number of
subjective assessments had to be made during data extraction to decide the category of
each intervention. However, inter-rater reliability was not assessed since there was only
one analyst and steps were taken to maintain objectivity and avoid bias via building on
the existing codes developed by UNICEF for the JA mapping and reviewing the findings
with peers.

5. Conclusions

The findings from this mapping provide a portfolio analysis of HSS pro-equity pro-
gramming in all Gavi-supported countries and can inform discussions on what may or
may not need to change to better reach ZD children and missed communities in the future.
Further mapping should be conducted to provide a more complete picture of pro-equity
strategies being implemented in those countries beyond interventions funded by Gavi
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through HSS grants. The results can also help identify specific interventions that require
further attention for further evidence synthesis, case studies and implementation research
to learn more about their effectiveness, feasibility, acceptability, implementation cost and
sustainability, among other factors. In addition to exploring new interventions, research
should be conducted to investigate how to better design and implement commonly used in-
terventions such as the ones identified in this mapping (e.g., outreach sessions, tailoring the
location of service delivery, microplanning and community-level education activities) and
adjust them to better reach the ZD children that are the key priority of Gavi 5.0 and IA2030.
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Appendix A

Table A1. List of all pro-equity intervention categories found in HSS proposals relating to reaching
ZD/under-immunised children and corresponding definitions.

Intervention Name Definition

Immunization promotion activities: engage
community/religious leaders to promote

immunization

Any activities in which the explicit goal is to increase the engagement of
community and/or religion leaders to promote immunization.

Immunization promotion activities:
communication strategies (print, radio, TV, etc.)

to generate demand

Any activities in which the explicit goal is to increase or improve
communications to reach targeted groups, including through means such as

local radio, theatre, skits, and mass media channels, to generate demand. This
category can also include tailoring specific messages and/or translating
existing material into local languages to reach certain groups/cultures.

Immunization promotion activities:
immunization champions/ambassadors

Any activities that explicitly use immunization champions or ambassadors (or
a similar title) to promote immunization.

Immunization promotion activities:
community-level education and

counselling activities

Any activities in which the explicit goal is to conduct community-based
education or counselling activities to promote immunization.

Immunization promotion activities: health
facility level education and counselling activities

Any activities in which the explicit goal is to conduct facility-based education
or counselling activities to promote immunization.

Training/capacity building of health workers Training or capacity building activities focused on health workers, including
those providing clinical care and direct patient interaction.

Training/capacity building of health managers
Training or capacity building activities focused on health managers, including
those involved with planning, directing, and coordinating nonclinical activities

within health care systems.

Financial and non-financial incentives for staff
Interventions involving the use of incentives (either financial or non-financial)

for staff involved in immunization programs to increase
immunization coverage.
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Table A1. Cont.

Intervention Name Definition

Financial or non-financial incentives for users

Interventions involving the use of incentives (either financial or non-financial)
for individuals receiving vaccinations and/or caregivers bringing in minors for

vaccination. Incentives can include general improvements to the service
and/or environment where immunizations occur (i.e., shaded waiting area,

provision of snacks, improving service quality).

Reminder-recall systems

Interventions involving systems that either remind patients of upcoming
immunization visits that are due (reminders) or are overdue (recall). Reminder
and recall systems could be delivered through digital (e.g., email, text message)

or non-digital (phone call, letter) means. 1

Adjust hours/timing of immunization services

Any activities that seek to increase immunization coverage by altering,
adjusting, and/or expanding the times of a healthcare facility or other location

at which immunizations are offered, such as opening on the weekends or
staying open later in the evenings.

Outreach sessions/tailor location of service
delivery and partnerships for service delivery

Any activities that seek to increase immunization coverage by either providing
outreach services to provide immunization or tailoring the location of service
delivery. This category also includes mobile vaccination efforts, building new

infrastructure (e.g., building new facilities or immunization centres), and
creating or leveraging partnerships (e.g., with the private sector) to expand

vaccine access.

Peer support groups for health providers
Any activities that seek to establish or strengthen peer support groups among

health providers to provide a forum to share ideas and offer support to
improve immunization programs.

Negotiating access to populations affected
by conflict

Activities seeking to negotiate physical access to populations affected by
conflict by identifying and negotiating secure access with all conflict

participants, including state and nonstate actors, as well as their allies 2.

Recruit community health workers (CHWs) Activities seeking to increase immunization coverage by recruiting community
health workers to provide support to local immunization programs.

Recruit health personnel (other than CHWs)
Interventions seeking to increase immunization coverage by recruiting health

personnel besides CHWs to provide or provide support to local
immunization programs.

Recruit local HCWs who represent the
communities they serve

Activities seeking to increase immunization by recruiting local healthcare
workers who represent the communities they serve.

Security to allow immunization services to
happen safely

Interventions seeking to provide security to allow immunization services to
happen safety, such as by using military escorts or embedding vaccination

program workers with military contingents 2.
Integration of immunization with other services

to enhance convenience and strengthen
Universal Primary Care

Interventions seeking to integrate immunization services with other healthcare
services to increase coverage by enhancing convenience and strengthening

Universal Primary Care.

Cold chain functionality

Interventions seeking to improve cold chain functionality, such as by
identifying performance gaps, testing new equipment, etc. 3 This category also

includes procurement of new cold chain equipment, or other interventions
designed to improve the cold chain.

Rewards to communities/leaders
for performance

Interventions that explicitly offer rewards to communities and/or community
leaders for improvements in local immunization coverage.

Development of district microplans and
RED strategies

The development of microplans (at the facility and/or district level), which
consist of developing an integrated set of components prepared to support the
activities performed during a health campaign 4. RED (Reach Every District)

strategies 5 include five operational components aimed at improving
vaccination coverage:

1. re-establishment of regular outreach services;
2. supportive supervision: on-site training;
3. community links with service delivery;
4. monitoring and use of data for action;
5. better planning and management of human and financial resources

Some interventions might include both microplans and REDs, whereas some
might include microplans but not REDs or vice versa. Either scenario would

still qualify for this intervention category.
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Table A1. Cont.

Intervention Name Definition

Purchase of transportation equipment The purchase of transportation equipment (e.g., cars, motorcycles, boats, etc.).

PIRI, SIA targeted at vulnerable communities
Activities to support periodic intensification of routine immunization (PIRI) or

disease specific supplementary immunization activities (SIAs) 6 such
as campaigns

Redistribution of staff to areas where there is
insufficient HR

Intentional plans to redistribute staff to areas where there are insufficient
human resources to increase the capacity to carry out immunization programs.

Upgrading waste management/incinerators Upgrading waste management and/or incinerators to improve the ability to
carry out immunization programs.

Figure A1. Complete correlation matrix (including all intervention categories).
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Abstract: Background: Understanding past successes in reaching unvaccinated or “zero-dose” chil-
dren can help inform strategies for improving childhood immunization in other settings. Drawing
from positive outlier methods, we developed a novel approach for identifying potential exemplars in
reducing zero-dose children. Methods: Focusing on 2000–2019, we assessed changes in the percentage
of under-one children with no doses of the diphtheria–tetanus–pertussis vaccine (no-DTP) across two
geographic dimensions in 56 low- or lower-middle-income countries: (1) national levels; (2) subna-
tional gaps, as defined as the difference between the 5th and 95th percentiles of no-DTP prevalence
across second administrative units. Countries with the largest reductions for both metrics were
considered positive outliers or potential ‘exemplars’, demonstrating exception progress in reducing
national no-DTP prevalence and subnational inequalities. Last, so-called “neighborhood analyses”
were conducted for the Gavi Learning Hub countries (Nigeria, Mali, Uganda, and Bangladesh),
comparing them with countries that had similar no-DTP measures in 2000 but different trajectories
through 2019. Results: From 2000 to 2019, the Democratic Republic of the Congo, Ethiopia, and India
had the largest absolute decreases for the two no-DTP dimensions—national prevalence and subna-
tional gaps—while Bangladesh and Burundi registered the largest relative reductions for each no-DTP
metric. Neighborhood analyses highlighted possible opportunities for cross-country learning among
Gavi Learning Hub countries and potential exemplars in reducing zero-dose children. Conclusions:
Identifying where exceptional progress has occurred is the first step toward better understanding
how such gains could be achieved elsewhere. Further examination of how countries have successfully
reduced levels of zero-dose children—especially across variable contexts and different drivers of
inequality—could support faster, sustainable advances toward greater vaccination equity worldwide.

Keywords: immunization; vaccines; zero-dose children; equity

1. Introduction

The expansion of routine immunization is heralded as a global success story [1],
enabling greater survival and improved child health worldwide [2]. Nevertheless, an
estimated 25 million children were un- or under-vaccinated in 2021 [3], with many facing
compounding barriers in vaccine access, availability, and demand. The ongoing COVID-19
pandemic has contributed to at least some of today’s gaps in childhood vaccination [3],
with estimates of under-one children without any doses of the diphtheria–tetanus–pertussis
vaccine (no-DTP) rising from 10% prevalence in 2019 to 14% in 2021 [3]. Communities
with high levels of unvaccinated or “zero-dose children” often face myriad vulnerabili-
ties [4–7], such as residing in highly remote areas or informal settlements in cities [7–9];
being affected by displacement and/or prolonged conflict or unrest [7,8]; longstanding
poverty and/or societal neglect [4]; or some constellation of these factors. Subsequently,
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optimally identifying where and how to better reach zero-dose children will likely require
a combination of context-specific strategies and broader investments to address persisting
structural challenges.

Over the last few years, a growing body of research has sought to assess characteristics
of zero-dose children and their families or households, as well as potential drivers of high
zero-dose prevalence at different geographic levels [4–8,10–17]. Past work has found that
zero-dose children experience a higher odds of missing or lacking access to other types of
primary care services [6,11,12], while their mothers were more likely to have no antenatal
care visits and not deliver at a health facility [11,12]. Lower levels of household wealth,
educational attainment, and measures of women’s empowerment also have been associated
with higher levels of zero-dose children [4,10,16,17]. Gender-based inequalities, which span
from differential rates of immunization by infant gender and gender-related barriers related
to who can seek or provide vaccination services [16,18], emphasize the complex yet crucial
role that gender plays in a country and/or community [19]. Prior studies have found ethnic
disparities [15], as well as differences by religious affiliation [13,20], among children who
have received no doses of DTP, though the exact nature of these relationships varied by
country. Quantifying these risk factors and determinants of zero-dose children can provide
critical program inputs, spanning from identifying key barriers to service access [7,18] to
honing in on what sociocultural forces may be negatively affecting vaccine sentiments
and trust [18–20]. However, exclusively focusing on zero-dose risk profiles and factors
associated with higher rates of unvaccinated children may miss important lessons around
successful approaches to addressing inequalities in childhood immunization. Accordingly,
also understanding what has worked to improve childhood vaccination can inform program
and policy adaptations tailored for reaching zero-dose children.

Positive outlier, or so-called ‘positive deviance’, methodologies have been used at the
unit or organizational level in healthcare settings [21–23], as well as for more population-
level contexts [24–28], to generate or strengthen the evidence base around what works to
improve key health priorities. While the exact approaches toward this type of research and
synthesis vary, they usually espouse a shared premise: knowledge and implementation
strategies around achieving success or progress exist from places or contexts where such
success or progress have been previously attained [21]. As a result, identifying and then
examining what contributes to exceptional performance or progress can offer actionable
insights into what policies and practice could be adapted for similar impact elsewhere. For
instance, the Good Health at Low Cost case studies first in 1985 [26] and then in 2013 [27],
sought to synthesize how and why countries or regions achieved substantial advances in
several health indicators compared to their peers with similar income and demographic
profiles; in 2018, the World Bank took a similar approach for understanding rapid progress
on universal health coverage measures and facilitating shared learning opportunities
across countries [28]. In 2016, the Global Burden of Disease study developed analyses
to compare country-level performance on various health metrics relative to changes in
sociodemographic development [29–31]; such findings emphasized that important health
program and policy lessons could be learned from countries where achievements exceeded
expected levels or trends on the basis of sociodemographic improvements alone. Lastly,
the Exemplars in Global Health (EGH) program has sought to synthesize key lessons
and strategies used by countries that attained exceptional progress in health—exemplars—
through mixed-methods research and engagement with partners [32–35]. As highlighted
by past and current work on positive outliers, such analyses can foster opportunities for
cross-country learning and exchange around successful policy or programmatic approaches
for a given health challenge. With more learning agendas and priority-setting around
zero-dose children for both national and global initiatives (e.g., Immunization Agenda
2030 [IA2030] [36] and Gavi 5.0 [37]), adopting a positive outlier lens toward country
progress in reducing zero-dose children could further inform key immunization program
and policy efforts.
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With this study, we develop a novel approach for identifying positive outliers in
reducing zero-dose children over time. This analysis currently takes a geographic focus,
one of many important dimensions of inequality, by comparing patterns in both national
and subnational declines in the percentage of under-one children with no doses of DTP (no-
DTP) from 2000 to 2019 among 56 low- and lower-middle-income countries (LMICs). Based
on this approach, identified ‘exemplar’ countries or subnational locations that substantially
reduced zero-dose children could be targeted for further examination into the policy or
program factors behind such gains.

2. Materials and Methods

2.1. Data

We used estimates of DTP1 among children under 1 year of age at the national and
second administrative levels from the Institute for Health Metrics and Evaluation (IHME).
The methods used to estimate DTP1 at different geospatial resolutions are detailed else-
where [38]; in brief, DTP1 coverage estimates were derived from georeferenced household
surveys and modeled using Bayesian geostatistical methods for 106 countries at the first
and second administrative levels from 2000 to 2019. We opted to use these spatially mod-
elled estimates over alternative sources (e.g., administrative data) to maximize both the
potential number of countries included and comparability of estimates across locations.
We subtracted DTP1 estimates from 100% to reflect the percentage of under-one children
with no doses of DTP, or no-DTP prevalence—a commonly used indicator for zero-dose
children [10,36].

For this analysis, we focused on 56 LMICs (Table 1). These countries were selected
on the following criteria: (1) designation of low- or lower-middle income for fiscal year
2020 by the World Bank [39] or having received support from Gavi, the Vaccine Alliance
as of 2018 [40]; (2) availability of both national and subnational no-DTP estimates at the
second administrative level from 2000 to 2019; (3) not being classified as a post-transition
middle-income country by Gavi and inclusion as part of Gavi’s zero-dose segmentation
country groups [41]. Supplementary Table S1 includes the full list of initially considered
countries and those excluded from the current analysis.

Table 1. Included countries for identifying potential exemplars in reducing zero-dose children. *
Gavi-supported indicates that the country received Gavi support as of 2018 or had a dedicated
country hub page. ** Countries with national and subnational DTP1 estimates (for both first and
second administrative units) as modeled by the Institute for Health Metrics and Evaluation. Supple-
mentary Table S1 provides the list of initial countries considered but excluded due to not meeting
inclusion criteria.

Country
World Bank FY20
Income Group

Gavi-Supported *
National and Subnational
DTP1 Estimates
Available, 2000–2019 **

Gavi zero-Dose
Segmentation
Grouping

Afghanistan Low-income Yes Yes Conflict/fragile

Angola Lower-middle income Yes Yes Core—ESA (Priority)

Bangladesh Lower-middle income Yes Yes Core—Rest of World
(Priority)

Benin Low-income Yes Yes Core—WCA (Priority)

Burkina Faso Low-income Yes Yes Core—WCA (Priority)

Burundi Low-income Yes Yes Core—ESA (Standard)

Cambodia Lower-middle income Yes Yes Core—Rest of World
(Standard)

Cameroon Lower-middle income Yes Yes Core—WCA (Priority)

Central African Rep Low-income Yes Yes Conflict/fragile
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Table 1. Cont.

Country
World Bank FY20
Income Group

Gavi-Supported *
National and Subnational
DTP1 Estimates
Available, 2000–2019 **

Gavi zero-Dose
Segmentation
Grouping

Chad Low-income Yes Yes Conflict/fragile

Comoros Lower-middle income Yes Yes Core—ESA (Standard)

Congo Lower-middle income Yes Yes Core—WCA (Priority)

Côte d’Ivoire Lower-middle income Yes Yes Core—WCA (Priority)

Dem Rep of the Congo Low-income Yes Yes High impact

Djibouti Lower-middle income Yes Yes Core—ESA (Priority)

Eritrea Low-income Yes Yes Core—ESA (Standard)

Ethiopia Low-income Yes Yes High impact

Gambia Low-income Yes Yes Core—WCA (Standard)

Ghana Lower-middle income Yes Yes Core—WCA (Priority)

Guinea Low-income Yes Yes Core—WCA (Priority)

Guinea-Bissau Low-income Yes Yes Core—WCA (Priority)

Haiti Low-income Yes Yes Conflict/fragile

India Lower-middle income Yes Yes High impact

Kenya Lower-middle income Yes Yes Core—ESA (Priority)

Kyrgyzstan Lower-middle income Yes Yes Core—Rest of World
(Standard)

Laos Lower-middle income Yes Yes Core—Rest of World
(Priority)

Lesotho Lower-middle income Yes Yes Core—ESA (Standard)

Liberia Low-income Yes Yes Core—WCA (Standard)

Madagascar Low-income Yes Yes Core—ESA (Priority)

Malawi Low-income Yes Yes Core—ESA (Priority)

Mali Low-income Yes Yes Conflict/fragile

Mauritania Lower-middle income Yes Yes Core—WCA (Standard)

Mozambique Low-income Yes Yes Core—ESA (Priority)

Myanmar Lower-middle income Yes Yes Core—Rest of World
(Priority)

Nepal Low-income Yes Yes Core—Rest of World
(Priority)

Niger Low-income Yes Yes Conflict/fragile

Nigeria Lower-middle income Yes Yes High impact

Pakistan Lower-middle income Yes Yes High impact

Papua New Guinea Lower-middle income Yes Yes Conflict/fragile

Rwanda Low-income Yes Yes Core—ESA (Standard)

São Tomé and Príncipe Lower-middle income Yes Yes Core—WCA (Standard)

Senegal Lower-middle income Yes Yes Core—WCA (Standard)

Sierra Leone Low-income Yes Yes Core—WCA (Standard)

Somalia Low-income Yes Yes Conflict/fragile

South Sudan Low-income Yes Yes Conflict/fragile

Sudan Lower-middle income Yes Yes Conflict/fragile
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Table 1. Cont.

Country
World Bank FY20
Income Group

Gavi-Supported *
National and Subnational
DTP1 Estimates
Available, 2000–2019 **

Gavi zero-Dose
Segmentation
Grouping

Tajikistan Low-income Yes Yes Core—Rest of World
(Standard)

Tanzania Low-income Yes Yes Core—ESA (Priority)

Timor-Leste Lower-middle income Yes Yes Core—Rest of World
(Standard)

Togo Low-income Yes Yes Core—WCA (Priority)

Uganda Low-income Yes Yes Core—ESA (Priority)

Uzbekistan Lower-middle income Yes Yes Core—Rest of World
(Standard)

Vietnam Lower-middle income Yes Yes Core—Rest of World
(Standard)

Yemen Low-income Yes Yes Conflict/fragile

Zambia Lower-middle income Yes Yes Core—ESA (Priority)

Zimbabwe Lower-middle income Yes Yes Core—ESA (Standard)

2.2. Analysis

We conducted three analyses to characterize potential exemplars in reducing zero-dose
children over time, as summarized below. R version 4.2.1 was used for data processing,
analyses, and visualizations [42].

Quantifying changes in zero-dose children across geographies. We assessed changes
in the percentage of under-one children without any doses of DTP (no-DTP) between 2000
and 2019 across two geographic dimensions: (1) national levels; (2) subnational gaps among
second-level administrative units. For the latter—subnational gaps—we used the 5th and
95th percentile values of the prevalence of no-DTP children estimated across second-level
administrative units and computed the difference for a given country–year. We opted
to use the 5th and 95th percentiles rather than absolute minimum and maximum values
of no-DTP prevalence to offset the potential for undue influence of outliers for a given
subnational unit–year. Furthermore, how countries define second-level administrative
units widely varies (e.g., 10 or fewer units in Comoros, São Tomé and Príncipe, and Lesotho
to 774 local government areas (LGAs) in Nigeria); using percentiles to define subnational
gaps may also help mitigate the degree to which having more (or fewer) administrative
units could affect measures of subnational inequality.

Identifying potential exemplars in reducing zero-dose children. Second, countries
with the largest declines for both no-DTP metrics between 2000 and 2019 were considered
as potential exemplars in reducing zero-dose children. Prior research conducted under
the EGH program has typically used one progress measure per geographic unit [32,34,35],
and then benchmarked changes against indicators of sociodemographic development.
Because many locations with the highest levels of unvaccinated children face compounding
vulnerabilities [4], any investments in reaching zero-dose children should also correspond
with action to address disparities in immunization rates. Our approach to operationalizing
this pro-equity lens from a geographic perspective was equally weighting reductions at
the national level and subnational differences for no-DTP. In other words, a country that
achieved marked national reductions in no-DTP prevalence without corresponding declines
in subnational gaps should not be considered a potential exemplar in reducing zero-dose
children.

We ranked each country ordinally, 1 to 56, based on their national and subnational
reductions in no-DTP prevalence from 2000 to 2019, with 1 being the largest reduction and
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56 being the smallest reduction or, if applicable, the largest increase since 2000. We took the
mean of those rankings to identify which countries had achieved the most progress across
both geographic dimensions. We applied these rankings and calculations for absolute and
relative progress separately: computing percentage point changes for absolute progress
from 2000 to 2019 and then percentage change from 2000 to 2019 for relative progress. We
opted to consider both progress metrics—absolute and relative progress—as they could
better represent a range of successful approaches used to reduce no-DTP prevalence from
different starting points (i.e., higher and lower absolute levels of no-DTP children in 2000),
and thus likely mirror different stages of immunization delivery needs and strategies.

Comparing divergent no-DTP trajectories since 2000 for select locations. Third, we
conducted so-called “neighborhood analyses” for select countries, comparing them to
other countries that had similar levels for both no-DTP measures in 2000 but different
trajectories through 2019. Such analyses are thought to be supportive of potential cross-
location learning and knowledge translation around what could work to address zero-dose
challenges when starting from similar baseline levels of no-DTP prevalence. At the country-
level, we focused on Nigeria, Mali, Uganda, and Bangladesh—the four countries selected
for the Gavi Learning Hubs [43] and sought to match a “neighbor” exemplar to each
country. Further detail on the Gavi’s Learning Hub initiative is available elsewhere [43]; in
brief, these four countries were selected on the basis of zero-dose metrics (i.e., high absolute
numbers or prevalence of zero-dose children) as well as variations in zero-dose prevalence
across geographic locations and among key populations that experience higher rates of no
vaccination (i.e., rural, urban poor, refugeed, or conflict settings). A primary objective of the
Learning Hubs is to support deeper assessment and engagement to improve monitoring
and measurement systems, and to enable learning about what works programmatically to
reach unvaccinated children and missed communities.

3. Results

3.1. Quantifying Changes in No-DTP Children from 2000 to 2019

Among the 56 LMICs included in this analysis, 44 (78.6%) had some kind of reduction
in both national levels of no-DTP and subnational gaps in no-DTP prevalence between
2000 and 2019 (Figure 1; Table 2). In contrast, five countries—Benin, Kenya, Guinea, Papua
New Guinea, and Uzbekistan—had at least some increase in both estimated national
and subnational gaps in no-DTP prevalence. Five countries decreased national no-DTP
levels between 2000 and 2019, but in tandem saw subnational gaps increase to some
degree: Congo (an 8.4 percentage-point rise); Tajikistan (2.1 percentage points); Djibouti
(0.7 percentage points); Central African Republic (0.6 percentage points); and São Tomé and
Príncipe (0.4 percentage points). Two countries—Haiti and Myanmar– had the national
percentage of under-one children with no DTP doses at least somewhat increase since 2000
while subnational gaps declined; this was particularly pronounced for Myanmar (a 6.1
percentage-point rise).
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Figure 1. Comparing changes in no-DTP prevalence, nationally and for subnational gaps, from 2000
to 2019 for 56 LMICs. Countries are color-coded by national estimates of no-DTP in 2019.
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Table 2. Comparing levels and changes in no-DTP prevalence, nationally and for subnational gaps,
from 2000 to 2019 for 56 LMICs. Bolded countries are those with the largest progress in reducing
zero-dose children for both national and subnational gaps, based on the difference between the 5th
and 95th percentiles for no-DTP prevalence at the second-level administrative unit, for either absolute
or relative declines from 2000 to 2019. pp = percentage-points.

Country
National Prevalence of No-DTP

Subnational Gap in No-DTP Prevalence (5–95th
Percentile Difference across Districts)

2000
(%)

2019
(%)

Absolute
Change,

2000–2019 (pp)

Relative
Change,

2000–2019 (%)

2000
(pp)

2019
(pp)

Absolute
Change,

2000–2019 (pp)

Relative
Change,

2000–2019 (%)

Afghanistan 53.4 14.5 −39.0 −72.9 39.0 31.8 −7.2 −18.5
Angola 46.3 24.8 −21.5 −46.4 38.6 37.2 −1.3 −3.5
Bangladesh 8.8 0.2 −8.6 −98.0 14.4 0.0 −14.4 −99.9
Benin 11.3 13.6 2.4 21.1 16.9 19.9 3.0 18.0
Burkina
Faso 23.8 4.6 −19.2 −80.6 31.2 10.7 −20.5 −65.8

Burundi 18.4 2.3 −16.0 −87.3 17.1 2.4 −14.7 −85.9
Cambodia 22.8 7.3 −15.6 −68.2 27.2 18.6 −8.6 −31.6
Cameroon 26.4 17.4 −9.0 −34.1 48.7 25.8 −22.9 −47.0
Central
African
Rep

44.0 28.9 −15.1 −34.3 19.1 19.7 0.6 3.1

Chad 59.7 24.0 −35.6 −59.7 40.4 36.4 −4.0 −10.0
Comoros 19.1 6.8 −12.3 −64.6 7.5 3.2 −4.3 −57.5
Congo 48.5 33.2 −15.3 −31.5 22.2 30.6 8.4 38.1
Cote
d’Ivoire 17.9 2.3 −15.6 −87.1 20.5 4.4 −16.1 −78.4

Dem Rep
of the
Congo

51.9 6.9 −45.0 −86.8 46.8 16.0 −30.8 −65.8

Djibouti 34.3 26.1 −8.2 −24.0 17.2 18.0 0.7 4.4
Eritrea 10.6 1.1 −9.4 −89.2 15.3 3.8 −11.4 −74.8
Ethiopia 63.4 11.7 −51.6 −81.5 47.9 30.8 −17.2 −35.8
Gambia 8.6 3.8 −4.8 −55.7 9.4 4.2 −5.2 −55.7
Ghana 12.5 6.5 −6.0 −48.2 26.2 5.6 −20.6 −78.7
Guinea 35.6 38.4 2.8 7.9 33.2 39.3 6.1 18.4
Guinea-
Bissau 19.5 6.6 −12.9 −66.3 13.4 7.8 −5.6 −41.7

Haiti 20.5 21.0 0.6 2.8 17.9 9.7 −8.2 −45.7
India 30.9 7.2 −23.6 −76.5 52.5 19.7 −32.7 −62.4
Kenya 9.6 10.0 0.4 4.4 16.6 20.8 4.1 24.8
Kyrgyzstan 10.3 5.0 −5.3 −51.5 7.0 5.0 −2.1 −29.3
Laos 30.8 24.6 −6.1 −19.9 28.4 21.5 −6.9 −24.4
Lesotho 13.1 9.6 −3.5 −26.9 4.3 3.3 −1.1 −24.6
Liberia 21.2 11.2 −10.0 −47.2 37.9 12.3 −25.6 −67.6
Madagascar 25.7 10.7 −15.0 −58.5 34.0 17.1 −16.9 −49.8
Malawi 4.8 3.4 −1.4 −29.2 12.0 2.6 −9.4 −78.4
Mali 36.4 17.1 −19.3 −53.1 47.8 40.5 −7.3 −15.2
Mauritania 28.1 6.5 −21.6 −76.8 33.0 10.1 −22.8 −69.3
Mozambique 12.7 3.6 −9.1 −71.8 23.5 7.6 −15.9 −67.5
Myanmar 11.5 17.6 6.1 52.9 25.4 13.7 −11.7 −46.0
Nepal 13.5 8.7 −4.7 −35.2 24.4 7.7 −16.7 −68.4
Niger 52.6 18.2 −34.5 −65.4 23.5 20.4 −3.2 −13.4
Nigeria 55.5 28.9 −26.6 −48.0 71.7 64.9 −6.8 −9.5
Pakistan 24.0 8.4 −15.6 −65.1 37.2 36.5 −0.7 −2.0
Papua New
Guinea 17.3 44.4 27.1 156.4 13.7 32.5 18.8 137.7

Rwanda 5.7 1.9 −3.8 −66.9 6.9 1.3 −5.6 −81.5
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Table 2. Cont.

Country
National Prevalence of No-DTP

Subnational Gap in No-DTP Prevalence (5–95th
Percentile Difference across Districts)

2000
(%)

2019
(%)

Absolute
Change,

2000–2019 (pp)

Relative
Change,

2000–2019 (%)

2000
(pp)

2019
(pp)

Absolute
Change,

2000–2019 (pp)

Relative
Change,

2000–2019 (%)

São Tomé
and
Príncipe

14.6 3.0 −11.6 −79.5 3.6 4.0 0.4 11.4

Senegal 17.3 2.2 −15.1 −87.1 23.9 9.9 −14.0 −58.4
Sierra
Leone 31.1 9.0 −22.1 −71.0 30.5 7.5 −23.0 −75.4

Somalia 51.2 51.1 −0.1 −0.2 44.0 27.9 −16.1 −36.5
South
Sudan 64.1 33.0 −31.1 −48.5 25.2 22.5 −2.7 −10.6

Sudan 33.1 3.4 −29.7 −89.6 14.4 4.8 −9.6 −66.9
Tajikistan 8.9 6.4 −2.5 −28.0 6.3 8.4 2.1 32.7
Tanzania 8.3 5.7 −2.7 −32.0 20.7 8.5 −12.2 −59.0
Timor-
Leste 51.3 27.0 −24.3 −47.4 18.6 15.3 −3.3 −17.9

Togo 23.1 13.1 −10.1 −43.5 26.1 11.1 −15.0 −57.5
Uganda 21.9 6.7 −15.2 −69.2 29.2 6.3 −22.9 −78.5
Uzbekistan 1.3 7.2 5.9 441.9 2.9 5.1 2.2 77.5
Vietnam 7.8 4.6 −3.2 −41.0 17.3 8.7 −8.7 −50.0
Yemen 27.1 22.4 −4.7 −17.2 43.4 35.4 −8.1 −18.5
Zambia 7.5 5.8 −1.7 −22.3 10.2 7.1 −3.1 −30.5
Zimbabwe 20.1 5.5 −14.7 −72.9 19.5 6.6 −12.9 −66.0

3.2. Identifying Potential Exemplars in Reducing Zero-Dose Children since 2000

Absolute progress. The DRC, Ethiopia, and India registered the largest absolute
reductions in national no-DTP prevalence and subnational gaps from 2000 to 2019 (Figure 2;
Table 2). Supplementary Figure S1A–C show both national and subnational no-DTP trends
over time for each country.

In 2000, 51.9% of under-one children had no doses of DTP in the DRC nationally, with
the country experiencing a 46.8 percentage-point gap between the territories with 5th and
95th percentiles for no-DTP prevalence (i.e., 28.5% to 75.3%). By 2019, national no-DTP
prevalence levels fell to 6.9%, a 45.0 percentage-point decline. The DRC’s subnational
gaps narrowed by 30.8 percentage-points by 2019, decreasing to a total of 16.0 percentage
points across the 5th and 95th percentiles of territories (i.e., 1.5% to 17.5%). As highlighted
by Figrues 2 and S1A, subnational gaps started narrowing faster from 2015–2019 than in
previous time periods.

For Ethiopia nationally, 63.4% of under-one children lacked any doses of DTP in 2000,
but no-DTP prevalence fell 51.6 percentage points to 11.7% by 2019. Across its zones,
Ethiopia had a 47.9 percentage-point gap between the 5th and 95th percentile levels of
no-DTP prevalence in 2000, spanning from 39.6% to 87.5%. This subnational gap decreased
by 17.2 percentage points by 2019, to a 30.8 percentage-point difference between the 5th
and 95th percentile no-DTP levels across zones (i.e., 1.6% to 32.4%). However, amid
such marked gains over the last 19 years, Ethiopia’s reductions in subnational gaps have
stagnated from 2016–2019 (Figure 2 and Figure S1B).

In India, national no-DTP prevalence was 30.9% in 2000 with a 52.5 percentage-point
gap between the 5th and 95th percentile for no-DTP levels across districts (i.e., 7.2% to
59.7%). By 2019, 7.2% of under-one children had no doses of DTP in India nationally, a
23.6 percentage-point decline. Subnational gaps in India decreased 32.7 percentage points
between 2000 and 2019, falling to 19.7 percentage-point difference in 2019 (i.e., 1.6% to
21.3%). Although overall subnational gaps have narrowed (Figure 2 and Figure S1C),
several districts still exceeded 30% of under-one children with no doses of DTP in 2019.
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Figure 2. Comparing no-DTP trajectories for potential exemplars in reducing zero-dose children,
2000 to 2019. National no-DTP prevalence is represented on the x-axis and the subnational gap (as
measured by the difference between the 5th and 95th percentile no-DTP prevalence across second-
level administrative units) is represented on the y-axis. Each corner represents an extreme for each
of these no-DTP metrics, with the lower right-hand corner—low national no-DTP prevalence and
low subnational inequality—being the direction in which every location should strive to reach to
equitably reduce no-DTP prevalence. Trends in the two no-DTP metrics for the potential exemplars
are highlighted in black, with each circle representing a year from 2000 to 2019 that is color-coded
from orange (2000) to blue (2019). The light gray trajectories represent the other 51 countries in
this analysis.

Relative progress. As measured by the percentage change in no-DTP metrics between
2000 and 2019, Bangladesh and Burundi achieved the largest relative reductions in no-DTP
prevalence (Figure 2; Table 2). National and subnational no-DTP trends are illustrated in
Supplementary Figure S1D,E.

In 2000, estimated national prevalence of no-DTP was 8.8% in Bangladesh, already
below the 10% target set forth by the Global Vaccine Action Plan for 2020 [44]. However, by
2019, the percentage of under-one children with no doses of DTP fell to 0.8% in Bangladesh,
a 98.0% decline since 2000. Subnational gaps in Bangladesh fell by 99.9% since 2000, narrow-
ing from a 14.4 percentage-point difference for the 5th and 95th percentiles across districts
in 2000 (i.e., 3.3% to 17.7%) to approximately 0.01 percentage-points in 2019. Absolute
subnational gaps began narrowing faster after about 2012 (Supplementary Figure S1D).

For Burundi, national no-DTP estimates were 18.4% in 2000, but decreased to 2.3% in
2019—an 87.3% reduction. Across Burundi’s communes in 2000, there was a 17.1 percentage-
point difference for the 5th and 95th percentiles in no-DTP prevalence (i.e., 10.2% to 27.3%).
By 2019, this subnational gap fell to 2.4 percentage points, representing an 85.9% decline
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across communes at the 5th and 95th percentile (i.e., 1.5% to 3.9%). Progress accelerated
after 2005 (Figure 2, Supplementary Figure S1E), when the country’s 13-year civil war
ended [45].

Table 2 details these estimates for 2000, 2019, and across change metrics for all 56 coun-
tries, while Figure 2 depicts trajectories for no-DTP across national levels and subnational
gaps for potential exemplars in reducing zero-dose children for each year between 2000
to 2019.

3.3. Comparing Divergent No-DTP Trajectories since 2000 for Select Locations

Focusing on the four Gavi Learning Hub countries—Nigeria, Mali, Uganda, and
Bangladesh—we mapped their no-DTP trajectories from 2000 to 2019 against potential
exemplars in reducing zero-dose children (Figure 3); the exception was Bangladesh, which
achieved among the largest relative reductions in national no-DTP prevalence and subna-
tional gaps since 2000. Accordingly, Figure 3 excludes Bangladesh.

Figure 3. Comparing Gavi Learning Hub country no-DTP trajectories since 2000 to potential exem-
plars in reducing zero-dose children. Bangladesh, a Gavi Learning Hub country, was identified as
potential exemplar based on its marked progress on relative no-DTP metrics of change (Figure 2).
Accordingly, we focus on Nigeria, Mali, and Uganda here. National no-DTP prevalence is represented
on the x-axis and the subnational gap (as measured by the difference between the 5th and 95th
percentile no-DTP prevalence across second-level administrative units) is represented on the y-axis.
Each corner represents an extreme for each of these no-DTP metrics, with the lower right-hand
corner—low national no-DTP prevalence and low subnational inequality—being the direction in
which every location should strive to reach to equitably reduce no-DTP prevalence. Trends in the
two no-DTP metrics for the Gavi Learning Hub countries are highlighted in black, with each circle
representing a year from 2000 to 2019 that is color-coded from orange (2000) to blue (2019). The teal
trends represent trajectories for the potential exemplars in reducing zero-dose children based on their
absolute or relative progress since 2000. The light gray trajectories represent the other countries in
this analysis.

For Nigeria, Ethiopia was its closest ‘neighbor’ in terms of national no-DTP prevalence
in 2000—55.5% in Nigeria and 63.4% in Ethiopia—with diverging no-DTP trajectories
through 2019 (i.e., 28.9% in Nigeria and 11.7% in Ethiopia). From 2000 to 2019, Nigeria
consistently had among the highest subnational no-DTP disparities in the world; even in
2000, when Ethiopia had the fourth highest subnational gap in no-DTP among included
countries (47.9 percentage points; Table 2), Nigeria’s subnational gap was more than 20 per-
centage points higher (71.7; Table 2). Nonetheless, given how Ethiopia markedly reduced
no-DTP subnational gaps at the same time trends in Nigeria’s subnational disparities more
or less stagnated, they may be well-aligned for cross-country learning.

For Mali, the DRC was its closest ‘neighbor’ for subnational no-DTP prevalence
gaps in 2000, with Mali experiencing a 47.8 percentage-point gap and the DRC having
a 46.8 percentage-point disparity. By 2019, Mali still had a subnational gap exceeding
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40 percentage points (40.5, Table 2) while the DRC reduced its subnational gap to 16.0
(Table 2). National no-DTP prevalence was more variable for Mali and the DRC, with Mali’s
national no-DTP levels registering far lower than the DRC’s in 2000 (36.4% and 51.9%,
respectively) but then only moderately declining to 17.1% by 2019. In contrast, the DRC’s
national no-DTP prevalence decreased to 6.9% in 2019. Yet the DRC’s no-DTP metrics from
2010–2015—the time before the country accelerated no-DTP reductions—parallel Mali’s
2019 no-DTP measures. Accordingly, this more recent time period may support optimal
cross-country learning for Mali.

For Uganda, Burundi aligned most closely to its 2000 no-DTP measures but showed
divergences by 2019. In 2000, national no-DTP prevalence was 21.9% in Uganda and 18.4%
in Burundi; by 2019, their no-DTP estimates were 6.7% and 2.3%, respectively (Table 2).
Subnational gap trends were less similar for these two countries, with Burundi’s no-DTP
subnational gap in 2000 being narrower (17.1 percentage points) than that of Uganda’s
(29.2 percentage points). Each country recorded sizeable declines in subnational no-DTP
gaps, with Uganda’s falling to 6.3 percentage points and Burundi’s to 2.4. In many ways,
both Uganda and Burundi could offer meaningful lessons around reducing subnational
disparities among unvaccinated children.

4. Discussion

With this analysis, we offer a novel application of positive-outlier methods for identify-
ing potential exemplars in reducing zero-dose children since 2000. The DRC, Ethiopia, and
India showed among the largest absolute declines in both national no-DTP prevalence and
subnational gaps between 2000 and 2019, while Bangladesh and Burundi demonstrated the
largest percentage decreases in national no-DTP prevalence and subnational gaps during
that time. Given the range of starting points, local contexts, and health system structures in
these five countries, it is quite possible that the strategies used, and corresponding lessons
learned in improving childhood vaccination—specifically around expanding service reach
to unvaccinated children—may be applicable (or at least adaptable) to other settings. As
highlighted by the so-called “neighborhood” analysis, comparing divergent no-DTP tra-
jectories among peer locations could support deeper study around what catalyzed faster
progress for some places—and how those lessons could be applied elsewhere. The com-
bination of this positive outlier methodology and cross-country platforms supported by
the Gavi Learning Hubs offers unique opportunities to better understand ‘what works’ for
accelerating progress in reaching unvaccinated children worldwide.

Considering positive outliers—or potential exemplars—in reducing no-DTP preva-
lence for both absolute and relative progress can better reflect the range of successful
strategies implemented from a range of different no-DTP prevalence starting points. Af-
ter all, the types of programmatic and policy decisions that may occur when more than
30–50% of under-one children have had no doses of DTP could differ from those occurring
when high zero-dose communities are more clustered and national levels of no-DTP are
well below 10%. In health service delivery, these differences may unfold around more
widespread intervention introduction and scale-up activities (e.g., addressing key infras-
tructure and personnel gaps that would otherwise impede adoption; mass mobilization and
campaign-style outreach efforts) versus more tailored service provision to individuals or
communities who still lack access to or demand for an intervention (e.g., hard-to-reach and
hard-to-vaccinate populations [46]). For instance, in 2000, the DRC and Ethiopia started
among the highest national levels of no-DTP observed across included countries in this
study, as well as moderate-to-high levels of subnational gaps. Better understanding how
the DRC and Ethiopia substantially reduced no-DTP metrics by 2019 could strengthen
strategies adapted for countries that started at similar no-DTP measures in 2000 but had
minimal or less pronounced reductions (e.g., Nigeria, Chad, Somalia).

Despite their marked progress since 2000, further improvements in vaccination reach
and uptake are needed in the DRC, Ethiopia, India, and other countries still experiencing
large populations of unvaccinated children. Accordingly, it is possible that lessons learned
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from countries with exceptional relative reductions from 2000 to 2019 could be applicable
to countries such as the DRC, Ethiopia, and India today; after all, 2019 no-DTP estimates for
the latter countries are quite similar to the 2000 estimates for countries such as Bangladesh
and Burundi. For Bangladesh, reductions in national no-DTP and subnational gaps nearly
paralleled each other time, charting a path toward nearly 0% no-DTP nationally and
negligible subnational differences by 2019. These trends may reflect the country’s concerted
efforts to better reach rural communities with lower levels of vaccination [47], among other
immunization and primary care strengthening interventions. For Burundi, levels of and
subnational gaps in no-DTP markedly declined after the end of its civil war in 2005 [45].
From 2006 to 2010, Burundi adopted nationwide performance-based financing initiatives
focused on improving child and maternal care [48], actions that have been associated with
higher vaccination rates, particularly among the poor [49]. To better understand how
different interventions and strategies may optimally align with current needs and barriers
to vaccination, it is crucial to more deeply examine the programs and contexts in which
past gains have occurred.

There is ample opportunity—and need—to characterize what drives successful vac-
cine delivery and uptake across the spectrum of past and current challenges, particularly
around vaccination inequalities. One key consideration that emerged from this analy-
sis involves the pathways by which no-DTP changed both nationally and sub-nationally
from 2000 to 2019. Particularly among countries that started with higher levels of no-
DTP (e.g., Nigeria and Mali; Ethiopia, and the DRC), subnational gaps often remained
unchanged or increased while national no-DTP prevalence began improving. Such path-
ways suggest that explicit equity program targets and implementation practices may not
occur until later. Other countries, including India and Bangladesh, had more consistent
declines for both metrics from 2000 to 2019—a potential signal into the ways in which
countries are concurrently addressing both national vaccination priorities and at least
geographic inequalities. Nonetheless, it is also possible that countries such as India and
Bangladesh experienced similar pathways of minimal changes in or rising subnational
inequality amid decreasing national no-DTP prior to 2000. Developing a more formalized
characterization or framework around ‘pathways of progress’ toward greater vaccination
equity should be considered in future studies, both by geography and across other crucial
factors (e.g., gender, wealth, education, religion, ethnicity).

While assessing progress metrics is a necessary first step to better identify potential
exemplars in reducing zero-dose burdens, they alone cannot shed light on what countries
have executed and how such actions were associated with further improvements. Formally
applying methods such as that of the EGH program, with qualitative examination of policy
and programs alongside quantitative analyses around drivers of progress [32], should be
prioritized for countries and/or subnational locations with notable advances in reducing
zero-dose children. Furthermore, the learning and evaluation platform offered through
the Gavi Learning Hubs [43], wherein characteristics of immunization programs and
factors contributing to their impact will be examined in prospective manner with country
researchers and leadership, will enable greater cross-country or subnational engagement
around what works to reach unvaccinated children across contexts. This is particularly
important for larger countries where subnational locations started at similar starting points
but experienced different trajectories over time. For instance, in Nigeria, bordering states
Kaduna and Plateau had fairly high levels of no-DTP prevalence in 2000 (69.4% and 50.6%,
respectively; Supplementary Figure S2A). By 2019, Plateau decreased its no-DTP prevalence
to 14.5%, whereas Kaduna reduced no-DTP prevalence to 31.9%. Another pair of bordering
states—Kogi and Enugu—had no-DTP prevalence of 48.1% and 40.7% in 2000; by 2019,
Engu recorded a much larger decline by 2019 (to 7.5%) whereas Kogi still exceeded 20%
no-DTP prevalence. In Ethiopia, three regions—Afar, Somali, Benshangual-Gomez—had
the country’s highest no-DTP prevalence in 2000, at 75% or higher, followed by Oromia
(69.3%) (Supplementary Figure S2B). By 2019, Benshangual-Gomez and Oromia reduced
regional levels of no-DTP to 8.3% and 11.1%. Although Afar and Somali also recorded
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substantive declines in overall no-DTP prevalence, each region still had no-DTP prevalence
exceeding 25%—and experienced widening gaps in no-DTP among zones. Given these
trends and patterns, it is likely that many countries—especially larger ones—could benefit
from so-called neighborhood analyses and positive outlier research at the subnational level.

Past work has sought to synthesize and/or assess particular characteristics of suc-
cessful immunization programs; nonetheless, few studies have expressly focused on both
zero-dose children and incorporating mixed-methodologies with a positive outlier lens.
For example, qualitative research in Senegal, Zambia, and Nepal points to factors including
strong community engagement, integrated delivery, adaptive service provision, and robust
data systems as central to improving and/or maintaining high levels of DTP1 and/or
DTP3 [35,50–52]. However, the degree to which these approaches are fully transferable to
communities with high zero-dose burdens remains unclear. Integrated service delivery,
particularly for key primary care interventions for mothers and infants, may have an im-
portant role in addressing zero-dose burdens given the high overlap of missing vaccine
doses with other essential health services [11]. Strengthening community engagement
may require taking a longer-term lens and multifaceted investments, especially in areas of
prolonged conflict and/or distrust of health systems and providers. Innovative programs
such as the DRC’s Mashako Plan, which was launched in 2018 and has sought to improve
vaccination completion rates among select provinces through a mixture of supervision sup-
port, supply chain improvements, and monitoring efforts [53], may also provide valuable
implementation lessons for countries with equally large and/or dispersed populations.

It is worth noting that declines in no-DTP prevalence—and thus increased coverage of
DTP1, a marker of program reach—do not inherently equate to gains in broader program
retention or complete immunization. For instance, in much of Ethiopia, DTP3 coverage
has not improved in parallel amid sizeable increases in DTP1 [7,54,55]. This means that
while more children are being reached by vaccination services—an unequivocally crucial
milestone—an increasing percentage of them remain under-vaccinated and thus may still
be vulnerable to preventable disease. Although some parts of immunization programs
can support both vaccination initiation and completion well (e.g., sufficient availability
of qualified health workers, strong supply, and cold chain systems), other factors can
differentially affect how or whether children finish vaccination series after receiving their
first doses [7,56,57]: the availability of defaulter tracking systems, provider-client relation-
ships and trust, flexibility in scheduling for multiple vaccine doses and/or other health
services, among others. As global immunization agendas such as IA2030 [36] and Gavi
5.0 [37] rightly bring more attention to zero-dose populations and programs strategies to
reach them, it is crucial that political and funding commitments around addressing gaps in
under-vaccination also are maintained.

Limitations

This analysis is subject to a number of limitations. First, this study focuses on changes
in geographic inequalities at the second administrative level or higher, which results in
representing only one of many critical factors that contribute to inequities in immunization
delivery [19]. While geographic location can serve as a proxy for determinants also asso-
ciated with location (e.g., district-level program funding levels, relative remoteness) [58],
geography on its own cannot appropriately approximate the mechanisms by which gender,
ethnicity, education, wealth, religious affiliation, and other individual, household, or com-
munity characteristics affect childhood vaccination [4,8,12–14,16,18]. It is also very possible
that reductions in geographic inequalities do not consistently correspond with decreases in
vaccination inequalities by these other key drivers of disparities across locations or do so
consistently over time. Accordingly, it is critical to prioritize future research and analyses
that explicitly assess how these trends in inequality may correlate with each other.

Second, focusing on the second-administrative level likely masks important differences
experienced at more granular levels (e.g., within communities), [38,54] and thus poten-
tially could obscure a more nuanced understanding of the localized sociocultural and/or
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economic contributors to higher levels of zero-dose children. Future analyses should
explore alternative geographic levels or areal operationalizations (e.g., 5 × 5 km pixel
estimates rather than administrative boundaries) to further characterize the distribution
and magnitude of vaccination inequalities in a given location.

Third, country-to-country comparisons of subnational gaps and changes in these gaps
over time may be affected by a country’s total number of second-level administrative
units rather than meaningful differences in vaccination equity at comparable areal units.
For instance, subnational gaps in no-DTP may seem higher among in a country divided
into more second-level administrative units than those with fewer units [59]. At least for
the present analysis, having more (or fewer) second-level administrative units does not
appear to be strongly related to 5th/95th percentile gap measures (i.e., r = 0.47 in 2000 and
r = 0.38 in 2019) or change metrics from 2000 to 2019 (i.e., r = −0.17 for absolute change and
r = 0.03 for percentage change). Since first- or second-level administrative units are often
meaningful for health program implementation (e.g., district health authorities), we viewed
using country administrative units as having more benefits and relevance than the potential
drawbacks around variable subnational geographies. However, exploring alternative units
of analysis (e.g., standardized pixel units) could be beneficial for future work.

Fourth, we opted to use estimates from IHME for this analysis rather than administra-
tive data sources (e.g., DHIS2) or alternative sources (e.g., WUENIC estimates). Because
the primary goal of this study was to be able to directly compare national and subnational
levels and trends in no-DTP across countries, IHME estimates provided the greatest number
of countries with subnational estimates for the full time period (2000–2019).

Fifth, DTP estimates draw from household surveys and other data sources in which
groups or communities with higher rates of unvaccinated children may be systematically
under-represented (e.g., displaced or highly mobile populations). Accordingly, current
no-DTP estimates may not fully capture the ‘true’ magnitude or trends in zero-dose chil-
dren among populations with disproportionately high vulnerabilities and risks for not
being vaccinated.

Sixth, the time period of analysis focused on 2000 to 2019, and thus the identification
of potential exemplars may be sensitive to estimated levels of childhood vaccination
at either end of the 19-year range. Importantly, this analysis does not account for the
ongoing effects of the COVID-19 pandemic, of which has had differential impacts across
countries and communities since March 2020 [3,60,61]. Relatedly, these analyses do not
reflect improvements in or worsening of conflict since 2019, such as in the Tigray region in
Ethiopia [62].

Lastly, these analyses currently lack deeper contextual information from and by the
communities most affected by higher rates of un- and under-vaccination. Our aim is to
receive critical feedback on the potential applications of these positive-outlier methods for
cross-country learning and synthesis around what works to reduce high rates of zero-dose
prevalence, and to work with country and regional leadership to improve these approaches
going forward.

5. Conclusions

Recognizing where exceptional progress in reducing zero-dose children has occurred is
the first step toward better understanding what countries did to attain such improvements.
Such insights then can inform strategy adaptions to other settings, and further reinforce
successful strategies in places that achieved large reductions historically but still have
large populations of unvaccinated children today. Characterizing pathways to greater
vaccination equity, as well ensuring mechanisms by which effective knowledge translation
and cross-country learning can be supported, will strengthen efforts toward ensuring all
children can fully benefit from vaccines.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/vaccines11030647/s1, Table S1. Initial countries considered for the present
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analysis but were excluded for not meeting inclusion criteria; Figure S1. National and subnational
trends in the prevalence of no-DTP children, 2000-2019, in the Democratic Republic of the Congo (A),
Ethiopia (B), India (C), Bangladesh (D), and Burundi (E); Figure S2. Subnational no-DTP prevalence in
Nigeria (A) and Ethiopia (B), 2000–2019.
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Abstract: Between 2020 and 2021, the COVID-19 pandemic severely strained health systems across
countries, leaving millions without access to essential healthcare services. Immunization programs
experienced a ‘double burden’ of challenges: initial pandemic-related lockdowns disrupted access to
routine immunization services, while subsequent COVID-19 vaccination efforts shifted often limited
resources away from routine services. The latest World Health Organization (WHO) and United
Nations Children’s Fund (UNICEF) estimates suggest that 25 million children did not receive routine
vaccinations in 2021, six million more than in 2019 and the highest number witnessed in nearly two
decades. Recovering from this sobering setback requires a united push on several fronts. Intensifying
the catch-up of routine immunization services is critical to reach children left behind during the
pandemic and bridge large immunity gaps in countries. At the same time, we must strengthen the
resilience of immunization systems to withstand future pandemics if we hope to achieve the goals of
Immunization Agenda 2030 to ensure vaccinations are available for everyone, everywhere by 2030. In
this article, leveraging the key actions for sustainable global immunization progress as a framework,
we spotlight examples of strategies used by five countries—Cambodia, Cameroon, Kenya, Nigeria,
and Uganda—who have exhibited exemplar performance in strengthening routine immunization
programs and restored lost coverage levels in the last two years of the COVID-19 pandemic. The
contents of this article will be helpful for countries seeking to maintain, restore, and strengthen their
immunization services and catch up missed children in the context of pandemic recovery and to
direct their focus toward building back a better resilience of their immunization systems to respond
more rapidly and effectively, despite new and emerging challenges.

Keywords: routine immunization; COVID-19 pandemic; coverage backsliding; recovery; Cambodia;
Cameroon; Kenya; Nigeria; Uganda

1. Introduction

Between 2020 and 2021, the COVID-19 pandemic severely strained health systems
across countries, leaving millions without access to essential healthcare services. Routine
Immunization programs experienced a ‘double burden’ of challenges due to the COVID-
19 pandemic and associated disruptions and to the subsequent COVID-19 vaccination
efforts shifting often limited resources away from routine services. The latest World Health
Organization (WHO) and United Nations Children’s Fund (UNICEF) estimates suggest
that 25 million children missed routine vaccinations in 2021, six million more than in 2019
and the highest number witnessed in nearly two decades.

Recovering from this sobering setback requires a united push on several fronts. Inten-
sifying the catch-up of routine immunization services is critical to reach children left behind
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during the pandemic and bridge large immunity gaps in countries. At the same time, we
must strengthen the resilience of immunization systems to withstand future pandemics
if we hope to achieve the goals of Immunization Agenda 2030 to ensure vaccinations are
available for everyone, everywhere by 2030.

2. Materials and Methods

This article spotlights examples of strategies used by five countries—Cambodia,
Cameroon, Kenya, Nigeria, and Uganda—that have exhibited exemplar performance
in strengthening routine immunization programs and that have restored lost coverage lev-
els back to pre-pandemic levels to identify country-level learnings and inform and support
other countries to adopt similar practices. No personal or patient-level health information
was gathered for this work, and this work is not considered human subjects research.
Coverage data was obtained from WHO-UNICEF and reported at the country-level.

3. Discussions

3.1. The Challenge: Historic Backsliding in Routine Immunization Coverage

Across the world, the COVID-19 pandemic has disrupted essential health services,
adversely impacting significant gains in health outcomes achieved in recent decades. This is
particularly so for routine immunizations, with recently published WHO-UNICEF estimates
showing historic reductions in immunization coverage in 2021, with 25 million children
missing out on life-saving vaccines, the highest number since 2006 [1]. The number of ‘zero
dose children’ (those who did not receive any dose of Diphtheria, Tetanus and Pertussis
(DTP) containing vaccines) [2] increased sharply from 13 to 18 million during the pandemic
period, a shocking 37% increase since 2019. While immunization coverage dropped in all
WHO regions, some regions were more affected than others, with coverage dips ranging
between 1% in Europe to as high as 9% in South-East Asia.

As a result of this monumental drop in coverage, a disproportionate number of chil-
dren in low- and middle-income countries are left most vulnerable to vaccine-preventable
diseases. With rising immunity gaps, the risk of large outbreaks is imminent, with cases
of measles already reported in Africa and Eastern Mediterranean, and wild polio virus 1
(WPV1) detected outside the endemic countries in Asia [3]. This threatens the lives of unpro-
tected children and could be severely disruptive to already over-stretched health services.
Furthermore, some specific newly introduced antigens like Human Papillomavirus (HPV)
vaccines are also seen to be more adversely impacted and less resilient to these shocks.
Over the last two years, HPV vaccine coverage dropped by 15% [1]. Since 2019, 3.5 million
eligible girls have not yet received their first dose of HPV vaccine, the highest decline
since 2010. The trend is compounded by the fact that 59% of cervical cancer cases occur
in countries that have not yet introduced HPV vaccination into their national programs,
leaving millions of adolescent girls unprotected against cervical cancer.

Routine immunization programs were impacted by a ‘double burden’ of managing the
disruptive effect of the COVID-19 pandemic as well as the subsequent historic COVID-19
vaccination efforts to improve population immunity against the virus. Nearly all coun-
tries reported some form of disruption to routine immunization (RI) services in 2020 and
early 2021, with primary and community care among the most affected service delivery
settings [4]. In many countries, several planned outreaches and even Supplementary Immu-
nization Activity (SIA) were either suspended or postponed. In early 2021, more than one
third of countries (37%) participating in surveys monitoring pandemic impact on health
systems still reported disruptions to their routine immunization services in comparison to
early 2020 [4].

Despite these sobering trends, some countries improved vaccination coverage during
the pandemic—39 countries recovered or almost recovered to pre-pandemic levels in 2021.
But over two years, only 24 countries achieved higher coverage in 2021 than in 2019 [5].
This notable progress is attributable to the intensification and mitigation efforts of country
programs to maintain and/or resume vaccine delivery to catch up on missed populations.
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In some cases, these countries have managed to also attain high COVID-19 vaccination
coverage—the fastest and one of the most complex global vaccine campaigns in history.

3.2. The Opportunity: Restoring Coverage and Strengthening Program Resilience

The vulnerability of global immunization systems demonstrates the urgent need to
maintain, restore, and strengthen routine immunization systems in order to address the
widening immunity gap in the context of the pandemic and build resilience for future
shocks. Despite the complexities of managing immunization programs during a continually
evolving pandemic, several countries have shown that improving immunization coverage
is possible. Documenting and spotlighting learnings from these countries will help other
countries to adopt similar practices to increase vaccination equity.

This article presents examples from five selected countries—Cambodia, Cameroon,
Kenya, Nigeria, and Uganda—that have either maintained or increased their Diphtheria,
Tetanus, and Pertussis–containing vaccine (DTP3) coverage rates in 2021 compared to
2019/20 (see Figure 1). Through strong partnership with the Ministries of Health in these
countries, CHAI and immunization partners have witnessed and supported their journey
to recovery. Using the key actions for sustaining global immunization progress [6], which
highlight the urgent steps necessary for sustaining immunization activities globally as a
conceptual framework, we outline several exemplary strategies adopted by these countries
over the past two years that contributed to favorable immunization outcomes—also see
[File S1].

 

Figure 1. Graph representing DTP1/3 coverage levels in selected program countries—Cambodia,
Cameroon, Kenya, Nigeria, and Uganda—between 2019 and 2021. It highlights that across these
five countries, national coverage of DTP3 remained the same or increased between 2019 and 2021,
showcasing the immunization systems’ resilience to withstand shocks due to the COVID-19 pandemic.
Source: 2021 WHO-UNICEF Estimates.

3.2.1. Conducting Frequent and Intensified Catch-up Activities

Closing immunity gaps and reaching missed communities require intensified efforts
that are well planned and informed by evidence. In Cambodia, Kenya, Nigeria, Cameroon,
and Uganda, multiple rounds of catch-up activities were conducted to service high-risk
communities throughout the pandemic to address coverage gaps and inequities. These
included a mix of intensified and targeted outreaches and campaign style periodic in-
tensification of routine immunization (PIRIs) activities e.g., integrated child health days
(ICHDs) and local immunization days (LIDs). In Cameroon, districts in conflict-affected
regions were serviced through three rounds of periodic intensifications of routine immu-
nizations (PIRI), which resulted in 28% improvement in DTP3 coverage in the South West
Region in 2020/2021. To support with planning these outreach efforts, Clinton Health
Access Initiative (CHAI) Cameroon helped track on a quarterly basis district level service
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delivery and immunization coverage indicators. We used an Excel/power BI-based dash-
board, which enabled the rapid identification and prioritization of districts that required
intensified catch-up activities. Similarly, in Cambodia, CHAI supported with data review
and field assessments to assess and update the Expanded Programme for Immunization
(EPI) list of high-risk communities with recent pockets of missed children, while in Kenya,
CHAI supported the roll-out of tracking tools to monitor PIRI microplanning progress
and review the accuracy and completion of immunization micro plans. In Nigeria, CHAI
supported program planning for a catch-up campaign and identifying zero-dose children
in 145 districts across the country, including redesigning microplanning and other data
tools to accommodate infection prevention and control (IPC) needs in the context of the
pandemic.

3.2.2. Strengthening Health Information Systems to Routinely Capture Immunization
Coverage and Ongoing Disease Surveillance

Despite challenges brought on by the pandemic, these countries continued to strengthen
health information system capacities to capture and use routine immunization data for
planning and implementation. CHAI provided technical support to EPI across all levels
in Cambodia, Uganda, and Kenya to strengthen data management and review capacities
to promote immunization data use for planning and decision making. By promoting a
systemic approach that leverages existing data, underserved communities can be identi-
fied and necessary resources allocated for rapid course correction. In Cambodia, CHAI
supported the development of a new visualization dashboard that provided easy access
and review of coverage gaps at all levels (national, provincial, district, and service deliv-
ery point) to enable prompt follow-up and action. The dashboard was made available
in English and the local language, Khmer, for ease of access and user-friendliness. In
Kenya, CHAI was instrumental in supporting the Health Management Information System
(HMIS) team in separating PIRI and RI indicators within the DHIS2 platform to enable
clear performance monitoring for supplementary immunization activities. In Cameroon,
CHAI supported the identification and characterization of zero-dose communities using
triangulation of demographic, geographic, and immunization data. Through this effort,
health areas with the highest risk or probability of zero-dose children were prioritized for
targeted action. CHAI also supported mentoring activities to improve data completeness,
timeliness, and quality into DHIS2, resulting in an increase of 18% in timeliness, 5% in
data quality, and 5% in completeness in the Adamawa region in Cameroon. In Nigeria, to
inform decision making, CHAI was instrumental in the roll out of the PowerBI tool for the
visualization of real-time campaign immunization coverage and reach. In Uganda, CHAI
strengthened identification of underserved areas within health facility catchment areas
through monthly reviews of health facility immunization registration data, resulting in
in ~50% increase in the number of children from underserved villages vaccinated against
DTP3 and MR1 [7].

3.2.3. Finding Synergies with the COVID-19 Vaccine Roll-out

Across the spectrum of activities undertaken to plan, implement, and monitor the
COVID-19 vaccine roll-out, many of the countries who demonstrated resilience in the last
two years capitalized on these activities for the mutual benefit of routine immunizations.

• To improve integrated delivery of services and promote a life course approach to
vaccination, the Cambodian Ministry of Health, with support from CHAI and other
partners, developed policies to integrate routine immunization into the COVID-19
outreach strategy in 2021, with a focus on prioritizing hard-to-reach communities.
CHAI’s support included the following:

� The design and implementation of an integrated NCD screening and COVID-
19 vaccination pilot in two provinces, which was initially implemented at
mass vaccination sites and later shifted to health center fixed sites after the
acute emergency phase (as booster dose delivery picked up pace). In the
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first five months during implementation at mass vaccination sites, the pilot
successfully resulted in the referral or linkage to care for approximately ~1600
adults with previously undiagnosed diabetes or hypertension. By the end of
the second phase of the pilot (February 2022), which has now been transitioned
to government implementation, a total of ~2700 adults had been referred for
appropriate follow-up care.

� To optimize healthcare worker capacity and national health budgets to provide
hard-to-reach communities with immunization services, CHAI supported with
analyzing COVID-19 and routine immunization coverage data at the provincial,
district, and village levels to inform the implementation of such integrated
outreach in previously underserved communities.

• The Ugandan Ministry of Health, with support from partners, developed and dis-
seminated operational guidelines to support the symbiotic delivery of health services
alongside COVID-19 vaccination, care, and treatment. This included models that
encourage task shifting among healthcare workers and hybrid offsite and onsite ap-
proaches to supportive supervision to better balance workload and delivery of health
services at the district level.

• Data reporting helped countries recognize and react to the cannibalistic effect COVID-
19 vaccination was having on healthcare workers’ ability to deliver other primary
healthcare (PHC) services, including routine immunization. The government of Nige-
ria decided to separate the service delivery and data collection functions of COVID-19
vaccination to support front line healthcare workers to prioritize the dual duty of
COVID vaccinations and other PHC services. CHAI provided guidance in developing
strategies and adopting technical guidelines for the integration of COVID-19 vacci-
nation with other PHC services, including immunization, Vitamin-A, and ante-natal
care (ANC) services. Three main strategies were promoted, which combined to boost
coverage by 70% by October 2022. The strategies included the following:

� TEACH, which combines traditional microplanning methods with appropriate
technology.

� A family-centered integrated PHC approach that translates into the national
strategy of improving access to basic health services.

� SCALES 3.0 (Supervision, Communication, Accountability, Logistics, Immu-
nization data and Service delivery), a strategy that incorporates integration of
services, performance-based incentives, data use for action, and decentralized
demand generation.

• In Cameroon, Kenya, and Nigeria, COVID-19 vaccination training was also used to
refresh frontline healthcare worker knowledge on routine immunization and promote
broader immunization best practices.

• In Kenya, through support from CHAI, several county-level EPIs leveraged COVID-19
vaccine outreach services, targeting teachers in schools to co-deliver HPV vaccinations
to eligible adolescent girls enrolled in the schools.

3.2.4. Mobilizing Resources for Sustaining Immunization Services

Early intervention by governments to provide clear directives to health facilities was
instrumental in minimizing service delivery disruptions. For example, the mid-2020 na-
tionwide directive in Nigeria to continue routine outreach sessions resulted in an 11.6%
increase [8] in service provision since the early disruptions. In Uganda, by engaging
non-traditional health stakeholders, particularly at the district level, the immunization pro-
gram was able to mobilize additional financing and resources, including human resources
to support data management and operational aspects of delivering vaccinations, which
tremendously eased pressure on system capacities and helped sustain routine immuniza-
tion services.
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3.2.5. Restructuring Health Systems to Build Resilience

Learning from the largest disruption to immunization service delivery in three decades
and the largest vaccination rollout in history, a few countries are prioritizing investments
in systems that enable multisectoral collaboration with strong community participation
for agile decision making. For example, the Cambodian government is in the process of
developing a PHC booster strategy to ensure all individuals can access a quality pack-
age of care in the public sector—from prevention to early diagnosis and management
across the life course, encompassing maternal and child health, communicable diseases,
selected non-communicable diseases, mental health, and other ageing-related illnesses.
This strategy aims to emphasize stronger community engagement and new models of
service delivery that could strengthen the resilience of health systems. CHAI is supporting
by updating the community participation policy, which will redefine the governance, roles,
and responsibilities for community heath workers within existing community structures.
In Uganda, the government is adapting routine immunization for the use of Smart Paper
Technology, which enables individual-level tracking of COVID-19 vaccine recipients and
includes a reminder function for subsequent doses. CHAI is supporting the country to
develop systems and processes that reduce missed opportunities for vaccination at every
encounter with the health system, which has had a demonstrable impact on all antigens
of note, including sustained increase in the number of vaccinated (11% in DTP3, 4% in
MCV1, 72% in HPV2) in the supported districts in 2021 [7]. These health system capacities
and processes will facilitate improved preparedness and operations to rapidly respond to
emergent system shocks while maintaining the effectiveness of routine programs.

4. Conclusions

The importance of integrating routine immunization into primary healthcare systems
has never been clearer. As countries continue to recover and adopt lessons from the last
few years, to not only mitigate the effects of backsliding but to reach those who were
previously unreached, integrated and holistic PHC systems offer the best way forward for
supporting resilient and sustainable routine immunization programs. Investing in broader
health system strengthening and improving linkages with communities will help advance
immunization goals. With the future of the COVID-19 pandemic remaining uncertain,
it is vital to focus on building back better the resilience of our immunization systems to
respond more rapidly and effectively to challenges, and ensure all children continue to have
access to lifesaving vaccinations despite new and emerging concerns. Learnings from the
exemplary countries presented in this article provide insights into the various possibilities
that can be unlocked with the right commitment and support.
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Strategy: Findings from the First Year of Implementation in
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Abstract: Background: In 2017, the Expanded Programme on Immunization in Ghana opened two
container clinics in Accra, which were cargo containers outfitted to deliver immunizations. At each
clinic, we assessed performance and clinic acceptance during the first 12 months of implementa-
tion. Methods: We employed a descriptive mixed-method design using monthly administrative
immunization data, exit interviews with caregivers of children of <5 years (N = 107), focus group
discussions (FGDs) with caregivers (n = 6 FGDs) and nurses (n = 2 FGDs), and in-depth interviews
(IDIs) with community leaders (n = 3) and health authorities (n = 3). Results: Monthly administrative
data showed that administered vaccine doses increased from 94 during the opening month to 376
in the 12th month across both clinics. Each clinic exceeded its target doses for the 12–23 month
population (second dose of measles). Almost all (98%) exit interview participants stated that the
clinics made it easier to receive child health services compared to previous health service interactions.
The accessibility and acceptability of the container clinics were also supported from health worker
and community perspectives. Conclusions: Our initial data support container clinics as an acceptable
strategy for delivering immunization services in urban populations, at least in the short term. They
can be rapidly deployed and designed to serve working mothers in strategic areas.

Keywords: vaccines; healthcare access; routine immunization

1. Background

Urbanization is rapidly increasing worldwide; it is estimated that by 2050, 66% of the
world’s population will live in an urban area [1]. Much of the increased urbanization is
projected to occur on the African continent, where 56% of the population will be urban
by 2050 compared to 37% in 2000 [1]. This vast transition to urban living has implications
for health systems, and research has indicated significant health and immunization cov-
erage disparities between the poorest urban communities and the wealthiest ones [2,3].
A systematic review of 63 studies conducted in 16 low- and middle-income countries
(LMICs) identified that migration status, distance to health facilities, and a lack of parental
awareness contribute to the low vaccination status of children living in urban areas [2].
Interventions designed to improve urban immunization coverage in LMICs have primarily
focused on community outreach to improve the utilization of services through education,
coordinating social mobilization activities, enhancing home visit services, or extending

Vaccines 2023, 11, 814. https://doi.org/10.3390/vaccines11040814 https://www.mdpi.com/journal/vaccines
291



Vaccines 2023, 11, 814

clinic hours [4]. However, urban populations encounter additional barriers to accessing
services, highlighting a need for novel strategies to improve access for vulnerable urban
communities [2,4].

“Access” can be challenging to define within low-resource contexts in which the
overall availability of healthcare is low [5]. Peters et al. (2008) described a framework for
accessing healthcare in low-income countries [5] and defined four primary dimensions
of access: availability, geographic accessibility, financial accessibility, and acceptability.
These dimensions account for the unique experiences in accessing healthcare in LMICs
and highlight that the “local adaption and experimentation” of new strategies is critical
for improving access. Thus, considering this framework in the initial development and
small-scale evaluation of an innovative strategy can improve subsequent implementations
and research to enhance access to health services [5].

Immunization services in Ghana are provided at fixed sites (permanent health struc-
tures), as well as outreach sites—designated locations where nurses bring vaccine carriers
from larger central facilities to deliver immunization services for the day. In comparison to
the rural setting, outreach services in many urban settings are frequently not planned or
conducted under the assumption that since distance is not as great between fixed sites and
households in the urban setting, parents can easily find their way to the existing fixed sites.
However, in the urban setting, access to fixed sites can be very challenging due to transport
time barriers, transport cost barriers, and busy work schedules. One potential strategy to
improve access to immunization in urban settings is the provision of readily accessible,
flexible, and convenient, service delivery sites located near urban workplaces or vulnerable
urban communities. Container clinics are cargo containers that are converted to clinics
and can be used to provide stationary or mobile medical services [6]. These clinics are
relatively easy to build, can be easily placed in strategic locations (such as at front of urban
markets), and can be adapted to community needs. Container clinics have been utilized to
provide infrastructure where health systems are fragile or nonexistent in post-conflict or
disaster settings [6–8]. However, to our knowledge, none of the published studies have
evaluated the feasibility of using container clinics as a strategy to increase the reach of
routine immunization services.

In Ghana, as in many LMICs, disparities between urban and rural immunization
coverage exist. A study of Ghana’s 2008 and 2014 Demographic Health Surveys (DHS)
indicated that children living in urban areas of Ghana were less likely to be fully immunized
than children living in rural areas [9]. Furthermore, an analysis of Ghanaian unimmunized
children in 2017 found that the urban districts of Kumasi, Accra, and Sekondi-Takoradi had
the most unimmunized children [10].

To address the unique urban barriers in accessing immunization services, the Ex-
panded Programme on Immunization (EPI) in Ghana opened two container clinics in the
Accra Metropolitan area in September 2017. The clinics were established in nearby locations
where nurses previously provided outreach immunization services once per month. They
were outfitted to provide daily child health services, including immunizations, home visits,
and other forms of preventive and curative care. The container clinics were a small-scale
feasibility/demonstration project that fit into a broader initiative known as the Ghana’s
Second Year of Life (2YL) project [11]. To inform future scale-up in Ghana and their use
in other countries, we evaluated community acceptance and the performance of these
container clinics during the first year of implementation.

2. Methods

2.1. Setting

The two container clinics were established in a large Accra sub-metro area of Ghana,
with an overall population of 151,712 (2017 estimate). The sub-metro is divided into
five zones that house several health clinics, including a polyclinic, maternity house,
and hospital.
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Two of the five zones in the sub-metro were purposively selected container clinic
sites. These zones were selected because of expressed community interest, population
mobility and vulnerability, limited health infrastructure, and low immunization coverage.
For both sites, community advocacy was a key factor in their selection because it is a
known indicator of the success of interventions in urban settings [2]. The first container
clinic, referred hereafter as the “fishing community clinic,” was placed in a zone with a
slum community, directly on the Atlantic coast with a large fishing industry. The second
container clinic, referred to hereafter as the “market clinic,” was placed in a zone with
a large market in Accra, primarily serving kayayei (informal laborers who carry goods
for shoppers at markets) and seasonal migrant workers from the northern part of Ghana.
Notably, the selection of this site was also informed by recent research that indicated
significant social, cultural, and economic barriers among kayayei women [12,13]. Both
clinics were implemented in coordination with the Accra Metropolitan Health Authorities
and with the support of community leaders. The clinics were situated on gifted land
provided by those same community leaders (see Figure 1 for a picture of the market clinic).

 

Figure 1. Image of the market container clinic prior to opening in Accra, Ghana, September 2017.

The container clinics were built near the previously designated outreach sites. The
two sites planned services for an annual catchment child population of 310 children
(0–23 months of age) at the fishing community clinic and 422 children at the market clinic.

2.2. Container Clinic Evaluation Design

We used a mixed-method design to evaluate the changes in the immunization services
provided at the two locations between September 2017–September 2018. The following
information was captured and triangulated to provide initial data on the clinics.

Infrastructure Assessment
To describe the evolving infrastructure of the clinics during implementation, we col-

lected data on immunization infrastructure (e.g., cold chain capacity) and the services
provided (e.g., vaccines offered) at the sites before or at the time of the clinics’ open-
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ing (September 2017), and then six months (March 2018) and 12 months after opening
(September 2018).

Monthly Number of Vaccine Doses
Every month, we prospectively collected the number of vaccine doses and the type

of vaccines administered at each site using the monthly administrative reporting forms
(September 2017 to September 2018). We captured the number of vaccine doses adminis-
tered to children of 0–11 and 12–23 months of age for the pentavalent vaccine (diphtheria-
tetanus-pertussis-hepatitis B-Haemophilus influenza type b) (Penta); oral poliovirus vaccine
(OPV); measles rubella vaccine (MR), yellow fever vaccine (YF); meningococcal serotype
A vaccine (Men A); rotavirus vaccine (Rota); pneumococcal conjugate vaccine (PCV); and
inactivated poliovirus vaccine (IPV). Historical administrative records for these sites of
when they were outreach posts were largely unavailable, although records from the fishing
community site were available for the month prior to opening. Information on target
populations for the catchment areas of both clinics were collected from administrative
records and the nurses who worked at the outreach vaccination sites. These data were
imported, aggregated, and tabulated using Microsoft Excel Office 365 Version 2208.

Caregiver Exit Interviews
At 12 months after container clinic implementation (September 2018), we conducted

caregiver exit interviews. These were conducted to understand the characteristics of the
populations being served and the acceptability of the clinics among the caregivers, and
to compare those experiences to the health services they received prior to the clinics’
implementation. We set the convenience sample to a target size of 60 exit interviews per
clinic—calculated based on monthly attendance data—or until four weeks of data collection
had passed (whichever occurred first). The criteria for participation in the exit interviews
included being at least 16 years of age and a caregiver of a child under five. Attending the
clinic for immunization was not a criterion for participation.

Information collected from the caregiver exit interviews included demographic vari-
ables such as the caregiver’s age (years), child’s age (months), whether or not they were a
resident of the community (yes/no), profession (head porter/merchant/hairdresser/seam-
stress/unemployed/cleaner/other), and educational attainment (none/primary/junior
high secondary/senior high secondary/university/unknown). Then, the interviewers
proceeded to ask the caregivers about their experiences in accessing services at the con-
tainer clinics using a structured questionnaire. The questions were aligned with the four
dimensions of access including the availability of child health services provided by the
container clinics (e.g., the ease of receiving child health care), geographic accessibility
(e.g., the convenience of the location, location traveled from, and time spent traveling to
the clinic), financial accessibility (e.g., missing work to come to the clinic for child health
services), and acceptability (e.g., satisfaction and intention to return). We conducted inter-
views using tablets with forms programmed in Open Data Kit [14] and uploaded them to
SurveyCTO [15].

Qualitative Focus Group Discussions and In-Depth Interviews
In September 2018, we also conducted caregiver and nurse focus group discussions

(FGDs) and community leader and health authority in-depth interviews (IDIs) at both sites.
Caregivers were selected using convenience sampling. The eligibility criteria included
living in the catchment area of the container clinic and being a caregiver for a child under
five, regardless of if they had attended the clinic. Groups were further stratified based on
the caregiver having a child who was 0–23 months old or 24–59 months old. Nurses were
eligible if they worked at the clinics before container clinic implementation. Community
leaders were invited to participate if they held an authority role in their community and
played a key role in setting up the clinic or its operations. Health authorities were selected
if they were in a management role or had a unique historical background on the clinic.
Guides for FGD and IDIs focused on themes related to access and the group or individual’s
perceived change in community access to childhood immunization services.
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2.3. Statistical and Thematic Analysis

We computed descriptive statistics (counts/percentages, means/standard deviations,
or medians/interquartile ranges) for the quantitative variables. The results were examined
overall and then stratified by each community area where the container clinics were
implemented. We summarized the number of all vaccine doses and the number of MR doses
administered each month to monitor changes in the number of vaccine doses administered.
For qualitative data, we used deductive codes from the study guides and objectives and
added inductive codes as coding progressed. We created themes and sub-themes from
the codes generated. We then integrated and organized the data using the conceptual
framework described below.

2.4. Conceptual Framework

We present our results organized into the dimensions of healthcare access, as described
in Peters et al.’s conceptual framework [5]. Recent studies, including those conducted in
Ghana and Kenya, have used the framework to understand urban access to care [16,17].
We used the framework’s four dimensions (availability, geographic accessibility, financial
accessibility, and acceptability) during the analysis, in addition to the framework’s deter-
minant of ‘individual and household characteristics of users’. Although immunizations
are provided free of charge in Ghana, we assessed financial accessibility by examining the
direct and indirect costs associated with a clinic visit.

2.5. Ethical Considerations

This project was determined to be non-research by the CDC Human Subjects Office,
and approval was obtained from the Ghana Health Service’s Ethics Review Committee,
as it was evaluated under Ghana’s Second Year of Life project [11]. The purpose of the
evaluation was outlined for all participants. Verbal consent was obtained before the data
collection, including consent to audio-record the FGDs and IDIs.

3. Results

We received monthly administrative immunization data from the clinic sites from
September 2017 to September 2018. A total of 107 caregivers participated in the exit
interviews across the two sites. We held six caregiver and two nurse FGDs (n= 28 FGD
participants) and had IDIs with three community leaders and three health authorities;
except for an additional community leader and health authority IDI at the market clinic, an
equal number of FGDs and IDIs were held at each site.

3.1. Individual and Household Characteristics of Clinic Users

Our findings reflect the different urban populations served at the two container
clinics. The exit interview responses revealed that approximately half of the caregivers
attending the market clinic lived in the area (n = 25/45; 56%) in contrast to almost all
the respondents from the fishing community clinic (n = 61/62; 98%) (Table 1). A higher
percentage (13%; n = 8/62) of the caregivers attending the fishing community clinic were
unemployed than the market clinic attendees; most women attending the market clinic were
traders or head porters (71%; n = 32/45), and none reported unemployment. Additionally,
maternal education levels differed at each site; almost half of the market clinic respondents
(n = 22/45; 49%) reported receiving either no formal education or only primary school
education compared to 20% (n = 13/62) of the fishing community caregivers. Caregivers
at the market clinic were of a median age slightly older than that of the caregivers in the
fishing community clinic (32 vs. 28 years old). The median age of the children attending
was the same across both clinics (12 months).

For the qualitative portion of the evaluation, 34 individuals participated in the inter-
views and discussions, with 17 participants being from the fishing community, 14 from the
market community, and three from the sub-metro health authority.
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Table 1. Exit interview responses among caregivers of children 0–5 years of age from container
clinics in two urban communities on the accessibility and acceptability of services offered 12 months
post-implementation, September 2018 (N = 107).

Total
Market

Community
Fishing

Community

N = 107 n = 45 n = 62

Exit Interview Question Response N % n % n %

Do you live in this community?
Yes 86 80.4 25 55.6 61 98.4
No 21 19.6 20 44.4 1 1.6

What is your profession?

Head porter, trader, merchant 57 53.3 32 71.1 25 40.3
Hairdresser 9 8.4 2 4.4 7 11.3
Seamstress 9 8.4 3 6.7 6 9.7

Unemployed 8 7.5 0 0.0 8 12.9
Cleaner 5 4.6 1 2.2 4 6.5
Other * 19 17.8 7 15.6 12 19.3

What is the highest level of education for
this child’s mother?

None 22 20.6 16 35.6 6 9.7
Primary 13 12.1 6 13.3 7 11.3

Junior High Secondary 51 47.7 18 40.0 33 53.2
Senior High Secondary 19 17.8 5 11.1 14 22.6

University 1 0.9 0 0 1 1.6
Unknown 1 0.9 0 0 1 1.6

Is this location convenient for you?
Yes 106 99.1 44 97.8 62 100
No 1 0.9 1 2.2 0 0

Did you come here today from home,
work, or another location?

Home 69 64.5 13 28.9 56 90.3
Work 28 26.2 23 51.1 5 8.1

Home and work are the same 10 9.3 9 20 1 1.6

Did you have to miss work today to
come to this container clinic?

Yes 19 17.8 5 11.1 14 22.6
No 75 70.1 39 86.7 36 58.1

DK/NA 13 12.1 1 2.2 12 19.3

If no, and this container clinic was not
here, would you have had to miss work

to get care today? ˆ

Yes 32 42.7 23 59.0 9 25.0
No 40 53.3 15 38.5 25 69.4
DK 3 4.0 1 2.5 2 5.6

Has the new container clinic made it
easier to receive medical care for your

child/children?

Yes 105 98.1 44 97.8 61 98.4
No 0 0.0 0 0.0 0 0.0
DK 2 1.9 1 2.2 1 1.6

If yes, in what ways has it made it
easier? ˆ**

Container clinic is easier for
me to get to than other clinics 98 93.3 40 90.9 58 95.1

The hours are more suitable
for my schedule 27 25.7 11 25.0 16 26.2

Immediate attention 23 21.9 10 22.7 13 21.3
No charge for service 2 1.9 2 4.5 0 0.0

Other 5 4.8 1 2.3 4 6.6

How do services you received at clinics
before compare to services you receive at

the container clinic?

Container clinic is better 40 37.3 18 40.0 22 35.5
Services are about the same 52 48.6 19 42.2 33 53.2
Other clinic(s) were better 2 1.9 1 2.2 1 1.6

Don’t Know 13 12.2 7 15.6 6 9.7
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Table 1. Cont.

Total
Market

Community
Fishing

Community

N = 107 n = 45 n = 62

Exit Interview Question Response N % n % n %

When you or your child need health
services in the future, do you plan to

return to this container clinic or go to a
different clinic?

Return to the container clinic 97 90.7 43 95.6 54 87.1
Go to a different clinic 6 5.6 1 2.2 5 8.1

Don’t Know 4 3.7 1 2.2 3 4.8

What recommendations do you have to
improve the container clinic? **

No recommendations 41 38.3 28 62.2 13 21.0
Add prescription services 29 27.1 4 8.9 25 40.3

Add ANC services 25 23.4 11 24.4 14 22.6
Expand size of clinic and seating 10 9.3 1 2.2 9 14.5

Add other services 8 7.5 0 0.0 8 12.9
Staff a physician/doctor 7 6.5 0 0.0 7 11.3

Improve advertising 6 5.6 5 11.1 1 1.6

* Other responses included laborer, cook, housewife, artisan, apprentice, sanitation worker, teacher waitress,
laundry worker, pedicurist, and binding shop worker. ˆ Denominators are determined by responses to a pre-
ceding question. ** Responses may exceed sample sizes as participants could provide more than one answer.
Abbreviations: Do not know (DK), not applicable (NA).

The average age of caregivers who participated in the FGDs was 29 years for non-
attendees and 26 years for attendees. Most participating caregivers were traders (62%) and
head porters (19%). The average age of children whose caregivers were in the 0–23-month
FGDs was 10.8, while that of children whose caregivers were in the 24- to 59-month group
was 33.5 months.

3.2. Infrastructure and Availability of Services at Container Clinics

The infrastructure and services provided by both clinics evolved within the first
12 months. Each clinic was developed from an outreach post that provided immunization
services once a month by vaccine carriers to an expanded clinic with official EPI reporting
tools and EPI refrigerators on-site; full-time staff including 2–6 nurses offered daily routine
immunization services. Moreover, at six months, both clinics offered two additional routine
vaccines—the rotavirus vaccine (Rota) and pneumococcal conjugate vaccine (PCV)—to
their catchment populations, and the newly introduced inactivated polio vaccine (IPV)
at 12 months post-implementation (Table 2). This infrastructure improvement was noted
during the nurse FGDs:

. . . we used to suffer. Before we were doing the outreach without the container, you will
be sitting there, sometimes before you even come, the rain has taken all your things, spoilt
your registers, dust and all that; so when the container came it was really good.—Nurse,
the fishing community clinic

At first, we used to go and carry it (vaccines) from the polyclinic before we come here.
And so, by the time the mother will come, the vaccine is not here yet because they come
here very early. Now, the moment you come, you just pick your vaccine into your carrier
and start working.—Nurse, the market clinic

The increase in the availability of services was matched by an increase in utilization.
Over the first year, the number of monthly vaccine doses administered increased consis-
tently. When comparing the first to last month of doses administered, we observed a 442%
increase at the market clinic (28 to 152 doses) and a 239% increase at the fishing community
clinic (66 to 224 doses). This change included doses of IPV (introduced in June 2018) and
the newly offered PCV and Rota (Figure 2).
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Table 2. Summary of services and clinic infrastructure offered by two container clinics pre-
implementation, and six months and twelve months post-implementation in the Accra Sub-Metro,
2017–2018.

Services and Infrastructure
Offered

Pre-Implementation
6 Months

Post-Implementation
12 Months

Post-Implementation

Routine immunization
services Outreach Fixed Fixed

Frequency of routine
immunization sessions 1 session/month 1–2 sessions/week 5 sessions/week

Types of Vaccines Penta, OPV, MR, YF,
Men A

Penta, OPV, MR, YF, Men A,
Rota, PCV

Penta, OPV, MR, YF, Men A,
Rota, PCV, IPV

Cold chain capacity Vaccine carrier Vaccine carrier Refrigerator
Refrigerator tags

Recording and reporting tools
Improvised with notebook

Combined with other
outreach sites

Improvised with notebook
Official immunization

recording tools
DHIMS

Official immunization
recording tools

DHIMS

Staff 1–3 staff 2–6 staff 2–6 staff

Bold signifies new vaccines being offered at clinics. Abbreviations: Penta vaccine (diphtheria-tetanus-pertussis-
hepatitis B-Haemophilus influenza type b vaccine); OPV (oral polio vaccine); MR (measles rubella vaccine), YF
(yellow fever vaccine); Men A (Meningococcal Serotype A vaccine); Rota (rotavirus vaccine); PCV (pneumococcal
conjugate vaccine); IPV (inactivated polio vaccine); DHIMS (district health information management system).

Figure 2. Panel line graph displaying total vaccine doses administered in two container clinics
providing immunization services in Accra, Ghana, September 2017–September 2018. Total doses
include Penta1-3, PCV1-3, Polio1-3, Rota1-2, MR1, YF, MR2, MenA, and IPV (introduced in June
2018). Abbreviations: “Penta” or Pentavalent vaccine (diphtheria-tetanus-pertussis-hepatitis B-
Haemophilus influenza type b vaccine); OPV (oral poliovirus vaccine); MR (measles rubella vaccine),
YF (yellow fever vaccine); Men A (Meningococcal Serotype A vaccine); Rota (rotavirus vaccine); PCV
(pneumococcal conjugate vaccine); IPV (inactivated poliovirus vaccine).
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When assessing measles-rubella dose 1 (MR1) and MR2 specifically, both container
clinics exceeded their annual target population for MR1 and MR2. For example, at the
market clinic, the target population for 12–23 months was 150 children, and 180 doses
of MR2 were administered. At the fishing community clinic, the target population for
12–24 months was 110 children, and 153 doses of MR2 were administered (Figure 3). The
nurses also described an increase in vaccine uptake among the target population and
improved immunization service utilization for traditionally underserved populations:

It has really increased because we are actually now getting more than what we used
to get. Like now, what we get in a week is more than the number we used to get for a
month.—Nurse, the fishing community clinic

. . . let’s take the kayayei, they sleep here unless festive seasons before they go to their
places but some people too those who are from northern region, their vaccination is very
poor because sometimes a five year old hasn’t taken Penta 3, no vitamin A at 6 . . . when
you go for visit you can look out for them and give them the vaccines.—Nurse, the
market clinic

Figure 3. Stacked bar graphs displaying doses administered over time for measles-rubella-1 (MR1)
and measles-rubella-2 (MR2) at both container clinic sites from 2017–2018. Abbreviations: MR1
(measles rubella vaccine dose 1); MR2 (measles rubella vaccine dose 2). Note: missing data for the
market site in November 2017.
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3.3. Geographic and Financial Accessibility of Clinics

On average, it took caregivers (N = 107) five minutes to reach the clinic, with the
majority (71%; n = 32/45) in the market community traveling to the clinic from work, and
the majority (90%; n = 56/62) in the fishing community coming from home. Almost all
(99%; N = 106/107) caregivers said that the container clinic was in a convenient location.
The theme of geographic accessibility also emerged from the qualitative data:

But this container clinic here, excuse me to say, it has helped me a lot, because I have a
child that is 3 years, but I still bring him for weighing, now the container services, it is
close to our houses.—Caregiver, the fishing community

. . . I won’t risk this for anything so I will try to always take my child but at first, I
always felt lazy to go because I was always here [at the market] so going to the community
clinic . . . but now that this one is closer, why not? I can even send someone to bring the
child.—Caregiver, the market community

The container clinics appear to improve the financial “accessibility” of receiving an
immunization, as almost all caregivers walked to the clinics (97%; N = 104/107) in an
average of five minutes (see above). Additionally, among caregivers who did not miss
work to attend the container clinics, 59% (n = 23/45) of the caregivers interviewed at the
market clinic reported they would have missed work without the container clinic, and
25% (n = 9/62) of the caregivers at the fishing community clinic reported they would have
missed work (Table 1). This finding was also seen in the FGDs and IDIs:

And then the immunization and everything goes on here so it has reduced their trans-
portation in a way so it is a benefit to them, so they don’t complain of not having money
to go to the clinic again.—Nurse, the market clinic

. . . I think that, those that take cars to far places before or walk far distance before
going to the clinic has reduced. There is someone who also has to walk before going,
she will get tired, container clinic has saved all that hassle.—Community leader, the
fishing community

3.4. Acceptability of Clinics

Approximately 96% (n = 43/45) of caregivers interviewed at the market clinic and 87%
(n = 54/62) of caregivers interviewed at the fishing community clinic reported that they
planned to return for future services. Additionally, 98% (N = 105/107) of exit interviewees
stated that the container clinics made it easier to receive child health services. The top
reasons mentioned for why services were easier to receive included: “the clinic is easier to
get to than other clinics” (98%), “more suitable hours” (27%), and “immediate attention”
(22%). Over three-quarters (86%; N = 92/107) of the caregivers across both sites reported
that the container clinic services were either better or equal to those received at other
clinics (Table 1).

Despite the high levels of acceptability among the exit interviewees, caregivers re-
ported the need for more services. Among the market clinic caregivers, 24% (n = 14/45)
reported that the clinics should provide antenatal care (ANC) services. Of the caregivers
attending the fishing community clinic, 23% (n = 14/62) also suggested the addition of
ANC services and many recommended that the clinic adds prescription services (40%;
n = 25/62). Among the nurses, language barriers were also noted, which may affect the
acceptability of services. The desire for expanded services and the challenge of language
barriers were corroborated in the qualitative findings:

So since it is a clinic I think if it is expanded a bit, bring in more workers and increase
the facilities so that it won’t be a small place that only dishes out para [cetamol] for a
headache then you have to go again to Polyclinic; but it should be a permanent place
where if I have stomach pains I can be treated, admitted and if I need infusion I should be
given so, if it is expanded a bit it will help us.—Caregiver, the market community
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Language barrier because most of them are from these French countries and the north.
So they don’t speak English and they don’t understand the Twi too unless their home-
town language or sign language and when you do the sign language they understand
or sometimes they come along with other people who understand the Twi and their
language.—Nurse, the market clinic

4. Discussion

Our results suggest container clinics are an acceptable strategy to improve access to
routine immunization services for the two urban communities in Ghana, and possibly
in other similar urban areas. Following Peters et al.’s (2008) conceptual framework [5],
we found that the placement of the container clinics within these communities addressed
the availability, geographic and financial accessibility, and acceptability of routine immu-
nization services. During the first 12 months of implementation, immunization sessions
increased from monthly (when the clinics were only outreach sites) to daily; all recom-
mended vaccines and supporting supplies and tools were stored on-site, and caregivers
reported high satisfaction with both clinics. Improvements in geographical and financial
accessibility were observed by minimizing commuting distance, time, and the indirect costs
of lost wages for caregivers.

Implementing the container clinics required transforming the locations from outreach
posts to fixed routine immunization sites. Transforming the sites into functioning clinics
was essential because the outreach sites where the container clinics were built would
cancel services due to poor weather that impacted vaccination sessions. Lack of resources,
supplies, and tools are well-documented barriers to fully vaccinating children and also
have implications for building trust with caregivers to return for future vaccination services,
as well as the ability of health workers to effectively trace defaulters [17–20].

The utilization of vaccination services gradually increased as the container clinics
became more established over the 12 months. In addition to the three-fold increase in
vaccine doses administered during the first 12 months, both clinics exceeded their annual
target population for the administration of MR1 and MR2 vaccine doses. Vaccine utilization
is driven by a combination of demand and access factors, which this evaluation was not
designed to disentangle. However, it is important to note that, in other studies, strategies for
increasing demand include improving service frequency, design, and delivery [17–19,21]—
factors that the container clinics addressed. Thus, we hypothesize that increased community
demand for services due to the availability of a geographically proximate, brand new clinic
was likely a key factor underlying the observed increase in the utilization of services at
these sites.

While most studies have assessed geographical accessibility in the rural poor, recent
studies have identified how urban caregivers experience limited access, especially when
the distance to the health facility is more than 1–2 km from their home [20,22]. We found
that container clinics can provide immunization services to previously hard-to-reach urban
populations—nearly every exit interviewee stated that the clinic made receiving care for
their child easier compared to accessing previous health service sites. Most caregivers from
the exit interviews reported that they walked to the clinics, and data from the caregiver
FGDs indicated that the proximity of the clinics was favorable.

Previous studies have found that employed caregivers faced higher opportunity costs
when bringing their children to the clinic for vaccinations because of the loss of potential
daily earnings [9,20,21,23,24]. In our evaluation, the market community was chosen to
provide services to a notably vulnerable group, the kayayei, or head porters. Typically, these
head porters are young, rural-urban migrants from the northern part of Ghana [12,25,26]
who may forgo accessing health services due to cultural discrimination [26] or because
of financial barriers related to lost wages [12]. Our results showed that the majority of
the caregivers at the market clinic were indeed head porters or other migrant traders.
Interestingly, more market caregivers reported they would have had to miss work if not for
the container clinic than mothers in the fishing community did. Thus, placing container
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clinics near markets may address unique barriers faced by working caregivers, including
head porters and migrant traders.

Finally, our results support the growing literature on how the urban poor are not a
monolith and require tailored urban immunization strategies to achieve success [2,4,16,21,27].
The fishing community clinic served a stationary population with higher levels of unem-
ployment and education, while the market clinic served a highly mobile population of
working mothers with very little education. These differences influenced not only caregiver
expectations of the clinic but also the overall acceptability of the clinic; we observed an
almost 10% difference in acceptability when caregivers were asked if they planned to return
to the container clinic or seek services elsewhere, with more market caregivers indicating
they planned to return.

Acknowledging the diversity of urban contexts is important because although timely,
the current focus on urban health is in danger of overlooking the nuances and unique chal-
lenges faced by the multitude of urban populations in Africa. A recent paper highlighting
the diverse urban contexts in Johannesburg also argues that ‘place matters’:

Whilst the challenge of addressing the health of urban populations within developing
countries is acknowledged, the diverse urbanisation experiences of different urban groups
remain under-explored . . . for action to improve the health of poor urban populations to
be successful, urban policy makers and programmers need to understand the complexity
of the urban context [28]

5. Limitations

This evaluation had several limitations, including the method of convenience sam-
pling in the exit interviews and FGDs, as well as the small size of the clinics’ catchment
populations, which impacted our ability to make inferences about caregivers who were not
utilizing the clinics with the exit interview data. To overcome these limitations, we sought
to increase the richness of the data by integrating our qualitative and quantitative findings.
Additionally, exit interviews are subject to response bias, which can shift responses toward
positive feedback. We also relied on administrative records to monitor changes in immu-
nization doses administered over time, which may subject those results to the limitations
of written and improvised records in low-resource settings [29]. Finally, while the results
provide initial evidence about the success of container clinics in improving urban access to
immunization, they are not generalizable to other urban settings in Ghana. We suggest that
the lessons learned from this initial implementation inform future scale-up and full impact
evaluations of container clinics as an urban immunization strategy.

6. Conclusions

Our initial data support that container clinics were an acceptable method for delivering
immunization services to urban populations, at least in the short term. Our findings
also highlight the importance of community engagement and context-tailored strategies
to improve urban access to immunization; container clinics may be a more acceptable
strategy when designed to serve working mothers and built-in strategic areas (e.g., urban
markets). Further studies to understand the potential role of container clinics as an urban
immunization strategy are needed, including studies on their cost-effectiveness, long-term
sustainability, impact on immunization coverage, and ability to expand services to meet
other community needs.
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Abstract: The 2021 WHO and UNICEF Estimates of National Immunization Coverage (WUENIC)
reported approximately 25 million under-vaccinated children in 2021, out of which 18 million
were zero-dose children who did not receive even the first dose of a diphtheria-tetanus-pertussis-
(DPT) containing vaccine. The number of zero-dose children increased by six million between 2019,
the pre-pandemic year, and 2021. A total of 20 countries with the highest number of zero-dose
children and home to over 75% of these children in 2021 were prioritized for this review. Several
of these countries have substantial urbanization with accompanying challenges. This review paper
summarizes routine immunization backsliding following the COVID-19 pandemic and predictors of
coverage and identifies pro-equity strategies in urban and peri-urban settings through a systematic
search of the published literature. Two databases, PubMed and Web of Science, were exhaustively
searched using search terms and synonyms, resulting in 608 identified peer-reviewed papers. Based
on the inclusion criteria, 15 papers were included in the final review. The inclusion criteria included
papers published between March 2020 and January 2023 and references to urban settings and
COVID-19 in the papers. Several studies clearly documented a backsliding of coverage in urban
and peri-urban settings, with some predictors or challenges to optimum coverage as well as some
pro-equity strategies deployed or recommended in these studies. This emphasizes the need to focus
on context-specific routine immunization catch-up and recovery strategies to suit the peculiarities of
urban areas to get countries back on track toward achieving the targets of the IA2030. While more
evidence is needed around the impact of the pandemic in urban areas, utilizing tools and platforms
created to support advancing the equity agenda is pivotal. We posit that a renewed focus on urban
immunization is critical if we are to achieve the IA2030 targets.

Keywords: zero-dose; urban immunization; catch-up and recovery; un-immunized; under-immunization;
routine immunization

1. Background

The most dramatic declines in routine immunization coverage in the last 30 years
occurred in part due to the COVID-19 pandemic. There were approximately 25 million
un-vaccinated or under-vaccinated children in 2021, out of which 18 million were zero-dose,
based on the proxy indicator of the number of children who did not receive the first dose
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of a diphtheria-tetanus-pertussis-(DPT) containing vaccine [1]. This drop in coverage has
resulted in an increase in the number of zero-dose children globally, from 13 million in 2019
to 18 million in 2021 (approximately 40% more zero-dose children) [2].

A greater focus on strategies to reach un- and under-vaccinated children in urban,
rural, and conflict settings is encouraged by the Equity Reference Group on Immunization
(ERG), as these populations are facing acute inequities [1]. Due to rapid global urbanization,
the world’s population is at least 56% urbanized as of 2020 and expected to reach 70%
by 2050 [2]. This fast urbanization is not devoid of complications, especially in low- and
middle-income countries (LMICs) where the numbers of large informal settlements and
urban-poor populations are growing, resulting in huge inequalities in access to basic
primary healthcare services, including immunization [3], as such a shift in the distribution
of zero-dose and under-vaccinated children towards urban environments is envisaged [3].

The COVID-19 pandemic was declared a public health emergency of international
concern in early 2020, and as of February 2023, over 755 million cases and 6.8 million
deaths were reported [4]. Routine immunization faced backsliding of coverage due to the
pandemic with more than 5 million additional zero-dose and under-vaccinated children
added to the 2019 baseline globally. Disruptions to routine immunization occurred on
a global scale, with low- and middle-income countries being the hardest hit, due to less
resilient routine immunization systems. National lockdowns and restrictions of move-
ments interrupted the provision of medical services and resulted in large swaths of the
population either not having access to services or feeling nervous to access these services
due to fear of COVID-19 transmission. Pakistan and India are said to have reported major
drops in immunization coverage, with Pakistan reporting a substantial coverage decline
in all childhood immunization services during the pandemic lockdown [5,6]. Due to data
limitations, the extent of decrease in service coverage in some African countries has not
been fully elucidated. However, the trend appears to indicate that countries with lower
pre-pandemic immunization coverage trends saw more significant drops in performance
than countries with higher immunization rates [5]. The routine immunization coverage
trajectories as of the end of 2021 indicate some level of recovery but still show warning
signs that without concerted efforts to strengthen immunization systems, gaps in coverage
will persist [5,7]

A 2022 estimation of the number and distribution of zero-dose and under-immunized
children within remote-rural, urban, and conflict-affected locations from 99 LMICs, showed
approximately 30% of zero-dose children are in urban and peri-urban areas, compared
with remote-rural areas which have about 11% [8]. A substantial proportion of these zero-
dose or under-vaccinated children in urban settings are in slums and informal settlements,
and these numbers are projected to increase with the current trends of rapid urbanization.
These urban settings have their own context-specific challenges needing distinct approaches,
including a larger proportion of transient or migrant populations, unclear catchment areas
for health facilities, lack of appropriately disaggregated data, disenfranchised communities,
increase in informal settlements, insecurity, and satisfying multiple stakeholders including
private providers [3].

A major indicator of the Immunization Agenda 2030 (IA2030) [9,10] is a reduction in
the number of zero-dose children by 50% by 2030, but this indicator is off-track in large
part because of routine immunization backsliding. A total of 20 high-burden countries
(Appendix A.1) are home to over 75% of the world’s zero-dose children as of 2021 [11].
These countries are largely urbanized, with a considerable proportion of their zero-dose
children localized in urban settings, as exemplified by 4 of these 20 focus countries ac-
counting for over 50% of the global population of zero-dose children. These countries
include Brazil, Mexico, Indonesia, and Nigeria, with 87%, 81%, 57%, and 53% urbanization,
respectively [12]. Many countries have developed urban-specific immunization strategies
or highlighted urban approaches in their comprehensive multi-year plan for immuniza-
tion (cMYP) or national immunization strategies (NIS). Some of these countries attribute
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their quick recovery from the COVID-19 pandemic to an active urban approach being
implemented in their countries.

To address issues of urban immunization, the Urban Immunization Working Group
(UIWG) was established. The UIWG is an extra-organizational group comprising policy,
program, and academic experts, representing their respective organizations, created to
inform global, regional, and national/subnational discussions on immunization equity in
urban areas [13]. The group meets virtually or in person 2–4 times every year, facilitated by
UNICEF, and has broad membership across key immunization stakeholders. In addition to
fostering collaboration and alignment among partners working to improve immunization
coverage in urban settings, the urban immunization toolkit, which is now being used
by many, is one of the group’s products. The urban diagnostic research across several
countries was also supported by the working group. The group continually discussed
emerging issues and defined a trajectory for future engagement to strengthen the focus on
immunization in urban settings.

To facilitate getting countries back on track toward achieving the IA2030 goals, this
paper highlights the importance of a renewed focus on addressing the idiosyncrasies of
immunization in urban settings through a review of existing data and information on (i) the
estimated magnitude of coverage backsliding in urban and peri-urban settings in a select
set of countries, (ii) key issues affecting routine immunization in urban and peri-urban
settings, and (iii) effective pro-equity strategies for routine immunization recovery in urban
settings. The outcome of this study will be shared with global and national immunization
stakeholders to provide evidence on effective strategies to vaccinate children in urban-poor
communities.

2. Methods

We conducted a systematic search of the published literature to identify relevant
information and data on backsliding of immunization coverage in urban settings during
the COVID-19 pandemic, the predictors and challenges of routine immunization and
pro-equity strategies relevant to urban and peri-urban settings. Priority was given to the
20 high-burden zero-dose countries, per the 2021 WHO and UNICEF Estimates of National
Immunization Coverage (WUENIC). This study has the following research questions
prioritized for the review:

1. To what extent did COVID-19 pandemic interrupt routine immunization performance
and other related services in urban and peri-urban settings in focus countries?

2. What were the predictors of decline or backsliding in immunization coverage in these
settings?

3. What was done to recover immunization coverage?

The literature reviewed were from 2 databases, namely, PubMed and Web of Science,
due to their broad coverage of health sciences, and inclusive of published literature in
the 20 high-burden zero-dose countries for the period between March 2020 and January
2023, to cover the period of COVID-19 pandemic. Search terms used were “immunization
coverage” and “urban” and were limited to twenty countries and the period of March 2020
to January 2023. The paper types include ecological studies, cross sectional, interventional,
and pre- and post-studies. The full search strategy is available in Appendix A.2.

A total of 608 articles were identified from both databases (PubMed = 321 and Web of
Science = 287), which were imported into Rayyan (rayyan.ai). Screening of records detected
and removed 227 duplicates. The title and abstract screening of 318 articles based on our
inclusion criteria was conducted by 2 authors, ID and RB. The blind decisions by both
authors for inclusion were 90% aligned. The reviewers reviewed the misaligned articles
and agreed on the final decision according to the criteria in Table 1. Thirty-seven articles
were identified for inclusion after the title and abstract review. The remaining articles were
screened and excluded if the papers fell outside the designated time period, did not contain
references to urban populations or areas, and did not contain references to COVID-19. A
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flow chart for the literature review is included in Figure 1. A final 15 articles were included
in the review, analyzed, and presented in this study.

Figure 1. PRISMA Flow chart for the review of papers.

Table 1. Inclusion and exclusion criteria for literature search.

Criteria Inclusion Exclusion

Language English, Spanish, French Other languages

Dates March 2020–January 2023

Before March 2020, unless
analysis reviews general
immunization trends
pre-March 2020 to
post-March 2020

Database PubMed (NCBI),
Web of Science (Clarivate) Other databases
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Table 1. Cont.

Criteria Inclusion Exclusion

Vaccines All routine vaccines administered
to children up to age of 18 years.

Exclude COVID vaccines and
vaccines administered to
adults >18 years.

Topic COVID-19 impact on routine
immunization and recovery

Articles which do not focus on
the COVID-19 impact on
routine immunization and
recovery

Geographic Location
(Countries)

India, Nigeria, Indonesia,
Ethiopia, Philippines, Democratic
Republic of the Congo, Brazil,
Pakistan, Angola, Myanmar,
United Republic of Tanzania,
Mozambique, Afghanistan,
Somalia, Mexico, Madagascar,
Cameroon, Democratic People’s
Republic of Korea, Chad, Vietnam

All other countries

Geographic Location
(Urban)

Urban and peri-urban, cities,
Urban vs. rural analysis Rural

3. Results

The findings from this study are organized according to the study objectives, which are
(i) the backsliding of immunization in urban, (ii) immunization challenges and predictors
in urban and peri-urban settings, and (iii) identified pro-equity strategies.

3.1. Backsliding of Immunization in Urban

Some papers provided an estimation of the magnitude of coverage backsliding in
country contexts that are mostly urbanized or in context of urban and peri-urban settings.
A nationwide ecological study in Brazil looked at the coverage figures of yellow fever
vaccination before and during the COVID-19 pandemic. This study was conducted be-
tween April 2019 and March 2021 and found a 48.55% decline in the median yellow fever
vaccination doses administered nationwide 1 year after pandemic control measures were in-
stituted (April 2020–March 2021) compared to the pre-pandemic period (April 2019–March
2020) [14]. Some of the states with substantial decline rates included Paraná (49.97%), Sao
Paulo (43.25%), and regions such as the North (34.71%), Midwest (21.72%), South (63.50%),
and Southeast (34.42%). Brazil is a largely urbanized country with urbanization between
65% and 90% across the states.

A 2022 multi-city phenomenological qualitative study in India by Sahoo et al. docu-
mented the experiences of urban slum-dwelling women with maternal and child health
services during the COVID-19 pandemic [15]. This study was conducted in four cities (one
city with a dense slum population per state) across four states: Bhubaneswar Municipal
Corporation (Bubaneswal, Odisha, India), Rishikesh Municipal Corporation (Rishikesh,
Uttarakhand), Bhilai Municipal Corporation (Chetis Gerbilee, Chhattisgarh, India), and
North Lakhimpur Municipal Board (North Lakhimpur, Assam, India). All participants
reported getting their children vaccinated during the pandemic with little or no backsliding
reported.

Manzoor and colleagues conducted a cross-sectional study to document the impact of
the COVID-19 pandemic on routine childhood immunization in Mirpur, Azad Kashmir,
Pakistan [16]. The study found that the COVID-19 pandemic had a major impact on the
timing of routine immunization for children in Pakistan, where about 80% of caregivers
had scheduled vaccinations for their children, 18% had delayed vaccination schedules,
while 2% missed vaccination during the COVID-19 pandemic. The fear of contracting
the COVID-19 virus was a key factor that resulted in delaying vaccination mentioned by
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about 65% of participants, and 40% reported that home is the preferred location to get their
children vaccinated.

A comparative cross-sectional study in Wolaita of southwest Ethiopia documented
the disparities in full immunization coverage among urban and rural children aged
12–23 months [17]. The study found that knowledge of and attitude towards immunization
and fear of COVID-19 at the health facility and place of delivery were predictor variables
for full vaccination coverage and that urban children had a higher full vaccination than
rural children by a 15% point estimate.

A natural experiment, which assessed the impact of the COVID-19 pandemic on cover-
age of Reproductive, Maternal, and Newborn Health interventions in Ethiopia at the early
stages of the pandemic, showed a significant reduction in coverage of BCG vaccination and
chlorohexidine use in urban areas amongst the cohort impacted by COVID-19 outbreaks
with little or no significant reductions in women seeking either preventative or curative
health services [18].

A descriptive and retrospective cross-sectional study conducted in Yaoundé, Cameroon,
showed a decline in the number of pediatric consultations by 52% in April and by 34% in
May 2020, compared with rates during the same periods in 2019 (p < 0.01), following the
partial confinement recommended by the government [19]. The demand for BCG vaccines,
third dose of DPT, polio, and MMR in children, as well as tetanus vaccines in childbearing
women showed a decline [19].

A 51% decline in the daily average total number of vaccinations administered during
lockdown compared to the baseline was found throughout the Sindh province in Pakistan
from a pre- and post-study analyzing provincial electronic immunization data; the paper
examined the impact of the COVID-19 pandemic response on the uptake of routine immu-
nizations with the highest decline seen in BCG vaccines at fixed sites [6]. It was also noted
that slum union councils had a slightly larger decrease in immunization coverage than non-
slum urban areas (53.8% vs. 51.3%). Some of the predictors of getting vaccinated included
children born at health facilities and children of mothers with higher education levels.

Based on a study that analyzed routine statistics and a national household survey in
Brazil, a decline of about 20% in vaccines administered to children aged 2 months or older
was seen during March and April 2020, when social distancing was at the highest level
compared to January and February of the same year [20]. This study also showed that
children from poor households and the least developed regions of the country were most
affected compared to other children.

3.2. Immunization Challenges and Predictors in Urban and Peri-Urban

A study in four cities of India identified some issues such as no first-time registration
for childhood vaccination in Uttarakhand and children not receiving an associated package
of health services such as child weighing in Chhattisgarh [15]. Despite the positive outlook
for childhood vaccination, other maternal and child health services, including treatment of
the sick child, and postnatal care suffered due to the COVID-19 pandemic.

A population-based longitudinal study was conducted by Meckonnen and colleagues
in Kersa [21]. Through face-to-face interviews, data was collected from caregivers of
over 14,000 children. Harar city children had a 45% coverage rate for full vaccination,
while conversely, other towns classified as semi-urban showed the lowest level of full
vaccination coverage. Overall, 39% of children were found to be fully vaccinated. Being
in a semi-urban residence, older maternal age, rural residence, maternal education, and
unemployment were associated with not being vaccinated. Some of the barriers responsible
for low routine immunization coverage in urban settings included poor defaulter tracking
mechanisms for urban children, unfriendly immunization service delivery in urban public
health facilities due to overstretched human resources, lack of effective strategies to reach
the most vulnerable and marginalized urban communities with vaccines, and private
service provider barriers, to name a few.

310



Vaccines 2023, 11, 809

A community-based cross-sectional mixed-method study conducted in Toke Kutaye
district, central Ethiopia, assessed vaccination timeliness and associated factors among
children [22] and found an overall timeliness of childhood vaccination of only 23.9 percent
among children aged 12 to 23 months, making other children who did not receive timely
vaccines vulnerable. Urban residence, participation of pregnant women in conferences, and
institutional delivery are among the independent predictors associated with the timeliness
of childhood vaccination.

A descriptive cross-sectional survey of adolescent girls’ parents conducted in two
urban and two rural secondary schools in Lagos, Nigeria, documented parental acceptance
of human papillomavirus vaccination for adolescent girls [23]. Urban residence among
other factors such as tertiary level of education in the mother, skilled occupation of both
parents, and knowledge of HPV were all positively associated with getting vaccinated with
HPV vaccines.

Tadesse and colleagues explored associated factors related to second-dose measles
vaccination among under-five children in urban areas of North Shewa Zone, Oromia,
Ethiopia, using a community-based cross-sectional study [24]. The study found a low
(42.5%) level of second-dose measles vaccination (MCV2) among children in urban areas of
the study area. Some of the predictors of MCV2 uptake included maternal age, average time
mothers had been waiting for vaccination at the health facility, awareness about vaccine-
preventable diseases, awareness around recommended age for the last MCV vaccine in the
series, and knowledge of the recommended number of MCV doses. A lack of information
was the major reason for children not getting the MCV2 vaccination.

Findings from a study in Cavite, the Philippines, which assessed hesitancy towards
vaccines among caregivers using in-depth interviews, documented that among the reasons
for delay or refusal of childhood vaccinations, fear of side effects emerged as the most
salient concern, exacerbated by previous negative experiences (including trauma) from a
dengue vaccine controversy in 2017. Respondents also highlighted religious, cultural, and
health system factors, including appointment scheduling and waiting times as predictors
of childhood vaccination [25].

3.3. Identified Pro-Equity Strategies

Some strategies to ensure full vaccination during the pandemic were also highlighted
in some of the papers reviewed. In one such paper, parents from multiple states in India
chose to use private hospitals for child immunization due to the fear of themselves or their
kids getting infected with the COVID-19 virus [15]. Some of the facilities in these cities
considered shortening the waiting time for routine childhood vaccination service delivery,
while others changed their vaccination timing schedule to reduce the spread of infection
during the COVID-19 pandemic.

Meckonnen and colleagues conducted a phenomenological qualitative study to doc-
ument strategies to revitalize immunization service provision in urban settings of the
cities of Addis Ababa, Dire Dawa, and Mekele in Ethiopia [26]. Their study found that
the immunization service provision strategies existing during the study period in urban
settings were not adequate to reach all children and are mostly static (fixed) sessions. Some
of the proposed strategies included expanding routine immunization service access to
marginalized populations through outreach services, strengthening the public–private
partnership, engaging the private health facilities for vaccination services, and integrating
technological innovations (such as digitalization of the EPI program and application of
mHealth reminders) to facilitate inter-facility linkage.

Balogun and colleagues conducted a pre- and post-interventional study in seven urban
slum communities in Ibadan, Nigeria, in 2020–2021 to document the effect of intensive
training in improving older women’s knowledge and support for infant vaccination in
Nigerian urban slums [27]. Identified older women received training through participatory
learning methods over an 8-month period with a manual and short video on the importance
of immunization timeliness and completion, how vaccines work, and how to be advocates
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and supporters of infant vaccination. It was shown that participatory learning improved
the knowledge of these older women who provide support and supervision for childcare
in urban slums about vaccination and how to better support infant vaccination.

The study from Oromia (Tadesse et al.) also recommended some strategies for in-
creasing the uptake of MCV2, including shortening the waiting time for vaccination at the
health facility to within half an hour, intensifying awareness for parents and caregivers,
and paying particular attention to mothers who are older than 36 years of age [24].

4. Discussion

With the rapid globalization seen in many countries, it is imperative to proactively
identify and address urban-specific challenges to routine immunization, including mapping
and reaching zero-dose children and missed communities. This renewed focus will assist
efforts toward extending the reach of vaccines in urban settings and contribute to achieving
the IA2030 targets. Already, it is estimated that about 30% of zero-dose children live in urban
and peri-urban areas [8], and these numbers could grow rapidly without sufficient focus
and proactive interventions. A key step, which this paper has taken, is to review evidence
on the backsliding of coverage and routine immunization performance in urban settings and
select focus countries harboring more than 75% of zero-dose children globally, documenting
predictors of coverage and pro-equity strategies. Findings from this review show evidence
of backsliding and disruption across the globe in urban and peri-urban contexts; major
urbanized countries from around the world, such as Brazil, Pakistan, Ethiopia, India, and
Cameroon, show various levels of immunization performance disruption in multiple urban
contexts [6,15,18,19,28]. The disruptions to immunization affected multiple vaccines in
each country’s routine immunization schedule, including BCG, yellow fever (YFV), and
DPT. Many challenges varied across the different global contexts, including no first-time
immunization registration for children, poor tracking mechanisms for urban children,
unfriendly delivery, and lack of effective urban-immunization-specific strategies; similarly,
varied determinants of higher immunization coverage included institutional delivery of
children, higher maternal education, lower maternal age, and positive knowledge and
attitudes around immunization. Of the identified pro-equity strategies, shortening waiting
time for service delivery, improved outreach services, and promotion of maternal and
female figure education were associated with higher levels of immunization coverage.
The predictors of childhood vaccination in urban settings, as well as noted pro-equity
strategies, as documented in these studies, are consistent with what has been documented
pre-pandemic [29–31].

These results suggest several potential areas for effective interventions to accelerate
inroads into urban immunization. The identified pro-equity strategies above link to chal-
lenges on immunization and higher immunization coverage levels, and while there is a
lot of diversity in backsliding issues, successful pro-equity strategies were also tailored
to specific contexts, which emphasizes the need to contextualize interventions to address
specific idiosyncrasies in each context [32]. Some results were contradictory to the idea that
urbanized populations can be associated with poorer vaccination coverage, but most of the
studies supported this idea. Additionally, this is not surprising as the world population
transitions to become more urbanized [12], especially with the limited studies focusing on
the peculiarities of essential vaccination in urban and peri-urban contexts.

This review contributes to a clearer understanding of the post-pandemic landscape
of urban immunization in low- and middle-income countries, including challenges, im-
munization coverage determinants, and most importantly, pro-equity strategies. These
pro-equity strategies are essential to ensuring that vaccines reach under-served populations
and missed communities, and in examining these strategies more closely, we can better
generate a starting point for a roadmap to longer-term urban immunization information.
These are consistent with earlier documentation of pro-equity strategies in Gavi-supported
countries [33].
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Contextualized pro-equity urban immunization interventions will result in faster
advances toward the IA2030 targets, and work to halt and slow down current backsliding
and fragility in immunization systems. Additionally, many of the results point to the room
for multisectoral and integrated interventions, as many of the determinants related to
low immunization coverage point to potential interventions on gender barriers, education
barriers, and systems strengthening [32,34,35]. Tools such as the urban immunization
toolkit are being used by several countries to complement existing immunization guidelines
by tailoring immunization planning, implementing, and monitoring approaches to meet
challenging contexts in urban areas, especially in slum environments; many such tools are
available to support these efforts globally [35].

There are some limitations to the data reviewed, including its quantity, generalizability,
and whether urban-specific immunization challenges and contexts can be differentiated
from generalized immunization challenges and contexts. There were a limited number of
studies examining the post-pandemic urban immunization landscape, and the evidence
was limited to a relatively small number of countries. Studies that concentrated on the
slums were included alongside other peri-urban and urban settings across many different
countries, and due to the evidence being contextualized, it may not be possible to generalize
these findings. Additionally, many of the studies reviewed were only conducted in urban
settings, so evidence of uniquely urban-related challenges is somewhat limited, as these
challenges could apply in other settings. Furthermore, the definitions of urban and peri-
urban used across the studies may have varied, which could have affected the findings and
interpretation.

Because there is a relative dearth of information about urban immunization occurring
after the acute phase of COVID-19, and much more information about the acceleration of
global immunization and backsliding, it is essential that more studies be conducted on this
intersection, as it is crucial to have more disaggregated data around urban backsliding,
immunization performance evidence, and pro-equity strategies. Issues specific to the
urban context need to be differentiated from generalized data in order to contextualize and
prioritize the necessary correlated interventions and pro-equity strategies.

4.1. Policy Suggestions

(a) Multisectoral innovations: many of the drivers of immunization performance high-
lighted from this and other reviews transcend ‘traditional’ determinants of immu-
nization performance (such as vaccine supply or trained community health worker
availability). Addressing other social issues such as maternal education, access to
water, sanitation, and hygiene (WASH) services, and (maternal and child) education
is pivotal in improving immunization performance in urban settings [32], especially
governance in the immunization space around urban and should be inclusive of these
sectors for more robust programming.

(b) Strengthen partnerships: leveraging the comparative strengths and expertise of part-
ners across immunization, health, and other sectors such as planning and sanitation
will be valuable. For instance, the Mission Indradhanush (MI) in India, which worked
across sectors, recorded significant gains in immunization coverage in both urban
and rural settings [36]. Considering the diversity of non-government actors in urban
areas, a purposeful policy shift to further incorporate private service providers and
non-governmental organizations into immunization service delivery is needed.

(c) Monitoring and Data: The typical immunization data built upon traditional subna-
tional administrative boundaries may not suffice to effectively monitor, measure, and
track children in urban settings [13,35]. The urban population is fast growing and in
motion most of the time. Modern innovations in digital registries and data tracking
systems could provide answers on how to effectively track these inherently transient
and migratory populations or populations that may not have access to the traditional
identifications used in accessing government health services. Periodic routine micro
census and the use of geographic information system (GIS) enable data to have shown
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great promise [8,37]. More enhanced disaggregation of immunization data by urban
in routine data systems, such as the WHO and UNICEF joint reporting form (JRF), as
well as in coverage surveys will support monitoring and tracking of immunization
services in urban areas.

The above and other context-specific policy adjustments should be considered to make
improvements and tend toward achieving the IA2030 goals.

4.2. Future Studies

The limited studies available and reviewed in this review point to the need for more
evidence generation and documentation, including documenting and sharing tested inno-
vations within the urban context. These are not only essential but also have the potential to
be incredibly innovative and informative. Many countries included in the search have not
performed or reported studies on immunization performance in urban contexts during or
after the pandemic. Future studies could consider examining the efficacy and effectiveness
of innovations, urban settlement micro plans and micro tracking mechanisms, GIS map-
ping, the intertwining of conflicts, displacements and urban immunization, digital registry
systems, and how urban immunization plans can be combined with other social sector
innovations.

5. Limitations

The literature search was limited to the top 20 zero-dose countries based on 2021
WUENIC data; these, however, may not be fully representative of other countries. Only
15 papers were eligible after screening, and some of the 20 countries were not represented
at the conclusion of the literature review, indicating a limitation of existing literature on the
subject. Grey literature and other non-published reports were not included in this review.
Some of the studies did not fully elucidate the nuances of challenges faced in urban or
peri-urban settings.

6. Conclusions

The findings presented clearly demonstrate the evidence of a decline in routine im-
munization coverage in urban and peri-urban settings; as such, the need to target and
focus context-specific catch-up and recovery strategies to bring back routine immuniza-
tion performance on track. However, they also elucidate the need to further explore and
examine determinants of low immunization coverage in urbanized areas, particularly
in low- and middle-income countries. There are relatively few papers that estimate the
magnitude of backsliding caused by COVID-19 in urban and peri-urban settings, in these
priority countries, as well as a dearth of papers focusing on key issues affecting routine
immunization in these settings and effective pro-equity strategies to address those keys
issues in immunization recovery. While the COVID-19 pandemic has only been affecting
immunization coverage in these areas for almost three years, the backsliding caused by this
international disruption has proved detrimental, particularly toward reaching the goals set
by IA2030.

Over the many different contexts explored through the review, different factors have
been shown to affect immunization coverage in urban and peri-urban areas. It is essential
that each context is specifically examined for services to be designed and tailored to the
communities affected by the lack of access to these services. Innovations in interventions
will be needed to build a better pro-equitable system of immunization for these areas. Rapid
global urbanization makes addressing urban immunization challenges an essential and
immediate priority in order to keep up with the demands placed on global immunization
systems in the 21st century.
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Appendix A

Appendix A.1. Immunization Coverage Performance for the 20 Highest Burden Zero-Dose
Countries

Rank Country DTP1 (%) DTP3 (%) MCV1 (%)
Number Zero-Dose

Children

1 India 88 85 89 2,711,000

2 Nigeria 70 56 59 2,247,000

3 Indonesia 74 67 72 1,150,000

4 Ethiopia 70 65 54 1,134,000

5 Philippines 57 57 57 1,048,000

6
Democratic
Republic of
the Congo

81 65 55 734,000

7 Brazil 74 68 73 710,000

8 Pakistan 90 83 81 611,000

9 Angola 57 45 36 553,000

10 Myanmar 45 37 44 492,000

11
United Republic
of Tanzania

82 81 76 402,000

12 Mozambique 67 61 84 372,000

13 Afghanistan 74 66 63 361,000

14 Somalia 52 42 46 338,000

15 Mexico 83 78 99 317,000

16 Madagascar 65 55 39 304,000

17 Cameroon 76 69 219,000
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Rank Country DTP1 (%) DTP3 (%) MCV1 (%)
Number Zero-Dose

Children

18
Democratic
People’s Republic
of Korea

42 41 42 197,000

19 Chad 73 58 55 191,000

20 Viet Nam 87 83 89 187,000

Appendix A.2. Full Search Strategy

Keywords: “Routine Immunization”[TIAB] OR “Vaccination*”[TIAB] OR “Vaccination
Coverage”[TIAB] OR “Childhood Vaccination”[TIAB]

AND
Urban OR Peri-urban OR City OR “Urban center” OR “urban slum”
AND
India OR Nigeria OR Indonesia OR Ethiopia OR Philippines OR “Democratic Republic

of the Congo” OR Brazil OR Pakistan OR Angola OR Myanmar OR United Republic of
Tanzania OR Mozambique OR Afghanistan OR Somalia OR Mexico OR Madagascar OR
Cameroon OR Democratic People’s Republic of Korea OR Chad OR Viet Nam

PubMed
((“Routine Immunization”[Title/Abstract] OR “vaccination*”[Title/Abstract] OR “Vac-

cination Coverage”[Title/Abstract] OR “Childhood Vaccination”[Title/Abstract]) AND
(“Urban”[Title/Abstract] OR “Peri-urban”[Title/Abstract] OR “City”[Title/Abstract] OR
“Urban center”[Title/Abstract] OR “urban slum”[Title/Abstract]) AND (“India”[Title/ Ab-
stract] OR “Nigeria”[Title/Abstract] OR “Indonesia”[Title/Abstract] OR “Ethiopia”[Title/
Abstract] OR “Philippines”[Title/Abstract] OR “Democratic Republic of the Congo”[Title/
Abstract] OR “Brazil”[Title/Abstract] OR “Pakistan”[Title/Abstract] OR “Angola”[Title/
Abstract] OR “Myanmar”[Title/Abstract] OR “united republic of tanzania”[Title/Abstract]
OR “Mozambique”[Title/Abstract] OR “Afghanistan”[Title/Abstract] OR “Somalia”[Title/
Abstract] OR “Mexico”[Title/Abstract] OR “Madagascar”[Title/Abstract] OR “Cameroon”
[Title/Abstract] OR “democratic people s republic of korea”[Title/Abstract] OR “Chad”
[Title/Abstract] OR “viet nam”[Title/Abstract])) AND (2020/3/1:2023/2/3[pdat])

Result = 321
Web of Science
AB = (“Routine Immunization” OR “Vaccination*” OR “Vaccination Coverage” OR

“Childhood Vaccination”) AND AB = (India OR Nigeria OR Indonesia OR Ethiopia OR
Philippines OR “Democratic Republic of the Congo” OR Brazil OR Pakistan OR Angola OR
Myanmar OR United Republic of Tanzania OR Mozambique OR Afghanistan OR Somalia
OR Mexico OR Madagascar OR Cameroon OR Democratic People’s Republic of Korea OR
Chad OR Viet Nam) AND AB = (Urban OR Peri-urban OR City OR “Urban center” OR
“urban slum”) March 2020 to Feb 2023

Result = 287

Appendix A.3. Summary Table for Search Results

Title Year Type of Study Location Summary

Yellow fever vaccination
before and during the

COVID-19 pandemic in
Brazil [14].

2022
Ecological, time series

study
Brazil (Nationwide)

A 48.55% reduction in the median
number of yellow fever vaccine doses

administered in Brazil and in its regions
1 year before the pandemic as compared

to 1 year during the pandemic: North
(−34.71%), Midwest (−21.72%), South
(−63.50%), and Southeast (−34.42%)
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Title Year Type of Study Location Summary

Child Vaccination
Coverage, Trends and
Predictors in Eastern

Ethiopia: Implication for
Sustainable Development

Goals [21].

2021
A population-based
longitudinal study

Kersa, Eastern Ethiopia
(incl. Harar town)

A little more than a third (39%) of
children were fully vaccinated; with

highest proportion (45%) seen in 2020
and the lowest (32%) in 2019. Other

towns classified as semi-urban had the
lowest fully vaccinated proportion even
as Harar city saw 45% full vaccination for

its children.

Experiences of Urban
Slum-Dwelling Women

with Maternal and Child
Health Services During
COVID-19 Pandemic: A
Multi-City Qualitative
Study From India [15].

2022

A phenomenological
study to document MCH

experience during
COVID-19 pandemic

India: Four states Odisha,
Uttarakhand,

Chhattisgarh, and Assam.
One slum city per state

All participants in this study mentioned
that their children were vaccinated

during the pandemic with little or no
issues. Fear that the child may get

infected with COVID-19 was highlighted
by caregivers. A few choose a private

hospital for child immunization due to
fear of COVID-19.

Strategies to revitalize
immunization service

provision in urban settings
of Ethiopia [26].

2021
A qualitative study with a
phenomenological study

design

Ethiopia: Addis Ababa,
Dire Dawa and Mekele

The highlight of the study is that existing
immunization service delivery strategies
within urban contexts which are mostly
fixed sites are not adequate to effectively

reach children with vaccines in
these settings.

Impact of COVID-19
pandemic on routine

immunization of
children [16].

2022 Cross-sectional study
Pakistan: Mirpur, Azad

Kashmir,

The fear of COVID-19 infection was
highlighted as an important factor for

delayed vaccination in 65% of
respondents.

Disparities in full
immunization coverage
among urban and rural

children aged 12–23
months in southwest

Ethiopia: A comparative
cross-sectional study [17].

2022
A comparative
cross-sectional

Ethiopia: Wolaita zone

Children in urban areas had a higher
prevalence of full vaccination than their
rural counterparts with a 15.10% (95% CI;

0.102–0.192) point estimate for the
difference but still below WHO

recommendation. Knowledge and place
of delivery were predictor variables.

Effect of intensive training
in improving older

women’s knowledge and
support for infant

vaccination in Nigerian
urban slums: a

before-and-after
intervention study [27].

2021 Pre- and post-study
Nigeria: Seven urban
slums communities in

Ibadan

Participatory learning improved the
knowledge about and support for infant

vaccination among older women
supervising childcare in these urban

slum communities.

Assessment of vaccination
timeliness and associated
factors among children in

Toke Kutaye district,
central Ethiopia: A Mixed

study [22].

2022
A community-based

cross-sectional
mixed-method study

Ethiopia: Toke Kutaye
district, central Ethiopia.

Timeliness of childhood vaccination was
23.9 percent among children aged 12 to
23 months. Urban residence (AOR: 3.15,

95% CI: 1.56–6.4), participation of
pregnant women in conferences (AOR:

2.35, 95% CI: 1.2–4.57), institutional
delivery (AOR: 2.5)

Parental acceptance of
human papillomavirus

vaccination for adolescent
girls in Lagos,
Nigeria [23].

2020
A descriptive

cross-sectional survey of
adolescent girls’ parents

India: 2 urban and 2 rural
schools in Lagos

Tertiary level of education in the mother
(cOR = 67.41; 95% CI = 15.25–297.97;
p = 0.0000), skilled occupation in the

mother (cOR = 11.55;
95% CI = 5.55–24.04; p = 0.0000), skilled

occupation in the father (cOR = 4.10;
95% CI = 2.31–7.28; p = 0.0000), are

predictors of HPV vaccination.

Second-dose measles
vaccination and associated
factors among under-five
children in urban areas of
North Shoa Zone, Central

Ethiopia, 2022 [24].

2022
A community-based
cross-sectional study

Ethiopia: urban areas of
North Shewa Zone,

Oromia

With a 90.1% response rate in
372 participants, the coverage of measles
second-dose vaccination (MCV2) among
children in urban areas was low (42.5%).
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Title Year Type of Study Location Summary

Impact of COVID-19
pandemic response on

uptake of routine
immunizations in Sindh,
Pakistan: An analysis of

provincial electronic
immunization registry

data [6].

2020
Quantitative: Secondary

data analysis of daily
immunization coverage

Pakistan: Sindh urban and
rural

The average daily vaccination rate
during the COVID-19 lockdown saw a
52.5% decline. Bacille Calmette Guérin
(BCG) vaccines saw the highest decline
of 40.6% (958/2360). An estimated 8438
children per day missed their vaccines

during the lockdown. Areas mostly
affected included rural districts, urban

sub-districts with large slums, and
polio-endemic super high-risk

sub-districts.

Impact of the Early Stages
of the COVID-19

Pandemic on Coverage of
Reproductive, Maternal,

and Newborn Health
Interventions in Ethiopia:

A Natural
Experiment [18].

2022
A nationally

representative
cross-sectional survey

Ethiopia: Addis Ababa

Significant reductions in coverage of
BCG vaccination and chlorohexidine use

in urban areas were observed in the
COVID-19-affected cohort.

Impact and projections of
the COVID-19 epidemic

on attendance and routine
vaccinations at a pediatric

referral hospital in
Cameroon [19].

2021
A descriptive and

retrospective
cross-sectional study

Cameroon: Yaoundé

There was a decline in vaccination
demand including BCG vaccines, DPT,
polio, and MMR in children as well as

tetanus vaccines in women of
childbearing age, all dropped

significantly.

Scared, powerless,
insulted and embarrassed:

hesitancy towards
vaccines among caregivers

in Cavite Province, the
Philippines [25].

2021
Qualitative: In-depth

interviews (IDIs)
Philippines: Cavite

Province

Among the reasons for delay or refusal of
childhood vaccinations, fear of side
effects emerged as the most salient
concern, exacerbated by previous

negative experiences (including trauma)
from a dengue vaccine controversy

in 2017.

Missed childhood
immunizations during the

COVID-19 pandemic in
Brazil: Analyses of routine

statistics and a national
household survey [20].

2021
Qualitative: Ecological,

time series study
Brazil: National with
subnational statistics

About 20% decline in vaccination rates
was seen in children 2 years or older

during the months of March and April
2020 during the lockdown in comparison

with January and February 2020. The
least developed regions of the country

were the most affected by missed
immunization
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Abstract: The Immunization Agenda 2030 prioritizes the populations without access to vaccines.
Health equity has been increasingly incorporated into economic evaluations of vaccines to foster
equitable access. Robust and standardized methods are needed to evaluate the health equity impact
of vaccination programs to ensure monitoring and effective addressing of inequities. However,
methods currently in place vary and potentially affect the application of findings to inform policy
decision-making. We performed a systematic review by searching PubMed, Embase, Econlit, and
the CEA Registry up to 15 December 2022 to identify equity-informative economic evaluations of
vaccines. Twenty-one studies were included that performed health equity impact analysis to estimate
the distributional impact of vaccines, such as deaths averted and financial risk protection, across
equity-relevant subgroups. These studies showed that the introduction of vaccines or improved
vaccination coverage resulted in fewer deaths and higher financial risk benefits in subpopulations
with higher disease burdens and lower vaccination coverage—particularly poorer income groups
and those living in rural areas. In conclusion, methods to incorporate equity have been evolving
progressively. Vaccination programs can enhance equity if their design and implementation address
existing inequities in order to provide equitable vaccination coverage and achieve health equity.

Keywords: equity; inequality; disparity; economic evaluation; cost-effectiveness analysis; vaccine;
immunization

1. Introduction

The number of children not receiving a single dose of routine vaccine (defined as
the first dose of diphtheria, tetanus, and pertussis (DTP1) non-receipt), also referred as
“zero-dose children”, increased by 5 million in 2021 compared with 2019, going from 13
to 18 million. More than 60% of these children live in extremely poor conditions facing a
lack of access to reproductive health services, water, and sanitation [1]. Health equity has
been increasingly incorporated into economic evaluations of vaccines to foster equitable
access. The Immunization Agenda 2030 prioritizes populations that are not being reached
through current immunization efforts—particularly the most marginalized communities,
those living in fragile and conflict-affected settings, mobile populations, and those moving
across borders [2]. Robust and standardized methods are needed to evaluate the health
equity impact of vaccination programs to ensure monitoring and effective addressing
of inequities.

The Immunization Agenda 2030, through its Strategic Priority 3, addresses equity by
defining key areas of focus and objectives to reach the goal of protecting everyone with
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full immunization, regardless of location, age, socioeconomic status, or gender-related
barriers [2]. The World Health Organization’s “Guide for Standardization of Economic
Evaluations of Immunization Programmes” also recommends that the health equity im-
pact be included if it is considered an important factor for decision-making [3]. These
recommendations emphasized the need to explore and summarize how health equity was
incorporated and evaluated in the existing literature on economic evaluations of vaccines.

Health technology assessment has been employed in many countries to inform health-
care decision-making [4]. This is especially relevant to countries aiming to provide accessi-
ble, affordable, equitable, and high-quality healthcare services to their populations while
ensuring the sustainability of health systems in place. Equity-informative assessments
can provide data on the health equity impact of health technologies and public health
policies and the inherent tradeoff between total coverage and equitable coverage. Based
on these data, decision-makers can better balance the efficient use of limited budgets and
foster equitable access to healthcare. Health equity impact analysis has been increasingly
incorporated into the economic evaluations of health technologies and public health poli-
cies, including vaccines [5–13]. Health equity impact analysis is conducted to estimate the
distribution of impact of alternative policy options, broken down by one or more variables
of concern to policymakers from an equity perspective [14]. Nevertheless, varying methods
to evaluate the health equity impact can affect the application of findings to inform policy
decision-making.

Several systematic reviews summarize equity-informative economic evaluations in
terms of methodological aspects and the application of the methods in general [5,15–19].
However, no systematic review comprehensively describes how health equity is incor-
porated into the economic evaluations of vaccines. In addition, economic evaluations of
vaccines differ from other health technologies given the unique characteristics of vaccines,
such as program deployment costs, vaccination coverage, and herd protection [3]. There-
fore, we conducted a systematic literature review to identify economic evaluations of the
health equity impact of vaccines and immunization programs, focusing on the methods
and applications.

2. Materials and Methods

The protocol of this review was registered with PROSPERO (CRD42022382729). We
reported this review following the 2020 Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) [20]. The PRISMA checklist table of this review is provided
in Table S1 in the Supplementary Materials.

2.1. Search Strategy and Eligibility Criteria

We searched for equity-informative economic evaluations of vaccines in electronic
databases, including PubMed, Embase, Econlit, and Cost-Effectiveness Analysis (CEA)
Registry by Tufts Medical Center from database inception to 15 December 2022. The
search terms used included a combination of vaccine, economic evaluation, and equity
terms, which were modified to match the search techniques of each database. No language
restriction was applied. We also screened reference lists of eligible articles to identify
further potentially eligible articles. A full search strategy is presented in Table S2 in the
Supplementary Materials.

We included articles that met the following eligibility criteria: full-text articles of
economic evaluations estimating costs, outcomes, and health equity impact of vaccines
across equity-relevant subgroups in any context. After duplicates were removed, identified
articles were independently screened and selected by two reviewers (C.P. and J.-Y.C.) using
the eligibility criteria. Article selection was performed using EndNote 20.3. Disagreements
were resolved with consensus by discussing with the third reviewer (N.C.)
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2.2. Data Extraction

Two reviewers (C.P. and J.-Y.C.) independently extracted data from the selected studies
using the data extraction form developed and pilot-tested based on five randomly chosen
articles to finalize the form. Discrepancies in data extraction were resolved with consensus
by discussing with the third reviewer (N.C.).

The following data were extracted from the selected articles: first author, year of
publication, country, vaccine, equity-relevant subgroups, existing inequities, intervention(s)
and comparator(s), perspective, measurement of health and non-health benefits, model
type, the inclusion of herd protection, and study findings, including cost-effectiveness and
health inequity impact of vaccines.

2.3. Quality Assessment

Two reviewers (C.P. and J.-Y.C.) independently performed reporting quality assessment
using the Consolidated Health Economic Reporting Standard (CHEERS) 2022 statement [21].
Any disagreements during the reporting quality assessment were resolved by consensus
upon discussion with the third reviewer (N.C.).

2.4. Data Synthesis

Following data extraction, we summarized how health equity was incorporated and
evaluated in the selected economic evaluations of vaccines, including methodological
characteristics, characteristics of vaccines and immunization programs, existing inequities
in the health systems, characteristics of equity-relevant subpopulations, and study find-
ings. Equity-relevant subpopulations were categorized following the PROGRESS-Plus
framework, including (1) place of residence, (2) race/ethnicity/culture/language, (3) occu-
pation, (4) gender/sex, (4) religion, (5) education, (6) socioeconomic status, (7) social capital,
(8) personal characteristics associated with discrimination (e.g., age, disability), (9) features
of relationships (e.g., smoking parents, excluded from school), and (10) time-dependent
relationships (e.g., leaving the hospital, respite care, other instances where a person may be
temporarily at a disadvantage) [22].

3. Results

3.1. Study Selection

A database search identified 613 records, of which 19 articles met the eligibility
criteria [6–13,23–33]. Citation searching of the eligible articles further identified two
articles [34,35]. Thus, twenty-one articles were included in this review. These articles
were published in 2011 and later. The study selection flow is presented in Figure ??. Ex-
cluded studies based on full-text assessment are shown with reasons for exclusion in
Table S3 in the Supplementary Materials.

3.2. Study Characteristics

Characteristics of the included studies are summarized in Tables 1 and 2, as well
as Table S4 in the Supplementary Materials. Studies were performed in many regions
of the world, with most studies conducted in Sub-Saharan African countries
(n = 8, 38%) [6–8,11,12,23,24,33], and six of them were performed in Ethiopia [6–8,11,12,33]. A
large proportion of studies focused on vaccination programs in low- and middle-income
countries (LMICs) (n = 17, 81%) [6–13,23,24,27–30,33–35]. These studies included a total of
11 antigens, of which rotavirus was commonly evaluated (n = 11, 52%) [10,11,13,23,27–30,33–35],
followed by human papillomavirus (HPV) (n = 5, 24%) [9,12,25,26,35] and Streptococcus pneumoniae
(n = 4, 19%) [8,31,32,35]. Rotavirus vaccine was the most commonly studied in LMICs (11
out of 17 studies, 65%) [10,11,13,23,27–30,33–35], while HPV vaccines [25,26] and pneumo-
coccal vaccination [31,32] (two out of four studies, 50% each) were the most commonly
studied vaccines in HICs. The breakdown of antigen by income economy is shown in
Table S5 in the Supplementary Materials.
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Table 1. Summary of included studies.

Health Equity Impact
Analysis
(n = 11)

Health Equity Impact
Analysis with Financial

Risk Protection
(n = 9)

Health Equity Impact
Analysis with Equity

Weighting
(n = 1)

Total
(n = 21)

Region
Sub-Saharan Africa 2 5 1 8 (38%)

East Asia and Pacific 2 2 - 4 (19%)
North America 3 - - 3 (14%)

South Asia 2 - - 2 (10%)
Latin America and

Caribbean 1 - - 1 (5%)

Multiple countries 1 2 - 3 (14%)

Income economy
High-income 4 - - 4 (19%)

Low- and Middle-income 7 9 1 17 (81%)

Antigen *
Rotavirus 6 4 1 11 (52%)

Human papilloma virus 2 3 - 5 (24%)
Streptococcus pneumoniae 2 2 - 4 (19%)

Malaria † 1 1 - 2 (10%)
Measles - 2 - 2 (10%)

Hepatitis B - 1 - 1 (5%)
Hemophilus influenzae

type b - 1 - 1 (5%)

Yellow fever - 1 - 1 (5%)
Rubella - 1 - 1 (5%)

Neisseria meningitidis
serogroup A - 1 - 1 (5%)

Japanese encephalitis - 1 - 1 (5%)

Note: * Number of studies may not add up, as some included multiple vaccines. † Malaria vaccine (RTS,S/AS01).

Table 2. Methodological characteristics of included studies.

Health Equity Impact
Analysis
(n = 11)

Health Equity Impact
Analysis with Financial Risk

Protection (n = 9)

Health Equity Impact
Analysis with Equity

Weighting (n = 1)

Total
(n = 21)

Equity-relevant subgroups
Socioeconomic status 1 9 1 11 (52%)

Race/Ethnicity 3 - - 3 (14%)
Place of residence 2 - - 2 (10%)

Combination of characteristics 5 - - 5 (24%)

Existing inequities *
Mortality 10 6 1 17 (81%)

Vaccination coverage 6 5 1 12 (57%)
Disease incidence/prevalence 6 4 1 11 (52%)

Financial risk - 9 - 9 (43%)

Intervention(s) vs. Comparator(s)
Introduction

vs. No vaccination 5 7 - 12 (57%)

Introduction
vs. Introduction with improving vaccination

coverage
vs. No vaccination

3 - - 3 (14%)

Improving vaccination coverage
vs. Status quo 1 2 1 4 (19%)

Improving vaccination coverage
vs. Status quo

vs. No vaccination
2 - - 2 (10%)

Perspective of analysis †

Societal (Health system and household) 1 8 - 9 (43%)
Health system 10 - 1 11 (52%)

Household - 1 - 1 (5%)

Costs *
Direct medical costs 11 9 1 21 (100%)

Direct non-medical costs 1 8 - 9 (43%)
Indirect costs 1 3 - 4 (19%)
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Table 2. Cont.

Health Equity Impact
Analysis
(n = 11)

Health Equity Impact
Analysis with Financial Risk

Protection (n = 9)

Health Equity Impact
Analysis with Equity

Weighting (n = 1)

Total
(n = 21)

Measurement of health benefits *
Outcomes averted
Deaths averted 8 7 1 16 (76%)
DALYs averted 6 - - 6 (29%)
Cases averted 4 1 - 5 (24%)

Hospitalizations and outpatient/clinic visits
averted 1 1 - 2 (10%)

Outcomes gained
QALYs gained 3 - - 3 (14%)
HALYs gained - - 1 1 (5%)

Years of life saved 1 - - 1 (5%)

Measurement of financial risk protection *
Household OOP expenditures averted - 8 ‡ - 8 (38%)

Catastrophic health expenditures averted - 3 - 3 (14%)
Money-metric value of insurance (risk premium) - 2 - 2 (10%)

Impoverishments averted - 2 - 2 (10%)

Model type
Dynamic - - - 0 (0%)

Static 11 9 1 21 (100%)

Herd protection
Included in base-case analysis 1 - - 1 (5%)
Included in scenario analysis 2 2 § - 4 (19%)

Not included 8 7 1 16 (76%)

Abbreviations: DALY—disability-adjusted life year; HALY—health-adjusted life year; OOP—out-of-pocket;
QALY—quality-adjusted life year. Note: * Number of studies may not add up, as some used multiple approaches.
† Perspective was categorized based on authors’ statements in the articles or reviewers’ judgment based on
methodologies of the studies. ‡ Two studies also estimated financial risk protection as household OOP expen-
ditures averted as a percentage of household income. § Distributional effect of herd protection was estimated
across subpopulations.

3.3. How Equity Has Been Incorporated into Equity-Informative Economic Evaluations of Vaccines
3.3.1. Overall Methods

All studies were cost-effectiveness analyses that performed health equity impact anal-
yses to estimate the distributional impact of vaccines across equity-relevant subpopulations
of interest (Table 2, with details in Table S4 in the Supplementary Materials). Eleven studies
performed only health equity impact analysis as part of cost-effectiveness analyses to
estimate the distributional impact and subpopulation incremental cost-effectiveness ratios
(ICERs) of vaccines [23–32,34]. Nine studies are Extended Cost-Effectiveness Analyses that
performed health equity impact analysis of vaccines with an estimation of the distributional
financial risk protection [6–13,35]. One study is a Distributional Cost-Effectiveness Analysis
that performed a health equity impact analysis of vaccines, incorporating equity-weighting
and opportunity costs as the money was displaced to be spent on vaccines instead of other
health services [33]. All studies used static models, of which herd protection of vaccines
was considered in a base-case analysis in one study [25] and in a scenario analysis in four
studies [10,13,32,34].

3.3.2. Existing Inequities across Equity-Relevant Subpopulations

These analyses were designed to simulate the distributional impact of vaccines within
the existing health inequities across the equity-relevant subpopulation in the context of
interest, where there were differences between more or less socially disadvantaged subpop-
ulations. Existing inequities in these studies were inequities in disease mortality (n = 17,
81%) [7–9,11,13,23,25–35], vaccination coverage (n = 12, 57%) [7,8,11,12,23,25,27–30,33,35],
disease incidence/prevalence (n = 11, 52%) [6,7,12,24–26,31–35], and financial risk (n = 9,
43%) [6–13,35].

Equity-relevant subpopulations of interest were socioeconomic status
(n = 11, 52%) [6–13,27,33,35], race/ethnicity (n = 3, 14%) [26,31,32], and place of residence
(regions, states, or rural/urban areas) (n = 2, 10%) [24,34]. The other five studies assessed
the combination of characteristics of equity-relevant subpopulations (socioeconomic status,
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race/ethnicity, place of residence, and gender) [23,25,28–30], such as estimating the distri-
butional effect of rotavirus vaccine across rural/urban areas, regions, gender, and income
quintiles in India [28].

Socioeconomic status was categorized as income quintiles [6–13,23,27–30,33,35] or
tertiles [25], ranging from the poorest to the richest. Income quintiles were defined using an
asset index [23,28–30], gross domestic product per capita, Gini coefficient [8,13,35], and the
National Demographic Health Survey [10,12]. However, some studies did not report how
socioeconomic status was defined [6,7,9,11,25,27,33]. Regions were categorized following
the National Demographic Health Survey [23,28,30]. There was no clear description of how
rural and urban areas were defined [24,28,29].

3.3.3. Vaccination Programs Evaluated

Intervention(s) and comparator(s) assessed in the economic evaluations were
mostly between the introduction of a vaccination program vs. no vaccination (n = 12,
52%) [6,8–11,13,24,26,28,31,34,35]. The remaining studies were modeled to evaluate the
distributional impact of improving vaccination coverage of the vaccination programs
across equity-relevant subpopulations. These included the introduction of a vaccine into a
routine vaccination program vs. the introduction of a vaccine into a routine vaccination
program with improving vaccination coverage vs. no vaccination (n = 3, 14%) [23,29,30],
improving vaccination coverage vs. status quo of the currently implemented vaccination
program (n = 4, 19%) [7,12,32,33] and improving vaccination coverage vs. status quo vs. no
vaccination (n = 2, 10%) [25,27].

Strategies to improve equitable vaccination coverage described in four studies can be
categorized into two broad approaches. Firstly, strategies specifically designed to improve
vaccination coverage in the more socially disadvantaged groups, including investing ad-
ditional resources into rotavirus vaccine delivery in rural areas [33], providing financial
incentives for those who received measles vaccine as part of routine immunization with
the aim to increase vaccination coverage by 10% in the bottom two income quintiles [7],
and revising the eligibility criteria of receiving pneumococcal vaccination to increase the
number of eligible vaccine recipients, especially in the Black population in the US [32].
Secondly, strategies designed to achieve equal vaccination coverage across equity-relevant
subpopulations, including providing supplemental doses of measles vaccine in addition
to the doses prescribed in the standard vaccination schedule (i.e., supplementary immu-
nization activities (SIAs) or mass campaigns) with the aim to achieve 90% vaccination
coverage in all income quintiles [7] and providing HPV vaccine as a school-only program
or implementing a new mandatory law requiring active opting-out of HPV vaccination
with equal coverage across ethnicity and income tertiles [25].

Potential benefits of achieving equitable vaccination coverage were also estimated
in four studies, of which two studies estimated the impact of incremental reductions in
vaccine under-coverage from current to full coverage [23,29]. The other studies investigated
the impact of a scenario when all equity-relevant subpopulations had the same vaccination
coverage as the highest coverage subpopulation [27,30]. However, these studies did not
describe how to achieve the said equitable vaccination coverage.

3.3.4. Health and Non-Health Benefits of Vaccination Programs

Outcomes captured in these studies were chosen according to the health and non-
health benefits of a particular vaccine to demonstrate the distributional impact of vaccina-
tion programs across equity-relevant subpopulations. The health benefits of vaccines in-
cluded the prevention of deaths [6–9,11,13,23,27–35], cases [12,24,26,31,32], hospitalizations
and outpatient/clinic visits [10,34], disability-adjusted life years (DALYs) [23,27–30,34],
the gain in years of life saved [26], quality-adjusted life years (QALYs) [25,31,32], and
health-adjusted life years (HALYs) [33].

Non-health benefits of vaccines, captured specifically in extended cost-effectiveness
analyses, were quantified as financial risk protection in terms of household out-of-pocket
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(OOP) expenditures averted [6–13], catastrophic health expenditures (CHE) averted [6,10,12],
the money-metric value of insurance [8,13], and impoverishment averted [10,35]. The
definitions and components of financial risk protection differed across studies. For example,
CHE was defined differently across three studies. CHE was defined as a proportion
of disease-related expenditure exceeding a specific threshold of household income or
expenditures, including 10% of monthly household income [10], 40% of total household
consumption expenditures [12], and 10% of total household consumption expenditures
or 40% of non-food total household consumption [6]. Impoverishment was defined as
household income falling below the World Bank poverty line [35] or country-specific
poverty line due to medical expenditures [10]. The money-metric value of insurance or
risk premium was defined as the difference between the expected value of the individual’s
income and the income the individual is willing to have in order to have an outcome that is
certain [8,13].

3.4. Summary of Study Findings on Cost-Effectiveness and Health Equity Impact

The cost-effectiveness and health equity impact findings of vaccines are summarized
in Table S6 in the Supplementary Materials. Subpopulation ICERs were estimated in ten
studies that found similar findings of better cost-effectiveness results (lower ICERs) in
equity-relevant subpopulations with higher disease burdens, especially the poorer-income
groups and rural areas [23–25,27–32,34]. This demonstrated that introducing vaccines or
improving vaccination coverage, compared to no vaccination, was more cost-effective in
the more socially disadvantaged groups.

We found similar findings of more deaths averted and higher financial risk protection
benefits in subpopulations with higher disease burdens, such as poorer income groups and
those living in rural areas, across 21 studies [6–13,23–35]. However, higher household OOP
expenditures were averted more in the wealthier income groups due to the aversion to
private healthcare utilization [8,9,11].

Studies estimating the distributional impact of improving [7,25,31,33] or
achieving [23,28–30] equitable vaccination coverage found that more deaths were averted
in the more socially disadvantaged groups with higher disease burdens and lower vaccina-
tion coverage. Furthermore, one distributional cost-effectiveness analysis demonstrated
that the pro-poor vaccination strategy of the rotavirus vaccine compared to the currently
implemented program was a “lose-win” strategy as it showed a negative impact on total
health despite a positive impact on health equity, which required a trade-off between effi-
ciency and equity [33]. Interestingly, one study found that introducing rotavirus vaccine in
the context of existing inequities in vaccination coverage across regions and socioeconomic
subpopulations resulted in introducing disparities in the mortality reduction [23].

3.5. Reporting Quality

Reporting quality of the included studies, assessed using the CHEERS 2022 statement [21],
is presented in Table S7 in the Supplementary Materials. Overall, most topics were ade-
quately reported in the included studies. However, the health economic analysis plan and
engagement with patients and others affected by the study were not reported in any study.

4. Discussion

Economic evaluations are typically performed to estimate the average incremental
costs and effectiveness of interventions of interest. Equity-informative economic eval-
uations further provide a spectrum of impact across equity-relevant subpopulations to
inform policy prioritization. This systematic review identified 21 equity-informative eco-
nomic evaluations of vaccination programs to date, with progressively evolving methods
to incorporate equity. The health equity impact of vaccines has been incorporated into
economic evaluations by estimating the distributional health and non-health benefits of
vaccination programs across equity-relevant subpopulations to better understand where
and to whom more efforts and support should be provided. Extended cost-effectiveness
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analyses of vaccines were generally performed in LMICs to reflect the importance of
financial risk protection, which is one of the goals of the health system for achieving uni-
versal health coverage [6–12,36,37]. Distributional cost-effectiveness analyses of vaccines
were performed to estimate the distribution of health opportunity costs [33,38]. Since a
vaccination program generally involves a large cohort of the population, distributional
cost-effectiveness analyses could inform the trade-offs between improving total population
health and reducing health inequities.

Existing inequities related to vaccines were shown in the included studies, where
disease burden and financial risk were generally higher in more socially disadvantaged
groups. There was usually lower vaccination coverage in poorer income quintiles, along
with higher disease incidence and mortality compared to richer income quintiles. Success-
fully implemented equitable vaccination programs could help decrease diseases, deaths,
and costs to health systems and households, as we found that immunization programs
informed by equity-informative economic evaluations of vaccines generally resulted in
more deaths averted and higher financial risk protection benefits in socially disadvan-
taged subpopulations compared to regular immunization programs [7,25,31,33]. Thus,
equity-informed vaccination programs could enhance access to life-saving immunization
for disadvantaged populations and ultimately help achieve health equity, if specifically
designed to address existing inequities in health systems.

Forceful national and global decision-making on how best to adapt and optimize the
implementation of immunization programs to reach all vaccination target groups needs to
be underpinned by robust and standardized equity-informative economic evaluations. To
ensure the ubiquitous application of such evaluations, global guidance is needed to incorpo-
rate health equity into economic evaluations and to ensure standardization in conducting,
reporting, and interpreting the analyses. In this review, we highlight a few methodological
considerations on how to shape future equity-informative economic evaluations of vaccines.
Firstly, the health equity impact of improving vaccination coverage should be conducted
to provide information on the potential benefits of moving towards achieving equitable
vaccination coverage across equity-relevant subpopulations. Many studies were conducted
to estimate the impact of vaccines introduced to contexts with existing inequities in vacci-
nation coverage without consideration of the potential benefits of equitable vaccination
coverage. Hence, models should be developed considering improving vaccination coverage
as a gradual change rather than an instantaneous change to fully capture the marginal
benefits of improving vaccination coverage. Different levels of target vaccination coverage
should also be explored to develop evidence-informed optimal implementation strategies,
as attempts to improve coverage early on (e.g., from 10% to 20%) are expected to have
higher marginal benefits compared to boosting coverage in contexts with existing higher
vaccination coverage (e.g., from 75% to 85%).

Secondly, we emphasize the importance of incorporating and reporting all relevant
aspects of equity, as improving equity in one aspect could potentially lead to inequities
in other aspects. For example, a pro-poor vaccination program that improved equitable
vaccination coverage can introduce disparities in mortality reduction given the existing
inequities in the mortality risk at baseline. Thus, policy decision-makers will be well-
informed about both the positive and negative impacts of the vaccination programs.

Thirdly, a dynamic model should be developed to fully capture the distributional
impact of most vaccination programs on the force of infection in susceptible individuals and
indirect transmission-dependent effects [3]. Nevertheless, it is challenging to model herd
protection between equity-relevant subpopulations—for example, modeling how higher
vaccination coverage among the richer income groups will translate to herd protection for
the unvaccinated in the poorer income groups.

Lastly, as highlighted by the CHEERS 2022 statement [21], stakeholder engagement
is important to ensure that the studies align with needs of local stakeholders and policy
decision-makers. De facto, none of the included studies reported the inclusion of stake-
holder engagement. Thus, advocacy is needed to ensure that stakeholder engagement is
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included and transparently reported in future equity-informative economic evaluations
of vaccines. Likewise, the inclusion of stakeholder engagement in economic evaluations,
especially local stakeholders, is highly encouraged to gain a better understanding of their
needs, opinions, and perceptions of how health equity and inequities are defined, mea-
sured, monitored, interpreted, and achieved. This is particularly important as we found
that assessment and measurement of health equity impact were affected when equity was
not clearly defined.

We accentuated a few limitations of our review that are worth mentioning. First,
no specific guidelines or checklists are available to directly evaluate the equity-relevant
methodological quality of equity-informative economic evaluations. Thus, quality assess-
ment of the included studies could be carried out only in terms of reporting quality. Fur-
thermore, the implications and applications of this review should be carefully interpreted
since its findings and conclusions were based on a limited number of equity-informative
economic evaluations of vaccines published since 2011. Analytical techniques of incorpo-
rating health equity in economic evaluations are continuously evolving, and we expect
more studies to be published in the future.

5. Conclusions

The health-equity impact of vaccination programs has been increasingly estimated in
economic evaluations across equity-relevant subpopulations to portray and/or address
existing health inequities in health systems. Vaccines can enhance equity if the design and
implementation of vaccination programs incorporate the effort and strategies to address
existing health inequities to provide equitable vaccination coverage and achieve health
equity. Guidelines on incorporating health equity into economic evaluations need to
be developed to ensure standardization in conducting, reporting, and interpreting the
analyses.
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Abstract: Universal immunization substantially reduces morbidity and mortality from vaccine-
preventable diseases. In recent years, routine immunization coverage has varied considerably among
countries across the WHO European Region, and among different populations and districts within
countries. It has even declined in some countries. Sub-optimal immunization coverage contributes to
accumulations of susceptible individuals and can lead to outbreaks of vaccine-preventable diseases.
The European Immunization Agenda 2030 (EIA2030) seeks to build better health in the WHO
European Region by ensuring equity in immunization and supporting immunization stakeholders
in devising local solutions to local challenges. The factors that influence routine immunization
uptake are context specific and multifactorial; addressing immunization inequities will require
overcoming or removing barriers to vaccination for underserved individuals or populations. Local
level immunization stakeholders must first identify the underlying causes of inequities, and based on
this information, tailor resources, or service provision to the local context, as per the organization
and characteristics of the health care system in their countries. To do this, in addition to using the
tools already available to broadly identify immunization inequities at the national and regional levels,
they will need new pragmatic guidance and tools to address the identified local challenges. It is time
to develop the necessary guidance and tools and support immunization stakeholders at all levels,
especially those at the subnational or local health centre levels, to make the vision of EIA2030 a reality.

Keywords: immunization; inequities; local determinants; pragmatic; operational guidance; European
Immunization Agenda 2030

1. Introduction

Immunization is one of the most cost-effective ways to protect populations from
vaccine-preventable diseases. Consequently, ensuring universal access to immunization
promotes population health and long-term prosperity [1,2]. Childhood immunization
plays a key role in achieving 14 of the 17 United Nations Sustainable Development Goals
(SDGs) [3], particularly SDG 3, ‘Ensure healthy lives and promote well-being for all at all
ages’. However, universal access to immunization should not be interpreted as a ‘one size
fits all approach’. There are population groups or individuals who will require local
tailoring of services; failure to identify, acknowledge and address the barriers they face
can lead to systematic inequities in immunization coverage. Immunization inequities
contribute to accumulations of susceptible individuals in communities and thereby lead to
outbreaks of vaccine-preventable diseases [4–6].
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Monitoring and addressing immunization inequities are embedded in every regional
and national immunization strategy in the World Health Organization (WHO) European
Region (hereafter the Region). However, the countries in the Region nevertheless have dif-
ficulties in reaching and sustaining the 95% coverage target for the third dose of diphtheria-
pertussis-tetanus containing vaccine (DTP3) established by European Vaccine Action Plan
2015–2020 (EVAP) [7]. The factors that influence immunization uptake and those responsi-
ble for sub-optimal vaccination coverage at subnational or national level, are multiple and
often context specific [8–11]. The European Immunization Agenda 2030 (EIA2030) seeks to
build better health tomorrow in the Region through stronger immunization programmes
today, by ensuring equity in immunization, providing immunization across the life course
and devising local solutions to local challenges [12].

It is critical that the national and subnational health systems systematically address
the local factors influencing the immunization inequities, and thereby achieve and sustain
high vaccination coverage in the countries. Such an approach should include a continuous
process of reviewing local-level immunization coverage data, which can guide national
and subnational health systems in identifying areas of sub-optimal coverage and inform na-
tional immunization policy. However, to successfully address the reasons for sub-optimal
vaccination in certain areas or populations, it is critical that local-level immunization
stakeholders undertake measures through use of the available tools to identify who is not
vaccinated and gather information on the local drivers of and barriers to immunization
uptake by the population. Tailored, local-level interventions are needed to address the
identified barriers that lead to local immunization inequities. To develop these interven-
tions, immunization stakeholders at all levels, but especially at subnational or local health
centre levels, need pragmatic guidance and tools. Aligned to the core principle of EIA2030
to devise local solutions to local challenges, we outline what can be done to empower
especially the subnational immunization managers and functionaries of a health system to
address immunization inequities and thereby contribute to the ethos of the SDGs: “leaving
no one behind”.

2. Discussion

2.1. Suboptimal Immunization Coverage and Risks of Disease

Relatively high immunization coverage in the Region over the past two decades has
allowed it to sustain polio-free status since 2002 [13] and achieve significant progress in
reducing the burden of measles, rubella, tetanus, diphtheria and other vaccine-preventable
diseases [6]. However, routine immunization coverage still varies considerably among
the Region’s 53 countries, and among different populations and districts within them. In
2021, while the regional coverage with DTP3 was 94%, 25 countries (47%) reported DTP3
vaccination coverage of more than 95%, 15 (28%) reported coverage between 90% and 95%,
11 (21%) reported coverage between 80% and 90% and 2 (4%) countries reported coverage
below 80% [14]. During the same year, 13 (25%) countries reported that between 1% and
52% of their subnational administrative units attained DTP3 coverage of less than 80% [15].
A similar pattern was observed for the first dose of measles-containing vaccine (MCV1)
in the Region in 2021: while the regional coverage was 94%, 28 countries (53%) reported
less than 95% MCV1 coverage. These variations in immunization coverage between, and
within, countries indicate that the unvaccinated and under-vaccinated populations in the
Region are at high risk of vaccine-preventable diseases; where there are higher numbers of
unvaccinated individuals concentrated in populations or groups, there is a higher potential
for outbreaks or the re-emergence of vaccine-preventable diseases.

2.2. Factors Influencing Vaccination Uptake

National programmes and policymakers often attribute sub-optimal vaccination cov-
erage to refusal to vaccinate based on concerns about vaccines, but this is only one of
numerous possible contributing factors. The factors influencing vaccination coverage at
local level are complex and can range from individual socio-economic conditions to issues
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around healthcare systems and accessibility of services [8–11]. Formative research and
behavioural analysis of a Charedi Orthodox Jewish community of the London borough
Hackney showed that critical issues related to sub-optimal immunization uptake were
linked to access to and convenience of immunization services, both for the service providers
and the population, while the assumption before the study was that under-vaccination
was linked to cultural or religious anti-vaccination sentiment [16]. Several countries have
shown that children living in poorer households, children born to mothers with lower
levels of education and those residing in rural areas are more likely to be left behind in
immunization uptake [17]. Vaccination coverage has also been found to be lower in specific
population groups like asylum seekers, refugees, migrants and deprived communities in
comparison to the general population [17–19]. In addition, studies have also demonstrated
the role ethnicity can play as a cultural factor in influencing completion of scheduled
vaccination doses [20,21]. Indeed, certain ethnic communities such as Roma and Sinti have
often been disproportionately affected by outbreaks of measles [22]. Careful consideration
of factors such as area of residence, living conditions and characteristics including age,
gender, economic status, ethnicity, religion, migration status, education or disability will
help national and subnational immunization programme managers to develop appropriate
immunization delivery strategies that yield more equitable uptake.

2.3. Immunization Inequity and Regional Immunization Strategies

EVAP suggested that countries in the Region ensure that every individual is eligible
to receive all appropriate vaccines, irrespective of their geographic location, age, gender,
educational level, socioeconomic status, ethnicity, nationality or religious or philosophical
affiliation [7]. EIA2030 builds on the successes and lessons learned through implementation
of EVAP, with a vision and strategy for achieving the full benefits of immunization in the
Region for the next decade, seeking to attain stronger and more resilient immunization pro-
grammes by focusing on three key principles: ensuring equity in immunization, providing
immunization across the life course and devising local solutions to local challenges [12]. By
ensuring that national immunization strategies have an equity-based approach to reach
unvaccinated and under-vaccinated populations, EIA2030 aims to address the inequities
in immunization coverage between and within countries through the use of innovative
programming, better understanding of the concept of immunization equity and local-level
interventions to identify and address barriers.

2.4. Identifying and Addressing Immunization Equity

In addition to determining the administrative areas of sub-optimal coverage by evalu-
ating the routinely reported annual immunization coverage data, it is critically important
for subnational immunization stakeholders to identify which populations groups in these
areas have lower vaccination uptake and understand why they are not vaccinated. These
will allow the stakeholders at the local level to devise tailored strategies to improve the
vaccination coverage and thereby also reduce inequity.

Inequities are reflective of population groups in communities being left behind. As a
starting point, understanding immunization inequities will require good-quality, robust
disaggregated immunization coverage data at every level of a health system together with
systematic monitoring. Since 2016, tools [23–25] developed by WHO have supported
countries to illustrate socio-economic, demographic and geographic variation in uptake,
enable comparisons of data about immunization (and other health parameters) within
and across countries and devise analytical approaches to determine the factors associated
with immunization coverage. Every country, through its network of national and sub-
national immunization programmes, should examine its local-level immunization uptake
data to identify the presence or absence of inequities. Once population groups with low
immunization coverage are identified, understanding the contextual issues they face is the
next step toward improving vaccine equity and averting future outbreaks, especially among
those who are also often at higher risk of severe but preventable outcomes. During EVAP
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implementation, the WHO Regional Office for Europe supported countries in the Region
through implementation of the “Tailoring immunization Programmes” (TIP) initiative to
diagnose vaccination barriers and motivators in populations with low vaccination coverage
and design tailored interventions to address these barriers [26]. Whilst TIP provided a
framework for countries to understand the perspective of populations with low vaccination
coverage, an external review of TIP implementation in four countries in the Region in
2016 suggested that the efforts should go beyond identification of susceptible groups and
diagnosis of challenges [27].

The organization and delivery of vaccination programmes vary widely in the Re-
gion, [28] thus preventing or reducing inequities in immunization coverage will inevitably
require local-level tailoring of resources or service provision for underserved individuals
or populations to overcome or remove barriers to vaccination. Immunization programme
monitoring must now go beyond national or regional estimates of immunization cover-
age and additional efforts should be made to understand how vaccination uptake varies
according to socioeconomic, demographic and geographic factors within a country. It is
time that simple and pragmatic guidance and tools are developed for the immunization
stakeholders at all levels especially for those at the local health facility levels, to identify and
understand barriers to immunization uptake. This will pave the way for the subnational im-
munization managers to develop and implement successful interventions addressing these
immunization inequities coupled with periodic evaluation of the targeted interventions
and mid-course corrections, if need be.

2.5. Characteristics of Guidance and Operational Frameworks

Across the Region, while countries and immunization programmes vary widely in
their immunization service delivery systems, they are also at different stages of recognizing,
considering and addressing issues of immunization inequity. Thus, guidance and tools
should contain pragmatic operational frameworks for all levels of the healthcare system,
from the local health facility to the Ministry of Health.

The operational frameworks should be cohesive, implementable and relevant to
the immunization stakeholders at national, sub-national, regional and local health facility
levels. With a primary focus on “how to”, pragmatic guidance and tools should focus on the
following stakeholders to achieve a local demonstrable impact on immunization inequity:

a. decision- and policy-makers who can advocate for equity within immunization
programmes, to ensure the required political support is maintained to tackle immu-
nization inequity as part of the broader heath policy agenda;

b. immunization programme managers at the national and subnational levels who are
developing and implementing immunization strategies, to embed equity in planning,
delivery and monitoring of the immunization programmes;

c. immunization programme managers and their staff who are tasked with identifying,
addressing and monitoring health inequities, to gather and use information on local
determinants of inequities and make informed decisions on interventions.

The TIP tools and guidance developed by the WHO Regional Office for Europe are
already available to support the immunization programme managers and their staff in
identifying and characterizing population groups with lower immunization uptake and to
diagnose vaccination behaviour barriers, system barriers and motivators.

An operational guide which contains pragmatic, cohesive and implementable op-
erational frameworks relevant to the immunization stakeholders for all levels of health
system and relevant, simple and action-oriented tools to address immunization inequity at
the local health facility level is being developed by the WHO Regional Office for Europe
in consultation with the countries in the Region, to empower subnational immunization
managers to address determinants of immunization inequities closer to the location where
the immunization inequity exists. Together with developing these pragmatic tools to ad-
dress immunization inequity at the local health facility level, the WHO Regional Office
for Europe will support capacity building of the national and subnational immunization
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programme managers on the use of these tools. Successful implementation of interventions
to reduce or prevent immunization inequities at the local levels will require multipronged
actions involving the stakeholders who have roles in vaccine programme planning and
delivery and those involved in advocating for immunization equity in underserved groups.
Only through developing and implementing robust local-level interventions will coun-
tries in the Region be able to achieve EIA2030′s strategic priority on immunization equity:
namely, ensuring that routine immunization coverage is high in every community and
that all individuals have equitable access to and adequately utilize all vaccines in national
immunization schedules.

Addressing immunization inequity between population groups within a country will
have an impact on the healthcare delivery and population health as a whole. Like immuniza-
tion coverage, achieving equity should be viewed as a systematic and continuous process.

3. Conclusions and Future Directions

Attaining and maintaining high and equitable immunization coverage in every subna-
tional administrative unit in the Region will contribute to better population health by ex-
panding protection to those who are currently at most risk of acquiring vaccine-preventable
diseases. Such an approach will reduce the risk of outbreaks of vaccine-preventable dis-
eases and help address wider inequities in health. Achieving the health-related SDGs
requires urgent attention to close the health inequity gap through collection and use of data
and information at the local health facility level. Reducing inequity should be embedded
as a core aim of national immunization programmes; accordingly, reducing local level
inequalities in immunization service delivery and utilization must be a critical cornerstone
of every national immunization strategy. Identifying, addressing and monitoring inequity
within immunization programmes should become a systematic and ongoing process, with
solutions tailored to the context of each country and population. A simple, effective,
action-oriented and pragmatic operational guide designed especially for subnational im-
munization programme managers with appropriate linkages to all levels of health systems
is critical in achieving the strategic immunization priorities outlined in EIA2030. This will
ensure everyone everywhere in the Region reaps the benefits of the vaccines in national
immunization schedules.
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Abstract: Countries around the world established immunization programs over 40 years ago to
reach all infants. The maturity of these preventive health programs offers some useful learning on
the importance of, and components needed for, population-based services to reach all communities.
A public health success, ensuring equity in immunization, requires a multi-faceted approach that
includes sustained government and partner commitment and human, financial, and program opera-
tional resources. Evidence from India’s Universal Immunization Program (UIP) across stabilizing
vaccine supply and services, enhancing access, and generating demand for vaccines in the community
provides a useful case study. The political leadership in India took advantage of the two decades
of learning from polio eradication and focused initiatives, such as the National Health Mission and
Intensified Mission Indradhanush, to reach populations with immunization services. With a goal of
leaving no one behind, India’s UIP and partners are bringing essential rotavirus and pneumococcal
vaccines nationwide, upgrading vaccine cold chain and supply systems with technologies, such as
the electronic Vaccine Intelligence Network (eVIN), and optimizing funding for local needs through
the Program Implementation Plan (PIP) budgetary processes and building health worker capacities
through training, awareness, and e-learning.

Keywords: immunization; equity; inequity; India

1. Introduction

The international community can debate equality and equity definitions and termi-
nology, but fundamentally, are we considerate of individuals and their rights, needs, and
convenience to access trustworthy and quality preventive health services, such as immu-
nization? Are our health workers confident, satisfied, and sufficiently and proactively
resourced in their work to provide these services to each individual, notably in rural, dense
urban, fragile, or emergency settings with limited or no modern technology? These ques-
tions are explored in this article, including what it takes to sustain and expand a large-scale
public health program, such as immunization, to ensure coverage, quality, equity, and inclu-
siveness. We reflect on this in the context of India’s Universal Immunization Program (UIP)
and the stewardship, policies, and initiatives for vaccine supply and program advances,
technology innovations, and the legacy of learnings (such as from the Polio Eradication
Initiative) to boost coverage and reduce inequities in routine immunization.

2. Background

The global Expanded Program on Immunization (EPI) was established in 1974, with
remarkable planning and technology advances with countries, particularly over the last
two decades [1]. However, how much of what is on paper or electronic forms or collected
via our robust global immunization tracking system, referred to as “WUENIC”, has been
proven to consistently reach and incorporate inputs and feedback loops from all users [2]?
These users include clients, caregivers, and all cadres of health workers, notably those
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who are community-based and may be more informally linked with the health system.
Immunization programs in countries can incorporate biometrics and machine learning, but
are full equity and human interface assured with these technologies to every individual
whose data is collected or who uses the data? For sustainability, the backend technology
management and access—and the data collected—must be owned, archived, and accessible
over many years and as technology advances. This includes access not only for the health
system but also by clients, such as parents or caregivers, to show verifiable immunization
records for their child’s school entry or by a refugee or immigrant in a stressful transient
situation. Are we also addressing the behavioral science and economics of individuals
in their decision-making to seek and access immunization services and their ability and
comfort to act on those decisions to have themselves and those in their household and
communities vaccinated?

The further one is removed from a problem, the easier it may seem to address. We
need to check those assumptions, consider the people-side, and triangulate with qualitative
measurements and process indicators, beyond the coverage figures, reporting milestones or
quantitative data [3]. This is particularly relevant in the face of weak vaccine-preventable
disease surveillance systems that can help to inform immunization program reach in
communities. The vast majority of people around the world participate in vaccination
services, as shown in WUENIC. However, several decades of polio eradication, the need for
repeated measles campaigns in areas with pockets of unvaccinated clusters of people, and
the global urgency of the COVID-19 pandemic have shown us that there are no quick fixes.
Technology that is not fit-for-purpose nor singular vertical interventions fully meet public
health needs of the most vulnerable populations. The global health community and donors
need to refocus and sustainably resource preventive health interventions as a collective
‘global good’ for each birth cohort and over the life course, well beyond shortsighted annual
funding. Governments and donors also need to reflect collectively on previously agreed
upon recommendations, such as those of the Ministerial Conference on Immunization in
Africa, to assess and revisit their own commitments [4].

While it helps to have universal terminology, such as the recent use of ‘zero dose’ for
infants who have not received their first dose of DPT-containing vaccine, words do not
guarantee action, and one year’s success is not indicative of what it takes to maintain and
grow a robust system [5,6]. The Immunization Agenda 2030 is ambitious and holistic, but
we have learned from the over 35 years of EPIs and previous studies that local operational
resources are critical for optimal performance every year [7–9].

3. Success of Routine Immunization in India

Two critical components for addressing equity and moving towards assured immu-
nization program sustainability are the commitment and incorporation of local resources
(particularly at subnational levels), and engagement and partnerships with civil society.
India provides an interesting case study.

India’s routine immunization program success to date can be summarized around six
major milestones:

India’s Universal Immunization Program (UIP) was launched in 1985 by the Indian
Government, with prioritized (and annually budgeted and planned) local financial and
logistics resources from federal, state, and district levels. This established the system for
delivering essential vaccines (such as those preventing diphtheria, pertussis, tetanus, polio,
and measles) to infants around the country and tetanus vaccine to pregnant women to
prevent neonatal tetanus. Over the years, system strengthening has also increased focus on
the following: supply chain to ensure availability of quality vaccines at every level; vaccine
safety by augmenting adverse events following immunization (AEFI) surveillance; and
data quality and accessibility. Two-way communication between the service provider and
the beneficiaries also must be augmented through digital web-based platforms like the
Mother Child Tracking System and availability and use of Maternal and Child Health cards
that include all antigens and reminder dates. Additionally, particularly in the last 10 years,

342



Vaccines 2023, 11, 790

UIP has collaborated with Gavi, the Vaccine Alliance, and partners to augment skills
of health workers and front-line program managers, such as via initiatives like Routine
Immunization Skills Enhancement [10].

In 1995, India launched the nationwide pulse polio immunization program, including
National Immunization Days for supplemental polio vaccination. These efforts, linked
with routine vaccination that also emphasized birth dose polio vaccination, encouraged
multi-stakeholder coordination, program innovation, and community mobilization and
engagement at every level of program planning and implementation. This included impor-
tant collaboration with civil society partners, such as Rotary and the multi-partner Social
Mobilization Network led by UNICEF and the Core Group Polio Partners [11]. India’s
recognition of being polio free in 2014 also elevated the value of vaccination and contributed
to a shift in focus on routine immunization [12].

To further address equity in reaching often missed or underserved communities, India
launched the National Health Mission in 2013 [13]. The National Health Mission was a
bold step towards integration of immunization with other program deliverables in Primary
Health Care. The program also integrated two previously vertical and siloed initiatives
that began in 2006: National Rural Health Mission and National Urban Health Mission.

The Mission Indradhanush (MI) Program, launched in 2014, and the subsequent
launch of Intensified Mission Indradhanush (IMI), launched in 2017, were designed to
address vaccine inequity in a subset of districts and facility clusters across geography
and gender, based on evidence from data collected from districts. Important within both
initiatives is the role of civil society as key partners, including engaging the accredited
social health activist (ASHA) program for linking missed communities with immunization
services [14]. These initiatives have also contributed to surveyed fully immunized coverage
(FIC) increases, as shown in Figure 1 and Table 1, with national FIC coverage at 76.4% for
12–23-month-olds from the most recent NFHS-5, 2019–2021 [15].

Figure 1. Percent of Fully Immunized Children (National Family Health Surveys—NFHS).

Table 1. India fully immunized coverage (12–23-month-olds, card and maternal recall) by state from
National Family Health Surveys.

Fully
Immunized Coverage

NFHS-3
(2005–2006)

NFHS-4
(2015–2016)

NFHS-5
(2019–2021)

Average 43.5% 62% 76.4%
Range (by state) 21–81% 36–91% 58–95%

In recent years, the UIP has expanded to include rotavirus vaccine, pneumococcal
conjugate vaccine, inactivated polio vaccine, measles-rubella vaccine, and the Japanese
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Encephalitis vaccine (for adults). Political and bureaucratic administrator interest has been
high at all levels, including from the Prime Minister. UIP and several donor and resource
partners supported these introductions at a national scale through sophisticated epidemi-
ology, investment evidence and technical support, and civil society partner engagement
for communications and confidence and trust building. For example, donors, such as the
Bill and Melinda Gates Foundation, Gavi, and the Vaccine Alliance, provided comple-
mentary support for the vaccine rollouts, including additional technical assistance via the
Immunization Technical Support Unit and partners, such as UNDP, UNICEF, WHO, John
Snow Inc/India, Clinton Health Access Initiative, and others. Additionally, the program
was emboldened by domestic manufacturing of the vaccines and a committed supply for
scale up. The new vaccine rollouts also provided opportunity for strengthening health
systems with technologies, such as the electronic Vaccine Intelligence Network (eVIN),
Vaccine Safety Monitoring, and the National Cold Chain Management Information System
(NCCMIS) for real time cold chain monitoring and management decisions.

COVID-19 vaccination necessitated rapid, wide-scale digital technology to facilitate
vaccine access across the majority of India’s population. The COVID-19 vaccination tracking
software, known as CoWIN, enabled citizens to choose their vaccination place and time at
their convenience with strong community acceptance as evidenced in the high COVID-19
vaccination rates in India [16]. Expansion of the tool with Indian resources is anticipated to
benefit routine immunization equity and coverage, enabling health workers and citizens to
track routine immunization through the digital application known as UWIN.

As the COVID-19 pandemic response shifts, India is reviving and sustaining its
routine immunization coverage improvement program with experience, equity, evidence,
and empowerment.

India has gained extensive experience from large scale polio and measles vaccination
campaigns and conducting the world’s largest routine immunization program (Universal
Immunization Program) to reach approximately 26 million infants and 30 million pregnant
women. As noted, Intensified Mission Indradhanush and COVID-19 vaccination have
also contributed to equity in previously under-served communities and populations. The
experiences gained from these programs cut across vaccine supply, access, and community
mobilization and have been institutionalized in India’s immunization and health systems.
A few examples of this institutionalization include vaccination microplans that are part
of annual health performance implementation planning, alternate vaccine delivery sys-
tems, house-to-house immunization campaigns, and community radio for peer-to-peer
conversation in the community.

To address the equity gap, India is tailoring efforts across geographies, gender, and
socio-economic strata. During COVID-19 waves in India, some of the most heavily dis-
rupted populations were remote, economically challenged people with specific needs (such
as the differently-abled), the transgender community, and populations that migrated from
their workplaces. These populations also deserve attention as primary health care pro-
grams, such as immunization, adjust in the post COVID-19 phase. States are partnering
with community-based organizations and civil societies to tailor services that will enable
better access to populations with specific and special needs. Examples of such initiatives
are the iHEAR project of Sangath that generated evidence around challenges faced by
the disabled and transgender communities during COVID-19 vaccination and the Vac-
cine on Wheels project of Jivika that provided doctor-supervised mobile medical units
for immunization.

To inform and mobilize evidence-based action by generating high-quality digital data,
India is strengthening its laboratory-supported Vaccine Preventable Disease (VPD) surveil-
lance with the help of domestic institutions, such as the National Centre for Communicable
Diseases and the National Public Health Support Program of the World Health Organiza-
tion, India Country Office. The data generated from an empowered VPD Surveillance will,
in turn, help health workers to take strategic, timely action to address coverage inequity
and improve the quality of immunization services.
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A key lesson from COVID-19 vaccination was the ability to integrate the use of digital
technology, such as via CoWIN and its mobile app, for empowering clients with vaccination
information and records. CoWIN generated high-quality real-time data for communities
to make informed choices about where and when to organize and receive services; for
health workers to track, record, and report vaccination; and for health authorities to
take timely action. With lessons from the wide acceptance of CoWIN by the community
for COVID-19 vaccination, India is planning to empower its communities with digital
UWIN technology. The technology will empower service providers with digitalization
of immunization records for tracking, recording, and reporting immunization coverage.
For the community, the application will provide flexibility by allowing them to choose the
location where they want to receive vaccination services and to have a digital record of
their data and vaccination history that can be downloaded and saved. The digital record
of citizens will be directly linked to their Ayushman Bharat Health Account (ABHA). The
ABHA account will uniquely identify every registered individual as a participant in India’s
digital healthcare system.

4. Discussion

Despite the remarkable achievements in India’s vaccination efforts over the last several
years, equity challenges remain to consistently and sustainably reach the most underserved
populations. This is not unique to India. Shifts in immunization program focus and strategy,
as outlined in the Immunization Agenda 2030, need to align with what immunization data
are showing us on continuing inequities. These shifts include addressing disparities across
countries and within large countries, such as India, through tailored approaches that are
designed with and resourced to the specific fragile and conflict-affected, rural (remote and
non-remote), and urban populations.

How can public health programs and donors adapt learning from the Indian im-
munization evolution and apply the latest equity approaches and tools, particularly in
lower-resource settings? A key priority is to foster coordination and long-term resourcing
with local institutions that are best placed to generate workable solutions with their popula-
tions. This can be achieved through supporting and partnering with civil society networks,
particularly those that are established and have a track record of managing resources. As
noted earlier with Rotary’s involvement in polio eradication, civil society networks are
more likely to garner local support, including for day-to-day operational funding, if they
are part of planning and monitoring. This includes having access to data and opportunities
for regular review meetings with health service representatives. The broader public and
private sector health practitioner networks, such as the International Pediatric Association
and the International Council of Nurses, also play a critical role in linking people with
services for a positive experience of care.

Why is this important? As the COVID pandemic demonstrated, health workers are
not only essential for preventing and managing outbreaks but they are also clients them-
selves. However, oftentimes health systems are not meeting their basic needs for a positive
service experience, such as balanced workloads and sufficient supplies. In their delivery of
immunization and primary health care, health worker networks will benefit from further
adaptation of existing resources that have shown potential across many countries, such
as the Reaching Every District and Tailoring Immunization Programmes guidance [17,18].
Pre-service and in-service training and on-the-job learning and mentoring can integrate the
fundamentals of immunization service planning and service experience [19,20]. Figure 2
provides a visual example of service experience components that consider the needs of
both health worker and service recipient clients.

As mentioned previously, funding for operational resources is also critical and requires
a paradigm shift back to the fundamental platform of a functional public health program.
Donors should require—and hold themselves accountable—in building health systems,
such as USAID’s commitment to championing global health and the health workforce
in their 2024 budget allocation. This includes funding and monitoring innovations that
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embody frameworks for local ownership and equity analyses that involve sufficiently
representative populations that lack technology access. Indicators, such as consistent
availability of data minutes and evidence of use of a mobile device, should be required,
not just ownership of a mobile device. Equitable sustainability also requires partnering
with local institutions and engaging with communities, which often takes more time and
investment but is arguably more likely for public health programs to be able to maintain,
particularly in lower income countries.

 

Figure 2. Person-centered immunization service experience graphic.

5. Conclusions

The various technical, operational, and resourcing approaches noted in this article
take time to implement and to demonstrate impact on reducing inequity, as also shown
in the evolution of India’s immunization program. Nonetheless, important learnings can
be adapted now for incrementally improving immunization services, quality, and access
with populations. As annual coverage data provide a time-limited snapshot, immunization
programs and donors will benefit from triangulating coverage data with process indica-
tors and trend analyses. In addition, sustained immunization program success requires
continuing political and administrative buy in, technical quality, program review at the
district level upwards, and community partnerships. As the Immunization Agenda 2030
progresses, the global immunization community and countries can benefit by tailoring
their immunization equity strategies from previous experiences, such as the components
shown in the India example, and incorporating approaches that include behavioral science
and person-centered care to support and empower health workers and clients.
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Abstract: Immunization has one of the highest coverage levels of any health intervention, yet there re-
main zero-dose children, defined as those who do not receive any routine immunizations. There were
18.2 million zero-dose children in 2021, and as they accounted for over 70% of all underimmunized
children, reaching zero-dose children will be essential to meeting ambitious immunization coverage
targets by 2030. While certain geographic locations, such as urban slum, remote rural, and conflict-
affected settings, may place a child at higher risk of being zero-dose, zero-dose children are found in
many places, and understanding the social, political, and economic barriers they face will be key to
designing sustainable programs to reach them. This includes gender-related barriers to immunization
and, in some countries, barriers related to ethnicity and religion, as well as the unique challenges
associated with reaching nomadic, displaced, or migrant populations. Zero-dose children and their
families face multiple deprivations related to wealth, education, water and sanitation, nutrition,
and access to other health services, and they account for one-third of all child deaths in low- and
middle-income countries. Reaching zero-dose children and missed communities is therefore critical
to achieving the Sustainable Development Goals commitment to “leave no one behind”.

Keywords: zero-dose children; underimmunized children; equity; multiple deprivation; Immuniza-
tion Agenda 2030

1. Introduction

The Sustainable Development Goals (SDGs) place great emphasis on equity with
a shared commitment to “leave no one behind”. However, surveying the SDG indicators
and related targets reveals that they place their measurement focus on national averages
rather than disadvantaged or marginalized populations. Reducing child and maternal
mortality, ending the epidemics of AIDS, tuberculosis, malaria, and neglected tropical
diseases, and raising the coverage of essential services will all require health systems to
reach disadvantaged and hard-to-reach populations suffering from a disproportionately
high burden of morbidity and mortality. Therefore, direct measures of, and focus on,
communities left behind are critical for the design of equitable health programs and for the
success of the SDGs.

Immunization has one of the highest coverage levels of any health intervention [1]
and therefore can be a pathfinder for other services and interventions. Immunization also
provides substantial health and economic benefits, with an estimated 50 million future
deaths averted through immunization activities in 2000–2019 [2], and USD 26 in economic
benefits through averted costs of illness for every USD 1 spent on immunization between
2011 and 2020 [3] in low- and middle-income countries (LMICs). However, globally, in
2021, over 18 million infants failed to receive even the first dose of the basic diphtheria-
tetanus-pertussis-containing vaccine (DTP1). These zero-dose children are markers of
missed communities facing multiple deprivations, with two-thirds of zero-dose children
living below the international poverty line of USD 1.90 per day [4]. Reaching them with
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immunization services can connect them and their families to the health system and other
services, and all the health, economic, and social benefits that come with that. This includes
poverty reduction (SDG1), better nutrition (SDG2), improved educational outcomes (SDG4),
and reductions in inequalities (SDG10). In this Perspective, we explain how a focus
on zero-dose children offers a pragmatic entry point for designing and reinvigorating
programs and systems to achieve immunization commitments made by countries through
the Immunization Agenda 2030 (IA2030) [5], including a 50% reduction in zero-dose
children by 2030, and more broadly, to ensure that the aspiration of SDGs to leave no one
behind is achieved.

2. Definition of a Zero-Dose Child

The term “zero-dose child” refers to a child who has failed to receive any routine
immunizations. For monitoring purposes, it is a measure of whether a surviving infant
has received at least one dose of the DTP vaccine. The focus on routine immunization as
opposed to doses received through immunization campaigns is intentional, as the indicator
aims to measure the reliable reach of immunization services, extended sustainably to reach
all communities to achieve universal coverage. The choice of the lack of DTP as the indicator
is a pragmatic one. While surveys can measure whether a child has received no doses of
any vaccines, most administrative data systems report aggregated data that do not allow for
the joint measurement of the receipt (or lack of receipt) of different vaccines. Vaccines other
than DTP could also be considered as proxy indicators. DTP is preferred for global IA2030
monitoring, as the measurement of measles and polio vaccine coverage through household
surveys may contain a mix of routine and campaign-delivered doses, and the BCG vaccine
is not in every country’s national schedule and is delivered through diverse platforms. At
the population level, low coverage of the DTP, BCG, MCV, or polio vaccine tends to be
highly correlated with the prevalence of children who have received no immunizations,
and therefore, the choice of the metric is less important than the programmatic aim of
identifying and reaching missed communities with dependable immunization services [6].

3. Reaching Zero-Dose Children to Accelerate Equitable Immunization

National immunization programs have made impressive gains in the past two decades,
as many children, including those in low- and middle-income countries, are now protected
against the leading causes of pneumonia, diarrhea, meningitis, and liver disease. Breadth
of protection, defined by WHO to be the average coverage across 11 vaccines, doubled
from 34% in 2000 to 68% in 2021 [7], meaning an increased number of children in the
world are now protected against an array of vaccine-preventable diseases. However, while
many life-saving vaccines have been added to national immunization schedules, some
children continue to be deprived of the benefits of even the most basic vaccines in almost
all countries.

In 2021, there were 25 million underimmunized infants worldwide, as measured by the
lack of three doses of the DTP-containing vaccine (DTP3) (Figure 1), which is the standard
measure of the strength of routine immunization systems [8]. However, of these 25 million
children, 18.2 m (73%) were zero-dose children, highlighting how essential it will be to
reach zero-dose children to improve routine immunization coverage. The importance of
focusing on zero-dose children is apparent when considering trends over the past decade.
Coverage with three doses of the DTP-containing vaccine (DTP3) rose by 11 percentage
points between 2000 (72%) and 2010 (83%) but then by only 3 percentage points between
2010 and 2019 (86%) [8]. The modest increase in DTP3 coverage in the decade prior to the
COVID-19 pandemic was largely driven by a reduction in the percentage of children who
had received their first dose of DTP but failed to receive their second or third doses of
DTP; i.e., DTP drop-out decreased by about one-third (6.7% to 4.4%). In comparison, the
coverage of DTP1 increased by only 1 percentage point between 2010 (89%) and 2019 (90%),
meaning 1 in 10 children were zero-dose children prior to the pandemic [8]. Increasing
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DTP3 coverage will therefore be dependent on reaching zero-dose children and ensuring
they are fully immunized.

 
Figure 1. Annual number of zero-dose children and non-zero-dose underimmunized children
globally, 2010–2021. Data source: WHO/UNICEF Estimates of National Immunization Coverage
(WUENIC), July 2022 [8].

There is also evidence that reaching a zero-dose child may catalyze a cascade of further
vaccinations. In an analysis of household survey data from 92 LMICs considering four basic
vaccines, most children had either received no doses of any vaccines or received doses of
three or more different vaccines [6]. This finding suggests that reaching zero-dose children
should be a major focus of immunization programs seeking to increase full immunization
coverage, as children who receive one dose almost always move on to receive several
other vaccinations.

4. Where Are Zero-Dose Children?

Most zero-dose children live in low- and lower-middle-income countries, accounting
for 87% of the global total of 18 million [8]. In 2021, six large-population countries, namely,
India (2.7 m), Nigeria (2.2 m), Indonesia (1.1 m), Ethiopia (1.1 m), Philippines (1 m),
and the Democratic Republic of the Congo (0.7 m), accounted for half of all zero-dose
children. There are also smaller countries that have chronically low coverage and a very
high proportion of zero-dose children who are zero-dose even without COVID-related
disruptions, for example, Papua New Guinea (56%), South Sudan (49%), Somalia (48%),
and Central African Republic (46%) as of 2019 [8]. All of these countries face fragility and
conflict, which lead to weaker and less predictable immunization delivery.

High rates of zero-dose children in fragile and conflict settings also play out at the
subnational level across countries. An analysis that combined conflict data from the Armed
Conflict Location & Event Data Project (ACLED) with subnational coverage estimates from
the Institute for Health Metrics and Evaluation (IHME) found that nearly 20% of zero-dose
children in 99 LMICs live in conflict-affected settings [9]. The same analysis also concluded
that roughly 40% of zero-dose children live in settings highlighted by the Equity Reference
Group on Immunization (ERG), namely, urban, remote rural, and conflict-affected settings,
with the remaining living in non-urban rural settings. In related work, Utazi et al. found
high rates of zero-dose children in conflict-affected and remote rural regions, which are
common in parts of the Sahel and the Horn of Africa [10].

More data are needed to quantify the sizes of zero-dose populations in urban slums at
the global level, as they are often not captured by household surveys and are geographically
too small for vaccine coverage levels to be estimated with geostatistical models. Work
that has been conducted suggests that children living in slums may have better access to

351



Vaccines 2023, 11, 781

services than those in rural areas but still face large inequalities compared to wealthier
urban households [10,11].

Overall, zero-dose children live in every country in the world. In many countries,
the prevalence of zero-dose children can vary substantially across subnational areas. For
example, geospatial modeling of subnational DTP1 coverage in Africa found that Angola,
Chad, the Democratic Republic of the Congo, Ethiopia, Kenya, Mali, and Nigeria all
had mean disparities in DTP1 coverage of 50% or more at the second administrative
level [12]. The geographic targeting of resources to support the expansion of routine
immunization services to reach missed communities is therefore critical. However, while
geographic information can help target resources to reach chronically missed children, in
many countries, other factors may be more important than just the geographic setting in
determining why children are unvaccinated [10]. As zero-dose children often face multiple
barriers to immunization, understanding the social, political, and economic contexts of
zero-dose children and their families is key for program design.

5. Who Are Zero-Dose Children and What Barriers Do They Face?

Recent empirical studies by the International Center for Equity in Health and others
have confirmed what most public health practitioners have long known: zero-dose children
and their families face multiple barriers to obtaining immunization, and their presence
in a community is often an indicator of compounded inequities. Moreover, stigma and
discrimination are likely factors in determining whether a child benefits from vaccines.

Gender-related barriers to immunization are a key driver of children missing out on
vaccinations. Children with empowered mothers, as defined by the Survey-based Women’s
emPowERment (SWPER) index, are much less likely to be zero-dose. In particular, in the
domain of social independence, children whose mothers were measured to have low or
medium levels of social independence were 3.3 times more likely to be zero-dose than
children of mothers with high levels of social independence [13]. Although the analysis was
not causal, the suggested effect sizes are enormous; theoretically, if barriers to immunization
related to women’s empowerment could be overcome, there would be 4.7 million fewer
zero-dose children globally.

Consistent with the literature on inequalities in access to various health
services [14,15], children from poorer households are more likely to be zero-dose than
children from wealthier households. Unfortunately, there appears to have been little
progress in reducing this gap over the past ten years, and the greatest absolute inequal-
ities occur in the poorest countries, with low-income countries having a 14 percentage
point difference in median zero-dose prevalence when comparing the poorest to wealthiest
household quintiles [16]. Zero-dose children are often poor, with roughly two-thirds living
below the poverty line of USD 1.90 per day [4].

Recent studies suggest that ethnicity and religion may contribute to disparities in
immunization in some countries. In a study of 64 LIMCs, the median gap in the prevalence
of zero-dose children between ethnic groups with the lowest vs. highest prevalence was
10 percentage points (pp), and gaps of 50 pp were observed in five countries [17]. Impor-
tantly, differences in zero-dose prevalence by ethnicity persisted even after controlling for
wealth, maternal education, and area of residence, suggesting that other factors linked to
ethnicity are key drivers of immunization inequalities in some countries. It is concerning
that children from smaller ethnic groups in a country are more likely to be zero-dose
than children in the dominant ethnic group [17]. The relationship between religion and
immunization status appears to be significant in some countries but not consistently across
countries [18]. In 27 of 66 countries studied, zero-dose prevalence varied by religious
group, with children from the majority religion tending to be less likely to be zero-dose
than children from minority religions, with the exception of countries where Muslims were
the majority religion.

One significant gap in the evidence base about zero-dose children is in understanding
patterns among refugee, migrant, and nomadic populations. A recent review by the World
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Health Organization cited 26.4 million refugees in 2020 and 41.3 million internally displaced
people due to violence and conflict in 2021, and while some of these populations experience
lower immunization rates, it is context-specific with unclear patterns overall [19]. The size
of nomadic, displaced, and migrant populations is dynamic and can be exacerbated by
conflicts, climate shocks, food shortages, natural calamities, and loss of income. This in
turn can increase the number of children who are missed by immunization services as well
as household surveys designed to measure immunization coverage [20].

In addition to inequalities associated with accessing immunization, zero-dose children
and their families face multiple deprivations related to health and development. Consid-
ering other child and maternal health services, zero-dose children and their mothers are
roughly two times as likely to miss out on antenatal care and access to an institutional
delivery, although interestingly, only about 20% less likely to access care for childhood
illnesses or symptoms [21]. In an expanded analysis considering broader development
indicators at the individual level, a lack of vaccination was strongly associated with lower
access to improved water (prevalence ratio (PR) = 2.60) and sanitation (PR = 1.35), higher
rates of childhood stunting (PR = 1.32), lower levels of maternal education (PR = 2.27),
and lower levels of maternal demand for family planning satisfied with modern methods
(PR = 1.42) [22]. Similar patterns were also observed in ecological analyses looking across
countries and across subnational regions within countries, and a principal component
analysis looking at these deprivation variables found that nearly all zero-dose children are
in the highest deprivation quintile: i.e., if a zero-dose child is found, it is highly likely that
they are facing multiple deprivations [22]. A geospatial analysis of time trends in zero-dose
children in India from 1992 through 2016 found similar results, with zero-dose children
more likely to be poor, have mothers with no education, suffer from severe stunting, and
live in less developed states and districts [23].

6. What Is Needed to Sustainably Reach Zero-Dose Children?

The Immunization Agenda 2030 and the supporting Gavi 2021–2025 Strategy [24]
have ambitious targets to reduce the number of zero-dose children by 25% by 2025 and
50% by 2030 as compared to 2019 levels. These targets are even more challenging following
two years of backsliding in vaccination coverage during 2020 and 2021, resulting in an
additional 5 million zero-dose children globally. Moreover, coverage disruptions due to
COVID-related lockdowns in 2020 illustrated that gains in coverage among zero-dose
children can be tenuous, as 95% of the increase in the number of underimmunized children
in low- and lower-middle-income countries was due to an increase in zero-dose children [8].
Population growth presents another challenge. The 15 countries that had a zero-dose
prevalence of 30% or more in 2021, accounting for 40% of all zero-dose children globally,
are expected to see nearly a 10% increase in their birth cohorts in 2030 as compared to
2021 [8,25]. Thus, it will be important to design robust programs to sustainably reach
zero-dose children to reach 2030 targets while avoiding a “one size fits all” approach.

The Identify-Reach-Monitor-Measure-Advocate (IRMMA) framework offers a way to
develop strategies to reach zero-dose children and missed communities [26]. The IRMMA
framework involves diving deeper into subnational- and community-level inequities and
identifying where unvaccinated children live and what barriers to immunization they face.
As the majority of zero-dose children tend to live in countries still developing their health
information systems, data triangulation is often necessary, though imperfect. Tailored
strategies appropriate for the local context then need to be designed and operationalized
to overcome identified barriers. For example, strategies to sustainably reach zero-dose
children with immunization services in urban slums would be different from those for
nomadic populations or for children in cross-border settings. This will often require
addressing gender barriers to immunization, and opportunities for integrated service
delivery should be sought out to increase efficiency and sustainability and to take advantage
of opportunities opened by vaccination. Supplemental immunization activities should also
include the purposeful linking of newly reached zero-dose children back to the routine
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immunization system to ensure children go on to receive a full complement of vaccines.
Such approaches also provide an opportunity to improve the data systems that enable the
program’s ability to monitor and measure progress. Robust monitoring and measurement
are critical for refining delivery approaches and advocating for pro-equity investments.
Political will is necessary to initiate and sustain the program and should be secured with
a purposeful and inclusive advocacy approach.

Several data and evidence gaps also warrant attention. These include the need for
investment in improved demographic and immunization coverage data to enable the
identification and monitoring of efforts to reach zero-dose children. To the extent that
data from household surveys are used to quantify the distribution and characteristics
of zero-dose children, in cases where survey sampling frames are outdated, the picture
may be incomplete, and new methods relying on gridded population survey sampling
warrant consideration [27]. New innovative methods to overcome barriers to immunization
should also be tried, documented, and shared. This should include information on program
costs. While there are estimates of average immunization delivery costs [28], data on the
incremental costs associated with expanding the reach of immunization systems are very
limited [29] but likely higher for hard-to-reach populations [30].

7. Impact of Reaching Zero-Dose Children and Missed Communities

Reaching zero-dose children with a full complement of vaccines has the potential
to substantially reduce child mortality, as nearly half of all vaccine-preventable deaths
in LMICs occur among zero-dose children [26]. The impact of vaccination is potentially
highest in zero-dose children, as they would otherwise be receiving no protection against
vaccine-preventable diseases, be more susceptible to infection, and be the least likely to
benefit from timely and high-quality treatment if they fall ill. In an analysis conducted by
Gavi, the Vaccine Alliance based on data from the Vaccine Impact Modelling Consortium [2],
immunizing zero-dose children would account for 53% of incremental impact in Gavi-
supported countries through routine immunization between 2021 and 2025, with the
remainder of the impact coming from scaling up new childhood vaccines among non-
zero-dose children and HPV vaccination (Figure 2) [31]. A modeling study focused on
41 LMICs from 2021 to 2030 estimated that vaccination among the two poorest wealth
quintiles would avert 1.2 to 3.8 times as many future deaths per person vaccinated as
compared to vaccination in the two wealthiest quintiles [32]. The same study projected
that vaccination would avert 24 million cases of medical impoverishment in 2021–2030,
with more than 40% of the impact occurring within the poorest wealth quintile for many
vaccines. Sustainably reaching communities currently missed by immunization would also
help prevent future outbreaks, including the resurgence of measles and polio, and remove
the need for repeated disease-specific supplemental immunization activities.

The potential impact of reaching zero-dose children and their communities goes
beyond vaccine-preventable diseases. Nearly one-third of all-cause under-five child deaths
in LMICs occur in households with a zero-dose child [33], so they must be a focus as
countries strive for the SDG child mortality target of fewer than 25 under-five deaths per
1000 live births. Achieving the SDGs thus requires addressing the multiple deprivations
faced by zero-dose children and missed communities through strengthened and integrated
primary care, as well as improved water, sanitation, nutrition, and education.
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Figure 2. Potential incremental future deaths averted in 57 Gavi-supported countries through routine
immunization, 2021–2025. Analysis based on Vaccine Impact Modeling Consortium impact ratios
and immunization coverage as estimated in the WUENIC July 2021 release, ignoring the impact of
maintaining coverage at 2020 levels and assuming Gavi 5.0 targets are met.

8. Conclusions

Zero-dose children account for over 70% of underimmunized children and must
be reached with sustainable immunization services to meet ambitious targets for 2030.
Identifying and understanding zero-dose children and missed communities will be key
for designing effective interventions to reach them, which will often require tailoring to
the local context. As zero-dose children and their families face multiple deprivations, with
a high burden of morbidity and mortality, the potential for impact is great if they can be
reached. By doing so, countries would be taking a key step toward ensuring no one is left
behind in the Sustainable Development Goal era.
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