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ABSTRACT

Objectives Monitoring and addressing unnecessary and
avoidable differences in child vaccination is a critical
global concern. This study aimed to assess socioeconomic
inequalities in basic vaccination coverage among children
aged 12-23 months in Ethiopia.

Design, setting and participants Secondary analyses

of cross-sectional data from the two most recent (2011
and 2016) Ethiopia Demographic and Health Surveys were
performed. This analysis included 1930 mother—child pairs
in 2011 and 2004 mother—child pairs in 2016.

Outcome measures Completion of basic vaccinations
was defined based on whether a child received a single
dose of Bacille Calmette-Guerin (BCG), three doses of
diphtheria, tetanus toxoids and pertussis (DTP), three
doses of oral polio vaccine and one dose of measles
vaccine.

Methods The concentration Curve and Concentration
Indices (CCls) were used to estimate wealth related

to inequalities. The concentration indices were also
decomposed to examine the contributing factors to
socioeconomic inequalities in childhood vaccination.
Results From 2011 to 2016, the proportion of children
who received basic vaccination increased from 24.6%
(95% Cl 21.4% to 28.0%) to 38.6% (95% CI 34.6%

to 42.9%). While coverage of BCG, DTP and polio
immunisation increased during the study period, the
uptake of measles vaccine decreased. The positive
concentration index shows that basic vaccination coverage
was pro-rich (CCI=0.212 in 2011 and CCI=0.172 in 2016).
The decomposition analysis shows that use of maternal
health services such as family planning and antenatal
care, socioeconomic status, exposure to media, urban—
rural residence and maternal education explain inequalities
in basic vaccination coverage in Ethiopia.

Conclusions Childhood vaccination coverage was low in
Ethiopia. Vaccination was less likely in poorer than in richer
households. Addressing wealth inequalities, enhancing
education and improving maternal health service coverage
will reduce socioeconomic inequalities in basic vaccination
uptake in Ethiopia.

INTRODUCTION

Vaccination is an important public health
intervention that helps prevent 2-3million
child deaths each year.! With improved

Strengths and limitations of this study

» We analysed two most recent (2011 and 2016)
nationally representative Demographic and Health
Surveys (DHS).

» The decomposition of the contributing factors that
drive socioeconomic inequalities in vaccination
coverage provided a rich set of analysis for policy
interventions to address socioeconomic disparities
in child vaccination in Ethiopia.

» Limitations of the current study may include recall
bias related to vaccination status as not all children
had vaccination cards, and measures had to depend
on the mother’s verbal report.

» The DHS is a cross-sectional survey; it was not
possible to establish temporality between childhood
vaccination and explanatory factors, precluding
causal inference.

coverage, vaccines have the potential to save
many more children, which is why it is neces-
sary to ensure that all children receive all
recommended vaccines.”

In Ethiopia, a child is said to have received
full vaccinations if they receive one dose of the
Bacille Calmette-Guérin vaccine (BCG, for
tuberculosis), three doses of the pentavalent
vaccine (penta includes diphtheria, tetanus,
pertussis, hepatitis B virus and haemophilus
influenzae type b), three doses of the oral
polio vaccine (OPV), three doses of the pneu-
mococcal conjugate vaccine and two doses of
the rotavirus vaccine (rota), and one dose of
measles-containing vaccine.” > Basic vaccina-
tion is defined as access to a single dose of
BCG, three doses of DTP, three doses of OPV
and one dose of measles vaccine by the age of
12 months.*

In the past decades, global basic vaccina-
tion coverage has improved remarkably.’” In
2018, the proportion of the world’s children
who received three doses of the combined
diphtheria, tetanus toxoid and pertussis-
containing vaccine (DTP3) reached 86%
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worldwide.' However, there are inequalities in access to
childhood vaccination and many children do not receive
the basic vaccines worldwide.*”

Many regions of the world continue to have low
coverage. WHO report in 2019 shows that 19.4million
children under the age of lyear did not receive basic
vaccines; around 60% of these children live in 10 nations,
including Nigeria, the Democratic Republic of the Congo
and Ethiopia.! Disparities in vaccination coverage exist
within and between countries, and in some places; the
difference is more significant.® Within countries, inequal-
ities in child vaccination data show that richer subgroups
tend to have higher coverage whereas the coverage
among poorer subgroups varies across countries. For
example, studies in India,'” Nigeria'' and Brazil'* indi-
cated that children of mothers who had higher education
levels and household wealth status are more likely receive
higher vaccination coverage.

Complete lack or incomplete childhood vaccination
remains the cause of millions of preventable child deaths
each year in many countries." Previous studies in the
area suggest that there exists a social gradient in child
vaccination within countries.'”® For example, increased
vaccination coverage was favourably concentrated among
children whose parents are well educated, wealthy or living
in urban areas. Inequalities in access to child vaccination
need to be effectively assessed, monitored and intervened
to address systematically missed population groups.'®!”
In 2019, only 43% of children received all recommended
vaccines while 19% received none of the vaccines.'® This
is way below WHO’s 2020 goal of 90% coverage in every
country." Addressing these gaps requires measuring
inequalities in basic vaccination coverage and identi-
fying where gaps exist in routinely delivered vaccines and
provide valuable information to introduce effective strate-
gies and policies to address such inequalities. It is equally
important those children who receive incomplete or no
vaccines be identified to devise equity-oriented immuni-
sation programmes to reach disadvantaged populations
and reduce Ethiopia’s high levels of vaccine preventable
childhood morbidity and mortality.

Although there are previous studies in Ethiopia
that have addressed factors associated with childhood
vaccination, there is a need to examine trends and socio-
economic inequalities in childhood vaccination. The
objective of this study is to examine trends and socioeco-
nomic inequalities in childhood vaccination. Moreover,
the paper assesses factors that explain socioeconomic
inequalities in childhood vaccination in the country using
a decomposition approach.

20-22

METHODS

Data

We analysed the most recent (2011 and 2016) Ethiopia
Demographic and Health Surveys (DHSs). The Ethio-
pian Central Statistical Agency undertook the surveys in
collaboration with the DHS programme.* The DHSs are

Table 1 Basic vaccination schedule for children under 12

months in Ethiopia

Vaccine Diseases Age

BCG Tuberculosis At birth

DTP Diphtheria, Pertussis, 6, 10, 14 weeks
Tetanus

OPV Polio At birth, 6, 10, 14 weeks

Measles Measles 9 months

BCG, Bacille Calmette-Guerin; OPV, oral polio vaccine.

nationally representative household surveys with large
sample sizes and high response rates.”* The DHS uses
a stratified, two-stage sampling technique to obtain the
study participants.25 Standardised questionnaires are used
across time and countries to ensure collected data are
comparable.26 Sampling methods and design have been
described elsewhere.?” For the purpose of this study, data
collected on vaccination status of children aged 12-23
months were extracted and analysed. The Ethiopia DHS
included information on 11872 births/women in 2011
and 11023 births/women in 2016. The sample used for
the current analysis was limited to children aged 12-23
months at the time of the survey, yielding a final sample
of 1930 mother—child pairs in 2011, and 2004 mother-
child pairs in 2016.

Measures

The dependent variable is whether a child received all
basic vaccinations that is the eight recommended basic
vaccines.” The vaccines included one dose of BCG against
tuberculosis, three doses of DTP, three doses of OPV and
one dose of measles vaccine. Table 1 shows immunisa-
tion schedule for children under 12 months in Ethiopia.*
The DHS determined the vaccination status of children
from two sources. Primarily immunisation record cards
provided by mothers, but if these were absent the DHS
data collectors used mothers’ verbal reports of children’s
immunisation status.

WHO Commission on Social Determinants of Health
framework™ was used to explain contributing factors
of inequalities in vaccination status. In addition, factors
identified in the current literature' ™ %31 on child
vaccination that are available in the DHS surveys were
included. The independent variables considered in
the current study include (1) maternal and household
factors: maternal parity, age, education levels, wealth
status and the use of maternal health services, (2) expo-
sure to media, and (3) place of residence—urban/rural
status.

The wealth index is a composite variable that measures
the woman’s household living standards. It is constructed
by collecting and analysing information on ownership
of selected materials and assets, such as radio, television
(TV), refrigerator and vehicle; materials used for housing
construction; and types of sanitation facilities and water
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access. Households were ranked into five quintiles
(poorest, poorer, middle, richer and richest) depending
on their level of wealth.

We grouped education levels of the mothers in to
three categories (no education, primary and secondary
or higher). Exposure to media: frequency of listening to
radio and watching TV: both categorised as (not at all,
less than once a week and once a week or more). Ultilisa-
tion of reproductive and maternal health services consid-
ered in the current study include use of contraceptive,
antenatal care contacts and delivery at the health facility.

Statistical analysis

Socioeconomic inequalities in vaccination coverage were
estimated using the Concentration Curve and Concen-
tration Index (CCI).* The concentration curve is a plot
of the cumulative percentage of the population, ranked
by wealth status, from the poorest to the richest (x-axis)
against the cumulative percentage of the health variable
(vaccination status) on the y-axis. If all children had an
equal proportion of vaccination status regardless of their
socioeconomic status, then the curve would coincide with
the 45° line, which indicates the presence of equality in
the coverage of vaccination. If the concentration curve
falls below the 45° line of equality, it indicates that the
uptake of vaccines is more concentrated among the rich.
The opposite is true if the curve falls above the line of
equality.

The concentration index is described as two times the
area between the line of equality and the concentration
curve. The index takes a value between -1 and +1; an
index of 0 indicates the presence of equality in the uptake
of vaccines. If wealth-related inequalities exist, it can be
seen in one of the two forms, the first is when there is
uneven concentration of vaccine uptake among the rich,
and in this case, the concentration index takes on a posi-
tive value. The second is negative value concentration
index, which implies high concentration of vaccination
status among the poor.

The concentration index (CCI) can be computed as
follows:

-2
CCI = ycov (h, r) s (1)

where h is the healthcare outcome of interest (ie, vacci-
nation status), y is the mean of h and r is the fractional
rank of an individual in the wealth distribution. We also
computed 95% CIs for the concentration index.

Decomposing inequality

The concentration CCI can only show and quantify the
level of inequalities related to wealth in the use of health
services. However, policy-makers are also interested in
the factors that contribute to socioeconomic inequali-
ties in vaccination coverage. This can be done using an
approach developed by Wagstaff et al.*™® The concentra-
tion index of a health variable can be decomposed into
the contributions of individual factors to wealth-related
health inequality. If we consider a linear regression model

for the child’s vaccination status, v, is defined according
to k explanatory factors, x; as.

v=a+y B te, (2)

where o and B are parameters, and € is the error term.
The concentration index for child vaccination status can
be decomposed as:

c=3, (ﬁ’;f“k) G+ G5, (3)

where p is the mean of y, x, is the mean of x;, C; is
the concentration index for x, (defined analogously to
C), and GC. is the generalised concentration index for
the error term (g€). Equation 3 shows that C is equal to
a weighted sum of the concentration indices of the k
regressors, where the weight for x, is the elasticity of y

with respect to x; | 7, = Bk% . The residual component

GCe

captured by the last term ( m ) reflects the wealth-related

inequality in health that is not explained by systematic
variation in the regressors. We used the bootstrap method
with 1000 replications to estimate standard errors . All
analyses were performed after adjusting for sampling
design (stratification and clustering) and sampling
weights. STATA (V.14, StataCorp) and SPSS (V.26) soft-
ware packages were used to perform data analysis.

Patient and public involvement
Patients/public were not involved in the design or imple-
mentation of this study.

RESULTS

The sample used for the current analysis was limited to
children aged 12-23 months at the time of the survey,
yielding a final sample of 1930 mother—child pairs in
2011, and 2004 mother—child pairs in 2016. The majority
(85.8% and 88.4%) of respondents were from rural areas
in 2011 and 2016 surveys, respectively, and more than
42% were from Oromia, which is the biggest region in the
country. The percentage of mothers who had no educa-
tion decreased from 68% in 2011 to 64% in 2016 while
antenatal care contacts increased from 42% in 2011 to
60% in 2016 (table 2).

Trends of vaccination coverage

Vaccination coverage showed improvements from 2011 to
2016; BCG vaccine uptake increased from 66% to 69%,
DTP3 vaccine from 37% to 57%, OPV3 vaccine from 45%
to 57%, and basic vaccination coverage from 24% in 2011
to 38% in 2016. The proportion of children who received
all basic vaccinations that include BCG, DTP3, OPV3 and
measles increased by 14% from 2011 to 2016. However,
measles vaccine coverage decreased from 56% in 2011
to 54% in 2016, while the proportion of children who
received no vaccination increased from 14% in 2011 to
16% in 2016 (figure 1).
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Figure 1 Vaccination coverage among children aged

12-23 months in Ethiopia (DHS 2011, 2016). BCG, Bacille
Calmette-Guerin; DHS, Demographic and Health Survey;
DTP diphtheria, tetanus toxoids and pertussis; OPV, oral polio
vaccine.

The wurban/rural differential in basic vaccination
coverage increased from almost 28% in 2011 to more
than 29% in 2016 (table 2). Coverage remained low but
showed slight increases from 2011 to 2016 in regions
such as Afar (8.5%-15.2%), Somali (17.1%-21.8%) and
Oromia (15.6%-24.7%). Basic vaccination coverage also
showed disparities between and within the regions of Ethi-
opia (table 2). For example, in 2016, coverage was 89.2%
(95% CI 82.0% to 93.8%) and 67.3% (95% CI 57.6% to
75.7%) among children living in Addis Ababa and Tigray
regions, respectively, whereas in Afar it was 15.2% (95%
CI 8.0% to 26.9%) and Somali 21.8% (95% CI 13.8% to
32.7%).

Inequalities in vaccination coverage

Inequalities in child vaccination persisted during
2011 and 2016: basic vaccination status was favourably
concentrated among children from wealthier house-
holds while the distribution of those who received no
vaccination remained disproportionately concentrated
among poor (figure 2). The uptake of BCG, DTP3,
OPV3, measles and basic vaccination were dispropor-
tionately concentrated among children from wealthy
households during 2011 and 2016 (figure 3). DTP3
and basic vaccination status had lower coverage and

Line of equality

Received no vaccinations (2016)
Received all basic vaccinations (2016)
Received all basic vaccinations (2011)
Receved no vaccinations (2011)

o b =4
IS o> 0

Cumu % of children by vaccination status
o
N

=

0 0.2 0.4 0.6 0.8 1
Cumu % of children by socioeconomic status

0

Figure 2 Concentration curves for child vaccination status,
Ethiopia (DHS 2011, 2016). DHS, Demographic and Health
Survey.

BCG =0
—0—2011

—e—2016
DTP3

oPV3
Measles

Received all basic

——
e Y
——
—t—
——
——
R omnann d
———
- ——
vaccinations
—_—

Received no
. —o—

-v.4 -0.3 -0.2 -0.1 [] 0.1 0.2 0.3 0.4
Concentration index (95% confidence interval)

Figure 3 Concentration indexes that shows socioeconomic
inequalities in child vaccinations, Ethiopia (DHS 2011,

2016). BCG, Bacille Calmette-Guerin; DHS, Demographic
and Health Survey; DTP, diphtheria, tetanus toxoids and
pertussis; OPV, oral polio vaccine.

showed the highest inequalities during 2011 and 2016;
for example, in 2016, DTP3 had concentration index
of (CCI=0.175) and basic vaccination (CCI=0.172). The
estimate for the distribution of children who received
no vaccination in 2011 was (CCI=-0.092), this increased
to (CCI=-0.184) in 2016 (figure 3). The negative values
for children who received no vaccination confirms
pro-poor distributions. Increased vaccination coverage
decreased inequalities as vaccinations such as BCG,
OPV3 and measles that had higher coverage showed
lower inequalities (figure 3).

The decomposition results in (table 3) and (figure 4)
show that the significant contributors to socioeconomic
inequality in basic vaccination status included, wealth,
maternal education, contraceptive use, antenatal care
contacts, exposure to media that include radio and TV,
and place of residence (rural).

The decomposition analysis showed similar patterns in
factors that explain socioeconomic inequalities in child
vaccination status on both surveys. The use of maternal
health services had the highest significant contribu-
tions to socioeconomic inequalities in child vaccination.
Antenatal care contacts had 45.4% contribution in 2011
and 50.4% in 2016. Wealth status is the other significant
contributor, 23.9% in 2011 and 21.2% in 2016. On the
other hand, rural residence had a negative contribution
to socioeconomic inequalities in child vaccination on
both surveys.

The overall concentration index for basic child vacci-
nation was positive. Any significant positive contributor
in (table 3) and (figure 4) means that socioeconomic
inequality in basic vaccination would have been less pro-
rich if: (1) the contributing variables (eg, antenatal care
contacts or wealth) were to be evenly distributed among
the rich and poor. Negative contributing variables (eg,
rural residence) would cause the opposite effect. The
residual or unexplained contributing factors to socioeco-
nomic inequalities in basic vaccination account for 34.5%
in 2011 and -12% in 2016.
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Sex of child (Female)
Maternal Age

Maternal parity
Contraceptive use
Antenatal care use
Delivery at health facility
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Contributing factors

Maternal education
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Contribution of each factor in percentage

Figure 4 Percentage contributions of factors explaining
socioeconomic inequalities in full vaccination coverage,
Ethiopia (DHS 2011, 2016). DHS, Demographic and Health
Survey; TV, television.

DISCUSSION

This study examined inequalities in vaccination coverage
among children aged 12-23 months in Ethiopia. The
uptake of all basic vaccinations increased from 24.6%
in 2011 to 38.6% in 2016. Coverage improvements from
2011 to 2016 were observed in BCG vaccine uptake by
3%, DTP3 by 16.2%, OPV3 by 11.5% and all basic vacci-
nations by 14%. While there were improvements in vacci-
nation coverage from 2011 to 2016, issues that need to
be addressed include a lack of awareness about vaccina-
tion, facilities’ limited operating hours, maternal time
constraints and the distance to facilities.”* *

Ethiopia remains one of the top 10 high priority coun-
tries in the world where children remain unvaccinated.'
In the current study, more than 15% of children received
none of the vaccines, while incomplete vaccinations were
62% in 2011 and 46% in 2016. Possible explanations for
under vaccination or no vaccination may include vaccine
hesitancy or refusal, lack of access to vaccination services
or missed opportunities for vaccination.” Vaccine hesitancy
refers to concerns about real or perceived vaccine adverse
events among parents that may lead to delayed vaccination
schedules or refusal of vaccinations altogether.”® Missed
opportunities present another explanation in which chil-
dren may not receive one or all of recommended vaccines
even if they are vaccine eligible and can attend health facil-
ities, which is commonly refers to missed opportunities.” *°

The uptake of BCG, DTP3, OPV3, measles and receipt
of all basic vaccinations were disproportionately concen-
trated among children from wealthier households. This
finding is consistent with multicountry studies across
low-middle income countries.’*’ However, a study across
three countries'* that include Gambia, Kyrgyz Republic
and Namibia showed that receipt of all basic vaccinations
was disproportionately concentrated among children
from poor households. The coverage of DTP3 and basic
vaccination showed the highest inequalities favouring
children from wealthy households. More than 14% of
children received none of the vaccines during 2011 and

2016. These children were mainly from disadvantaged
households; for example, children who remained unvac-
cinated in 2016 were 8.3% among the richest quantile,
while 24% were from the poorest quantile. Basic vacci-
nation coverage also showed significant variations across
regions of the country; this ranged from 15% in Afar,
and 21% in Somali, to 67.3% in Tigray and 89.2% in
Addis Ababa. Afar and Somali regions are predominantly
nomadic pastoralist areas, with relatively weaker health
systems compared with Tigray, and Addis Ababa that have
improved healthcare coverage.”

Ensuring access to all recommended vaccines for
all children, regardless of sociodemographic or socio-
economic status, saves more lives and facilitates prog-
ress towards achieving Sustainable Development Goals
(SDGs).* SDGs target for child mortality aims to reduce
neonatal mortality to lower than 12 deaths per 1000 live
births and under-5 mortality to lower than 25 deaths per
1000 live births across all countries.” In 2016, the infant
mortality rate was 48 deaths per 1000 live births, and the
under-5 mortality rate was 67 deaths per 1000 live births
in Ethiopia.*®

Findings of the current study revealed that the use of
maternal health services, maternal education, exposure
to media and wealth had positive contributions to basic
vaccination uptake. These findings align with other similar
studies."" '° * Maternal knowledge about vaccinations is
a determinant for vaccination status, which may be asso-
ciated with increased knowledge about benefits of child
vaccination because of counselling during family plan-
ning and antenatal care contacts.* ™ Moreover, based on
findings related to the impact of residence and access to
health facilities on vaccination, it may be that a mother
with regular access to family planning and antenatal care
is also more likely to seek out postnatal care where vacci-
nation of her child can be more readily provided.**

In the present study, maternal education had contribu-
tions to vaccine uptake in 2016, but this was not the case
in 2011. Education helps to create improved awareness
and knowledge about childhood vaccination.” Previous
studies have also indicated that educated women are more
likely to take their child for vaccination.' ** Exposure to
media can also be a useful tool to reach population at
different socioeconomic levels. The findings of this study
showed that access to mass media (radio and TV) favour-
ably influences vaccine uptake. Transmitting information
about the importance of childhood vaccination is vital
to reach not only mothers but also their partners and
community leaders.” Information dissemination that
targets mother’s partner and community leaders can help
to create a conducive environment that can favourably
influence mothers to vaccinate their children.

In the present study, the socioeconomic well-being of
mothers was associated with higher vaccination uptake.
While vaccinations are provided free of charge in many
developing countries, mothers sometimes incur indi-
rect costs, for example, transportation costs, which often
limit their uptake of these services.® Mothers at the lower
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wealth categories are more likely to experience chal-
lenges in accessing healthcare facilities as such less likely
to take their child for vaccination."'

Children from rural areas had lower vaccination
coverage compared with children from urban areas. In
2011, basic vaccination coverage was 48.2% in urban areas
while it was 20.6% in rural areas. This pattern continued
in 2016, as 64.6% of children from urban areas had basic
vaccination, but only 35.2% in rural areas. This finding
is consistent with those of similar studies."" ** This could
partly be explained by challenges faced in rural areas due
to less developed health infrastructure and fewer skilled
plroviders.47 In rural areas, long-distance to health facili-
ties is another reason for low basic vaccination coverage.
People live far from health facilities and the long distance,
and lack of transportation poses a critical challenge for
mothers to take their child for vaccination.*” Vaccines
require cold chain management as it is sensitive to high
temperatures.”® Health facilities in rural areas face a
shortage of electric power supply to keep the cold chain
equipment working, which could lead to cancellation of
services as lack of cold chain equipment may result in the
stock-out of vaccines.”” One study from Nigeria found
that 47% of solar fridges for vaccine storage in eight states
were broken.*’

The strengths of this study include the use of a nation-
ally representative survey from the two most recent DHS
surveys. The decomposition of the contributing factors
that drive socioeconomic inequalities in vaccination
status provided a rich set of analysis for policy interven-
tions to address socioeconomic disparities in access to
basic vaccinations in Ethiopia. Limitations of the current
study may include recall bias related to vaccination status
as not all children had vaccination cards, and measures
had to depend on the mother’s verbal report. The DHS
is a cross-sectional survey; it was not possible to establish
temporality between childhood vaccination and explana-
tory factors.

CONCLUSIONS

The uptake of basic vaccination improved by 14% from
2011 to 2016, but the overall coverage remained low.
Increased vaccine coverage was disproportionately
concentrated among children from wealthy households,
while the majority of children who had no vaccination
were from disadvantaged households. Utilisation of repro-
ductive and maternal health services, household income
status and maternal education had significant positive
contributions to improved vaccination status. There-
fore, continued efforts at improving coverage of family
planning, antenatal care contacts, institutional delivery,
maternal education and socioeconomic well-being are
required to improve vaccination status. Moreover, regions
such as Afar, Somali, and Oromia, and rural areas of the
country at large require targeting.
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