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ABSTRACT

Background Socioeconomic inequalities in child
vaccination continue to be a global public health
concern. This study aimed to measure and identify
factors associated with socioeconomic inequalities

in full immunisation coverage against the four core
vaccine-preventable diseases (ie, bacille Calmette-Guérin,
diphtheria-tetanus-pertussis (three doses), polio (three
doses) and measles vaccines) in 46 low/middle-income
countries.

Methods The most recent nationally representative
samples of children (aged 10-59 months, n=372 499)
collected through the Demographic Health Surveys were
used to measure vaccination rates. The concentration
index (C) was used to quantify socioeconomic
inequalities in vaccination coverage. Furthermore, meta-
regression analyses were used to determine factors
affecting socioeconomic inequalities in vaccination
coverage across countries.

Results Results suggested that immunisation coverage
was pro-rich in most countries (median C=0.161, IQR
0.131). Gambia (C=—0.146, 95% Cl —0.223 to —0.069),
Namibia (C=—0.093, 95% Cl —0.145 to —0.041)

and Kyrgyz Republic (C=-0.227, 95% CI —-0.304 to
—0.15) were the only countries where children who
belong to higher socioeconomic status group were

less likely to receive all the four core vaccines than

their lower socioeconomic status counterparts. Meta-
regression analyses suggested that, across countries, the
concentration of antenatal care visits among wealthier
mothers was positively associated with the concentration
of vaccination coverage among wealthier children
(coefficient=0.606, 95% C1 0.301 t0 0.911).
Conclusions Pro-rich distribution of child vaccination
in most low/middle-income countries remains an
important public health policy concern. Policies aimed to
improve antenatal care visits among mothers in lower
socioeconomic groups may mitigate socioeconomic
inequalities in vaccination coverage in low/middle-
income countries.

INTRODUCTION

In spite of the remarkable global improvement
in routine vaccination coverage worldwide, the
overall improvement is not equally distributed
among the countries." Furthermore, a growing
body of evidence suggests that there exists a social
gradient in child vaccination within countries. For
example, children whose parents are well-educated,
wealthy or living in urban areas have a higher prob-
ability to be immunised against vaccine-preventable

diseases.” Social inequalities in vaccination uptake
can potentially hinder the global efforts to reduce
the burden of disease in low/middle-income
countries because children from socioeconomi-
cally disadvantaged backgrounds are generally at
increased risk of contracting infectious diseases.*

Incomplete or complete lack of vaccination
remains the cause of millions of preventable child
deaths each year in low/middle-income countries;
thereis, therefore,aconsiderable amountofliterature
devoted to factors that impact vaccination uptake.
Although several studies (eg, refs 5-9) suggest that
socioeconomic inequalities are still a major barrier
to child immunisation in low/middle-income coun-
tries, few studies (eg, ref 10) aimed to quantify
socioeconomic inequalities in vaccination coverage
using a summary measure of inequality such as the
concentration index. Measuring and monitoring of
socioeconomic-related inequalities in child vaccina-
tion in low/middle-income countries play a major
role in evaluating progress towards the targets
made by national and international programmes
to improve child vaccination coverage. Identifying
factors that explain the concentration of incom-
plete child vaccination among lower socioeconomic
status (SES) children can also provide valuable
information to introduce effective strategies and
policies to address such inequalities.

Using the most recent nationally representative
samples of children collected through the Demo-
graphic Health Surveys (DHS) and the concentra-
tion index approach (which accounts for inequality
across the whole socioeconomic distribution), this
study aimed to measure socioeconomic inequal-
ities in full immunisation coverage against the
four core vaccine-preventable diseases (ie, bacille
Calmette-Guérin  (BCG), diphtheria-tetanus-per-
tussis (DTP, three doses), polio (three doses) and
measles vaccines, see online supplementary table
1) in 46 low/middle-income countries. Addition-
ally, meta-regression analyses were performed to
examine whether inequalities in proximate determi-
nants of child vaccination were associated with the
extent of socioeconomic inequality in vaccination
across countries.

METHODS

Data

The data for this study were obtained from the
Standard DHS from 46 low/middle-income coun-
tries collected through the MEASURE DHS project
over the period between 2010 and 2015. The DHS
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surveys are nationally representative cross-sectional household
surveys with large sample sizes, typically between 5000 and
30000 households.'" Using a multistage sampling procedure,'*
the DHS collects reliable and comparable information on a
variety of health-related topics' such as vaccination status of
children in the household. High response rates and national
coverage are key advantages of the DHS. To facilitate compa-
rability of surveys across time and countries a similar set of
questions is used.'® Data collection methods, validation and
reliability assessment are described elsewhere."” Immunisation
records of children aged 59 months and younger were drawn
from the DHS surveys. To allow each child a follow-up period to
receive all the four routinely recommended core vaccines: BCG,
DTP (three doses), polio (three doses) and measles vaccines (10
months as per the WHO" recommended immunisation sched-
ules for the four routine vaccines, see online supplementary table
1), 82694 live births that occurred less than 10 months before
the survey interview were excluded from the analysis. The final
sample contained 372499 live births aged 10-59 months in 46
low/middle-income countries between 2010 and 2015. Online
supplementary table 2 presents the survey years, sample size and
gross national income (GNI) per capita (current US$) for the
sampled countries.

Measures

The outcome variable in this study is binary variable indicating
whether a child received all the four routinely recommended
core vaccines. Immunisation status of children was collected
using vaccination record cards provided by mothers or care-
givers during the survey interview. In the absence of vaccination
cards, mothers’ or caregiver’s verbal reports of children’s immu-
nisation coverage were used. Maternal reports may suffer from
recall bias; however, previous studies (eg, ref 16) showed that
maternal recall reports are valid when we compare child vacci-
nation coverage across populations. Socioeconomic inequalities
in vaccination coverage among children were measured using a
constructed wealth index (WI) for each household in the DHS
surveys as a measure of child SES. Using a principal components
analysis (PCA) technique the DHS uses information on selected
household’s assets to construct the WI.'” Based on the extant
literature (eg, refs 5 6), the effects of inequalities in income and
other proximate determinants of vaccination uptake (which have
been consistently collected in all DHS surveys) on socioeconomic
inequalities in vaccination coverage were assessed. This included
socioeconomic inequalities in mother’s education, mother’s
age 19 and below, higher number of children under 5 in the
household (3 and above) and antenatal care (ANC) coverage (a
minimum of four prenatal care visits), and income inequality as
measured by Gini index. As the DHS does not collect informa-
tion on expenditure or income, the World Bank’s World Devel-
opment Indicators and Global Development Finance data set'®
was used to obtain Gini index for each country in the study.

Statistical analysis

The statistical analysis involved two steps: (1) calculating socio-
economic inequalities in vaccination coverage and (2) performing
meta-regression analyses to determine factors affecting socioeco-
nomic inequalities in vaccination coverage.

Measuring socioeconomic inequalities

Socioeconomic inequality in vaccination coverage in each country
was measured using the (relative) concentration (C) index. The
C index is measured regarding the (relative) concentration curve,

which plots the cumulative share of vaccination coverage, on its
y-axis, against the cumulative share of the children, ranked in
ascending order of SES (WTI), on its x-axis. If all children, ranked
by WI, received an equal proportion of vaccination coverage, the
curve would coincide with the 45° line (ie, the line of ‘perfect
equality’). The C index is described as twice the area between
the 45° line and the concentration curve. The C index ranges
from —1 to +1, with zero representing ‘perfect equality’.” If
a health variable is concentrated among the rich, multiplying
the C index by 75 will give us the fraction of health variable that
needs to be transferred from the wealthier half to the poorer half
to achieve ‘perfect equality’.*’

The C index can be computed using the ‘convenient regres-
sion” approach as follows?':

202 (%) =a+f0rj+e;, (1)

where y; is child ’s vaccination coverage status, u is the mean
of vaccination coverage for the total sample, 1; = i/n is the
fractional rank of child in the distribution (= 1and n for the
poorest and wealthiest child, correspondingly), and 02 indicates
the variance of fractional rank. The ordinary least squares (OLS)
estimate of [ represents the C index and its SE provides the SE
for the C index.”* As the outcome variable in this study is binary,
the C index was normalised”® to summarise wealth-related
inequalities in vaccination coverage by multiplying by 1/1 —
. To obtain estimates that are representative of children (aged
10-59 months) living in each country sampling weights were
applied in the calculation of the C index. 95% ClIs were used to
assess statistical significance of the C index. A method suggested
by Altman and Bland®* was used to examine the significance of
differences in the C at 95% CI.

Meta-regression analyses

Univariate and multivariate meta-regression analyses were
performed to assess the determinants of socioeconomic inequali-
ties in vaccination coverage. The C index in vaccination coverage
for each country was used as the dependent variable and socio-
economic inequalities in proximate determinants of vaccina-
tion uptake (measured by the C index) and income inequality
(measured by the Gini index) were used as explanatory vari-
ables. The number of covariates in the model satisfies the ‘rule
of thumb’ of having at least 5-10 observations per predictor
in multivariable regression analysis.”> The random effects
models were used in the meta-regression analyses. This is
because fixed effects meta-regression assumes that the covari-
ates included in the model can explain all the heterogeneity in
the outcome variable and thus is not often recommended.* The
inverse variances of the C index for vaccination coverage were
used as weights in all univariate and multivariate meta-regression
analyses. All analyses were performed in V.13 of the STATA soft-
ware package (StataCorp, College Station, Texas).

RESULTS

Child vaccination coverage

Online supplementary table 3 and figure 1 present the percentage
of children (aged 10-59 months) who received all the four core
vaccines in 46 low/middle-income countries. Overall, 55.5% of
children in the sampled countries were immunised against the
diseases. There was a significant difference across the countries
in the vaccination uptake; for example, in Nepal, Honduras
and Armenia more than 85% of children received all the four
vaccines, whereas this figure was less than 35% in Mali, Nigeria
and Ethiopia. As reported in online supplementary table 3, up to
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Figure 1

58.3% of children in low-income countries completed immuni-
sation for the four main diseases; these figures were 52.9% and
68% in the sampled lower middle-income and upper middle-in-
come countries, respectively.

As reported in online supplementary table 3, the vaccination
rates were generally similar for males and females in all coun-
tries, except Gambia, Tanzania, Honduras and Gabon, where
vaccination uptakes were slightly higher among men compared
with women. The results also indicated that child vaccination
was higher in urban areas compared with rural areas in most
countries. The vaccination rates were significantly higher in
rural than urban areas in Gambia, Namibia, Kyrgyz Republic,
Malawi and Honduras.

Socioeconomic inequalities in child vaccination coverage
Table 1 reports the magnitude of socioeconomic inequalities
in immunisation coverage in 46 low/middle-income countries.
The results suggested that immunisation coverage is pro-rich
in the majority of countries (median C=0.161, IQR 0.131).
Gambia (C=-0.146, 95% CI —0.223 to —0.069), Namibia
(C=-0.093, 95% CI —0.145 to —0.041) and Kyrgyz Republic
(C=-0.227,95% CI —0.304 to —0.15) were the only countries
where children who belong to higher SES were less immunised
compared with lower SES counterparts. As shown in figure 2,
socioeconomic inequalities in vaccination coverage were higher
in countries such as Nigeria, Pakistan, Yemen, Cambodia,
Cameroon and Indonesia compared with the other countries.
The results did not suggest any association between socioeco-
nomic inequalities in immunisation coverage and (log) GNI per
capita (r(44)=-0.020, p=0.89).

The C index indicated persistent pro-rich inequalities in
vaccination coverage in urban (median C=0.154, IQR 0.141)
and rural areas (median C=0.163, IQR 0.171) in most of the

Child vaccination coverage (%) against the four core vaccine-preventable diseases in 46 low/middle-income countries.

sampled countries. Peru and Togo were the two countries with
the pro-poor distribution of child immunisation in rural areas.
While in countries such as Nigeria, Pakistan, Gabon and Jordan
socioeconomic inequalities were significantly higher in rural
compared with urban areas, in countries such as Ethiopia, Togo,
Peru and Nepal socioeconomic inequalities in vaccination uptake
were greater in urban compared with rural areas.

Factors affecting socioeconomic inequalities in child
vaccination coverage

Table 2 reports the meta-regression analysis results. According
to the univariate meta-regression results, the concentration of
mother’s educational level (coefficient=0.361, 95% CI 0.091
to 0.63) and ANC coverage (coefficient=0.505, 95% CI 0.248
to 0.762) among wealthier children was positively associated
with socioeconomic inequalities in vaccination coverage. In
multivariate analysis, only the concentration of ANC use among
wealthier women was associated with socioeconomic inequalities
in vaccination coverage; a 10% increase in the magnitude of the
C index for ANC use was associated with a 6% increase in the
value of the C index for vaccination coverage. Figure 3 demon-
strates bubble plots of the correlations between the C index for
mother’s ANC use and the C index for vaccination coverage.

DISCUSSION AND CONCLUSIONS

This study, similar to previous studies in low/middle-income
countries (eg, refs 5-8), found pro-rich inequalities in immu-
nisation rate in most countries under study. Gambia, Namibia
and Kyrgyz Republic were the only countries where children
who belong to higher SES houscholds were less likely to be
fully immunised against the four diseases than their lower
SES counterparts. Lower vaccination coverage among higher
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Table 1  Socioeconomic inequalities in child vaccination coverage in 46 low/middle-income countries

The Concentration index

Country Code Total Urban Rural Urban-rural

Low-income countries (LIC)

Bangladesh BD 0.248 (0.179 t0 0.318) 0.209 (0.118t0 0.3) 0.262 (0.185 to 0.34) —0.054 (-0.174 to 0.066)
Benin BJ 0.091 (0.052 to 0.131) 0.082 (0.021 to 0.144) 0.08 (0.033 to 0.126) 0.003 (-0.075 to 0.08)
Burkina Faso BF 0.134 (0.084 to 0.184) 0.05 (-0.032 t0 0.132) 0.149 (0.097 t0 0.201) —0.099 (-0.196 to —0.001)
Burundi Bl 0.031 (-0.02 to 0.083) 0.048 (-0.173 to 0.269) 0.027 (-0.027 to 0.081) 0.021 (-0.206 to 0.248)
Cambodia KH 0.296 (0.236 t0 0.357) 0.304 (0.163 to 0.444) 0.264 (0.198 t0 0.33) 0.04 (<0.115 t0 0.195)
Comoros KM 0.232 (0.158 to 0.306) 0.111 (=0.013 to 0.236) 0.28 (0.195 to 0.365) —0.169 (=0.319 t0 —0.018)
Congo Democratic (@) 0.19(0.147 t0 0.234) 0.238 (0.172 t0 0.304) 0.153 (0.1 to 0.205) 0.085 (0.001 to 0.169)
Republic

Ethiopia ET 0.22 (0.159 to 0.281) 0.41 (0.316 to 0.505) 0.115 (0.053 to 0.178) 0.295 (0.181 to 0.408)
Gambia GM —0.146 (-0.223 to —0.069) —0.071 (-0.166 to 0.024) 0.087 (0.021 t0 0.153) —0.158 (-0.273 to —0.043)
Guinea GN 0.122 (0.063 to 0.181) 0.041 (-0.055 to 0.137) 0.104 (0.047 to 0.161) —0.063 (-0.175 to 0.049)
Haiti HT 0.046 (~0.008 to 0.099) 0.069 (~0.003 to 0.14) 0.076 (0.009 to 0.142) —0.007 (-0.105 to 0.091)
Liberia LR 0.191 (0.126 to 0.256) 0.127 (0.045 to 0.209) 0.21 (0.156 to 0.263) —0.082 (-0.18 to 0.015)
Malawi MW 0.029 (-0.011 to 0.068) —0.004 (-0.088 to 0.081) 0.086 (0.051 t0 0.121) —0.09 (-0.182 t0 0.001)
Mali ML 0.129 (0.076 t0 0.181) 0.039 (-0.032 t0 0.109) 0.112 (0.049 to 0.174) —0.073 (-0.168 to 0.021)
Mozambique Mz 0.197 (0.147 to 0.246) 0.018 (-0.077 t0 0.113) 0.197 (0.145 t0 0.25) —0.179 (-0.288 to —0.071)
Nepal NP 0.227 (0.116 to 0.338) 0.359 (0.221 to 0.498) 0.219 (0.094 to 0.343) 0.141 (-0.046 to 0.327)
Niger NE 0.253 (0.217 t0 0.288) 0.094 (0.021 to 0.168) 0.212 (0.174 to 0.25) —0.117 (-0.2 to —0.034)
Rwanda RW 0.167 (0.103 to 0.23) 0.147 (-0.036 to 0.331) 0.107 (0.042 t0 0.172) 0.041 (-0.154 to 0.235)
Sierra Leone SL 0.167 (0.103 to 0.23) 0.147 (-0.036 to 0.331) 0.107 (0.042 to 0.172) 0.041 (-0.154 to0 0.235)
Tajikistan T 0.167 (0.103 to 0.23) 0.147 (-0.036 to 0.331) 0.107 (0.042 t0 0.172) 0.041 (-0.154 to 0.235)
Tanzania Tz 0.167 (0.103 t0 0.23) 0.147 (-0.036 to 0.331) 0.107 (0.042 t0 0.172) 0.041 (-0.154 to 0.235)
Togo TG 0.023 (-0.037 to 0.082) 0.156 (0.082 to 0.23) —0.07 (-0.132 to —0.008) 0.226 (0.129 t0 0.323)
Uganda UG 0.066 (0.02 t0 0.112) 0.031 (-0.072 t0 0.134) 0.034 (-0.016 to 0.083) —0.003 (-0.117 t0 0.112)
Zimbabwe W 0.171 (0.116 to 0.226) 0.134 (0.05 to 0.218) 0.15(0.088 t0 0.212) —0.016 (-0.12 to 0.088)

Lower middle-income countries (IMIC)

Armenia AM -0.017 (-0.144 t0 0.11) -0.009 (=0.171 to 0.153) —0.129 (-0.288 to0 0.031) 0.12 (=0.108 to 0.347)
Cameroon ™ 0.273(0.217 t0 0.329) 0.156 (0.096 t0 0.216) 0.26 (0.188 t0 0.331) -0.103 (-0.197 to —0.01)
Congo Brazzaville CG 0.146 (0.088 to 0.204) 0.036 (—0.045 t0 0.118) 0.147 (0.081 to 0.213) —0.111 (-0.215 to —0.006)
Cote d'lvoire Cl 0.154 (0.094 to 0.214) 0.158 (0.076 to 0.24) 0.038 (-0.031 t0 0.107) 0.12 (0.012 t0 0.227)
Egypt EG 0.096 (0.03 t0 0.163) 0.079 (0.001 to 0.156) 0.218 (0.084 to 0.351) -0.139 (-0.293 t0 0.015)
Ghana GH 0.122 (0.063 to 0.181) 0.041 (~0.055 t0 0.137) 0.104 (0.047 to 0.161) -0.063 (—0.175 to 0.049)
Honduras HN -0.026 (-0.08 to 0.027) 0.078 (—0.011 to 0.166) 0.013 (~0.06 to 0.085) 0.065 (~0.05 to 0.18)
Indonesia ID 0.263 (0.23 t0 0.296) 0.182 (0.135 to 0.229) 0.282 (0.238 to 0.325) -0.1 (-0.163 to —0.036)
Kenya KE 0.191 (0.126 to 0.256) 0.127 (0.045 to 0.209) 0.21 (0.156 to 0.263) -0.082 (-0.18 t0 0.015)
Kyrgyz Republic KG -0.227 (-0.304 to —0.15) -0.239 (-0.357 to —0.121) -0.167 (-0.264 to —0.07) -0.072 (-0.225 to 0.081)
Nigeria NG 0.547 (0.517 to 0.577) 0.295 (0.244 to 0.346) 0.564 (0.507 to 0.62) —0.269 (-0.345 to —0.193)
Pakistan PK 0.384 (0.326 to 0.442) 0.207 (0.127 to 0.288) 0.431 (0.368 to 0.494) -0.223 (-0.326 to —0.121)
Philippines PH 0.167 (0.103 to 0.23) 0.147 (-0.036 to 0.331) 0.107 (0.042 to 0.172) 0.041 (-0.154 to 0.235)
Senegal SN 0.167 (0.103 to 0.23) 0.147 (-0.036 to 0.331) 0.107 (0.042 t0 0.172) 0.041 (-0.154 to 0.235)
Yemen YE 0.34(0.299 to0 0.381) 0.192 (0.126 to 0.259) 0.245 (0.19 10 0.3) -0.053 (-0.14 t0 0.033)
Zambia M 0.15(0.113 10 0.187) 0.175(0.112 to 0.237) 0.088 (0.048 to 0.128) 0.087 (0.013 to 0.161)

Upper middle-income countries (uMIC)

Colombia co 0.036 (0.005 to 0.067) 0.015 (~0.021 to0 0.052) 0.12 (0.069 t0 0.172) —0.105 (-0.168 to —0.042)
Dominican Republic DO 0.096 (0.03 t0 0.163) 0.079 (0.001 to 0.156) 0.218 (0.084 to 0.351) -0.139 (-0.293 to 0.015)
Gabon GA 0.024 (~0.049 to 0.097) 0.009 (-0.074 to 0.092) 0.215 (0.08 to 0.35) —0.206 (—0.364 to —0.047)
Jordan JO 0.148 (-0.023 t0 0.32) 0.097 (-0.115 to 0.308) 0.3 (0.098 to 0.502) —0.204 (-0.496 to 0.089)
Namibia NA —0.093 (-0.145 to —0.041) -0.029 (-0.102 to 0.044) 0.033 (~0.03 to 0.096) -0.062 (-0.159 to 0.035)
Peru PE —0.009 (-0.053 to 0.035) 0.021 (—0.028 to 0.07) -0.121 (-0.209 to —0.034) 0.142 (0.042 to 0.243)

Median (IQR) 0.161 (0.131; 0.066 t0 0.197) ~ 0.154 (0.141; 0.056 to 0.197)  0.163 (0.171; 0.027 to 0.198) 0.004 (0.049; —-0.023 to 0.026)

95% Cls in parentheses.

722

Hajizadeh M. J Epidemiol Community Health 2018;72:719-725. doi:10.1136/jech-2017-210296

yBuAdoo Aq paroaloid 1senb Ag 20z ‘0T Mdy uo /wod g yoaly:dny woi) papeojumoq ‘8T0Z YIIBIN 92 U0 9620T2-LT02-Y28l/9ETT 0T St paysiignd 1s11y :yeaH Anunwwod joiwaspid3 ¢


http://jech.bmj.com/

Research report

.6
L]
NG
5 4 o
2 °
Q KH®
3 ° D
8 o\E NPpKM @ cM o®
. eET © BD PH
£ 2] DO Lz o7 cl zm
S LR " oCl o2V gCG PR
[ J (J
2 @GN ML BF.BJ oSN KE o0
© uGe JHT oEG co
2 L] ° sL o e " Gae
F 0 Mw @ TJRW TO o N o PE®
° GH AM
ONA
oCM
-2 oKG
T T T T T
5 6 7 8 9

GNI per capita (log)

Figure 2 Socioeconomic inequalities in child vaccination coverage
and gross national income (GNI) per capital (current US$) in 46 low/
middle-income countries.

versus lower SES children was also observed in more devel-
oped countries (eg, ref 27). Studies* ™’ have suggested several
factors that may be associated with a decrease in child vacci-
nation coverage among higher SES population in more devel-
oped countries. The significant reductions in the incidences
of vaccine-preventable diseases in recent decades may have
changed how parents perceive child vaccines. In other words,
parents may perceive fewer benefits associated with vaccines
than the risks of rare adverse events following immunisation.
Some scientifically unfounded claims about vaccines that link
some vaccines to problems such as autism, multiple sclerosis,
sudden infant death syndrome and other problems may have
also altered the perception of the usefulness of vaccines in
some developed countries. Although these factors may explain
pro-rich inequalities in child vaccinations in more developed
countries, additional investigations are required to further
elucidate this issue in low/middle-income countries.

The finding from univariate meta-regression demonstrated
that the concentration of educational attainment among
mothers who belong to higher SES household was positively
associated with the pro-rich distribution of child immu-
nisation. The impact of unequal distribution of maternal

The C for child vaccination

The C for antenatal care coverage (at least 4 visits)

Figure 3 Bubble plot of the association between the C indices for
child vaccination and antenatal care coverage (at least four visits). The
size of the bubbles in the figure is proportional to the weight of each
observation in the meta-regression analysis.

education on inequality in child vaccination uptake can be
explained through human, social, cultural and empowerment
routes. The human capital advantage of maternal education
in higher compared with lower SES households can lead to
greater receptivity to public health messages aimed at boosting
child immunisation rates among higher SES household because
highly educated mothers have a greater understanding about
the benefits of immunisation.’® Educated mothers also have
larger social networks (social capital) which provide good
health behaviour-related information and where to find avail-
able healthcare services. The social capital of well-educated
mothers can result in higher concentration of immunisation
rates among children from wealthier households. Moreover,
well-educated mothers generally have socially valued general
skills that provide them with a higher social status. This cultural
capital can result in better communications between mothers
and medical providers and thus enables wealthier households
to use more healthcare such as immunisation services.*' Higher
educational attainment (as a means for empowering women)
among wealthier mothers also assists them to play an active
role in public and in their households which enables them to

Table 2 Meta-regression analysis results

The C for child vaccination

Explanatory variables

Univariate meta-regression

Multivariate meta-regression

Coefficient
Gini index -0.299

(-0.778 t0 0.18)
The C for mother's educational level (year) 0.361

(0.091 to 0.63)
The C for mother's age at birth—less than 19 0.078

(-0.377 t0 0.534)
The C for number of children (less than 5years old) 3 and above 0.129

(-0.306 to 0.564)
The C for antenatal care coverage (at least four visits) 0.505

(0.248 t0 0.762)
Adjusted R* (%)
n 46

P values Adjusted R? (%) Coefficient P values

0.215 1.64 0.153 0.523
(-0.326 t0 0.631)

0.01 12.95 0.19 0.154
(~0.074 to 0.453)

0.731 -1.52 0.231 0.279
(~0.194 to 0.656)

0.553 -2.21 0.3 0.192
(=0.157 t0 0.757)

0.000 26.06 0.606 0.000
(0.301 t0 0.911)
33.72

95% Cls in parentheses.
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insist on better healthcare (eg, vaccination coverage) for their
newborn babies.**

Results of both univariate and multivariate meta-regression
analyses suggested that, across countries, the concentration of
ANC among wealthier mothers was statistically significantly
positively associated with the concentration of vaccination
coverage among wealthier children. Previous studies (eg, refs 33
34) have documented the positive impact of ANC visits on child
vaccination coverage. The positive impacts of pro-rich inequal-
ities in ANC visits on the concentration of child vaccination
coverage can be attributed to the fact that higher compared with
lower SES mothers have more opportunities to receive messages
about the benefits of child vaccination that encourage them to
use vaccination services for their newborns because they use
more ANC services. ANC visits establish communication and
build trust between healthcare providers and mothers, which,
in turn, may affect mothers’ immunisation-seeking behaviours.*?
By increasing the interaction between health personnel and
mother, ANC care visits can address some of the reasons behind
low rate of vaccine uptake, including lack of information about
immunisation benefits, fear of side effects and unfamiliarity with
place and time of immunisation.*®

Methodological overviews of measuring and monitoring
inequalities in health recommend reporting both absolute
and relative measures to ensure appropriate tracking of
health inequalities.”” Thus, a modified absolute (generalised)
concentration (AC) index’® was used to compute and identify
key determinants of absolute socioeconomic inequalities in

What is already known on this subject

» There have been several international initiatives set out to
improve child immunisation rates in low/middle-income
countries over the last four decades. These initiatives led to
a significant increase in child vaccination coverage globally,
which, in turn, reduced child mortality and morbidity
due to infectious diseases in several countries. Despite
the remarkable global improvement in child vaccination
coverage, the improvement is not equally distributed among
the countries. There is also a growing body of evidence
suggesting socioeconomic inequalities in child vaccination
within low/middle-income countries.

What this study adds

» Although the current studies indicated socioeconomic
gradients in child vaccination in low/middle-income
countries, few studies have summarised the magnitude
of socioeconomic inequalities across countries. There are
even fewer studies that have examined the determinants
of socioeconomic inequalities in child vaccination across
countries. This study provides a comprehensive analysis of
socioeconomic inequalities in vaccination coverage in 46 low/
middle-income countries. The results suggested that pro-rich
distribution of child vaccination in most low/middle-income
countries remains an important public health policy concern.
Policies aimed at improving antenatal care among mothers
in lower socioeconomic groups may mitigate socioeconomic
inequalities in child vaccination in low/middle-income
countries.

vaccination coverage across the sampled countries. More infor-
mation about the AC index can be found elsewhere.*® ** The
results were qualitatively very similar to those obtained using
the C index to measure socioeconomic inequalities (see online
supplementary tables 4 and 5 and supplementary figures 1 and
2). The results of multivariate meta-regression analysis using
the AC index suggested that, across countries, the concen-
tration of ANC and educational attainment among wealthier
mothers was statistically significantly positively associated with
the concentration of vaccination coverage among wealthier
children. Furthermore, similar to the results obtained from
multivariate meta-regression analysis using the C index,
the concentration of the presence of three or more siblings
(aged <S5 years) in the household among the poor households
had a positive effect on absolute socioeconomic inequality in
immunisation coverage. This latter result can be explained by
the fact that the concentration of larger numbers of children in
poor households encompasses a greater competing demand for
mothers’ limited time and resources resulting in lower rates of
immunisation among the poor children.*

This study is subject to some limitations. First, similar to
other studies using DHS data sets to determine factors associ-
ated with child vaccination,® maternal recall was used to iden-
tify the child’s vaccination status in the absence of vaccination
record card. Although the validity of relying on maternal recall
to obtain child’s vaccination status has been confirmed,'® it
would be ideal to use a written record to obtain this informa-
tion to avoid potential recall bias. Second, as the DHS collects
vaccination coverage of still living children at the time of the
survey interview, this study indicates socioeconomic inequali-
ties in vaccination coverage among children who were alive at
the time of the survey. Third, this study examined socioeco-
nomic inequalities in child vaccination at the national level.
Since there may be different associations between factors at
the subnational level in different countries, the generalis-
ability of the findings should not be extended to population
groups within the country. Finally, this study focused only
on wealth-related inequalities in child vaccination coverage
and did not examine other social inequalities in vaccination
coverage (eg, race/ethnic-related inequalities) that may be
present in the sampled countries.

Caveat considered, this study suggested that pro-rich distri-
bution of child vaccination in most low/middle-income coun-
tries remains an important public health policy concern and
policies aimed to improve ANC among mothers in lower
socioeconomic groups may mitigate socioeconomic inequali-
ties in vaccination coverage in low/middle-income countries.
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