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ABSTRACT

Objective This study was conducted to compare full
vaccination coverage and its inequalities (by maternal
education and household wealth quintile).

Design This further analysis was based on the data from
national-level cross-sectional Demographic and Health
Survey (DHS) from six countries in South Asia.

Setting We used most recent DHS data from six South Asian
countries: Nepal, India, Pakistan, Bangladesh, Afghanistan
and the Maldives. The sample size of children aged 12—-23
months ranged from 6697 in the Maldives to 628 900 in
India.

Primary and secondary outcome measures To measure
absolute and relative inequalities of vaccination coverage,
we used regression-based inequality measures, slope index
of inequality (SII) and the relative index of inequality (Rll),
respectively, by maternal education and wealth quintile.
Results Full vaccination coverage was the highest in
Bangladesh (84%) and the lowest in Afghanistan (46%),
with an average of 61.5% for six countries. Pakistan had the
largest inequalities in coverage both by maternal education
(SlI: =50.0, RIl: 0.4) and household wealth quintile (SII:
—47.1, Rll: 0.5). Absolute inequalities were larger by maternal
education compared with wealth quintile in four of the

six countries. The relative index of inequality by maternal
education was lower in Pakistan (0.5) and Afghanistan (0.5)
compared with Nepal (0.7), India (0.7) and Bangladesh (0.7)
compared with rest of the countries. By wealth quintiles, Rl
was lower in Pakistan (0.5) and Afghanistan (0.6) and higher
in Nepal (0.9) and Maldives (0.9).

Conclusions The full vaccination coverage in 12—23 months
old children was below 85% in all six countries. Inequalities
by maternal education were more profound than household
wealth-based inequalities in four of six countries studied,
supporting the benefits of maternal education to improve
child health outcome.

INTRODUCTION

Countries have agreed to reach all children
with immunisation services in the global
commitments adopted as the 2030 agenda

,! Dinesh Dharel,? Raj Kumar Subedi,® Asmita Bhattarai,*

Strengths and limitations of this study

» We analysed data from the recent nationally repre-
sentative Demographic and Health Survey (DHS) of
six South Asian countries.

» The study used regression-based inequality mea-
sures, the slope index of inequality and the rela-
tive index of inequality by maternal education and
wealth quintile.

» The DHS data could not capture the differences in
the health system, cultural factors and demand for
immunisation services that might affect full vacci-
nation coverage.

» Vaccination data partially comes from maternal re-
call of children’s vaccine receipt that may introduce
recall bias.

» The DHS is a cross-sectional survey; it was not pos-
sible to establish a temporal relationship between
childhood vaccination and explanatory factors.

for sustainable development.! Additionally,
the Global Vaccine Action Plan (GVAP) of
the WHO had set global targets for all coun-
tries to achieve 90% national coverage of
the third dose of diphtheria, pertussis, and
tetanus (DPT3) vaccine and its 80% subna-
tional coverage by 2015.

Although significant progress has been
achieved in terms of these targets, the WHO/
UNICEF Estimates of National Immuniza-
tion Coverage suggests that progress lags in
both coverage and equity that differ across
countries and regions.3 As of 2012, it was esti-
mated that as many as one in four children in
South Asia are not fully immunised.* In 2018,
there were 20 million unvaccinated or under-
vaccinated children worldwide.” South Asia
reported 8 million of the world’s 23 million
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underimmunised children in 2012.* The WHO’s 2017
assessment of GVAP found that in some countries, chil-
dren from families in the highest wealth quintile have a
nine times greater chance of receiving three doses of DPT
than those from the poorest wealth quintile.® Literature
suggests that South Asia suffers from the high disparity in
terms of wealth and status of women, which are barriers
to equity in terms of coverage of health indicators.” Thus,
the need to study disparities between and within the
countries regarding vaccination coverage is quite evident.

Moreover, South Asian countries have close economic
ties> and have cultural and ethnic commonalities.” "’
There is high population mobility across these countries
for trade, labour, tourism and family visits. For example,
there is an open border policy between Nepal and India
that allows citizens of both countries to move from one
country to another for livelihood and important life
events such as marriage and childbirth without requiring
travel permits. Thus, it is important to achieve coverage
of herd immunity threshold to achieve community
protection and to protect citizens of the neighbouring
country from contracting vaccine-preventable diseases.
More importantly, as the pursuit of universal health
coverage accelerates, countries need to strive to reach the
unreached children. However, there is no study in South
Asia comparing full vaccination coverage across countries
and assessing inequalities by key measures of inequalities
(household wealth quintile and maternal educational
status).'!

Thus, we used data from recent Demographic and
Health Survey (DHS) from six South Asian countries
(Nepal, India, Pakistan, Bangladesh, Afghanistan and the
Maldives). The aim was to identify the inequalities in full
vaccination coverage by maternal education and house-
hold wealth quintile within and among six countries.

MATERIALS AND METHODS

Data

We used data from the most recent DHS in six South Asian
countries. These surveys were: DHS Bangladesh 2014;
National Family Health Survey India 2015-2016; DHS
Maldives 2016-2017; DHS Nepal 2016, DHS Afghanistan
2015 and DHS Pakistan 2017-2018. These surveys are
comparable nationally representative household surveys
that collect, analyse and disseminate accurate and repre-
sentative data on population, health, HIV and nutrition
and have been conducted in more than 90 countries. Data
are representative at the national level, urban/rural resi-
dence level and typically atleast one subnational regional /
provincial level. Sri Lanka and Bhutan are not included
in this study because Bhutan has not yet conducted any
DHS, and Sri Lanka has its own DHS without support
from the DHS program since 1987. Also, Sri Lanka did
not measure the full vaccination coverage among 12-23
months of children in their recent DHS survey in 2016.
The total sample size of the DHS surveys included in this
study ranged from 6697 (Maldives) to 628 900 (India)

Table 1 Analytic sample size of children aged 12-23
months

Children aged 12-23

Country Survey year months
Pooled 2014-2018 58 707
Nepal 2016 1034
Bangladesh 2014 1633
India 2015-2016 47 839
Maldives 2016-2017 518
Pakistan 2017-2018 1975
Afghanistan 2015 5708

households. DHS surveys of all the countries employed
multistage, clustered sampling and similar data collection
methods. Details of the surveys and sampling strategy can
be found in final survey reports of all countries published
elsewhere.'*'7 The results for the Maldives for maternal
education should be interpreted with caution because
the number of children with no maternal education in
the sample was less than 25.

Response rates of eligible women range from 92% to
99%. This study focusesits analyses on children aged 12-23
months, and the primary respondents were their mother
or caregivers. We used the DHS child file to capture the
children aged 12-23 months. The analytic sample size of
children aged 12-23 months for the pooled data was 58
707, with individual countries shown in table 1.

Variables

Vaccination coverage

According to WHO, full vaccination coverage among chil-
dren refers to ‘having received a Bacille Calmette Guerin
(BCG) vaccine, three doses of combination vaccine
including at least diphtheria, pertussis, and tetanus
(DPT), three doses of oral polio vaccines, and a dose of
measles-containing vaccine’.'"™ The data on full vaccina-
tion coverage is collected from mothers of children aged
12-23 months, by reviewing vaccination cards. In the case
of the unavailability of vaccination cards at the household
at the time of the survey, the assessment of full vaccina-
tion status relied on mothers’ reports.

We identified the important predictor variables for
vaccination coverage of children aged 12-23 months in
the pooled sample. These predictors included: (1) sex
of child, (2) maternal education, (3) wealth quintile,
(4) residence, (5) birth order of the child, (6) mother’s
age (15-19/20-34/35-49) and (7) source of vaccination
(vaccination card seen/vaccination card not seen, ie,
mother’s report). The source of vaccination, birth order
of child, maternal education and wealth quintile were
significantly associated with full vaccination coverage
(online supplemental table S1). To measure inequity,
driven by socioeconomic determinants and based on
the theoretical framework of the Commission on Social
Determinants of Health,21 we used maternal education
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and wealth quintile for inequality of vaccination coverage
in South Asia.

Markers and measures of inequality

DHS collects information about household assets,
dwelling characteristics and ownership of consumer
items. Based on these items, DHS calculates a wealth
index to estimate socioeconomic position.”* The highest
educational attainment of each participant was classified
based on the number of years of schooling as ‘no educa-
tion (0 years)’, ‘primary (1-5 years)’, ’secondary (6-10
years)’ or ‘higher (>10 years, university or vocational
education after school)’. Each participant was given a rela-
tive socioeconomic rank and categorised as belonging to
one of five country-specific quintiles, where the first quin-
tile (Q1) is the poorest 20% and the fifth quintile (Q5)
the wealthiest 20%. We report both absolute and relative
measures of inequality since using either of the measures
may lead to different conclusions about the magnitude of
inequality.”

Statistical analyses

The study used the slope index of inequality (SII) and the
relative index of inequality (RII), which are regression-
based inequality measures that take into account the size
of the population across maternal education and wealth
quintile.”* SITis a complex weighted measure of inequality.
It represents a difference between the estimated value
of the most advantaged group and most disadvantaged
groups, while also considering other groups. If its value is
‘0, then there is no inequality. The higher the value of SII
(in either direction +ve or -ve), the higher the inequality.
To calculate SII, we first calculated a weighted ranking
considering the proportional distribution of population
in each category of wealth quintile/maternal education.

We then calculated SII by regressing the midpoint of
cumulative population distribution using a generalised
linear model with a logit link. Its value indicates a differ-
ence in predicted values of the most advantaged and
disadvantaged group. Although the confidence intervals
(CIs) across education and wealth categories overlap,
inequality exists when regressing the midpoint of cumu-
lative distribution and expressing the difference between
two extreme groups in the form of SII. While SII is the
difference between estimated values of two extreme cate-
gories, RII is the ratio of these two categories. RII has the
value of 1, when there is no inequality. The farther the
value is from 1, the larger the inequality.

We calculated estimates of overall coverage (in
percentage) and associated 95% ClIs for full vaccination
coverage by category of maternal education and wealth
quintiles for each country. To estimate inequalities of full
vaccination coverage, we calculated the SII and RII using
predicted marginal rates of full vaccination coverage. To
enable comparison of the full vaccination coverage across
maternal education and wealth quintiles, for each country
and socioeconomic variable, that is, maternal educa-
tion and wealth quintiles, we first calculated ridit scores

indicating the cumulative proportion of the population
at each socioeconomic level, ranked from the lowest to
the highest. Individuals with the same score were assigned
the average rank. We used logistic regression analyses and
their marginal predictions to calculate SII and RII. We
regressed full immunisation coverage as the outcome
variable on the ridit score of maternal education and
wealth quintile (separately) as the exposure variables.
We then estimated marginal predictions and SEs of the
full vaccination coverage at the bottom and top rank of
the variable based on the model coefficients. The SII was
expressed as the expected difference in full vaccination
coverage between the poorest wealth quintile versus the
wealthiest income quintile, and RII was expressed as the
ratio of the same two estimates.? Thus, SII >0 and RII >1
indicate that full vaccination coverage decreases with
increasing socioeconomic position. Whereas SII <0 and
RII <1 indicates full vaccination coverage increases with
increasing socioeconomic position. Complex sampling
design was used for the analysis using the “svy” command
in STATA V.15.

Ethical review

DHS survey protocols undergo ethical review in the USA
with the DHS programme’s institutional review board.
These surveys have undergone a second human subjects
review with respective research ethics boards, namely, the
Bangladesh Medical Research Council, Maldives National
Health Research Committee, the National Bioethics
Committee, the Pakistan Health Research Council and
the Nepal Health Research Council. DHS in India and
Afghanistan did not undergo separate ethics approval.
Prior to the release, all survey data are anonymised.

Patient and public involvement
Patient/public was not
secondary study.

involved throughout this

RESULTS

The full vaccination coverage was the highest in Bangla-
desh (84%), followed by Nepal (78%) and Maldives
(76%) and was the lowest in Afghanistan (46%). Average
full vaccination coverage across the six South Asian coun-
tries studied was 61.5% (figure 1). The full vaccination
coverage by maternal education and wealth quintiles in
Nepal, Bangladesh, India, Maldives, Pakistan and Afghan-
istan are presented separately (online supplemental table
S2). We have also presented the SII and RII for maternal
education and wealth quintile separately in detail (online
supplemental tables S3 and S4), respectively). Further-
more, the crude difference and crude ratios in full vacci-
nation coverage between those with no education and
other education categories and between those in the
lowest wealth quintile versus other wealth categories
are presented (online supplemental tables S3 and S4,
respectively).
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Full vaccination coverage in selected South Asian

Equity gap in full vaccination coverage among six South Asian
countries

The absolute difference in the predicted full vaccina-
tion coverage between children aged 12-23 months
with no maternal education and higher maternal educa-
tion was the largest in Pakistan (SII=-50.0), followed by
Afghanistan (SII=-33.1), Nepal (SII=-30.5), Bangladesh
(SII=-27.6) and India (SII=—24.3) (figure 2A). The results
for Maldives for maternal education (SII=-3.70) should
be interpreted with caution because the number of chil-
dren with no maternal education in the sample was less
than 25. Likewise, the absolute difference in predicted
full vaccination coverage between the wealthiest income
quintile and the poorest quintile was the largest for Paki-
stan (SII=-47.1), followed by Bangladesh (SII=-27.6),
Afghanistan (SII=-21.7) and India (SII=-20.7). At the
same time, the difference was small for Nepal (SII=-8.4)
and Maldives (SII=-8.4) (figure 3A). Furthermore, SII for
wealth quintiles was lower than that for maternal educa-
tional status in all other countries except in Bangladesh
and Maldives.
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Figure 2 Maternal education-related inequalities. Sll, slope
index of inequality (2A); RIl, relative index of inequality (2B).
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Figure 3 Wealth quintile-related inequalities. Sll, slope index
of inequality (3A); RIl, relative index of inequality (3B).

The relative index of inequality of full vaccination
coverage between children aged 12-23 months with
no maternal education and higher maternal education
was lower in Pakistan (RII=0.4, 95% CI 0.3 to 0.5) and
Afghanistan (RII=0.5, 95% CI 0.4 to 0.6) compared with
Nepal (RI1=0.7, 95% CI 0.6 to 0.8), Bangladesh (RII=0.7,
95% CI 0.6 to 0.8) and India (RII=0.7, 95% CI 0.6 to 0.7),
indicating larger inequalities in Pakistan and Afghanistan
driven by maternal educational status than in remaining
countries (figure 2B). Similarly, the RII of full vaccina-
tion coverage between the lowest wealth quintile to the
highest wealth quintile was low in Pakistan (RII=0.5, 95%
CI 0.4 to 0.6) and Afghanistan (RII=0.6, 95% CI 0.5 to
0.8); intermediate in Bangladesh (RII=0.7, 95% CI 0.6 to
0.8) and India (RII=0.7, 95% CI 0.6 to 0.7); and high in
Nepal (RII=0.9, 95% CI 0.8 to 1.0) and Maldives (RII=0.9,
95% CI 0.7 to 1.2) (figure 3B). These findings suggest
larger wealth-related inequalities in full immunisation
coverage in Pakistan and Afghanistan than Maldives and
Nepal, who had smaller wealth-related inequality in full
vaccination coverage.

The analysis using absolute and relative indices of
inequalities revealed some differences among the coun-
tries in the inequalities by maternal education and
wealth quintiles (online supplemental tables S3 and $4,
respectively). The relative inequalities in full vaccination
coverage by wealth quintiles were lower in Nepal and
the Maldives than in Afghanistan, Pakistan, Bangladesh
and India (figure 3B). However, relative inequalities by
maternal educational status were higher in Pakistan and
Afghanistan compared with Nepal, India, Bangladesh
and the Maldives (figure 2B). Pakistan had the highest
absolute and relative inequalities both by maternal educa-
tional status (SII=-50.0) and household wealth quin-
tiles (SII=—47.1). India has near average inequality in
the region for both maternal education and household
wealth quintile (figures 2 and 3), as expressed by both
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Figure 4 Crude prevalence difference in full vaccination
coverage in South Asia by maternal education (4A) and
wealth quintile (4B).

SII and RII It is interesting to note that wealth-related
inequalities in Afghanistan were slightly higher than
in India and lower than in Bangladesh (online supple-
mental tables S3 and S4).

Similarly, the crude difference in full vaccination
coverage between those with no maternal education and
those with higher maternal education was the largest
in Pakistan (30%) and the smallest in India (18%),
excluding the Maldives (figure 4A). The crude difference
in full vaccination coverage for the lowest wealth quin-
tile was the largest in Pakistan (42%) and smallest in the
Maldives (6%) and Nepal (5%) (figure 4B). The detailed
findings on the crude differences are shown in online
supplemental table S3.

DISCUSSION

Current analysis of nationally representative DHS survey
data from six South Asian countries demonstrated inad-
equate full vaccination coverage in the region ranging
from 45.5% in Afghanistan to 83.8% in Bangladesh. Simi-
larly, inequalities in vaccination coverage by mother’s
education and wealth quintile varied across countries. For
example, the difference in maternal educational status
creates much larger inequalities in vaccine coverage than
household wealth differences in Nepal, Afghanistan and
Pakistan. Similarly, in Pakistan, Bangladesh and Afghani-
stan, high inequalities in vaccination coverage are found
by wealth quintiles compared with other South Asian
countries. Overall, we have demonstrated that mothers’
education is a stronger driver of inequitable full vacci-
nation coverage than household wealth quintile in six
countries from South Asia. The absolute difference in the
predicted full vaccination coverage when mothers had no
education compared with higher education ranged from
SII of =24.3 in India to -50.0 in Pakistan. Although the SIIs
of full vaccination among families from the lowest wealth
quintile to those of the highest quintile were —47.1, -27.6,
-21.7 and -20.7 in Pakistan, Bangladesh Afghanistan
and India respectively, income was not a strong driver of

inequitable vaccination coverage in Nepal and Maldives.
The same applies to other countries, although at a smaller
size. These findings are consistent with the literature
showing the differential effect of maternal education and
income on the uptake of preventive healthcare services.”
It has long been established that mothers’ education is
a strong determinant of child health-seeking behaviour.
Better education is linked with improved decision-making
status, lowered fertility, improved nutritional status and
increased uptake of preventive health services such as
vaccination.”’

The average coverage of 61.5% across the six countries
was almost 25% lower than the global average of DPT3
coverage (86%) in 2018.%% India and Pakistan, the two
most populated countries in the region, had 62.0% and
61.5% coverage, respectively. This inadequacy contrib-
utes to a considerable portion of infants who are unim-
munised or underimmunised in the region. Among 19.5
million children who did not receive the third dose of
DPT, 11.8 million (nearly 60%) lived in 10 countries
that included India and Pakistan from the South Asia
region.” Nepal’s full vaccination coverage increased
remarkably from 65.6% in 2001 to 87.0% in 2011 and
sharply decreased to 77.8% in 2016, mainly due to a
drop in DPT3 coverage.” Although full vaccination
coverage has recently decreased,” Nepal’s immunisa-
tion programme successfully narrowed inequities, mainly
in terms of household wealth quintile and maternal
education.™ *! Bangladesh had the highest full vaccina-
tion coverage among the six countries. Bangladesh has
been leveraging a pluralistic health system, emphasising
women-centred, gender-equity oriented and focused
maternal and child health programmes.’ Boulton et af*
analysed the 2014 Bangladesh DHS data and reported
that children from the poorest wealth quintile and born
to women with low autonomy were significantly less likely
to receive full vaccination, whereas maternal education
was not associated. The current study has similar findings.
We found that Bangladesh had higher absolute inequal-
ities by wealth quintile than the other four countries
(Nepal, India, Maldives and Afghanistan), while it had
lower inequalities by maternal education compared to
Nepal, Pakistan and Afghanistan.

Nepal has the second highest full vaccination coverage
in the region and has the lowest inequality by household
wealth quintile in terms of SII and RII. India, however,
despite lower full vaccination coverage than most of the
study countries (except Afghanistan), has near average
inequality in the region for both maternal educational
status and household wealth quintile. Nepal and India
were chosen as two of the three (Senegal being the third)
exemplary countries in the vaccine exemplar project
funded by The Bill & Melinda Gates Foundation that
were hailed as the most successful countries for signifi-
cantly improving vaccination coverage.” Our analysis
revealed that Maldives, India and Nepal have the most
successful immunisation programme in the region in
terms of equitable vaccination coverage by household
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wealth quintile and maternal education. However, all
countries in the region, including Nepal and India, need
concerted efforts to increase overall vaccination coverage
further and reduce persisting inequities.

In our study countries, the routine immunisation
services are provided free of cost to underfive chil-
dren with funding support from the Vaccine Alliance.™
However, the role of wealth quintile on vaccination
inequalities was seen in some countries. For example,
In the case of Pakistan, Bangladesh and Afghanistan,
high inequalities in vaccination coverage by wealth quin-
tile may have been confounded by the variation in the
decision-making status of the women among those from
the different income groups.”®* * Besides, Pakistan and
Afghanistan had a relatively lower ratio of full vaccina-
tion coverage among mothers with no education to those
with high education compared with Nepal, Bhutan and
Bangladesh. This resonates with the findings by Johri
et al,” who demonstrated a high level of health literacy
and improved communication skills among mothers with
higher education, leading to increased odds of childhood
immunisation. Moreover, researchers have also shown
that people are geographically segregated by income
with high-income households living in urban areas and
low-income households living in rural areas.” Thus, the
relationship between income and childhood vaccination
could have been confounded by geography, where access
might be the underlying issue.

There are different barriers to achieving full immu-
nisation in South Asian counties. Some of the major
barriers are a weak health system, low demand for vacci-
nation among the children’s caregivers and small fiscal
allocation in vaccination services." The national immu-
nisation programmes in Nepal, Bhutan and Bangladesh
have focused on the ‘Reaching Every Community (REC)’
approach,’ emphasising equitable access to vaccination
services.” This approach might be linked to better micro-
planning of immunisation services thatincreased coverage
with narrower equity gap, particularly by income level
in these countries compared with Pakistan and Afghan-
istan. A case study from India showed that an intensi-
fied campaign involving communities, multiple sectors,
decentralised planning and implementation, and a high
level of political commitment contributed to a significant
increase in full immunisation coverage (50.5%-69.0%) in
low-performing districts.*

Afghanistan had much lower full vaccination coverage
(45.5%) than its neighbouring country Pakistan (65.6%).
However, inequities by maternal education and house-
hold wealth quintiles were higher in Pakistan than in
Afghanistan. A community-based cross-sectional survey
showed that nearly one-third (31%) of the children
were partially vaccinated in Afghanistan.' Pakistan and
Afghanistan are the only countries in the world where the
wild poliovirus is endemic.*” Immunisation programmes
in these countries face obstacles from lack of awareness
on the need for vaccination, lack of faith and miscon-
ception about immunisation.*’ Resistance from Islamic

militants is much higher in Pakistan than in Afghanistan,
leaving specific pockets in remote areas out of reach of
immunisation network.* Given religious opposition in
these countries, information, education and behavioural
communication strategies need to be contextualised by
garnering the trust of religious leaders and community
people.” Misinformation regarding vaccines (causes
infertility, is non-halal) needs to be addressed, and the
polio eradication programme should be integrated into
the routine immunisation programmes.** Apart from
inequalities results, our study from the pooled country
data using logistic regression shows the high association
between vaccination card seen and vaccination coverage.
This finding here is similar to results found in other
studies. ™

These study findings have implications for policies
and programmes to increase full vaccination coverage
and narrow the equity gap to meet the goals of universal
coverage in the South Asia region. Policymakers need to
prioritise sectoral policies to improve economic status or
maternal education based on the relative importance of
these sectors in their countries to improve full vaccina-
tion coverage. National health system programmers from
study countries need to target the most disadvantaged
children for full vaccination coverage. Implementing
targeted programmes in the worst performing areas by
strengthening local capacities may produce sustainable
results.*’

Making a cross-country comparison in terms of socio-
economic determinants of health is challenging when
there are differences in data collection approaches,
explanatory variables and statistical calculations across
countries. However, such comparisons are valuable in
informing regional and global policies in universal public
health interventions such as immunisation programmes.
Similarly, measuring health inequalities across socioeco-
nomic groups involves judgements regarding population
size, reference points for measuring departures from
equality and the scale of inequality measurement. The
strength of this study includes using most recent nation-
ally representative demographic health surveys from the
six countries of South Asia. The inequality is assessed
based on the two most important determinants of preven-
tive child health services: maternal education and wealth
quintile using regression-based inequality measures: the
SII and RII. The regression-based measures (SII and RII)
are able to account for the intermediate ranking groups
as well as the distribution of the population among
different groups. However, they provide less ‘information
about the distribution of health status according to the
distribution of the population or to the socioeconomic
status of populations’.*® Although we used DHS data that
have standardised methods and tools for data collection,
the degree of comparability in our findings on inequality
measures across countries might be low due to the large
geography we are covering in this study.*

Some other limitations of this study are worth
mentioning. The differences in the health system,
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cultural factors and demand for immunisation services
might have affected full vaccination coverage in these
countries, which we could not capture using the DHS
data. Besides, other country-specific factors such as lead-
ership, economy, topography, etc could have played
crucial roles in creating differences in the vaccination
coverages. Vaccination data are limited in that it partially
comes from information contained on vaccination cards
and partially from maternal recall may include recall bias.
Furthermore, the DHS is a cross-sectional survey; it was
not possible to establish a temporal relationship between
childhood vaccination and explanatory factors. Despite
these limitations, the DHS data allow for comparisons
over the countries, especially since the definition of the
outcome variable, that is, if the child received a specific
vaccine or not, is easy to define, measure and compare.

CONCLUSION

The success of the global quest for universal childhood
vaccination depends largely on the ability of low-income
and middle-income countries to achieve high and equi-
table coverage. Our results inform the need to address
such inequalities in South Asian countries by improving
mother’s educational status and household wealth quin-
tile. These two determinants of vaccination inequality are
also equally important in attaining the sustainable devel-
opment goals.
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