
����������
�������

Citation: Bergen, N.; Cata-Preta, B.O.;

Schlotheuber, A.; Santos, T.M.;

Danovaro-Holliday, M.C.; Mengistu,

T.; Sodha, S.V.; Hogan, D.R.; Barros,

A.J.D.; Hosseinpoor, A.R.

Economic-Related Inequalities in

Zero-Dose Children: A Study of

Non-Receipt of Diphtheria–

Tetanus–Pertussis Immunization

Using Household Health Survey

Data from 89 Low- and Middle-

Income Countries. Vaccines 2022, 10,

633. https://doi.org/10.3390/

vaccines10040633

Academic Editor: Ralph A. Tripp

Received: 21 March 2022

Accepted: 12 April 2022

Published: 18 April 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © World Health

Organization 2022. Licensee MDPI.

This article is dis-tributed under

the terms of the Creative Commons

Attribution IGO License (http://

creativecommons.org/licenses/by/3.0/

igo/), which permits unrestricted use,

distribution, and reproduction in any

medium, provided the original work

is properly cited. In any reproduction

of this article there should not be any

suggestion that WHO or this article

endorse any specific organisation or

products. The use of the WHO logo

is not permitted. This notice should

be preserved along with the article’s

original URL.

Article

Economic-Related Inequalities in Zero-Dose Children: A Study
of Non-Receipt of Diphtheria–Tetanus–Pertussis Immunization
Using Household Health Survey Data from 89 Low- and
Middle-Income Countries

Nicole Bergen 1 , Bianca O. Cata-Preta 2 , Anne Schlotheuber 1, Thiago M. Santos 2 ,
M. Carolina Danovaro-Holliday 3 , Tewodaj Mengistu 4 , Samir V. Sodha 3,
Daniel R. Hogan 4, Aluisio J. D. Barros 2 and Ahmad Reza Hosseinpoor 1,*

1 Department of Data and Analytics, World Health Organization, 20 Avenue Appia, 1211 Geneva, Switzerland;
bergenn@who.int (N.B.); schlotheuberan@who.int (A.S.)

2 International Center for Equity in Health, Federal University of Pelotas, Rua Mal Deodoro 1160,
Pelotas 96020-220, Brazil; bcatapreta@equidade.org (B.O.C.-P.); tmelo@equidade.org (T.M.S.);
abarros@equidade.org (A.J.D.B.)

3 Department of Immunization, Vaccines and Biologicals, World Health Organization, 20 Avenue Appia,
1211 Geneva, Switzerland; danovaroc@who.int (M.C.D.-H.); sodhas@who.int (S.V.S.)

4 Gavi, The Vaccine Alliance, 40 Chemin du Pommier, 1218 Geneva, Switzerland; tmengistu@gavi.org (T.M.);
dhogan@gavi.org (D.R.H.)

* Correspondence: hosseinpoora@who.int; Tel.: +41-22-791-3205

Abstract: Despite advances in scaling up new vaccines in low- and middle-income countries, the
global number of unvaccinated children has remained high over the past decade. We used 2000–2019
household survey data from 154 surveys representing 89 low- and middle-income countries to
assess within-country, economic-related inequality in the prevalence of one-year-old children with
zero doses of diphtheria–tetanus–pertussis (DTP) vaccine. Zero-dose DTP prevalence data were
disaggregated by household wealth quintile. Difference, ratio, slope index of inequality, concentration
index, and excess change measures were calculated to assess the latest situation and change over
time, by country income grouping for 17 countries with high zero-dose DTP numbers and prevalence.
Across 89 countries, the median prevalence of zero-dose DTP was 7.6%. Within-country inequalities
mostly favored the richest quintile, with 19 of 89 countries reporting a rich–poor gap of ≥20.0
percentage points. Low-income countries had higher inequality than lower–middle-income countries
and upper–middle-income countries (difference between the median prevalence in the poorest and
richest quintiles: 14.4, 8.9, and 2.7 percentage points, respectively). Zero-dose DTP prevalence among
the poorest households of low-income countries declined between 2000 and 2009 and between 2010
and 2019, yet economic-related inequality remained high in many countries. Widespread economic-
related inequalities in zero-dose DTP prevalence are particularly pronounced in low-income countries
and have remained high over the previous decade.

Keywords: inequality; socioeconomic factors; vaccination; immunization; global health; diphtheria–
tetanus–pertussis (DTP) vaccine; Immunization Agenda 2030

1. Introduction

The Immunization Agenda 2030 (IA2030) envisions a world where everyone, every-
where, at every age, fully benefits from vaccines to improve health and well-being [1]. There
have been notable gains in reaching children who have been partially vaccinated by making
better use of existing vaccination delivery channels and addressing missed opportunities
for vaccination among children who have some access to health services [2]. Yet, there are
large numbers of children who have not received any routine vaccines (zero-dose children).
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The global number of zero-dose children has remained high over the past decade (following
substantial reductions in the 1980s and again in the 2000s) [3] and increased following the
onset of the COVID-19 pandemic [4,5]. Worldwide, the number of children who did not
complete the three-dose diphtheria–tetanus–pertussis (DTP) series increased by 20% from
2019 to 2020 (zero-dose children accounted for 95% of the increased number), with three
quarters of these children (17.1 million) not even receiving a first dose of DTP [6].

There are distinct measurement and programmatic considerations surrounding popu-
lations of zero-dose children versus those who are under-vaccinated (receiving some, but
not all recommended vaccine doses on a national schedule). Whereas children who are
under-vaccinated have had at least one contact with the health system, zero-dose children
often lack access to basic health services, including immunization services. For instance,
children who received fewer other health services and interventions, and whose mothers
received fewer services (especially related to antenatal and delivery care), are at higher
risk of being unvaccinated [7,8]. A study of immunization cascade pathways across low-
and middle-income countries reported that three-quarters of one-year-old children who
received a first dose of at least one of four basic vaccines universally recommended in
infancy (Bacille Calmete-Guérin (BCG), DTP-containing, polio and measles-containing
vaccines (MCV)) went on to receive all four [9].

Major global immunization initiatives have adopted an intensified focus on reaching
zero-dose children. IA2030 includes an objective of extending immunization services to
regularly reach zero-dose children (operationalized as children with zero doses of DTP),
and makes a call for better data to map and track at the subnational level children who are
unvaccinated [1]. Gavi 5.0 (the five year strategy of Gavi, the Vaccine Alliance, spanning
2021–2025) aims to reduce the number of zero-dose children by 25% by 2025, contributing
to the IA2030 target of a 50% global reduction by 2030 [10]. The Equity Reference Group
for Immunization (ERG), an advisory group of senior experts from UN organizations,
not-for-profit organizations, academic institutions, and ministries of health, has strongly
endorsed a focus on zero-dose children, noting that this is “an important and sensitive
marker for communities that are at a disadvantage across a range of primary health care
services and beyond” [11].

Few studies have characterized socioeconomic inequalities in zero-dose children.
Across 92 low- and middle-income countries, an estimated 7.7% of one-year-old children
did not receive any of four basic vaccines delivered in infancy, with higher zero-dose
prevalence among the poorest (12.5%) than the richest (3.4%) wealth quintiles [9]. In their
assessment of economic-related inequality in full vaccination coverage in 25 sub-Saharan
African countries, Bobo et al. (2022) included a secondary outcome of unvaccinated
status, reporting a concentration of zero-dose children in disadvantaged subgroups in
most study countries [12]. In 2012, Bosch-Capblanch et al. assessed factors associated
with non-vaccination across 96 low- and middle-income countries, reporting caregiver
(and their partner) education levels, caregiver tetanus toxoid vaccination status, wealth
index, and the type of family member involved in decision-making around illness to be the
strongest predictors [13]; gender-related barriers also affect childhood immunization [14].
Johri et al. (2021) assessed the prevalence, distribution, and drivers of non-vaccination
over a 24-year period in India, finding children with zero doses of DTP to be consistently
more likely to belong to the poorest and least-educated families, and more likely to suffer
from malnutrition [15]. In India, non-vaccination with DTP1 was also associated with low
maternal education levels and fewer village healthcare resources [16].

To date, there have been no large multi-country studies that report the state of inequal-
ity for zero-dose children and that assess the latest status of inequality and change over time.
In this study, we quantify the extent of economic-related inequality, including change in
inequality over time, in zero-dose DTP prevalence, exploring variation by country income
level grouping, and assessing patterns of inequality in countries with high prevalence or
a high number of children with zero-dose DTP. Measuring and reporting socioeconomic
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inequalities in immunization can help inform strategies to equitably expand the reach of
immunization programs and services.

2. Materials and Methods
2.1. Data

Disaggregated data were sourced from 88 Demographic Health Surveys (DHSs) and
66 Multiple Indicator Cluster Surveys (MICSs) in 89 low- and middle-income countries.
DHS and MICS are large-scale, nationally representative household surveys that collect
data through standardized face-to-face interviews with women aged 15–49 years, repeated
approximately every three to five years. The data used in this analysis are the product of
reanalysis of DHS and MICS microdata by the International Center for Equity in Health at
the Federal University of Pelotas.

Zero-dose DTP prevalence was defined as the percentage of children aged 12–23 months
who did not receive any of the three DTP-containing vaccine doses recommended in
infancy at the time of the DHS or MICS. In certain countries, the sample specified different
age ranges to align with national vaccination schedules and ensure that our indicator is
consistent with results from national survey reports and recent publications on this topic.
Surveys with an age range of 18–29 months are: Bosnia and Herzegovina, 2006 and 2011;
Egypt, 2014; Jamaica, 2011; Peru, 2009 and 2019; Ukraine, 2012; Albania, 2008; Guyana, 2006;
North Macedonia, 2005; Serbia, 2005; Suriname, 2006; and Tajikistan, 2005. Surveys with
a 15–26-month age range are: Turkey, 2013; Kazakhstan, 2006; and Republic of Moldova,
2005 and 2012.

Household economic status was based on a household wealth index, which considered
ownership of household assets and access to certain services. Principal component analysis
was used to construct country-specific indices and generate wealth quintiles ranging from
quintile 1 (poorest) to quintile 5 (richest). Information about wealth quintiles is available in
the DHS or MICS datasets.

2.2. Country Selection

Countries were considered for inclusion based on the availability of data for children
with zero-dose DTP from a DHS or MICS conducted between 2010 and 2019. The analysis
included countries categorized by the World Bank Group as low-, lower–middle-, or upper–
middle-income countries in July 2021. Countries included in the change over time analysis
had additional data available from a survey conducted between 2000 and 2009 (allowing for
a range of 5–15 years between the two surveys). Ten country surveys with an insufficient
sample size (less than 25 for any subgroup) were excluded from the analysis.

A subset of 17 countries was identified for further analysis, based on (a) reporting
more than 25% national zero-dose DTP prevalence according to the latest DHS or MICS
between 2010 and 2019 or (b) being in the top 10 countries with the highest numbers of
children with zero-dose DTP in 2019 [17].

2.3. Statistical Analysis

To assess the latest situation of inequality (using data from 2010–2019), we calculated
summary measures of inequality using zero-dose DTP prevalence data disaggregated by
wealth quintiles. Difference, a measure of absolute inequality, was calculated as prevalence
in the poorest quintile minus prevalence in the richest quintile. Ratio, a measure of relative
inequality, was calculated as prevalence in the poorest quintile divided by prevalence in
the richest quintile.

Absolute and relative complex summary measures of inequality (slope index of in-
equality and concentration index, respectively), which take into account the situation across
all wealth quintiles, were also calculated [18]. The slope index of inequality represents
the difference in estimated zero-dose DTP prevalence between the poorest and richest
quintiles using a regression model that accounts for the prevalence and weighting across
all quintiles. The concentration index depicts the gradient across quintiles on a relative
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scale, indicating the extent to which zero-dose DTP is concentrated among the poorest
subgroups. Concentration index accounts for the weighting of subgroups by population
share. Negative values of the slope index of inequality and the concentration index indicate
that zero-dose DTP is more prevalent among the poor than the rich.

To assess how inequalities have changed over time, annual absolute change was
calculated using two data points, from 2010 to 2019 and from 2000 to 2009 (spanning about
ten years). Annual absolute change was calculated as the difference in zero-dose DTP
prevalence in the recent versus older surveys, divided by the number of years between the
two surveys. It was calculated to quantify change in national average, and in the most and
least advantaged subgroups.

Annual absolute excess change compares the annual absolute change in the least and
most advantaged subgroups. For example, to arrive at absolute excess change for economic
status, the annual absolute change in quintile 5 is subtracted from the annual absolute
change in quintile 1, yielding annual absolute excess change in percentage points. A
positive excess change indicates change favoring the richest subgroup (e.g., faster declines
or slower increases in zero-dose DTP prevalence among quintile 5). A negative annual
excess change indicates change favoring the poorest subgroup (e.g., faster declines or
slower increases in zero-dose DTP prevalence among quintile 1).

A survey sampling design was taken into account when calculating point estimates of
disaggregated data and corresponding 95% confidence intervals (95% CI). We ascertained
statistical significance with 95% CIs.

Analyses were conducted using Stata 16 and Stata 17 software and data visuals were
developed using Tableau software (version 2021.4).

3. Results
3.1. Latest Situation

The analysis of the latest situation of economic-related inequality included 89 countries,
where the median national zero-dose DTP prevalence was 7.6%, ranging from 0% in
Republic of Moldova to 72.7% in South Sudan (note: the South Sudan MICS 2010 occurred
in the period leading up to South Sudan gaining independence in 2011) and 45.0% in
Central African Republic (Table 1). While over a fifth of countries (19 of 89) showed a
difference of 2.0 percentage points or less between zero-dose DTP prevalence in the poorest
and richest quintiles, an equal number of countries (19 of 89) had a difference of at least
20 percentage points. Five countries showed higher zero-dose DTP prevalence among
the richest than the poorest by a gap of over 5 percentage points, reaching a maximum
difference of 10.7 and 10.1 percentage points in Tunisia and Namibia, respectively. The
majority of countries (54 of 89) had prevalence that was at least twice as high in the poorest
quintile than the richest.
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Table 1. Latest situation in percentage of children aged 12–23 months who did not receive any doses of DTP-containing vaccine in 89 low- and middle-income
countries, zero-dose DTP, by wealth quintile (DHS and MICS 2010–2019).

Country Source
National
Average
(95% CI)

Quintile 1
(Poorest)
(95% CI)

Quintile 2
(95% CI)

Quintile 3
(95% CI)

Quintile 4
(95% CI)

Quintile 5
(Richest)
(95% CI)

Difference
(95% CI)

Ratio
(95% CI)

Slope Index
of Inequality

(95% CI)

Concentration
Index

(95% CI)

Median
(All

Countries)

7.6
(4.3–10.9)

9.9
(5.0–14.9)

7.7
(3.7–11.8)

6.8
(3.4–10.2)

6.8
(4.0–9.7)

5.0
(2.9–7.1)

6.3
(2.6–10.0)

2.59
(0.19–4.98)

−7.8
(−12.2–−3.4)

−18.8
(−23.6–−14.1)

Low-Income Countries

Median
(Low-Income

Countries)

11.9
(2.1–21.7)

20.7
(8.4–33.0)

14.6
(3.4–25.8)

9.5
(−1.1–20.2)

10.2
(1.3–19.1)

6.3
(0.2–12.4)

15.7
(8.0–23.4)

2.97
(−4.83–
10.78)

−19.1
(−28.0–−10.2)

−19.5
(−25.5–−13.6)

Afghanistan DHS
2015

27.0
(23.8–30.5)

34.3
(29.8–39.2)

32.3
(26.8–38.2)

31.3
(24.4–39.3)

22.6
(18.0–28.0)

15.3
(12.0–19.3)

19.1
(13.1–25.0)

2.25
(1.71–2.95)

−22.5
(−29.9–−15.0)

−14.6
(−19.8–−9.5)

Burkina Faso DHS
2010

5.6
(4.5–7.1)

9.3
(6.5–13.3)

6.3
(4.4–9.1)

5.6
(3.9–7.8)

3.4
(2.0–5.8)

2.8
(1.3–5.7)

6.5
(2.6–10.5)

3.35
(1.48–7.56)

−7.8
(−12.2–−3.3)

−21.8
(−32.4–−11.1)

Burundi DHS
2016

0.8
(0.5–1.2)

1.9
(0.9–3.6)

0.8
(0.3–2.0)

0.2
(0.0–1.3)

0.4
(0.1–1.5)

0.7
(0.3–2.0)

1.1
(−0.3–2.6)

2.59
(0.76–8.84)

−1.5
(−3.0–0.1)

−32.7
(−58.7–−6.7)

Central
African

Republic

MICS
2018

45.0
(41.7–48.3)

59.6
(52.9–66.0)

54.8
(48.0–61.5)

46.1
(39.6–52.8)

38.8
(33.1–44.9)

17.4
(13.3–22.5)

42.2
(34.2–50.2)

3.42
(2.57–4.56)

−44.9
(−53.8–−36.0)

−17.3
(−20.6–−13.9)

Democratic
Republic of the

Congo

MICS
2017

34.1
(30.2–38.2)

47.4
(41.1–53.8)

43.8
(37.4–50.4)

32.1
(25.6–39.4)

24.7
(17.6–33.5)

14.7
(10.3–20.6)

32.7
(24.5–40.9)

3.22
(2.22–4.68)

−38.4
(−48.5–−28.4)

−20.5
(−25.5–−15.5)

Ethiopia DHS
2019

23.7
(19.2–28.9)

41.2
(30.4–52.8)

24.2
(16.3–34.3)

30.3
(20.5–42.3)

22.0
(13.3–34.1)

5.2
(2.2–12.0)

35.9
(23.8–48.1)

7.89
(3.22–19.33)

−39.5
(−52.6–−26.5)

−28.2
(−36.9–−19.5)

Gambia MICS
2018

3.2
(2.2–4.7)

3.7
(1.9–6.9)

2.6
(1.1–6.0)

2.9
(1.4–5.9)

4.8
(1.9–11.4)

2.3
(0.6–8.5)

1.4
(−2.4–5.3)

1.63
(0.36–7.26)

−0.4
(−5.0–4.2)

1.3
(−20.6–23.2)

Guinea DHS
2018

37.7
(34.1–41.4)

55.4
(47.2–63.2)

41.3
(35.1–47.7)

41.6
(34.6–48.8)

25.4
(19.9–31.8)

19.0
(13.6–26.0)

36.3
(26.2–46.5)

2.91
(2.04–4.15)

−41.5
(−52.2–−30.8)

−19.8
(−24.7–−15.0)

Guinea-Bissau MICS
2018

7.0
(5.2–9.4)

7.4
(4.1–12.9)

7.8
(5.0–12.2)

3.3
(1.5–6.8)

9.6
(6.1–14.8)

7.6
(3.6–15.3)

−0.2
(−7.2–6.7)

0.97
(0.39–2.45)

0.6
(−7.2–8.5)

1.0
(−17.3–19.2)
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Table 1. Cont.

Country Source
National
Average
(95% CI)

Quintile 1
(Poorest)
(95% CI)

Quintile 2
(95% CI)

Quintile 3
(95% CI)

Quintile 4
(95% CI)

Quintile 5
(Richest)
(95% CI)

Difference
(95% CI)

Ratio
(95% CI)

Slope Index
of Inequality

(95% CI)

Concentration
Index

(95% CI)

Low-Income Countries

Liberia DHS
2019

8.6
(6.3–11.5)

11.4
(8.1–15.9)

7.7
(4.5–12.9)

8.7
(3.7–19.2)

10.7
(5.5–19.7)

0.2
(0.0–1.2)

11.3
(7.5–15.1)

70.75
(9.53–525.14)

−7.9
(−15.8–0.1)

−15.7
(−32.6–1.1)

Madagascar MICS
2018

28.5
(25.9–31.2)

48.0
(43.2–52.8)

30.0
(25.5–34.8)

21.7
(17.5–26.5)

16.3
(12.1–21.6)

10.9
(7.6–15.3)

37.1
(31.0–43.3)

4.42
(3.08–6.34)

−44.8
(−51.9–−37.7)

−27.5
(−31.8–−23.3)

Malawi DHS
2015

2.6
(1.9–3.5)

3.5
(2.0–5.9)

2.3
(1.3–4.1)

1.9
(1.0–3.5)

2.6
(1.3–5.1)

2.5
(1.2–5.2)

1.0
(−1.6–3.6)

1.39
(0.56–3.43)

−1.2
(−4.0–1.6)

−6.6
(−22.5–9.4)

Mali DHS
2018

17.9
(15.1–21.1)

28.6
(21.7–36.7)

20.4
(15.2–26.7)

17.8
(13.6–22.9)

13.9
(10.0–19.1)

7.4
(4.8–11.2)

21.2
(13.1–29.4)

3.87
(2.36–6.35)

−23.7
(−33.2–−14.3)

−22.6
(−29.5–−15.7)

Mozambique DHS
2015

10.0
(6.8–14.4)

19.4
(13.0–27.9)

12.7
(6.5–23.4)

5.4
(2.9–9.6)

4.5
(1.8–10.8)

2.7
(1.1–6.4)

16.7
(8.9–24.5)

7.09
(2.78–18.13)

−22.9
(−34.9–−11.0)

−35.7
(−46.0–−25.5)

Niger DHS
2012

13.8
(11.6–16.5)

22.0
(17.4–27.4)

16.5
(12.3–21.8)

11.6
(8.4–16.0)

12.7
(8.1–19.4)

7.2
(4.9–10.7)

14.7
(9.0–20.5)

3.04
(1.93–4.78)

−15.8
(−22.7–−8.9)

−20.6
(−28.0–−13.2)

Rwanda DHS
2014

0.9
(0.5–1.7)

1.9
(0.8–4.5)

0.4
(0.1–2.9)

0.9
(0.2–3.9)

0.0
(0.0–0.0)

1.1
(0.3–3.2)

0.9
(−1.2–2.9)

1.81
(0.44–7.42)

−1.3
(−3.5–1.0)

−25.5
(−61.7–10.8)

Sierra Leone DHS
2019

5.4
(4.2–6.9)

6.6
(4.4–9.9)

4.4
(2.5–7.5)

7.2
(4.6–11.0)

3.5
(1.8–6.7)

4.4
(2.0–9.5)

2.3
(−2.1–6.6)

1.52
(0.62–3.68)

−2.6
(−7.2–2.1)

−6.7
(−20.5–7.1)

South Sudan * MICS
2010

72.7
(69.6–75.5)

85.3
(79.7–89.6)

81.2
(76.2–85.4)

73.3
(67.1–78.8)

72.2
(66.5–77.3)

53.2
(46.4–59.9)

32.1
(23.8–40.5)

1.60
(1.40–1.84)

−36.2
(−45.5–−26.9)

−8.6
(−10.9–−6.3)

Sudan MICS
2014

16.8
(14.3–19.6)

35.0
(28.1–42.5)

23.4
(18.8–28.7)

10.4
(7.6–13.9)

7.5
(5.0–11.0)

5.4
(3.0–9.5)

29.6
(21.8–37.5)

6.53
(3.51–12.15)

−38.2
(−47.5–−28.9)

−36.7
(−43.7–−29.7)

Togo MICS
2017

9.2
(6.8–12.2)

14.9
(10.4–20.9)

11.1
(5.9–19.9)

6.2
(3.2–11.8)

5.2
(2.1–12.1)

8.0
(4.0–15.3)

6.9
(−0.6–14.4)

1.86
(0.87–3.96)

−10.4
(−19.8–−1.0)

−16.5
(−34.0–0.9)

Uganda DHS
2016

5.1
(4.1–6.3)

4.7
(3.2–6.9)

5.1
(3.3–7.7)

4.7
(2.8–7.8)

5.6
(3.6–8.7)

5.4
(3.2–9.0)

−0.6
(−4.0–2.7)

0.88
(0.46–1.68)

0.9
(−2.9–4.6)

1.7
(−10.7–14.1)

Yemen DHS
2013

23.4
(21.2–25.8)

32.5
(26.9–38.6)

26.8
(22.8–31.3)

23.3
(19.1–28.0)

21.4
(17.2–26.2)

9.5
(7.0–12.9)

23.0
(16.4–29.5)

3.41
(2.39–4.87)

−24.6
(−32.4–−16.8)

−19.2
(−24.2–−14.3)
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Table 1. Cont.

Country Source
National
Average
(95% CI)

Quintile 1
(Poorest)
(95% CI)

Quintile 2
(95% CI)

Quintile 3
(95% CI)

Quintile 4
(95% CI)

Quintile 5
(Richest)
(95% CI)

Difference
(95% CI)

Ratio
(95% CI)

Slope Index
of Inequality

(95% CI)

Concentration
Index

(95% CI)

Lower–Middle-Income Countries

Median
(Lower–
Middle-
Income

Countries)

9.4
(5.3–13.4)

13.8
(7.2–20.4)

8.1
(2.8–13.4)

7.1
(3.0–11.1)

7.1
(3.8–10.4)

4.9
(2.1–7.6)

8.4
(2.7–14.1)

3.23
(1.26–5.20)

−11.3
(−18.2–−4.4)

−23.8
(−31.7–−15.9)

Algeria MICS
2018

4.5
(3.7–5.5)

6.9
(5.0–9.5)

3.1
(2.0–4.6)

5.2
(3.3–8.3)

3.4
(2.0–5.9)

3.3
(1.6–6.4)

3.6
(0.5–6.8)

2.12
(1.00–4.49)

−3.8
(−7.6–0.0)

−15.7
(−28.5–−3.0)

Angola DHS
2015

31.2
(28.6–34.0)

57.5
(51.6–63.2)

42.7
(37.9–47.6)

21.7
(17.6–26.4)

12.1
(7.6–18.6)

9.4
(5.8–14.8)

48.1
(40.8–55.4)

6.13
(3.81–9.86)

−59.7
(−67.1–−52.4)

−33.4
(−37.9–−28.9)

Belize MICS
2015

7.1
(4.4–11.2)

10.2
(4.7–21.0)

1.5
(0.5–4.5)

1.9
(0.5–7.7)

7.1
(1.8–23.8)

16.1
(7.2–32.3)

−5.9
(−20.3–8.6)

0.64
(0.22–1.86)

6.0
(−10.6–22.6)

10.7
(−23.1–44.5)

Benin DHS
2017

15.8
(13.8–17.9)

32.4
(26.8–38.6)

18.2
(14.7–22.3)

11.8
(9.1–15.3)

8.8
(6.3–12.0)

6.9
(4.6–10.2)

25.5
(19.1–32.0)

4.71
(3.05–7.27)

−30.3
(−37.7–−22.9)

−32.6
(−38.8–−26.4)

Cambodia DHS
2014

6.0
(4.6–7.9)

11.7
(8.3–16.2)

8.1
(5.0–13.0)

6.9
(3.5–13.2)

0.8
(0.2–2.9)

0.6
(0.2–1.7)

11.0
(7.1–15.0)

18.82
(6.37–55.59)

−17.1
(−23.3–−10.9)

−43.2
(−53.4–−33.1)

Cameroon DHS
2018

16.7
(14.2–19.5)

29.9
(23.8–36.8)

18.6
(13.7–24.7)

15.6
(11.9–20.2)

10.0
(6.8–14.6)

4.9
(2.8–8.2)

25.0
(18.0–32.0)

6.15
(3.45–10.97)

−28.1
(−36.3–−19.9)

−29.1
(−35.7–−22.6)

Comoros DHS
2012

17.8
(14.1–22.2)

26.4
(16.9–38.7)

22.6
(15.2–32.4)

11.6
(6.8–18.9)

11.8
(5.8–22.3)

14.5
(7.9–25.1)

11.9
(−1.9–25.7)

1.82
(0.89–3.72)

−17.6
(−31.3–−3.9)

−15.7
(−28.4–−2.9)

Congo MICS
2014

14.0
(12.0–16.3)

28.5
(23.9–33.4)

14.1
(10.6–18.6)

7.2
(4.2–12.1)

7.4
(4.2–12.8)

8.7
(4.7–15.7)

19.7
(12.6–26.8)

3.26
(1.74–6.11)

−25.4
(−33.5–−17.4)

−32.6
(−42.1–−23.0)

Côte d’Ivoire MICS
2016

19.6
(17.3–22.2)

29.6
(24.7–34.9)

18.9
(14.7–23.9)

19.7
(15.2–25.1)

11.8
(7.6–17.9)

11.3
(6.4–19.0)

18.3
(10.3–26.3)

2.63
(1.48–4.66)

−22.2
(−30.9–−13.5)

−19.2
(−26.8–−11.7)

Egypt DHS
2014

0.6
(0.3–1.1)

1.2
(0.4–4.0)

0.7
(0.2–2.4)

0.5
(0.2–1.6)

0.3
(0.1–1.2)

0.3
(0.0–1.7)

0.9
(−0.6–2.5)

4.23
(0.49–36.52)

−1.0
(−2.5–0.5)

−33.6
(−68.2–1.0)

El Salvador MICS
2014

1.1
(0.5–2.5)

0.2
(0.0–1.5)

0.9
(0.3–2.9)

1.1
(0.4–2.7)

3.3
(0.8–12.1)

0.0
(0.0–0.0)

0.2
(−0.2–0.6) NA 1.5

(−1.3–4.2)
19.4

(−11.5–50.3)



Vaccines 2022, 10, 633 8 of 26

Table 1. Cont.

Country Source
National
Average
(95% CI)

Quintile 1
(Poorest)
(95% CI)

Quintile 2
(95% CI)

Quintile 3
(95% CI)

Quintile 4
(95% CI)

Quintile 5
(Richest)
(95% CI)

Difference
(95% CI)

Ratio
(95% CI)

Slope Index
of Inequality

(95% CI)

Concentration
Index

(95% CI)

Lower–Middle-Income Countries

Eswatini MICS
2014

3.4
(2.1–5.6)

4.7
(1.9–11.3)

1.3
(0.3–5.3)

1.9
(0.5–7.4)

7.6
(3.0–18.0)

2.6
(0.7–8.8)

2.1
(−3.3–7.4)

1.78
(0.39–8.23)

0.4
(−6.2–6.9)

−3.2
(−37.6–31.2)

Ghana MICS
2017

4.0
(2.8–5.8)

5.4
(2.9–9.8)

5.2
(2.5–10.4)

4.1
(2.2–7.8)

3.3
(1.4–7.3)

2.2
(0.9–5.5)

3.2
(−0.7–7.0)

2.45
(0.81–7.44)

−4.4
(−9.7–1.0)

−17.1
(−34.4–0.2)

Haiti DHS
2016

16.5
(13.3–20.1)

25.1
(18.9–32.5)

19.6
(13.1–28.3)

16.1
(11.3–22.4)

9.4
(5.4–15.7)

4.4
(1.3–14.1)

20.7
(12.1–29.3)

5.73
(1.64–20.05)

−25.5
(−36.3–−14.6)

−25.5
(−34.7–−16.3)

Honduras DHS
2011

0.9
(0.5–1.5)

0.8
(0.2–2.6)

1.3
(0.6–3.2)

1.2
(0.4–3.3)

0.9
(0.3–3.0)

0.0
(0.0–0.0)

0.8
(−0.2–1.8) NA −0.7

(−2.1–0.7)
−13.4

(−39.7–12.8)

India DHS
2015

10.5
(10.1–10.9)

15.8
(15.0–16.7)

11.4
(10.5–12.2)

8.8
(8.0–9.7)

7.0
(6.2–7.9)

7.1
(5.8–8.5)

8.8
(7.2–10.4)

2.24
(1.84–2.74)

−11.5
(−13.2–−9.8)

−18.9
(−21.7–−16.1)

Indonesia DHS
2017

11.1
(9.8–12.7)

16.2
(13.3–19.7)

13.9
(10.9–17.5)

10.2
(7.7–13.3)

7.9
(5.6–10.9)

7.6
(5.4–10.6)

8.6
(4.6–12.7)

2.14
(1.45–3.15)

−12.0
(−17.0–−6.9)

−18.6
(−25.6–−11.6)

Kenya DHS
2014

2.5
(1.9–3.3)

5.2
(3.8–6.9)

1.6
(0.9–2.8)

1.7
(0.5–5.8)

0.8
(0.4–1.6)

2.2
(0.8–5.9)

3.0
(0.3–5.7)

2.38
(0.83–6.86)

−3.8
(−6.8–−0.8)

−27.9
(−51.9–−3.9)

Kiribati MICS
2018

40.1
(35.1–45.4)

40.4
(29.3–52.5)

36.3
(26.7–47.0)

45.8
(35.2–56.7)

45.8
(35.1–56.9)

32.6
(22.0–45.4)

7.7
(−8.9–24.4)

1.24
(0.78–1.97)

−3.0
(−21.7–15.6)

−1.3
(−9.0–6.4)

Kyrgyzstan MICS
2018

9.4
(6.7–12.9)

10.2
(4.9–20.0)

4.2
(1.8–9.6)

7.1
(3.1–15.1)

9.3
(4.7–17.5)

18.3
(11.1–28.7)

−8.1
(−19.4–3.2)

0.56
(0.24–1.30)

8.7
(−3.0–20.4)

18.0
(−0.7–36.8)

Lao People’s
Democratic

Republic

MICS
2017

27.1
(24.7–29.7)

43.3
(38.0–48.7)

29.7
(24.9–35.1)

22.4
(18.1–27.4)

19.5
(15.2–24.5)

14.6
(10.8–19.5)

28.7
(21.7–35.6)

2.96
(2.14–4.08)

−34.5
(−42.3–−26.6)

−22.1
(−26.9–−17.2)

Lesotho MICS
2018

8.5
(6.3–11.2)

17.0
(11.0–25.3)

7.4
(3.6–14.8)

5.5
(2.5–11.5)

3.7
(1.7–8.0)

8.5
(3.8–18.2)

8.4
(−1.3–18.2)

1.99
(0.81–4.86)

−11.5
(−22.0–−1.1)

−19.8
(−37.7–−1.8)

Mauritania MICS
2015

14.2
(12.1–16.6)

25.0
(19.0–32.2)

18.5
(14.6–23.3)

13.0
(9.6–17.4)

8.1
(5.3–12.1)

4.1
(1.8–8.9)

20.9
(13.6–28.3)

6.10
(2.66–14.01)

−27.7
(−36.8–−18.6)

−31.3
(−39.8–−22.8)

Mongolia MICS
2018

3.0
(1.9–4.5)

3.6
(1.8–6.9)

2.0
(0.9–4.3)

4.1
(1.8–9.3)

3.2
(1.2–7.8)

1.6
(0.4–6.3)

2.0
(−1.3–5.3)

2.25
(0.48–10.55)

−1.1
(−4.9–2.6)

−3.2
(−25.8–19.4)
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Table 1. Cont.

Country Source
National
Average
(95% CI)

Quintile 1
(Poorest)
(95% CI)

Quintile 2
(95% CI)

Quintile 3
(95% CI)

Quintile 4
(95% CI)

Quintile 5
(Richest)
(95% CI)

Difference
(95% CI)

Ratio
(95% CI)

Slope Index
of Inequality

(95% CI)

Concentration
Index

(95% CI)

Lower–Middle-Income Countries

Myanmar DHS
2015

13.1
(10.1–16.9)

18.1
(12.1–26.1)

18.9
(12.7–27.2)

18.3
(10.7–29.4)

2.2
(0.7–7.0)

3.7
(1.2–10.9)

14.4
(6.3–22.5)

4.88
(1.51–15.74)

−21.6
(−32.5–−10.6)

−27.0
(−38.8–−15.3)

Nepal MICS
2019

10.5
(8.5–13.0)

13.8
(10.1–18.7)

14.5
(10.1–20.4)

9.4
(5.5–15.4)

7.1
(3.9–12.4)

6.6
(3.6–12.0)

7.2
(1.3–13.1)

2.09
(1.06–4.13)

−11.1
(−18.2–−4.1)

−16.8
(−27.2–−6.4)

Nigeria DHS
2018

34.7
(32.7–36.7)

59.8
(56.0–63.4)

48.9
(44.8–53.1)

31.0
(27.7–34.5)

19.1
(16.3–22.3)

6.6
(4.9–8.8)

53.2
(49.0–57.4)

9.08
(6.69–12.32)

−62.4
(−66.9–−57.9)

−32.5
(−35.0–−30.0)

Pakistan DHS
2017

13.7
(11.2–16.5)

30.8
(23.7–38.9)

17.1
(12.2–23.3)

11.4
(7.9–16.3)

6.1
(3.8–9.7)

3.1
(1.6–6.0)

27.6
(19.7–35.6)

9.85
(4.85–20.03)

−36.1
(−46.5–−25.7)

−39.7
(−47.1–−32.2)

Papua New
Guinea

DHS
2016

36.1
(32.2–40.2)

60.7
(51.9–68.9)

45.6
(37.7–53.9)

33.8
(27.6–40.6)

28.4
(22.7–34.9)

13.4
(9.1–19.1)

47.3
(37.4–57.2)

4.54
(3.06–6.75)

−51.9
(−61.7–−42.1)

−25.7
(−30.3–−21.1)

Philippines DHS
2017

13.4
(11.5–15.5)

23.6
(19.8–28.0)

9.4
(6.5–13.5)

13.4
(8.8–19.7)

8.0
(4.6–13.4)

5.6
(2.6–11.5)

18.0
(12.2–23.9)

4.22
(1.97–9.07)

−20.1
(−27.3–−12.9)

−26.4
(−35.2–−17.5)

Republic of
Moldova

MICS
2012

0.0
(0.0–0.0)

0.0
(0.0–0.0) **

0.0
(0.0–0.0)

0.0
(0.0–0.0)

0.0
(0.0–0.0)

0.0
(0.0–0.0)

0.0
(0.0–0.0) NA

Sao Tome and
Principe

MICS
2019

2.3
(1.1–4.7)

6.5
(2.7–14.8)

1.3
(0.2–8.8)

0.0
(0.0–0.0)

2.0
(0.3–12.4)

0.0
(0.0–0.0)

6.5
(1.0–12.0) NA −8.3

(−19.7–3.1)
−47.0

(−91.0–−3.0)

Senegal DHS
2019

3.8
(2.6–5.6)

8.9
(5.3–14.6)

2.3
(1.0–5.5)

4.5
(1.6–12.0)

1.9
(0.6–5.5)

0.5
(0.1–2.4)

8.4
(3.8–13.0)

17.91
(3.44–93.24)

−9.3
(−15.8–−2.9)

−41.9
(−61.2–−22.7)

Tajikistan DHS
2017

7.6
(6.1–9.4)

8.1
(5.1–12.6)

6.5
(3.8–10.9)

6.4
(4.2–9.8)

7.7
(4.9–11.7)

10.5
(7.3–14.8)

−2.4
(−7.6–2.8)

0.77
(0.43–1.38)

2.3
(−3.2–7.9)

5.1
(−7.0–17.1)

Timor-Leste DHS
2016

21.6
(18.8–24.7)

36.0
(29.2–43.4)

28.1
(22.4–34.6)

19.8
(14.9–25.9)

15.4
(11.5–20.4)

9.8
(5.8–15.9)

26.2
(17.6–34.9)

3.69
(2.15–6.32)

−30.7
(−39.8–−21.6)

−25.6
(−32.7–−18.6)

Tunisia MICS
2018

4.6
(3.1–6.7)

0.8
(0.1–5.4)

1.1
(0.3–4.4)

6.7
(3.3–13.2)

4.2
(1.8–9.5)

11.5
(6.4–19.7)

−10.7
(−17.3–−4.1)

0.07
(0.01–0.52)

12.4
(4.9–19.9)

45.4
(30.4–60.4)

Ukraine MICS
2012

15.6
(12.1–20.0)

22.1
(14.5–32.2)

13.5
(6.8–25.1)

10.4
(5.8–18.2)

13.0
(6.3–25.0)

19.5
(11.8–30.7)

2.6
(−10.3–15.5)

1.13
(0.61–2.12)

−1.5
(−15.8–12.9)

−0.0
(−15.6–15.5)
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Table 1. Cont.

Country Source
National
Average
(95% CI)

Quintile 1
(Poorest)
(95% CI)

Quintile 2
(95% CI)

Quintile 3
(95% CI)

Quintile 4
(95% CI)

Quintile 5
(Richest)
(95% CI)

Difference
(95% CI)

Ratio
(95% CI)

Slope Index
of Inequality

(95% CI)

Concentration
Index

(95% CI)

Lower–Middle-Income Countries

United
Republic of

Tanzania

DHS
2015

3.0
(2.2–4.2)

6.6
(4.4–9.7)

3.6
(1.9–6.7)

2.7
(1.4–5.1)

0.3
(0.1–1.4)

1.2
(0.4–3.8)

5.4
(2.5–8.3)

5.55
(1.62–18.96)

−7.8
(−11.8–−3.9)

−41.4
(−55.5–−27.2)

Viet Nam MICS
2013

3.8
(2.6–5.5)

12.7
(8.2–19.3)

2.6
(1.0–6.9)

2.0
(0.5–8.0)

1.7
(0.4–7.1)

0.7
(0.1–5.0)

12.0
(6.4–17.7)

17.98
(2.39–135.16)

−12.8
(−19.8–−5.8)

−55.3
(−77.2–−33.5)

Zambia DHS
2018

2.1
(1.4–3.1)

3.1
(1.8–5.5)

2.5
(1.2–5.1)

1.8
(0.8–3.7)

1.6
(0.5–5.1)

1.0
(0.2–4.1)

2.2
(−0.1–4.4)

3.23
(0.67–15.59)

−2.7
(−5.6–0.2)

−22.2
(−43.0–−1.3)

Zimbabwe MICS
2019

5.5
(3.9–7.6)

8.0
(4.3–14.4)

7.8
(4.3–13.7)

5.8
(3.0–10.8)

2.5
(1.0–6.0)

1.7
(0.6–4.6)

6.3
(1.2–11.4)

4.65
(1.47–14.75)

−9.1
(−16.1–−2.0)

−26.4
(−40.9–−11.9)

Upper–Middle-Income Countries

Median
(Upper–
Middle-
Income

Countries)

4.8
(2.7–6.9)

6.3
(3.5–9.1)

5.7
(3.2–8.1)

5.2
(3.2–7.1)

6.0
(4.1–8.0)

3.6
(0.9–6.3)

2.4
(−0.0–4.8)

1.92
(−1.12–4.95)

−3.6
(−6.9–−0.4)

−9.1
(−17.7–−0.5)

Albania DHS
2017

0.5
(0.1–1.8)

0.9
(0.1–6.2)

0.0
(0.0–0.0)

1.1
(0.2–7.5)

0.0
(0.0–0.0)

0.0
(0.0–0.0) **

0.9
(−0.9–2.7) NA −20.8

(−40.5–−1.0)
−5.2

(−9.7–−0.8)

Armenia DHS
2015

1.5
(0.7–3.3)

1.6
(0.4–6.2)

2.4
(0.3–14.9)

2.2
(0.7–7.0)

2.0
(0.5–8.0)

0.0
(0.0–0.0)

1.6
(−0.6–3.7) NA −2.1

(−5.4–1.2)
−26.3

(−55.9–3.4)

Bosnia and
Herzegovina

MICS
2011

3.0
(1.8–4.9)

4.7
(1.7–12.3)

5.7
(2.5–12.4)

0.8
(0.1–5.7)

3.0
(1.1–8.2)

1.6
(0.4–6.1)

3.1
(−2.1–8.2)

2.99
(0.54–16.57)

−4.3
(−10.3–1.6)

−25.5
(−57.7–6.7)

Costa Rica MICS
2018

2.3
(1.1–4.7)

4.1
(2.2–7.6)

3.2
(0.8–12.1)

1.2
(0.3–5.3)

0.1
(0.0–0.6)

2.0
(0.5–7.4)

2.1
(−1.6–5.8)

2.03
(0.47–8.64)

−5.2
(−9.3–−1.1)

−33.6
(−51.1–−16.0)

Cuba MICS
2019

2.6
(1.3–5.0)

4.7
(1.5–14.0)

4.3
(1.2–14.0)

1.6
(0.4–6.0)

1.3
(0.3–4.7)

0.3
(0.0–2.0)

4.4
(−0.9–9.8)

17.28
(1.77–169.02)

−6.4
(−13.8–1.1)

−36.2
(−57.2–−15.1)

Dominican
Republic

MICS
2014

8.9
(7.7–10.2)

14.1
(11.5–17.1)

9.6
(7.0–13.0)

5.5
(3.8–7.9)

6.9
(4.8–9.8)

6.3
(4.1–9.7)

7.7
(3.8–11.7)

2.22
(1.38–3.60)

−10.0
(−14.6–−5.4)

−20.0
(−27.7–−12.3)
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Table 1. Cont.

Country Source
National
Average
(95% CI)

Quintile 1
(Poorest)
(95% CI)

Quintile 2
(95% CI)

Quintile 3
(95% CI)

Quintile 4
(95% CI)

Quintile 5
(Richest)
(95% CI)

Difference
(95% CI)

Ratio
(95% CI)

Slope Index
of Inequality

(95% CI)

Concentration
Index

(95% CI)

Upper–Middle-Income Countries

Gabon DHS
2012

11.6
(9.0–14.7)

18.1
(13.9–23.3)

12.2
(7.5–19.2)

9.1
(4.8–16.4)

7.6
(3.1–17.5)

8.5
(2.3–26.5)

9.7
(−1.8–21.1)

2.14
(0.60–7.56)

−12.9
(−24.0–−1.8)

−18.8
(−34.6–−3.0)

Guatemala DHS
2014

2.5
(1.8–3.3)

2.8
(1.7–4.6)

3.0
(1.7–5.3)

2.2
(1.2–3.8)

2.0
(0.7–5.5)

2.0
(0.8–5.3)

0.8
(−1.6–3.2)

1.38
(0.47–4.08)

−1.3
(−3.9–1.3)

−10.4
(−27.0–6.2)

Guyana MICS
2014

4.4
(2.7–7.2)

6.3
(3.6–10.7)

2.7
(1.0–7.2)

6.5
(2.0–19.5)

3.2
(1.1–9.0)

1.9
(0.5–7.3)

4.4
(0.2–8.7)

3.40
(0.76–15.17)

−3.9
(−9.4–1.6)

−10.8
(−31.7–10.1)

Iraq MICS
2018

13.3
(11.4–15.5)

18.4
(15.0–22.4)

14.0
(10.5–18.4)

15.4
(11.0–21.2)

12.5
(8.2–18.5)

5.0
(2.9–8.4)

13.4
(8.8–18.0)

3.70
(2.08–6.56)

−13.2
(−19.0–−7.4)

−18.5
(−25.9–−11.2)

Jamaica MICS
2011

4.8
(2.5–9.3)

5.7
(1.6–17.9)

0.6
(0.1–4.3)

10.0
(2.9–28.8)

6.5
(2.3–16.7)

0.9
(0.1–6.6)

4.7
(−2.4–11.8)

6.08
(0.59–62.25)

−0.8
(−8.3–6.6)

−6.2
(−33.5–21.2)

Jordan DHS
2017

7.4
(5.7–9.7)

9.4
(6.3–13.9)

7.9
(4.8–12.8)

4.7
(2.6–8.4)

7.5
(3.4–15.8)

7.5
(2.5–20.0)

2.0
(−6.7–10.6)

1.26
(0.41–3.86)

−3.8
(−12.2–4.5)

−7.8
(−25.4–9.7)

Kazakhstan MICS
2015

4.4
(3.2–6.0)

3.6
(1.6–7.6)

2.4
(1.1–5.0)

2.9
(1.4–5.9)

6.3
(3.5–10.9)

8.0
(3.9–15.7)

−4.4
(−10.6–1.8)

0.45
(0.16–1.27)

5.8
(−0.3–12.0)

19.2
(−0.0–38.4)

Maldives DHS
2016

9.2
(6.6–12.8)

9.5
(6.0–14.8)

7.8
(4.5–13.1)

10.9
(6.8–17.0)

1.7
(0.5–5.7)

16.4
(6.7–34.8) **

−6.9
(−21.2–7.4)

0.58
(0.23–1.50)

2.2
(−10.2–14.5)

4.3
(−18.2–26.9)

Mexico MICS
2015

7.8
(5.6–10.7)

8.5
(4.2–16.8)

6.3
(3.8–10.1)

10.6
(5.9–18.2)

6.9
(3.5–13.2)

5.8
(1.7–18.0)

2.7
(−6.4–11.9)

1.47
(0.37–5.84)

−1.3
(−10.5–7.9)

−1.6
(−19.9–16.8)

Namibia DHS
2013

7.3
(5.5–9.7)

2.6
(1.2–5.6)

7.0
(3.5–13.7)

6.8
(3.6–12.4)

8.8
(4.2–17.7)

12.7
(7.4–21.0)

−10.1
(−17.1–−3.1)

0.21
(0.08–0.53)

10.2
(2.5–17.9)

24.0
(9.3–38.8)

North
Macedonia

MICS
2018

4.1
(1.7–9.5)

0.0
(0.0–0.0)

12.9
(4.3–32.7)

3.1
(0.7–12.3)

5.9
(1.1–25.6)

0.6
(0.1–4.3)

−0.6
(−1.7–0.6) 0.00 −3.5

(−12.2–5.3)
−11.7

(−34.0–10.5)

Panama MICS
2013

7.7
(5.5–10.8)

10.1
(6.3–15.6)

5.6
(2.4–12.9)

10.4
(5.2–19.7)

6.2
(1.9–18.1)

2.0
(0.6–6.8)

8.0
(2.9–13.2)

5.00
(1.34–18.70)

−5.4
(−15.0–4.1)

−7.7
(−27.2–11.9)

Paraguay MICS
2016

5.2
(3.9–6.9)

6.8
(4.2–11.1)

3.7
(1.6–8.6)

2.6
(1.1–5.8)

8.2
(5.1–13.2)

3.8
(1.6–8.7)

3.1
(−1.6–7.7)

1.81
(0.68–4.82)

−0.4
(−5.8–5.0)

−3.4
(−20.6–13.8)
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Table 1. Cont.

Country Source
National
Average
(95% CI)

Quintile 1
(Poorest)
(95% CI)

Quintile 2
(95% CI)

Quintile 3
(95% CI)

Quintile 4
(95% CI)

Quintile 5
(Richest)
(95% CI)

Difference
(95% CI)

Ratio
(95% CI)

Slope Index
of Inequality

(95% CI)

Concentration
Index

(95% CI)

Upper–Middle-Income Countries

Peru DHS
2019

4.7
(3.9–5.7)

6.3
(4.7–8.3)

4.0
(2.6–6.0)

4.9
(3.1–7.6)

3.3
(2.1–5.4)

5.0
(2.6–9.2)

1.3
(−2.3–4.9)

1.26
(0.63–2.51)

−2.0
(−5.4–1.3)

−6.6
(−18.8–5.6)

Serbia MICS
2019

3.5
(1.8–6.7)

7.6
(2.9–18.6)

6.5
(1.7–21.9)

1.5
(0.2–10.6)

4.5
(1.1–16.9)

0.5
(0.1–3.9)

7.1
(−0.1–14.3)

14.01
(1.59–123.87)

−8.4
(−17.0–0.2)

−41.4
(−68.6–−14.3)

South Africa DHS
2016

8.8
(6.4–12.2)

9.9
(5.4–17.5)

10.7
(6.1–18.1)

6.3
(3.0–13.0)

6.8
(2.8–16.0)

10.1
(3.3–26.8)

−0.1
(−12.3–12.0)

0.99
(0.29–3.30)

−3.0
(−14.2–8.2)

−5.6
(−27.7–16.5)

Suriname MICS
2018

19.7
(15.5–24.7)

22.7
(16.3–30.8)

22.7
(15.7–31.6)

11.6
(6.2–20.5)

17.7
(9.0–31.7)

21.6
(10.8–38.8)

1.1
(−14.7–16.9)

1.05
(0.51–2.16)

−6.9
(−22.7–8.9)

−4.8
(−18.4–8.8)

Thailand MICS
2019

3.1
(1.8–5.4)

3.1
(1.8–5.4)

4.1
(1.1–14.4)

3.6
(1.0–12.2)

3.8
(1.9–7.5)

0.1
(0.1–0.4)

2.9
(1.2–4.7)

22.11
(6.88–71.01)

−2.4
(−6.2–1.4)

−11.1
(−25.2–3.0)

Tonga MICS
2019

3.6
(1.4–8.8)

0.0
(0.0–0.0)

0.0
(0.0–0.0) **

7.1
(1.5–27.2) **

9.7
(2.2–34.5) **

4.2
(1.0–16.2) **

−4.2
(−10.0–1.7) 0.00 10.8

(0.1–21.4)
39.8

(16.5–63.1)

Turkey DHS
2013

5.6
(3.7–8.3)

7.2
(3.9–12.8)

6.5
(2.9–13.9)

7.5
(2.9–17.8)

1.7
(0.5–5.2)

3.3
(0.9–11.5)

3.9
(−2.1–9.8)

2.16
(0.53–8.75)

−5.5
(−12.1–1.0)

−20.9
(−41.2–−0.7)

Note: Difference calculated by subtracting the prevalence in quintile 5 (richest) from the prevalence in quintile 1 (poorest). Ratio calculated by dividing the prevalence in quintile 1 by the
prevalence in quintile 5. Countries classified according to 2021 World Bank country income level groupings. DHS = Demographic and Health Survey. DTP = diphtheria–tetanus–pertussis
vaccine. CI = confidence interval. MICS = Multiple Indicator Cluster Survey. NA = not applicable. * Survey occurred in the period leading up to South Sudan gaining independence in
2011. ** Estimate is based on 25–49 cases.
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Across 89 countries, the median zero-dose DTP prevalence among the poorest quintile
(9.9%) was higher than the median prevalence among the richest quintile (5.0%) (Figure 1).
Across all countries, the range of prevalence values in the richest quintile was smaller than
the range of values in the poorer quintiles. In low-income countries (n = 22), the difference
between the median prevalence in the poorest quintile (20.7%) and richest quintile (6.3%)
was 14.4 percentage points. Lower–middle-income countries (n = 41) and upper–middle-
income countries (n = 26) had comparatively smaller gaps, at 8.9 percentage points and
2.7 percentage points, respectively.
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Figure 1. Percentage of children aged 12–23 months who did not receive any doses of DTP-containing
vaccine in 89 countries, zero-dose DTP, disaggregated by economic status and grouped by country
income level. Data taken from DHS and MICS 2010–2019. Circles indicate wealth quintile subgroups
within countries; the horizontal lines indicate the median value across countries. Countries classified
according to 2021 World Bank country income level groupings. DHS = Demographic and Health
Survey. DTP = diphtheria–tetanus–pertussis vaccine. MICS = Multiple Indicator Cluster Survey.

Slope index of inequality demonstrated similar patterns of inequality as difference
across country income groupings, with the absolute extent of inequality tending to be
slightly higher when taking all subgroups into account. Concentration index demonstrated
similar patterns as ratio.

3.2. Change over Time

The change over time analysis included 65 countries with available data (Table 2). The
median absolute annual change in national average across countries was −0.20 per year,
indicating that, over a period of ten years, the national zero-dose DTP prevalence declined
by 2.0 percentage points (median across 65 countries). Across countries, inequality hardly
changed over time, with a low median change in both the poorest quintile (−0.16, or a
decline of 1.6 percentage points over ten years) and the richest quintile (−0.04, or a decline
of 0.4 percentage points over ten years).
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Table 2. Change over time in percentage of children aged 12–23 months who did not receive any doses of DTP-containing vaccine in 65 low- and middle-income
countries, zero-dose DTP, by wealth quintile (DHS and MICS 2000–2019).

National
Average

Quintile 1
(Poorest)

Quintile 5
(Richest)

Excess
Change

Country Source 1 Source 2 Year 1
(95% CI)

Year 2
(95% CI)

Absolute
Annual
Change
(95% CI)

Year 1
(95% CI)

Year 2
(95% CI)

Absolute
Annual
Change
(95% CI)

Year 1
(95% CI)

Year 2
(95% CI)

Absolute
Annual
Change
(95% CI)

Absolute
Annual
Excess

Change
(95% CI)

Median
(All

Countries)

10·2
(6.6–13.8)

7.3
(4.1–10.5)

−0.20
(−0.47–0.07)

13.1
(7.3–18.8)

9.4
(4.2–14.6)

−0.16
(−0.53–0.22)

4.3
(2.2–6.4)

4.4
(2.8–6.0)

−0.04
(−0.26–0.18)

−0.03
(−0.38–0.31)

Low-Income Countries

Median
(Low-

Income
Countries)

15.8
(8.8–22.8)

9.2
(0.9–17.4)

−0.26
(−1.05–0.54)

26.1
(16.7–35.5)

14.9
(3.1–26.7)

−0.44
(−1.40–0.51)

6.7
(2.6–10.8)

5.4
(2.2–8.6)

−0.04
(−0.49–0.41)

−0.13
(−0.88–0.62)

Burkina
Faso

DHS
2003

DHS
2010

23.9
(19.9–28.5)

5.6
(4.5–7.1)

−2.61
(−3.25–−1.97)

32.9
(25.7–41.1)

9.3
(6.5–13.3)

−3.37
(−4.58–−2.17)

11.8
(7.6–17.9)

2.8
(1.3–5.7)

−1.28
(−2.06–−0.51)

−2.09
(−3.52–−0.65)

Burundi MICS
2005

DHS
2016

11.2
(9.2–13.5)

0.8
(0.5–1.2)

−0.94
(−1.14–−0.75)

10.8
(7.4–15.6)

1.9
(0.9–3.6)

−0.82
(−1.20–−0.43)

13.3
(8.5–20.3)

0.7
(0.3–2.0)

−1.14
(−1.68–−0.61)

0.33
(−0.33–0.98)

Central
African

Republic

MICS
2006

MICS
2018

36.2
(31.8–40.8)

45.0
(41.7–48.3)

0.73
(0.27–1.20)

48.8
(39.6–58.0)

59.6
(52.9–66.0)

0.90
(−0.05–1.85)

17.7
(12.0–25.3)

17.4
(13.3–22.5)

−0.02
(−0.69–0.65)

0.92
(−0.24–2.09)

Democratic
Republic of
the Congo

DHS
2007

MICS
2017

29.4
(25.1–34.1)

34.1
(30.2–38.2)

0.46
(−0.13–1.06)

44.6
(36.2–53.3)

47.4
(41.1–53.8)

0.28
(−0.79–1.35)

6.2
(3.7–10.3)

14.7
(10.3–20.6)

0.85
(0.24–1.45)

−0.57
(−1.80–0.66)

Ethiopia DHS
2005

DHS
2019

41.8
(37.8–45.9)

23.7
(19.2–28.9)

−1.29
(−1.74–−0.84)

52.6
(46.3–58.9)

41.2
(30.4–52.8)

−0.82
(−1.75–0.11)

27.8
(20.4–36.8)

5.2
(2.2–12.0)

−1.62
(−2.28–−0.95)

0.79
(−0.35–1.94)

Gambia MICS
2005

MICS
2018

3.7
(2.8–5.0)

3.2
(2.2–4.7)

−0.04
(−0.17–0.09)

2.4
(1.3–4.6)

3.7
(1.9–6.9)

0.10
(−0.12–0.31)

4.3
(2.2–8.0)

2.3
(0.6–8.5)

−0.15
(−0.47–0.16)

0.25
(−0.13–0.63)
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Table 2. Cont.

National
Average

Quintile 1
(Poorest)

Quintile 5
(Richest)

Excess
Change

Country Source 1 Source 2 Year 1
(95% CI)

Year 2
(95% CI)

Absolute
Annual
Change
(95% CI)

Year 1
(95% CI)

Year 2
(95% CI)

Absolute
Annual
Change
(95% CI)

Year 1
(95% CI)

Year 2
(95% CI)

Absolute
Annual
Change
(95% CI)

Absolute
Annual
Excess

Change
(95% CI)

Low-Income Countries

Guinea DHS
2005

DHS
2018

22.8
(19.3–26.6)

37.7
(34.1–41.4)

1.15
(0.75–1.54)

32.5
(23.8–42.7)

55.4
(47.2–63.2)

1.76
(0.80–2.71)

12.1
(7.0–20.0)

19.0
(13.6–26.0)

0.54
(−0.14–1.22)

1.22
(0.05–2.39)

Guinea-
Bissau

MICS
2006

MICS
2018

15.8
(13.2–18.8)

7.0
(5.2–9.4)

−0.73
(−1.02–−0.44)

19.0
(13.4–26.1)

7.4
(4.1–12.9)

−0.96
(−1.59–−0.33)

6.7
(3.4–12.8)

7.6
(3.6–15.3)

0.07
(−0.52–0.67)

−1.04
(−1.90–−0.17)

Liberia DHS
2007

DHS
2019

24.7
(20.4–29.5)

8.6
(6.3–11.5)

−1.34
(−1.77–−0.91)

39.3
(30.8–48.5)

11.4
(8.1–15.9)

−2.32
(−3.12–−1.52)

11.2
(6.2–19.3)

0.2
(0.0–1.2)

−0.92
(−1.45–−0.39)

−1.41
(−2.37–−0.44)

Madagascar DHS
2008

MICS
2018

15.8
(13.7–18.2)

28.5
(25.9–31.2)

1.27
(0.92–1.62)

31.1
(26.1–36.6)

48.0
(43.2–52.8)

1.69
(0.98–2.40)

3.7
(1.9–7.1)

10.9
(7.6–15.3)

0.71
(0.26–1.16)

0.98
(0.13–1.82)

Malawi MICS
2006

DHS
2015

3.6
(2.9–4.4)

2.6
(1.9–3.5)

−0.11
(−0.23–0.02)

4.1
(2.6–6.5)

3.5
(2.0–5.9)

−0.07
(−0.37–0.22)

2.9
(1.7–4.8)

2.5
(1.2–5.2)

−0.04
(−0.30–0.23)

−0.03
(−0.43–0.36)

Mali MICS
2009

DHS
2018

14.2
(12.7–15.9)

17.9
(15.1–21.1)

0.41
(0.04–0.78)

25.9
(21.9–30.3)

28.6
(21.7–36.7)

0.31
(−0.65–1.27)

5.0
(3.0–8.1)

7.4
(4.8–11.2)

0.27
(−0.17–0.71)

0.04
(−1.02–1.09)

Mozambique DHS
2003

DHS
2015

12.4
(10.1–15.2)

10.0
(6.8–14.4)

−0.20
(−0.58–0.17)

26.1
(20.2–32.9)

19.4
(13.0–27.9)

−0.56
(−1.37–0.26)

1.0
(0.2–4.9)

2.7
(1.1–6.4)

0.14
(−0.09–0.38)

−0.70
(−1.55–0.15)

Niger DHS
2006

DHS
2012

41.6
(37.6–45.7)

13.8
(11.6–16.5)

−4.63
(−5.42–−3.84)

54.1
(44.9–63.0)

22.0
(17.4–27.4)

−5.35
(−7.07–−3.63)

14.8
(10.8–20.0)

7.2
(4.9–10.7)

−1.27
(−2.16–−0.37)

−4.08
(−6.02–−2.14)

Rwanda DHS
2005

DHS
2014

3.2
(2.0–5.2)

0.9
(0.5–1.7)

−0.26
(−0.44–−0.08)

4.0
(1.6–9.2)

1.9
(0.8–4.5)

−0.23
(−0.65–0.19)

1.9
(0.9–4.1)

1.1
(0.3–3.2)

−0.09
(−0.30–0.12)

−0.13
(−0.60–0.34)

Sierra
Leone

DHS
2008

DHS
2019

23.2
(19.9–26.8)

5.4
(4.2–6.9)

−1.62
(−1.96–−1.29)

25.7
(18.7–34.1)

6.6
(4.4–9.9)

−1.73
(−2.47–−0.98)

14.9
(9.7–22.2)

4.4
(2.0–9.5)

−0.96
(−1.60–−0.31)

−0.77
(−1.76–0.21)

Togo MICS
2006

MICS
2017

15.3
(12.3–18.9)

9.2
(6.8–12.2)

−0.56
(−0.94–−0.18)

19.0
(13.0–26.8)

14.9
(10.4–20.9)

−0.37
(−1.15–0.41)

4.6
(1.9–10.8)

8.0
(4.0–15.3)

0.31
(−0.30–0.92)

−0.68
(−1.68–0.31)
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Table 2. Cont.

National
Average

Quintile 1
(Poorest)

Quintile 5
(Richest)

Excess
Change

Country Source 1 Source 2 Year 1
(95% CI)

Year 2
(95% CI)

Absolute
Annual
Change
(95% CI)

Year 1
(95% CI)

Year 2
(95% CI)

Absolute
Annual
Change
(95% CI)

Year 1
(95% CI)

Year 2
(95% CI)

Absolute
Annual
Change
(95% CI)

Absolute
Annual
Excess

Change
(95% CI)

Low-Income Countries

Uganda DHS
2006

DHS
2016

10.2
(8.5–12.2)

5.1
(4.1–6.3)

−0.51
(−0.72–−0.30)

9.1
(6.1–13.4)

4.7
(3.2–6.9)

−0.44
(−0.84–−0.04)

11.2
(7.5–16.3)

5.4
(3.2–9.0)

−0.58
(−1.09–−0.07)

0.14
(−0.51–0.79)

Yemen MICS
2006

DHS
2013

24.6
(20.0–29.9)

23.4
(21.2–25.8)

−0.17
(−0.95–0.60)

40.4
(30.8–50.8)

32.5
(26.9–38.6)

−1.14
(−2.80–0.52)

3.7
(1.5–8.7)

9.5
(7.0–12.9)

0.83
(0.21–1.46)

−1.97
(−3.74–−0.19)

Lower–Middle-Income Countries

Median
(Lower–
Middle-
Income

Countries)

9.0
(3.9–14.1)

8.0
(4.2–11.9)

−0.23
(−0.45–
−0.01)

16.8
(8.8–24.9)

13.3
(6.6–20.0)

−0.10
(−0.49–0.29)

4.1
(1.4–6.8)

3.6
(1.8–5.4)

−0.13
(−0.38–0.12)

0.05
(−0.39–0.49)

Benin DHS
2006

DHS
2017

16.0
(14.3–17.9)

15.8
(13.8–17.9)

−0.02
(−0.27–0.22)

30.2
(26.0–34.7)

32.4
(26.8–38.6)

0.20
(−0.46–0.87)

4.4
(2.8–6.9)

6.9
(4.6–10.2)

0.23
(−0.08–0.53)

−0.02
(−0.76–0.71)

Cambodia DHS
2005

DHS
2014

9.4
(7.7–11.6)

6.0
(4.6–7.9)

−0.38
(−0.66–−0.10)

13.1
(9.4–17.8)

11.7
(8.3–16.2)

−0.16
(−0.79–0.48)

9.0
(5.0–15.7)

0.6
(0.2–1.7)

−0.93
(−1.51–−0.35)

0.77
(−0.08–1.63)

Cameroon MICS
2006

DHS
2018

11.3
(9.0–14.2)

16.7
(14.2–19.5)

0.45
(0.14–0.75)

19.5
(13.7–27.0)

29.9
(23.8–36.8)

0.87
(0.09–1.64)

3.4
(1.2–9.3)

4.9
(2.8–8.2)

0.12
(−0.24–0.49)

0.74
(−0.11–1.60)

Congo DHS
2005

MICS
2014

14.7
(11.3–18.9)

14.0
(12.0–16.3)

−0.08
(−0.56–0.40)

31.9
(22.3–43.3)

28.5
(23.9–33.4)

−0.38
(−1.66–0.89)

0.3
(0.0–2.1)

8.7
(4.7–15.7)

0.94
(0.35–1.53)

−1.32
(−2.73–0.08)

Côte
d’Ivoire

MICS
2006

MICS
2016

18.7
(14.9–23.0)

19.6
(17.3–22.2)

0.10
(−0.37–0.57)

35.3
(26.7–45.0)

29.6
(24.7–34.9)

−0.58
(−1.63–0.48)

1.9
(0.7–5.3)

11.3
(6.4–19.0)

0.94
(0.29–1.58)

−1.51
(−2.75–−0.27)

Egypt DHS
2005

DHS
2014

0.9
(0.3–2.4)

0.6
(0.3–1.1)

−0.03
(−0.09–0.03)

1.0
(0.1–8.0)

1.2
(0.4–4.0)

0.03
(−0.17–0.22)

0.6
(0.0–11.4)

0.3
(0.0–1.7)

−0.04
(−0.15–0.07)

0.06
(−0.16–0.29)

Eswatini DHS
2006

MICS
2014

4.0
(2.4–6.7)

3.4
(2.1–5.6)

−0.08
(−0.41–0.25)

3.6
(1.3–9.2)

4.7
(1.9–11.3)

0.14
(−0.54–0.82)

5.8
(2.0–15.6)

2.6
(0.7–8.8)

−0.40
(−1.25–0.44)

0.54
(−0.54–1.62)
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Table 2. Cont.

National
Average

Quintile 1
(Poorest)

Quintile 5
(Richest)

Excess
Change

Country Source 1 Source 2 Year 1
(95% CI)

Year 2
(95% CI)

Absolute
Annual
Change
(95% CI)

Year 1
(95% CI)

Year 2
(95% CI)

Absolute
Annual
Change
(95% CI)

Year 1
(95% CI)

Year 2
(95% CI)

Absolute
Annual
Change
(95% CI)

Absolute
Annual
Excess

Change
(95% CI)

Lower–Middle-Income Countries

Ghana DHS
2008

MICS
2017

2.0
(1.1–3.6)

4.0
(2.8–5.8)

0.23
(0.02–0.44)

1.6
(0.5–5.6)

5.4
(2.9–9.8)

0.42
(−0.01–0.84)

1.3
(0.2–9.3)

2.2
(0.9–5.5)

0.09
(−0.28–0.47)

0.32
(−0.24–0.89)

Haiti DHS
2005

DHS
2016

17.0
(13.9–20.6)

16.5
(13.3–20.1)

−0.05
(−0.48–0.39)

18.5
(14.0–24.0)

25.1
(18.9–32.5)

0.60
(−0.17–1.36)

12.2
(6.8–21.0)

4.4
(1.3–14.1)

−0.71
(−1.51–0.08)

1.31
(0.21–2.41)

Honduras DHS
2005

DHS
2011

0.8
(0.4–1.5)

0.9
(0.5–1.5)

0.02
(−0.10–0.13)

0.4
(0.1–1.5)

0.8
(0.2–2.6)

0.07
(−0.11–0.25)

2.2
(0.7–6.8)

0.0
(0.0–0.0)

−0.36
(−0.78–0.06)

0.43
(−0.03–0.89)

India DHS
2005

DHS
2015

24.0
(22.6–25.5)

10.5
(10.1–10.9)

−1.35
(−1.51–−1.20)

40.0
(36.7–43.3)

15.8
(15.0–16.7)

−2.42
(−2.76–−2.07)

6.5
(5.1–8.2)

7.1
(5.8–8.5)

0.06
(−0.15–0.27)

−2.47
(−2.87–−2.07)

Indonesia DHS
2007

DHS
2017

15.6
(13.9–17.5)

11.1
(9.8–12.7)

−0.45
(−0.68–−0.21)

32.9
(28.7–37.4)

16.2
(13.3–19.7)

−1.67
(−2.21–−1.13)

6.6
(4.4–9.7)

7.6
(5.4–10.6)

0.10
(−0.26–0.46)

−1.77
(−2.42–−1.12)

Kenya DHS
2003

DHS
2014

10.8
(8.4–13.7)

2.5
(1.9–3.3)

−0.75
(−1.00–−0.51)

25.7
(18.6–34.3)

5.2
(3.8–6.9)

−1.86
(−2.59–−1.14)

5.1
(2.6–9.8)

2.2
(0.8–5.9)

−0.27
(−0.63–0.10)

−1.60
(−2.41–−0.78)

Lao
People’s

Democratic
Republic

MICS
2006

MICS
2017

36.1
(30.6–41.9)

27.1
(24.7–29.7)

−0.81
(−1.37–−0.25)

42.9
(33.8–52.6)

43.3
(38.0–48.7)

0.03
(−0.96–1.02)

25.7
(15.2–40.0)

14.6
(10.8–19.5)

−1.01
(−2.20–0.19)

1.04
(−0.52–2.59)

Lesotho DHS
2009

MICS
2018

4.3
(3.0–6.1)

8.5
(6.3–11.2)

0.46
(0.15–0.78)

9.0
(5.7–13.9)

17.0
(11.0–25.3)

0.89
(−0.01–1.79)

2.4
(0.6–9.2)

8.5
(3.8–18.2)

0.68
(−0.16–1.51)

0.21
(−1.02–1.44)

Mauritania MICS
2007

MICS
2015

19.3
(16.8–22.1)

14.2
(12.1–16.6)

−0.64
(−1.08–−0.21)

29.3
(23.7–35.6)

25.0
(19.0–32.2)

−0.53
(−1.64–0.59)

13.7
(9.5–19.5)

4.1
(1.8–8.9)

−1.20
(−1.94–−0.46)

0.68
(−0.66–2.01)

Mongolia MICS
2005

MICS
2018

2.9
(1.7–4.9)

3.0
(1.9–4.5)

0.00
(−0.15–0.16)

4.5
(2.0–10.1)

3.6
(1.8–6.9)

−0.07
(−0.41–0.27)

3.0
(0.7–12.2)

1.6
(0.4–6.3)

−0.11
(−0.49–0.27)

0.04
(−0.47–0.55)

Nepal DHS
2006

MICS
2019

7.3
(5.1–10.5)

10.5
(8.5–13.0)

0.25
(−0.02–0.51)

16.6
(10.5–25.1)

13.8
(10.1–18.7)

−0.21
(−0.85–0.43)

3.0
(0.7–12.4)

6.6
(3.6–12.0)

0.28
(−0.17–0.74)

−0.49
(−1.28–0.29)
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Table 2. Cont.

National
Average

Quintile 1
(Poorest)

Quintile 5
(Richest)

Excess
Change

Country Source 1 Source 2 Year 1
(95% CI)

Year 2
(95% CI)

Absolute
Annual
Change
(95% CI)

Year 1
(95% CI)

Year 2
(95% CI)

Absolute
Annual
Change
(95% CI)

Year 1
(95% CI)

Year 2
(95% CI)

Absolute
Annual
Change
(95% CI)

Absolute
Annual
Excess

Change
(95% CI)

Lower–Middle-Income Countries

Nigeria DHS
2008

DHS
2018

48.0
(45.7–50.2)

34.7
(32.7–36.7)

−1.33
(−1.63–−1.03)

77.4
(74.0–80.4)

59.8
(56.0–63.4)

−1.76
(−2.25–−1.27)

12.5
(10.1–15.5)

6.6
(4.9–8.8)

−0.60
(−0.93–−0.27)

−1.17
(−1.75–−0.58)

Pakistan DHS
2006

DHS
2017

25.2
(22.7–27.9)

13.7
(11.2–16.5)

−1.05
(−1.39–−0.71)

47.4
(40.8–54.2)

30.8
(23.7–38.9)

−1.51
(−2.44–−0.59)

11.4
(7.6–16.8)

3.1
(1.6–6.0)

−0.75
(−1.21–−0.30)

−0.76
(−1.79–0.27)

Philippines DHS
2008

DHS
2017

7.5
(6.1–9.3)

13.4
(11.5–15.5)

0.65
(0.37–0.94)

17.1
(13.0–22.1)

23.6
(19.8–28.0)

0.73
(0.05–1.40)

1.5
(0.3–6.7)

5.6
(2.6–11.5)

0.46
(−0.07–0.98)

0.27
(−0.59–1.13)

Republic of
Moldova

DHS
2005

MICS
2012

1.7
(0.7–4.1)

0.0
(0.0–0.0)

−0.25
(−0.46–−0.03)

0.0
(0.0–0.0) *

0.0
(0.0–0.0) *

0.00
(0.00–0.00)

2.6
(0.6–10.2)

0.0
(0.0–0.0)

−0.37
(−0.88–0.14)

0.37
(−0.14–0.88)

Sao Tome
and

Principe

DHS
2008

MICS
2019

6.4
(4.0–10.0)

2.3
(1.1–4.7)

−0.37
(−0.67–−0.07)

6.0
(2.6–13.4)

6.5
(2.7–14.8)

0.05
(−0.62–0.72)

8.1
(3.0–20.2)

0.0
(0.0–0.0)

−0.74
(−1.44–−0.04)

0.79
(−0.18–1.76)

Senegal DHS
2005

DHS
2019

6.8
(5.4–8.6)

3.8
(2.6–5.6)

−0.21
(−0.37–−0.06)

8.2
(5.5–11.9)

8.9
(5.3–14.6)

0.05
(−0.34–0.45)

2.5
(0.9–6.5)

0.5
(0.1–2.4)

−0.14
(−0.32–0.04)

0.19
(−0.24–0.63)

Tajikistan MICS
2005

DHS
2017

7.0
(4.9–9.9)

7.6
(6.1–9.4)

0.05
(−0.20–0.30)

9.6
(4.9–17.9)

8.1
(5.1–12.6)

−0.12
(−0.72–0.48)

5.3
(2.6–10.5)

10.5
(7.3–14.8)

0.43
(−0.00–0.87)

−0.55
(−1.30–0.19)

Timor-
Leste

DHS
2009

DHS
2016

24.9
(22.2–27.9)

21.6
(18.8–24.7)

−0.47
(−1.05–0.11)

35.6
(30.2–41.4)

36.0
(29.2–43.4)

0.05
(−1.24–1.35)

16.7
(12.2–22.5)

9.8
(5.8–15.9)

−0.99
(−2.00–0.02)

1.05
(−0.60–2.69)

United
Republic of

Tanzania

DHS
2004

DHS
2015

6.7
(4.9–9.0)

3.0
(2.2–4.2)

−0.33
(−0.53–−0.12)

12.4
(8.2–18.3)

6.6
(4.4–9.7)

−0.53
(−1.04–−0.02)

2.4
(0.6–8.7)

1.2
(0.4–3.8)

−0.11
(−0.42–0.20)

−0.42
(−1.01–0.18)

Viet Nam DHS
2002

MICS
2013

11.7
(8.3–16.3)

3.8
(2.6–5.5)

−0.72
(−1.10–−0.34)

28.1
(19.4–38.9)

12.7
(8.2–19.3)

−1.40
(−2.41–−0.39)

0.0
(0.0–0.0)

0.7
(0.1–5.0)

0.06
(−0.06–0.19)

−1.46
(−2.48–−0.44)

Zambia DHS
2007

DHS
2018

7.7
(5.9–10.0)

2.1
(1.4–3.1)

−0.51
(−0.71–−0.31)

7.2
(4.5–11.5)

3.1
(1.8–5.5)

−0.37
(−0.72–−0.02)

3.7
(1.6–8.4)

1.0
(0.2–4.1)

−0.25
(−0.56–0.06)

−0.12
(−0.58–0.34)
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Table 2. Cont.

National
Average

Quintile 1
(Poorest)

Quintile 5
(Richest)

Excess
Change

Country Source 1 Source 2 Year 1
(95% CI)

Year 2
(95% CI)

Absolute
Annual
Change
(95% CI)

Year 1
(95% CI)

Year 2
(95% CI)

Absolute
Annual
Change
(95% CI)

Year 1
(95% CI)

Year 2
(95% CI)

Absolute
Annual
Change
(95% CI)

Absolute
Annual
Excess

Change
(95% CI)

Lower–Middle-Income Countries

Zimbabwe MICS
2009

MICS
2019

8.6
(7.0–10.6)

5.5
(3.9–7.6)

−0.31
(−0.57–−0.05)

12.3
(8.7–17.3)

8.0
(4.3–14.4)

−0.43
(−1.08–0.21)

5.6
(2.8–10.8)

1.7
(0.6–4.6)

−0.38
(−0.80–0.03)

−0.05
(−0.81–0.72)

Upper–Middle-Income Countries

Median
(Upper–
Middle-
Income

Countries)

5.2
(0.6–9.7)

4.6
(1.6–7.6)

0.02
(−0.38–0.42)

8.5
(0.3–16.6)

6.3
(2.3–10.2)

−0.05
(−0.78–0.68)

2.3
(−2.1–6.6)

4.2
(0.1–8.3)

0.06
(−0.48–0.61)

−0.14
(−0.80–0.52)

Albania DHS
2008

DHS
2017

0.5
(0.1–3.4)

0.5
(0.1–1.8)

0.00
(−0.12–0.12)

0.0
(0.0–0.0)

0.9
(0.1–6.2)

0.10
(−0.10–0.30)

0.0
(0.0–0.0) *

0.0
(0.0–0.0) *

0.00
(0.00–0.00)

0.10
(−0.10–0.30)

Armenia DHS
2005

DHS
2015

5.5
(2.9–10.0)

1.5
(0.7–3.3)

−0.39
(−0.74–−0.04)

6.5
(2.1–18.4)

1.6
(0.4–6.2)

−0.49
(−1.23–0.24)

0.7
(0.1–5.1) *

0.0
(0.0–0.0)

−0.07
(−0.21–0.07)

−0.42
(−1.17–0.32)

Bosnia and
Herzegov-

ina

MICS
2006

MICS
2011

6.0
(4.2–8.3)

3.0
(1.8–4.9)

−0.59
(−1.09–−0.09)

12.5
(7.6–19.8)

4.7
(1.7–12.3)

−1.57
(−3.09–−0.05)

4.3
(1.9–9.6)

1.6
(0.4–6.1)

−0.55
(−1.37–0.28)

−1.02
(−2.75–0.71)

Dominican
Republic

DHS
2002

MICS
2014

5.0
(4.0–6.2)

8.9
(7.7–10.2)

0.32
(0.18–0.46)

9.4
(7.2–12.2)

14.1
(11.5–17.1)

0.39
(0.07–0.70)

4.8
(2.3–9.6)

6.3
(4.1–9.7)

0.13
(−0.24–0.49)

0.26
(−0.22–0.74)

Gabon DHS
2000

DHS
2012

30.6
(27.0–34.5)

11.6
(9.0–14.7)

−1.59
(−1.98–−1.20)

50.8
(45.2–56.4)

18.1
(13.9–23.3)

−2.72
(−3.33–−2.12)

21.2
(13.7–31.3)

8.5
(2.3–26.5)

−1.06
(−2.19–0.08)

−1.67
(−2.95–−0.38)

Guyana MICS
2006

MICS
2014

6.3
(4.0–10.0)

4.4
(2.7–7.2)

−0.23
(−0.69–0.22)

8.2
(4.1–15.7)

6.3
(3.6–10.7)

−0.24
(−1.05–0.57)

2.1
(0.3–13.7)

1.9
(0.5–7.3)

−0.03
(−0.63–0.57)

−0.21
(−1.22–0.80)

Jordan DHS
2007

DHS
2017

1.1
(0.6–2.3)

7.4
(5.7–9.7)

0.63
(0.41–0.84)

1.3
(0.4–3.7)

9.4
(6.3–13.9)

0.82
(0.42–1.21)

2.0
(0.3–12.4)

7.5
(2.5–20.0)

0.55
(−0.32–1.41)

0.27
(−0.68–1.22)
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Table 2. Cont.

National
Average

Quintile 1
(Poorest)

Quintile 5
(Richest)

Excess
Change

Country Source 1 Source 2 Year 1
(95% CI)

Year 2
(95% CI)

Absolute
Annual
Change
(95% CI)

Year 1
(95% CI)

Year 2
(95% CI)

Absolute
Annual
Change
(95% CI)

Year 1
(95% CI)

Year 2
(95% CI)

Absolute
Annual
Change
(95% CI)

Absolute
Annual
Excess

Change
(95% CI)

Upper–Middle-Income Countries

Kazakhstan MICS
2006

MICS
2015

0.9
(0.4–2.0)

4.4
(3.2–6.0)

0.38
(0.21–0.56)

0.9
(0.2–3.6)

3.6
(1.6–7.6)

0.29
(−0.04–0.63)

1.0
(0.1–6.9)

8.0
(3.9–15.7)

0.77
(0.12–1.43)

−0.48
(−1.22–0.26)

Maldives DHS
2009

DHS
2016

1.2
(0.6–2.4)

9.2
(6.6–12.8)

1.15
(0.70–1.60)

1.0
(0.2–4.3)

9.5
(6.0–14.8)

1.21
(0.56–1.87)

1.3
(0.2–8.2)

16.4
(6.7–34.8) *

2.16
(0.18–4.14)

−0.95
(−3.03–1.13)

Namibia DHS
2006

DHS
2013

5.3
(3.8–7.4)

7.3
(5.5–9.7)

0.29
(−0.11–0.68)

10.2
(5.8–17.2)

2.6
(1.2–5.6)

−1.08
(−1.92–−0.25)

1.8
(0.6–4.8)

12.7
(7.4–21.0)

1.56
(0.57–2.55)

−2.65
(−3.94–−1.35)

North
Macedonia

MICS
2005

MICS
2018

10.6
(6.9–16.0)

4.1
(1.7–9.5)

−0.50
(−0.94–−0.07)

12.6
(8.9–17.5)

0.0
(0.0–0.0)

−0.97
(−1.30–−0.64)

18.2
(10.0–30.9)

0.6
(0.1–4.3)

−1.35
(−2.15–−0.55)

0.38
(−0.48–1.25)

Peru DHS
2009

DHS
2019

4.3
(3.2–5.6)

4.7
(3.9–5.7)

0.05
(−0.10–0.20)

4.3
(2.8–6.6)

6.3
(4.7–8.3)

0.19
(−0.07–0.45)

2.4
(0.5–10.5)

5.0
(2.6–9.2)

0.26
(−0.23–0.74)

−0.06
(−0.61–0.48)

Serbia MICS
2005

MICS
2019

4.3
(2.9–6.5)

3.5
(1.8–6.7)

−0.06
(−0.26–0.15)

8.7
(4.7–15.6)

7.6
(2.9–18.6)

−0.08
(−0.71–0.56)

3.4
(1.1–9.9)

0.5
(0.1–3.9)

−0.20
(−0.48–0.07)

0.13
(−0.56–0.82)

Suriname MICS
2006

MICS
2018

10.1
(7.3–13.9)

19.7
(15.5–24.7)

0.80
(0.33–1.27)

9.0
(4.9–15.9)

22.7
(16.3–30.8)

1.14
(0.39–1.89)

12.4
(6.4–22.4)

21.6
(10.8–38.8)

0.77
(−0.56–2.11)

0.37
(−1.16–1.89)

Thailand MICS
2005

MICS
2019

2.5
(1.7–3.8)

3.1
(1.8–5.4)

0.04
(−0.10–0.18)

3.4
(1.9–6.2)

3.1
(1.8–5.4)

−0.03
(−0.22–0.17)

2.4
(0.6–9.4)

0.1
(0.1–0.4)

−0.16
(−0.41–0.08)

0.14
(−0.17–0.45)

Turkey DHS
2003

DHS
2013

11.5
(9.0–14.7)

5.6
(3.7–8.3)

−0.59
(−0.96–−0.23)

31.0
(23.6–39.6)

7.2
(3.9–12.8)

−2.38
(−3.28–−1.48)

1.1
(0.2–5.2)

3.3
(0.9–11.5)

0.22
(−0.23–0.68)

−2.60
(−3.61–−1.59)

Note: The absolute annual change was calculated by subtracting prevalence in year 1 from prevalence in year 2 and dividing by the number of intervening years. The absolute annual
excess change was calculated by subtracting the annual absolute change in quintile 5 (richest) from the annual absolute change in quintile 1 (poorest). Countries classified according to
2021 World Bank country income level groupings. DHS = Demographic and Health Survey. DTP = diphtheria–tetanus–pertussis vaccine. CI = confidence interval. MICS = Multiple
Indicator Cluster Survey. * Estimate is based on 25–49 cases.
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Overall, changes in inequality and national average over time demonstrated different
patterns across countries (Figure 2). Several countries showed the most desirable trend:
decreased national zero-dose DTP prevalence, with larger improvements among the poorest
households. Fourteen countries had a statistically significant decrease in absolute annual
excess change. Most markedly, in Niger, the national zero-dose DTP prevalence decreased
by 4.6 percentage points per year between 2006 and 2012, with much more reduction among
the poorest quintile than the richest (absolute annual excess decline of 4.1 percentage
points). Similarly, Burkina Faso, India, and Turkey decreased their national zero-dose DTP
prevalence with narrowing inequality, while Namibia had no change in national prevalence
alongside narrowing inequality (driven by increased zero-dose DTP prevalence in the
richest quintile). Guinea and Madagascar both showed increased national zero-dose DTP
prevalence driven by faster increases in the poorest quintile than the richest.

Many countries showed little or no absolute change in national average or economic-
related inequality over the past ten years. Egypt and Mongolia sustained low zero-dose DTP
prevalence (around 1% and 3%, respectively), with absolute economic-related inequality
remaining around 2 percentage points or less. In other countries, such as Benin, high
zero-dose DTP prevalence remained unchanged (above 15%), with a sustained gap of at
least 25 percentage points between the poorest and richest quintiles.

In Congo, Côte d’Ivoire, and Haiti, the national zero-dose DTP prevalence remained
largely unchanged between the two surveys (in the range of 14–20%), though the situation
across wealth quintiles changed in divergent ways. In Haiti, the gap between the rich
and poor widened due to increased prevalence among the poorest quintile (by more than
6 percentage points across ten years) and prevalence decreasing among the richest (by more
than 7 percentage points across ten years). In Congo and Côte d’Ivoire, the zero-dose DTP
prevalence increased among the richest quintile (by more than 9 percentage points across
ten years) and decreased among the poorest quintile (by around 4–6 percentage points
across ten years).

3.3. Countries with High Prevalence or Number of Children with Zero-Dose DTP

A subset of 17 countries had zero-dose DTP prevalence of more than 25% according
to the latest available survey since 2010 (n = 13) and/or highest numbers of children with
zero-dose DTP (n = 9). This subset consists of seven low-income countries, nine lower–
middle-income countries, and one upper–middle-income country. All 17 countries reported
higher prevalence in the poorest quintile than the richest, with difference ranging from
2.7 percentage points in Mexico to 53.2 percentage points in South Sudan (median difference
of 32.1 percentage points across 17 countries).

Eleven of these countries had data from two or more surveys (Figure 3). Of these,
four countries—Central African Republic, Guinea, Madagascar, and Philippines—had a
statistically significant increase in national zero-dose DTP prevalence, with prevalence
tending to increase in all wealth quintiles (except Central African Republic, where the
prevalence among the richest quintile was unchanged). The gap between the richest and
poorest increased by up to 12.2 percentage points over ten years in Guinea. Six countries
had a statistically significant decrease in national prevalence. In India and Indonesia, there
were large reductions in prevalence in the poorer subgroups which narrowed absolute
inequality by 24.7 percentage points and 17.7 percentage points, respectively, over ten
years. Nigeria and Pakistan reported improvements in all quintiles, with faster declines
among the poorest than the richest, while Ethiopia reported faster improvements among
the richest. In Lao People’s Democratic Republic, the zero-dose DTP prevalence declined
among all except the poorest quintile.
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Every country is represented by a shape, which corresponds to its 2021 World Bank country income 

Figure 2. Change over time in national average percentage of children aged 12–23 months who did
not receive any doses of DTP-containing vaccine, zero-dose DTP, and in wealth quintile 1 compared
with wealth quintile 5, in 65 countries. Data taken from DHS and MICS 2000–2009 and 2010–2019.
Every country is represented by a shape, which corresponds to its 2021 World Bank country income
level grouping. For every study country, the annual absolute change in national average was calcu-
lated by subtracting the national average prevalence in survey year 1 (2000–2009) from prevalence in
survey year 2 (2010–2019) and dividing by the number of intervening years. The annual absolute
excess change was calculated by subtracting the annual absolute change in quintile 5 from the an-
nual absolute change in quintile 1. The gray lines indicate the median values across countries.
DHS = Demographic and Health Survey. DTP = diphtheria–tetanus–pertussis vaccine.
MICS = Multiple Indicator Cluster Survey.
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Figure 3. Time trends in percentage of children aged 12–23 months who did not receive any doses
of DTP-containing vaccine in 11 countries, zero-dose DTP, by wealth quintile. Data taken from
DHS and MICS 2000–2009 and 2010–2019. For each country, disaggregated data are presented for
wealth quintiles by colored dots; the horizontal lines indicate the difference between the most extreme
quintile values. DHS = Demographic and Health Survey. DTP = diphtheria–tetanus–pertussis vaccine.
MICS = Multiple Indicator Cluster Survey.

4. Discussion

In this study, we described economic-related inequalities in zero-dose children across
89 low- and middle-income countries. Our results indicate that widespread economic-
related inequalities to the detriment of the poorest countries, similar to previous multi-
country analyses of inequalities in DTP3 coverage [19–21]. Our focus on zero-dose DTP
prevalence, the flagship indicator of IA2030 and Gavi 5.0, yielded new insights into changes
in inequality over time. However, a previous analysis of trends in economic-related
inequality in DTP3 coverage showed narrowing inequality over the previous decade [20],
while the present analysis of zero-dose DTP shows that economic-related inequalities have
been largely sustained over the previous ten years. These divergent findings underscore
the importance of dedicated monitoring and tracking the unvaccinated, using zero-dose
DTP as the tracer indicator. The stark increase in the number of zero-dose children in 2020
further underscores the importance of the equity orientation of Gavi 5.0 and IA2030 and
the need to restore, strengthen, and expand the reach of immunization systems.

Our study was the first, to our knowledge, to report socioeconomic inequality in
zero-dose DTP across country income groupings. We reported more pronounced economic-
related inequality in low-income countries than lower–middle- and upper–middle-income
countries; however, there was variation across countries in the extent of inequality. The
group of low-income countries demonstrated greater variation than lower–middle- or
upper–middle-income countries. We found no apparent differences between country
income groupings for changes in economic-related inequality over time. Previous research
addressing trends in national DTP3 coverage in 46 African countries compared coverage
in 2000 and 2015 by country income grouping and reported substantial improvements in
the low-income countries; however, unlike our study, their analysis allowed for different
country classification at the two time periods, and it did not report on socioeconomic
inequality [22].

Multi-country studies such as ours are useful to describe global trends and inform
where further studies and/or targeted resource distribution are needed. Our initial investi-
gation of inequalities in a subset of 17 countries with a high prevalence or a high number of
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zero-dose children (including countries with low performance, but also better performing
countries with large birth cohorts) revealed divergent patterns, particularly with regards
to how inequality changed over time. Notably, India and Indonesia achieved substantial
reductions in economic-related inequality, while the situation in Guinea and Madagas-
car became worse, in terms of both inequality and national average. Country-specific
studies are required to explore contextual factors that underlie existing socioeconomic
inequalities and identify lessons learned in areas where the situation is improving. While
cross-cutting strategies to improve equity in vaccination coverage have been identified,
including improving the relationships between the health system and mothers who are
socioeconomically disadvantaged, setting-specific approaches should be tailored to account
for local considerations [11,23].

Since the inception of the Expanded Program on Immunization in the 1970s, all coun-
tries have included DTP3 in the national vaccination schedules, as per the recommendation
of the WHO. There are complex reasons why children from socioeconomically disadvan-
taged subgroups lack access to vaccinations. Women’s low social status is a barrier that
cuts across family, community, and health facility environments, and manifests through
educational attainment, income, decision-making, and resource allocation [14,24]. Deliber-
ate measures are needed to mitigate women’s lack of access to immunization services and
encourage greater involvement of fathers and communities in immunization initiatives.
In sub-Saharan Africa, attributes related to parents or caregivers that are most frequently
cited as barriers to vaccination include lack of knowledge about immunization, distance to
access point, financial deprivation, lack of support from partner and distrust in vaccines,
and immunization programs, whereas pertinent barriers related to health systems include
human resource limitations, inadequate infrastructure, and supply chain inadequacies [25].

Others have explored the reasons underlying socioeconomic inequalities in vaccine
coverage. For instance, across 46 low- and middle-income countries, pro-rich inequality
in the receipt of four basic vaccines in childhood was associated with higher antenatal
care visit attendance among wealthier women [26]. A study of country-level determinants
reported national political stability, gender equality, and smaller land surface as factors
that were predictive of more equitable DTP3 coverage in terms of wealth, education,
and multidimensional poverty [27]. With a novel approach to measure multi-dimensional
equity in immunization coverage, Patenaude and Odihi (2021) reported maternal education,
socioeconomic status, and health insurance coverage as the primary drivers of unfair
disadvantage in zero-dose status in India (accounting for 31%, 16%, and 7% of inequality,
respectively) [28]. Further study of factors specific to “hard-to-reach” zero-dose children is
warranted [29].

Deriving estimates and assessing inequalities of zero-dose children, a population
defined by its lack of contact with health systems, is subject to measurement limitations [30].
Our use of household survey data helped to overcome inaccurate denominator values and
absence of information about socioeconomic variables, i.e., major limitations of administra-
tive data sources. Surveys, however, are subject to other limitations and biases, including
exclusion of settings that are conflict-affected or hard to reach, respondent recall/self-
reporting inaccuracies, and inaccurate or outdated sampling frames. Furthermore, children
who were delayed in receiving vaccines may not have been captured. For these reasons,
the reported estimates may underestimate zero-dose DTP prevalence.

Our analysis used a lack of DTP vaccination as a measure of zero-dose children, follow-
ing the operational definition used by IA2030, with reports by World Health Organization
and UNICEF [17] which can be measured with different data sources, and emphasized the
reach of routine immunization services. Our study yielded similar results as a previous
analysis that defined zero-dose children by the lack of vaccination of four basic vaccines
universally recommended in infancy (BCG, DTP, MCV, and polio) [9].
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5. Conclusions

Alongside indicators of vaccination coverage and drop-out, monitoring and reporting
on zero-dose children is a stated priority of IA2030 and Gavi 5.0. The indicator provides
valuable insights on children who lack access to routine immunizations and can help
to inform actions to equitably expand the reach of immunization programs and basic
healthcare services. In other words, actions should be equity-oriented to achieve national
improvements alongside narrowing socioeconomic inequality (faster improvement among
the poorest subgroups). To this end, our analysis of economic-related inequalities in zero-
dose DTP prevalence serves as an important baseline assessment to benchmark future
efforts to reduce the number of zero-dose children. Socioeconomic inequalities in zero-dose
children, alongside other dimensions of inequality, should be monitored regularly as new
data become available. Investments should expand and strengthen data collection and
analysis, with a focus on disaggregated data. Further in-depth analysis of country-level
inequalities is warranted, including exploration of the drivers of inequality and context-
specific strategies to address them.

Author Contributions: All authors meet the four criteria for authorship in the ICMJE Recommen-
dations. A.R.H. led the conceptualization of the paper; N.B. wrote the original draft, with input
from A.S. and A.R.H.; B.O.C.-P. and T.M.S. did the formal analysis and verified the underlying data;
A.S. prepared the visualizations; and B.O.C.-P., M.C.D.-H., T.M., T.M.S., S.V.S., D.R.H. and A.J.D.B.
reviewed and edited the manuscript. All authors have read and approved the final version. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received funding from Gavi, the Vaccine Alliance. Beyond the individual
contributions of D.R.H. and T.M., who are Gavi employees, the funder had no role in study design,
data collection, data analysis, data interpretation, or writing of the report.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data in this study are contained within the article.

Acknowledgments: Katherine Kirkby and Cecilia Vidal Fuertes provided inputs into the early
conceptualization of the paper and contributed to data preparation.

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.

References
1. World Health Organization. Immunization Agenda 2030: A Global Strategy to Leave No One Behind. 2020. Available online:

https://www.who.int/publications/m/item/immunization-agenda-2030-a-global-strategy-to-leave-no-one-behind (accessed
on 6 January 2022).

2. World Health Organization. Essential Programme on Immunization: Reducing Missed Opportunities for Vaccination (MOV).
2022. Available online: https://www.who.int/teams/immunization-vaccines-and-biologicals/essential-programme-on-
immunization/implementation/reducing-missed-opportunities-for-vaccination-(mov) (accessed on 6 January 2022).

3. Galles, N.C.; Liu, P.Y.; Updike, R.L.; Fullman, N.; Nguyen, J.; Rolfe, S.; Sbarra, A.N.; Schipp, M.F.; Marks, A.; Abady, G.G.; et al.
Measuring routine childhood vaccination coverage in 204 countries and territories, 1980–2019: A systematic analysis for the
Global Burden of Disease Study 2020, Release 1. Lancet 2021, 398, 503–521. [CrossRef]

4. Shet, A.; Carr, K.; Danovaro-Holliday, M.C.; Sodha, S.V.; Prosperi, C.; Wunderlich, J.; Wonodi, C.; Reynolds, H.W.; Mirza, I.;
Gacic-Dobo, M.; et al. Impact of the SARS-CoV-2 pandemic on routine immunisation services: Evidence of disruption and
recovery from 170 countries and territories. Lancet Glob. Health 2021, 10, e186–e194. [CrossRef]

5. Causey, K.; Fullman, N.; Sorensen, R.J.D.; Galles, N.C.; Zheng, P.; Aravkin, A.; Danovaro-Holliday, M.C.; Martinez-Piedra, R.;
Sodha, S.V.; Velandia-González, M.P.; et al. Estimating global and regional disruptions to routine childhood vaccine coverage
during the COVID-19 pandemic in 2020: A modelling study. Lancet 2021, 398, 522–534. [CrossRef]

6. Muhoza, P.; Danovaro-Holliday, M.C.; Diallo, M.S.; Murphy, P.; Sodha, S.V.; Requejo, J.H.; Wallace, A.S. Routine vaccination
coverage—Worldwide, 2020. Morb. Mortal Wkly. Rep. 2021, 70, 1495–1500. [CrossRef]

7. Santos, T.M.; Cata-Preta, B.O.; Victora, C.G.; Barros, A.J.D. Finding children with high risk of non-vaccination in 92 low- and
middle-income countries: A decision tree approach. Vaccines 2021, 9, 646. [CrossRef]

https://www.who.int/publications/m/item/immunization-agenda-2030-a-global-strategy-to-leave-no-one-behind
https://www.who.int/teams/immunization-vaccines-and-biologicals/essential-programme-on-immunization/implementation/reducing-missed-opportunities-for-vaccination-(mov)
https://www.who.int/teams/immunization-vaccines-and-biologicals/essential-programme-on-immunization/implementation/reducing-missed-opportunities-for-vaccination-(mov)
http://doi.org/10.1016/S0140-6736(21)00984-3
http://doi.org/10.1016/S2214-109X(21)00512-X
http://doi.org/10.1016/S0140-6736(21)01337-4
http://doi.org/10.15585/mmwr.mm7043a1
http://doi.org/10.3390/vaccines9060646


Vaccines 2022, 10, 633 26 of 26

8. Shenton, L.M.; Wagner, A.L.; Bettampadi, D.; Masters, N.B.; Carlson, B.F.; Boulton, M.L. Factors associated with vaccination
status of children aged 12–48 months in India, 2012–2013. Matern. Child Health J. 2018, 22, 419–428. [CrossRef]

9. Cata-Preta, B.O.; Santos, T.M.; Mengistu, T.; Hogan, D.R.; Barros, A.J.D.; Victora, C.G. Zero-dose children and the immunisation
cascade: Understanding immunisation pathways in low and middle-income countries. Vaccines 2021, 39, 4564–4570. [CrossRef]

10. Gavi, the Vaccine Alliance. Reaching Zero-Dose Children. 2021. Available online: https://www.gavi.org/our-alliance/strategy/
phase-5-2021-2025/equity-goal/zero-dose-children-missed-communities (accessed on 6 January 2022).

11. Equity Reference Group for Immunization. A Focus on “Zero Dose” Children: Key Issues for Consideration. Equity Reference
Group for Immunization. 2020. Available online: https://irp.cdn-website.com/44236788/files/uploaded/ERG%20Discussion%
20Paper%209%20Zero%20Dose%20FINAL.pdf (accessed on 7 January 2022).

12. Bobo, F.T.; Asante, A.; Woldie, M.; Dawson, A.; Hayen, A. Child vaccination in sub-Saharan Africa: Increasing coverage addresses
inequalities. Vaccines 2022, 40, 141–150. [CrossRef]

13. Bosch-Capblanch, X.; Banerjee, K.; Burton, A. Unvaccinated children in years of increasing coverage: How many and who are
they? Evidence from 96 low- and middle-income countries: Unvaccinated children in years of increasing coverage. Trop. Med. Int.
Health 2012, 17, 697–710. [CrossRef]

14. Feletto, M.; Sharkey, A. The influence of gender on immunisation: Using an ecological framework to examine intersecting
inequities and pathways to change. BMJ Glob. Health 2019, 4, e001711. [CrossRef]

15. Johri, M.; Rajpal, S.; Subramanian, S.V. Progress in reaching unvaccinated (zero-dose) children in India, 1992–2016: A multilevel,
geospatial analysis of repeated cross-sectional surveys. Lancet Glob. Health 2021, 9, e1697–e1706. [CrossRef]

16. Ghosh, A.; Laxminarayan, R. Demand- and supply-side determinants of diphtheria-pertussis-tetanus nonvaccination and dropout
in rural India. Vaccines 2017, 35, 1087–1093. [CrossRef] [PubMed]

17. World Health Organization and UNICEF; UNICEF Immunization Unit. Immunization Coverage: Are We Losing Ground?
2020. Available online: https://data.unicef.org/resources/immunization-coverage-are-we-losing-ground/ (accessed on
7 January 2022).

18. Schlotheuber, A.; Hosseinpoor, A.R. Summary measures of health inequality: A review of existing measures and their application.
Int. J. Environ. Res. Public Health 2022, 19, 3697. [CrossRef] [PubMed]

19. Alhassan, J.A.K.; Wariri, O.; Onuwabuchi, E.; Mark, G.; Kwarshak, Y.; Dase, E. Access to skilled attendant at birth and the
coverage of the third dose of diphtheria-tetanus-pertussis vaccine across 14 West African countries—An equity analysis. Int. J.
Equity Health 2020, 19, 78. [CrossRef]

20. Hosseinpoor, A.R.; Bergen, N.; Schlotheuber, A.; Gacic-Dobo, M.; Hansen, P.M.; Senouci, K.; Boerma, T.; Barros, A.J.D. State of
inequality in diphtheria-tetanus-pertussis immunisation coverage in low-income and middle-income countries: A multicountry
study of household health surveys. Lancet Glob. Health 2016, 4, e617–e626. [CrossRef]

21. Arsenault, C.; Harper, S.; Nandi, A.; Mendoza Rodríguez, J.M.; Hansen, P.M.; Johri, M. Monitoring equity in vaccination
coverage: A systematic analysis of demographic and health surveys from 45 Gavi-supported countries. Vaccines 2017, 35, 951–959.
[CrossRef]

22. Casey, R.M.; Hampton, L.M.; Anya, B.-P.M.; Gacic-Dobo, M.; Diallo, M.S.; Wallace, A.S. State of equity: Childhood immunization
in the World Health Organization African region. PAN Afr. Med. J. 2017, 27, 5. [CrossRef]

23. Chopra, M.; Bhutta, Z.; Blanc, D.C.; Checchi, F.; Gupta, A.; Lemango, E.T.; Levine, O.S.; Lyimo, D.; Nandy, R.; O’Brien, K.L.; et al.
Addressing the persistent inequities in immunization coverage. Bull. World Health Organ. 2020, 98, 146–148. [CrossRef]

24. Merten, S.; Hilber, A.M.; Biaggi, C.; Secula, F.; Bosch-Capblanch, X.; Namgyal, P.; Hombach, J. Gender determinants of vaccination
status in children: Evidence from a meta-ethnographic systematic review. PLoS ONE 2015, 10, e0135222. [CrossRef]

25. Bangura, J.B.; Xiao, S.; Qiu, D.; Ouyang, F.; Chen, L. Barriers to childhood immunization in sub-Saharan Africa: A systematic
review. BMC Public Health 2020, 20, 1108. [CrossRef]

26. Hajizadeh, M. Socioeconomic inequalities in child vaccination in low/middle-income countries: What accounts for the differences?
J. Epidemiol. Community Health 2018, 72, 719–725. [CrossRef] [PubMed]

27. Arsenault, C.; Johri, M.; Nandi, A.; Mendoza Rodríguez, J.M.; Hansen, P.M.; Harper, S. Country-level predictors of vaccination
coverage and inequalities in Gavi-supported countries. Vaccines 2017, 35, 2479–2488. [CrossRef] [PubMed]

28. Patenaude, B.; Odihi, D.; Sriudomporn, S.; Mak, J.; Watts, E.; de Broucker, G. A Standardized Approach for Measuring multi-
Dimensional Equity in Vaccination Coverage, Cost-of-Illness, and Health Outcomes: Evidence from the Vaccine Economics
Research for Sustainability & Equity (VERSE) Project. SSRN Electron. J. 2021. Available online: https://www.ssrn.com/abstract=
3945450 (accessed on 9 February 2022).

29. Ozawa, S.; Yemeke, T.T.; Evans, D.R.; Pallas, S.E.; Wallace, A.S.; Lee, B.Y. Defining hard-to-reach populations for vaccination.
Vaccines 2019, 37, 5525–5534. [CrossRef] [PubMed]

30. Cutts, F.T.; Danovaro-Holliday, M.C.; Rhoda, D.A. Challenges in measuring supplemental immunization activity coverage among
measles zero-dose children. Vaccine 2021, 39, 1359–1363. [CrossRef] [PubMed]

http://doi.org/10.1007/s10995-017-2409-6
http://doi.org/10.1016/j.vaccine.2021.02.072
https://www.gavi.org/our-alliance/strategy/phase-5-2021-2025/equity-goal/zero-dose-children-missed-communities
https://www.gavi.org/our-alliance/strategy/phase-5-2021-2025/equity-goal/zero-dose-children-missed-communities
https://irp.cdn-website.com/44236788/files/uploaded/ERG%20Discussion%20Paper%209%20Zero%20Dose%20FINAL.pdf
https://irp.cdn-website.com/44236788/files/uploaded/ERG%20Discussion%20Paper%209%20Zero%20Dose%20FINAL.pdf
http://doi.org/10.1016/j.vaccine.2021.11.005
http://doi.org/10.1111/j.1365-3156.2012.02989.x
http://doi.org/10.1136/bmjgh-2019-001711
http://doi.org/10.1016/S2214-109X(21)00349-1
http://doi.org/10.1016/j.vaccine.2016.12.024
http://www.ncbi.nlm.nih.gov/pubmed/28081971
https://data.unicef.org/resources/immunization-coverage-are-we-losing-ground/
http://doi.org/10.3390/ijerph19063697
http://www.ncbi.nlm.nih.gov/pubmed/35329383
http://doi.org/10.1186/s12939-020-01204-5
http://doi.org/10.1016/S2214-109X(16)30141-3
http://doi.org/10.1016/j.vaccine.2016.12.041
http://doi.org/10.11604/pamj.supp.2017.27.3.12114
http://doi.org/10.2471/BLT.19.241620
http://doi.org/10.1371/journal.pone.0135222
http://doi.org/10.1186/s12889-020-09169-4
http://doi.org/10.1136/jech-2017-210296
http://www.ncbi.nlm.nih.gov/pubmed/29581228
http://doi.org/10.1016/j.vaccine.2017.03.029
http://www.ncbi.nlm.nih.gov/pubmed/28365251
https://www.ssrn.com/abstract=3945450
https://www.ssrn.com/abstract=3945450
http://doi.org/10.1016/j.vaccine.2019.06.081
http://www.ncbi.nlm.nih.gov/pubmed/31400910
http://doi.org/10.1016/j.vaccine.2020.11.050
http://www.ncbi.nlm.nih.gov/pubmed/33551302

	Introduction 
	Materials and Methods 
	Data 
	Country Selection 
	Statistical Analysis 

	Results 
	Latest Situation 
	Change over Time 
	Countries with High Prevalence or Number of Children with Zero-Dose DTP 

	Discussion 
	Conclusions 
	References

