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ABSTRACT

Introduction: In Ethiopia, measles continues to be the cause of a significant number of vaccine-
preventable infant morbidity and mortality due to the low vaccination rate. However, understanding
the geographical distribution of the measles-containing vaccine first dose (MCV1) and identifying asso-
ciated factors is crucial to setting up appropriate interventions. This study aimed to explore the spatial
distribution and associated factors of MCV1 coverage among children aged 12-23 months in Ethiopia
using national representative data.

Methods: A cross-sectional study design using a two-stage stratified sampling technique was used. The
analysis was performed using STATA 14.2, ArcGIS 10.8, and SaTScan version 9.6 software. To find
significant related factors with measles vaccination, researchers used multilevel logistic regression.
Results: The prevalence of MCV1 in Ethiopia was 58.5%. A spatial variation of MCV1 coverage was
observed across the study area. The most likely significant primary clusters with low MCV1 coverage
were observed in Liben, Afder, Shebelle, Korahe, and Nogob zones of the Somali region; Bale and Guji
zones of the Oromia region, and Gedeo and Sidama zones of the SNNPR. Rural areas, maternal primary
education, secondary and above school education, Orthodox religion, Muslim religion, health facility
delivery, and Afar region were significantly associated with MCV1 vaccination.

Conclusion: The overall MCV1 coverage in Ethiopia was low. Aside from the inadequate coverage, there
was a geographical variation across the country. Low MCV1 coverage areas should be prioritized to
improve vaccination efforts to control measles across the country.
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Intr ion . . .
troductio immunization activities."® During the period 2000-2019, global

Measles is a highly contagious human disease caused by a virus
that causes a high fever and rash and can lead to blindness,
encephalitis, or death. "? Measles killed an estimated
2.6 million people each year before the vaccine was introduced
in 1963." Despite the availability of a safe and effective vaccine,
there were estimated 134,200 measles fatalities globally in
2015,” and a large number of estimated worldwide deaths
have been documented since 2017.* More than 140,000 indivi-
duals died of measles in 2018 — largely children."

Measles can be prevented with two doses of measles vaccine,
either alone, or in measles-rubella (MR), measles-mumps-
rubella (MMR), or measles-mumps-rubella-varicella (MMRV)
combinations.”® Universally available measles vaccines are safe,
effective, provide long-lasting protection, and may be used inter-
changeably within immunization programs.>”® The vaccine has
saved a substantial number of lives.”

Measles-containing vaccine dose 1 (MCV1) and measles-
containing vaccine dose 2 (MCV2) are programmatically sched-
uled vaccinations, which can be delivered through routine ser-
vices, intensification of routine services, or supplementary

coverage of the MCV1 increased from 72% to 84% but remained
low in Africa (69%). Nigeria, Ethiopia, the Democratic Republic
of the Congo, Pakistan, India, and the Philippines had the great-
est percentage of infants who did not receive MCV1, accounting
for 48% of the global total.""

The timing of administering MCV1 and MCV?2 varies
across countries and regions. Where the risk of measles inci-
dence and mortality among infants remains high, MCV1 is
administered at or soon after reaching 9 months of age, and
MCV2 is given between 15 and 18 months of age with the
minimum interval between first and second doses. is 4 weeks."
In countries where the risk of measles virus infection among
infants is low, MCV1 is administered at 12-15 months of age to
take advantage of the higher seroconversion rates achieved at
this stage."”

In Ethiopia, the Expanded Program on Immunization (EPI)
began in 1980 with six antigens to achieve 100% immunization
coverage for all children under the age of two by 1990.'*"
However, the prevalence in the first twenty years was very
low."” The percentage of children aged 12-23 months who
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received MCV1 has shown significant progress since 2000.
Increased from 21% in 2000, to 35% in 2005, 56% in 2011,
54% in 2016, and 59% in 2019."°

Despite the availability of a safe, effective, and cost-effective
vaccine, and considerable improvement in measles vaccination
coverage in Ethiopia, measles continues to be the leading cause
of vaccine-preventable infant morbidity and mortality.'*~*'
Accumulation of unvaccinated children in highly populated
areas contributed to the frequent measles outbreaks occurring
in different parts of the country.”® A total of 243 measles out-
breaks were confirmed in 2013 with a total of 192 affected
woredas/districts compared to 146 in 2012 with a total of 125
affected districts, 302 in 2014 with a total of 249 affected
districts,"” and 63 outbreak episodes were reported in 2018.>
Although the number of reported measles cases in Ethiopia
may represent a small proportion of the total expected cases,
poor record-keeping and failure of mothers to bring children
affected by measles to health facilities for treatment are among
the contributing factors for potential under-reporting.*®

Identifying clustered populations with low measles vaccina-
tion coverage can inform supplemental immunization activ-
ities and strengthen elimination programs,** and determining
factors that contribute to the low vaccination coverage is
important for developing appropriate intervention strategies
that would advance overall vaccination coverages and reduce
measles-related child and infant mortality. To the best of our
knowledge, no study investigates the spatial distribution and
associated factors of MCV1 in Ethiopia at the national level.
Therefore, this study aimed to explore the geographic distribu-
tion of MCV1 and its associated factors among children aged
12-23 months in Ethiopia.

Methods
Study design, setting, and period

Secondary data analysis was done based on the 2019 Ethiopian
Mini Demographic and Health Survey (EMDHS) data. This
survey was the second EMDHS and the fifth Demographic and
Health Survey (DHS) implemented in Ethiopia from March 21,
2019, to June 28, 2019. Ethiopia has nine regions (Tigray, Afar,
Ambara, Oromia, Somali, South Nation Nationality and Peoples
Region (SNNPR), Benishangul-Gumuz, Gambella, and Harari)
and two city administrations (Addis Ababa and Dire Dawa).
Each region and city administration are sub-divided into zones
and zones into woredas. The woredas are further divided into
kebeles, which is the lowest administrative unit in the country.25

Sample size and sampling procedure

The sampling frame used for the 2019 EMDHS is a frame of all
census enumeration areas created for the 2019 Ethiopian popu-
lation and housing census conducted by the Central Statistical
Agency (CSA). The survey used a two-stage stratified sampling
technique. Each region was stratified into urban and rural areas,
yielding 21 sampling strata. Samples of enumeration areas (EAs)
were selected independently in each stratum in two stages.

A total of 305 EAs (212 in rural areas and 93 in urban areas)
were chosen in the first stage, with probability proportional to
EA size and independent selection in each sampling stratum.
A household listing operation was carried out for all selected
EAs. The generated list of households was used as a sampling
frame for the second stage’s selection of households. In
the second step of the selection process, a specific number of
30 households in each cluster were chosen with an equal like-
lihood of systematic selection. A detailed methodology has been
presented in the 2019 EMDHS final report.'® In this study, all
the children aged 12-23 months living in the selected EAs were
the study population. A total weighted sample of 1028 children
aged 12-23 months with their mothers was included.

Data source and extraction

After permission was granted to a reasonable request that
explained the purpose of our study, the data was retrieved
from the MEASURE DHS program’s official database
(https://www.dhsprogram.com/data). The data from the 2019
EMDHS are open to all registered users. We extracted the
response variable (MCV1 vaccination status) and potential
predictor variables after downloading the data.

Study variables

Dependent variable: the response variable for this study was
the MCV1 vaccination status of children aged 12-23 months. It
was measured as a dichotomous variable with possible values
“1” if the child had received MCV1 and “0” if the child did not
receive MCV1. Information about vaccination coverage was
obtained from mothers’ verbal reports, written vaccination
records, and health facility records.

Independent variables: the possible predictor variables of
the study were further classified into two levels (individual-
level and community-level predictors). Individual-level vari-
ables include child sociodemographic factors such as sex of the
child, age of the child, has health card; parental sociodemo-
graphic factors such as maternal age, religion, maternal educa-
tion, sex of household head, household wealth status; and
obstetrics factors such as ANC follow-up, birth order, number
of living children, and place of delivery. The community-level
factors include the place of residence and region.

Data management and analysis

Data cleaning, recoding, and weighting were undertaken
before any statistical analysis. The data were weighted using
sample weight, primary sampling unit, and sampling strata to
make the survey representative. A detailed description of the
sample weighting procedure was presented in the 2019
EMDHS final report.'® The descriptive and summary statistics,
such as cross-tabulations and frequency tables, were generated
using STATA version 14.2 (Stata Corp. Statistical Software).
ArcGIS version 10.8 and SaTScan version 9.7 software were
utilized for the spatial analysis.
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Spatial autocorrelation analysis

The MCV1 coverage status of children aged 12-23 months was
examined using spatial autocorrelation (Global Moran’s I) statis-
tics to see if it was clustered, dispersed, or randomly distributed
across the study area. Moran’s I is a statistic that produces a single
output number between —1 and +1. Moran’s I value approaching
+1 indicates that MCV 1 vaccination is spatially clustered. Moran’s
I value approaching —1 indicates a dispersed spatial distribution of
MCV1, whereas Moran’s I value 0 indicates a random geographic
distribution of MCV1. A statistically significant Moran’s I test
confirms the presence of a significant spatial autocorrelation
(p-value <0.05) and leads to rejection of the null hypothesis
(MCV1 vaccination status is randomly distributed).

Hotspot analysis of MCV1

The spatial variability of the high and low prevalence rates of
MCV1 among children aged 12-23 months was calculated
using Getis-Ord Gi* statistics in a hotspot analysis. The statis-
tical significance of clustering was confirmed using the Z-score
with a 95% confidence interval and a p-value <0.05. Statistical
output with a high Gi* shows MCV1 hotspots, while a low Gi*
indicates MCV1 cold spots.

Spatial scan statistical analysis

Purely spatial scan statistics were employed to test the occurrence
of statistically significant spatial clusters of areas with low or high
MCV1 coverage using a Bernoulli-based model by Kuldorffs
SaTScan version 9.7 software.”® SaTScan uses a scanning window
that moves across the study area to identify statistically significant
clustering of areas with the same MCV1 coverage. We used the
default maximum spatial cluster size of <50% of the population as
an upper limit, which allowed both small and large clusters to be
detected and ignored clusters that contained more than the max-
imum limit with the circular shape of the window. Most likely,
clusters were identified using high log-likelihood ratio tests and
significant p-value based on Monte Carlo replications.

Associated factors of MCV1

To identify significant predictor variables of MCV1, multilevel
logistic regression analyses were used by taking into account
the hierarchical nature of the DHS data. A multicollinearity test
was performed using the variance inflation factor (VIF) to rule
out a significant correlation between variables. All variables
have VIF < 5 and tolerance greater than 0.1, indicating that
there is no multicollinearity. To measure the variation between
clusters, we computed the intra-cluster correlation coeflicient
(ICC) and likelihood ratio (LR) tests. The ICC quantifies the
proportion of the total observed variation in MCV1 coverage
that is attributable to between-clusters variation.”” Bi-variable
logistic regression analyses were performed for both individual
and community-level predictors, and variables having p-value
<0.2 in the bi-variable analyses were further fitted into the
multivariable multilevel logistic regression analyses.

HUMAN VACCINES & IMMUNOTHERAPEUTICS . €2035558-3

For the multivariable multilevel logistic regression ana-
lyses, four models were constructed using the STATA com-
mand melogit. To examine the extent of cluster variations
in MCV1, the first model (a multilevel random intercept
logistic regression model without covariates) was used as
a null model with no explanatory variables. Individual-level
factors were used to adjust the second model (a multilevel
model with level one independent variables). The third
model (a multilevel model with level two variables) was
adjusted for community-level variables, whereas the fourth
model was fitted simultaneously with individual and com-
munity-level variables. The models were compared using
the log-likelihood ratio (LLR) and deviance. Finally, the
fourth model was picked as the best-fitting model since it
had the highest LLR and lowest deviance value. In the
multivariable model, adjusted odds ratio (AOR) with 95%
CI and p-value <0.05 were utilized to declare significantly
associated factors of MCV1.

Results

The study included a total of 1028 children aged 6-23 months.
Three hundred and ninety-nine (38.8%) of the children were
between the ages of 12 and 15 months, and more than half
(58.2%) were in the second to fifth birth order. Seven hundred
and fifteen (69.5%) of the children lived in rural areas. Nearly
half of the participants (54.9%) did not have health cards. In
terms of wealth, 431 (41.9%) of the participants came from
poor households (Table 1).

Vaccination Coverage in Ethiopia

In this study, the prevalence of MCV1 in Ethiopia was 58.5%
(95% CI: 55.49-61.52). At the regional level, the highest pre-
valence of MCV1 was in Addis Ababa (90.6%), followed by
Tigray (82.9%), whereas the lowest was in Afar (29.6%) and the
Somali region (30.9%) (Figure 1).

Only half of the children who reside in rural areas received
MCV1. Regarding maternal education, among children born to
moms who had no formal education, 203 (43.7%) of them
received MCV1. Of female study participants, the majority of
them (316, 59.4%) were vaccinated for measles. Coverage of
MCV1 varied slightly according to birth order, ranging from
59.8% among 2nd-5th born children to a maximum of 65.5%
among firstborn children. Of children who were born in the
health facility, nearly three-quarters of them (74.6%) received
MCV1 (Table 1).

Spatial distribution of MCV1

The lowest proportion of MCV1 coverage was observed in
most parts of the Somali region, western, southern, and central
parts of the Afar region, western parts of Gambella region,
eastern parts of SNNPR, and some parts of the Oromia region,
ranging from 0% to 19.9%. MCV1 was found in high
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Table 1. Background characteristics of study participants and MCV1 coverage by
various background characteristics among children aged 12-23 months in
Ethiopia.

Received MCV1

No Yes

Variables Weighted frequency (%) N (%) N (%)
Age of a child in months

12-15 399 (38.8) 169 (42.4) 230 (57.6)

16-19 334 (32.5) 150 (45.0) 184 (55.0)

20-23 295 (28.7) 107 (36.2) 188 (63.8)
Birth order

First 242 (23.5) 84 (34.5) 158 (65.5)

Second to fifth 598 (58.2) 240 (40.2) 358 (59.8)

>six 188 (18.3) 102 (54.4) 86 (45.6)
Sex of child

Male 495 (48.2) 210 (42.4) 286 (57.6)

Female 533 (51.8) 217 (40.6) 316 (59.4)
Ever had a health card*

No 565 (54.9) 277 (49.1) 149 (50.9)

Yes 463 (45.1) 287 (32.1) 315 (67.9)
Maternal age

15-19 73 (7.1) 39 (53.3) 34 (46.7)

20-24 237 (23.0) 89 (37.5) 148 (62.5)

25-29 359 (34.9) 155 (43.3) 204 (56.6)

30-34 160 (15.6) 67 (43.0) 93 (57.0)

35-39 134 (13.0) 44 (32.6) 90 (67.4)

40-44 53(5.2) 23 (43.4) 30 (56.7)

45-49 13 (1.3) 10 (74.5) 3 (25.5)
Maternal education

No formal education 464 (45.2) 261 (56.3) 203 (43.7)

Primary 418 (40.6) 146 (34.9) 272 (65.1)

Secondary & above 146 (14.2) 19 (13.0) 127 (87.0)
Religion

Orthodox 383 (37.3) 102 (26.5) 281 (73.5)

Protestant 265 (25.8) 145 (54.6) 120 (45.4)

Muslim 350 (34.1) 159 (45.4) 191 (54.6)

Other & traditional 29 (2.8) 21 (71.8) 8(28.2)
Wealth status

Poor 431 (41.9) 224 (52.1) 207 (47.9)

Middle 178 (17.4) 96 (53.9) 82 (46.1)

Rich 419 (40.7) 106 (25.3) 313 (74.7)
No_ of living children

1 238 (23.2) 86 (36.1) 152 (63.9)

2-5 628 (61.1) 248 (39.5) 380 (60.5)

>6 162 (15.7) 92 (60.0) 70 (40.0)
ANC follow-up

No follow-up 283 (27.6) 176 (62.2) 107 (37.8)

1-3 306 (29.8) 139 (45.5) 167 (54.5)

>4 visits 439 (42.7) 111 (25.2) 328 (74.8)
Place of delivery

Home 477 (46.4) 286 (60.1) 190 (39.9)

Health facility 551 (53.6) 140 (25.4) 411 (74.6)
Sex of household head

Male 887 (86.2) 363 (40.9) 524 (59.1)

Female 141 (13.8) 64 (45.1) 78 (54.9)
Residence

Urban 313 (30.5) 69 (21.9) 245 (78.1)

Rural 715 (69.5) 358 (50.0) 357 (50.0)

Health card: vaccination card, booklet, or other home-based records

concentrations (>80%) in Addis Ababa, western and central
Tigray, western Benishangul-Gumuz, some areas of the
SNNPR, Ambhara, and Oromia region (Figure 2).

Spatial autocorrelation of MCV'1

The spatial distribution of MCV1 in Ethiopia was nonran-
dom (Moran’s I = 0.24, p-value <0.01). The result shows
that the observed Moran’s Index value (0.24) was greater
than the expected Index (—0.004), and the p-value was

<0.01, which is statistically significant. Given the Z-score
of 4.678544 Indicates, there is a less than 1% likelihood that
this clustered pattern could be the result of random chance
(Figure 3).

Hotspot analysis of MCV1

The Getis-Ord GI* statistical analysis identified the hotspot
and cold spot areas of MCV1 across the study area. The blue
color indicated the significant cold spot areas where a high
proportion of children remained unvaccinated against
measles (clusters that had low coverage of MCV1) observed
in southern and southwest Somali, Afar, Eastern SNNPR, and
south Oromia regions. However, in Addis Ababa, western and
central Tigray, western Benishangul Gumuz, northern
SNNPR, and central Oromia region, the red color indicated
hotspot locations (clusters with high frequencies of MCV1)
(Figure 4).

Spatial scan statistical analysis

A total of 55 most likely significant clusters with low MCV1
coverage were detected in the spatial scan statistical analysis,
meaning that children residing inside the spatial scan window
were less likely to get MCV1 than children living outside the
SaTScan window. Of these, 30 clusters of areas were the most
likely significant primary clusters. The most likely significant
primary clusters were found in the Somali region’s Libel, Afder,
Shebelle, Korahe, and Nogob zones; Oromia region’s Bale and
Guji zones; and SNNPR’s Gedeo and Sidama zones, centered at
4.996240 N, 41.440734 E with a 403.92 km radius, a relative risk
(RR) of 2.1, LLR of 36.6, with a p-value of less than 0.01.
The second most significant clusters were observed in zone 1,
zone 4 and zone 5 of the Afar region centered at 11.561794 N,
41.244868 E with 159.37 km radius (RR = 1.8, LLR = 13.2, with
p-value <0.01). The third significant clusters were located in Nuer
zone of the Gambella region centered at 8.356129 N, 33.766046
E with a 70.96 km radius (RR = 2.0, LLR = 9.9, p-value = 0.02)
(Table 2 and Figure 5).

Random effect analyses and model comparison

The random effect analyses revealed significant clustering of
MCV1 coverage among the communities (OR of var-
iance = 2.2, 95% CI: 1.45 to 3.44), as shown in Table 3.
The ICC value in model I (the null model) indicates that
cluster/EA variability accounted for 40.5% of overall MCV1
coverage variability, while individual differences accounted
for the remaining 59.5%. The variation in MCV1 coverage
remained significant after accounting for individual and
community-level factors. Across the communities, 14.3%
of the chances of MCV1 coverage variation were detected
in the full model. Devience and Log-likelihood were used to
assess model fitness. Finally, as the best-fitted model, the
model with the lowest deviation and highest Log-likelihood
(model IV) was chosen (Table 3).
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MCV1 coverage among children aged 12-23 months in Ethiopia ~ ® Not vaccinated
# Vaccinated

100

90.6

Percentage

Figure 1. MCV1 vaccination rate among children aged 12-23 months across regions of Ethiopia, EMDHS 2019.
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Figure 2. The spatial distribution of MCV1 vaccination rate across regions of Ethiopia, 2019 EMDHS.
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Spatial Autocorrelation Report
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Figure 3. Spatial autocorrelation of MCV1 among children aged 12-23 months across regions of Ethiopia, EMDHS 2019.

Factors associated with MCV1

In the bi-variable analysis, variables such as maternal age,
maternal education, religion, household wealth status, ANC
follow-up, place of delivery, birth order, number of living
children, ever had a health card, region, and place of residence
were associated with MCV1 (p-value <0.2). Hence, these
variables were eligible for the multivariable multilevel logistic
regression. However, in the multivariable multilevel logistic
regression analyses, only maternal education, place of deliv-
ery, religion, region, and residence were significant at
p-value <0.05.

The odds of receiving MCV1 for children born from
mothers that had primary school education were 2.7
(AOR = 2.73, 95% CI: 1.64-4.57) times higher compared
to those children born from mothers that did not attain
any formal education. Children born to moms with
a secondary or higher education were approximately 5
(AOR = 4.99, 95% CI: 2.22-11.21) times more likely to
have MCV1 than children born to mothers with no formal
education.

Children who were from orthodox and Muslim religion fol-
lowers were four times (AOR = 4.0, 95% CI: 1.53-6.17) and 2.6
(AOR = 2.6, 95% CI: 1.25-5.38) times more likely to take MCV1
compared to a child born from protestant religion followers,
respectively. A mother who gave birth at a health facility had

2.4 times (AOR = 2.4, 95% CI: 1.34-4.40) times higher likelihood
of vaccinating MCV1 for their children than mothers who had
home delivery.

Among community-level factors, children in the Afar
region had an 80% (AOR = 0.2, 95% CI: 0.06-0.75) lower
chance of taking MCV1 than children in Addis Ababa. The
odds of receiving MCV1 among children in the rural resident
were decreased by 57% (AOR = 0.43, 95% CI: 0.22-0.85)
compared to those children who were urban dwellers (Table 4).

Discussion

This study revealed that 58.5% of children aged 12-23 months
in Ethiopia had received the first dose of measles-containing
vaccine. The findings show that vaccination coverage was high-
est in the Addis Ababa city administration, which is relatively
safe, and lowest in the Afar and Somali regions, which is
relatively insecure (only three in ten children were vaccinated)
(Figure 2). Half of the children (50%) who lived in the rural
areas did not receive MCV1.

Ethiopia has yet to achieve its goal of eliminating
measles.'” ! At least 93% to 95% of the population must
be vaccinated to ensure population-based measles herd
immunity and achieve the goal of measles elimination.***’
However, we demonstrated that the overall MCV1 coverage



HUMAN VACCINES & IMMUNOTHERAPEUTICS . €2035558-7

Hotspot analysis of MCV1
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Figure 4. Spatial pattern of hotspots and cold spots of MCV1 rate across regions in Ethiopia, EMDHS 2019.

Table 2. SaTScan analysis of measles vaccination among children aged 12-23 months in Ethiopia.

Type of Significant clusters/EAs No_ of

cluster Identified Coordinates/radius Population cases RR LLR p-value

1 141,125, 143, 142, 144,136, 114, 138, 111, 137, 123, 134, 110, 117,113, 183,89, 4.996240 N, 41.440734 E/ 119 94 2.07 36.56 .001

103, 186, 133, 181, 182, 188, 185, 135, 172, 115, 187, 102, 131 403.92 km
2 31, 26, 32, 30, 33, 34, 47, 45, 48, 44, 49, 29, 46, 50 (11.561794 N, 41.244868 57 43 1.84 13.16 .002
E)/159.37 km

3 220, 218, 229, 230, 219 (8356129 N, 33.766046 E)/ 26 22 202 992 .021
70.96 km

4 107, 254, 255 (9.312848 N, 42.343386 E)/ 16 15 222 963 .023
15.59 km

5 42, 40, 1 (9.548779 N, 40.084216 E)/ 1Al 1 236 938 .027
53.09 km

among children aged 12-23 months in Ethiopia was low,
which is similar to other low- and middle-income countries
(LMICs) such as Afghanistan (60.4%),>° but lower than
Madagascar (71%), Uganda (79.5%), Kenya (87.1%),>"
Sierra Leone (75%),* and Pakistan (73%). A possible rea-
son for this discrepancy might be due to variation in access
to vaccination services and knowledge of mothers in the
study area.

In the spatial analysis, spatial autocorrelation, hotspot,
and spatial scan statistical analysis were reported. The
spatial autocorrelation statistic confirmed that the distri-
bution of MCV1 was clustered in some geographical areas.
The hotspot analysis identified areas that had a low and
high distribution of MCV1, whereas the spatial scan sta-
tistical analysis identified the most likely significant clus-
ters, which had low MCVI1 coverage. The global spatial
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EAs with low MCV1 vaccination
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Figure 5. SaTScan analysis of measles vaccination among children aged 12-23 months across zones in Ethiopia, 2019 EMDHS.

Table 3. Model comparison and random effect analysis result.

Parameters Model | Model Il Model Il Model IV
Community level variance (SE) 2.236 (0.493) 0.818 (0.273) 0.923 (0.280) 0.551 (0.234)
ICC 40.46% 19.90% 21.92% 14.33%

MOR 4.164 237 2.500 2.03

Log likelihood —638.69085 —548.52957 —580.58071 —530.57883

LR test X2 =99.93, p < .001 X2 =20.82, p < .001 X% =28.57, p < .001 X% =10.41, p < .001
Deviance 1,277.3817 1,097.05914 1,161.16142 1,061.15766

autocorrelation statistics (Moran’s I = 0.241405, p < .001),
show that MCV1 coverage is clustered in some specific
areas. The SaTScan analysis identified five likely significant
clusters of areas with low MCV1 coverage across the study
area, implying that children living in those geographic
clusters of areas had a lower chance of receiving MCV1
than children living outside the spatial scan window. The
most likely significant primary clusters with low MCV1
coverage were found in the Somali region of Liben, Afder,

Shebelle, Korahe, and Nogob zone; Oromia’s Bale and
Guji zone; and the SNNPR’s Gedeo and border of the
Sidama zone. The second most significant clusters were
observed in zone 1, zone 4, and zone 5 of the Afar region.
In addition, the third significant cluster was identified in
the Nuer zone of the Gambella region. The clustering of
low MCV1 coverage in these locations could be because
these areas are populated by rural populations who are
unable to access health facilities.>
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Table 4. Multivariable multilevel logistic regression analysis of individual and community-level factors associated with measles vaccination among children aged 12—

23 months in Ethiopia.

Variables

Model |

Model II
AOR (95% Cl)

Model llI
AOR (95% Cl)

Model IV
AOR (95% Cl)

Maternal age

15-19 1.00
20-24 1.33 (0.49-3.63)
25-29 1.16 (0.40-3.39)
30-34 1.27 (0.37-4.37)
35-39 2.81(0.70-11.39)
40-44 2.54 (0.52-12.36)
45-49 0.25 (0.029-2.075)

Maternal education
No education

1.00

Primary 2.65 (1.59-4.43)

Secondary & above 4,93 (2.10-11.56)
Religion

Protestant Orthodox 1.00

Muslim 4,01 (2.10-7.67)

Other & traditional

Wealth status

1.85 (0.95-3.60)
0.65 (0.27-1.56)

Poor 1.00

Middle 0.70 (0.35-1.40)

Rich 1.26 (0.65-2.44)
ANC follow-up

No 1.00

1-3 1.09 (0.60-1.99)

>4 visits 1.87 (0.92-3.78)
Place of delivery

Home 1.00

Health facility 2.55 (1.40-4.67)
Birth order

1st 1.00

2nd-5th 0.80 (0.22-2.88)

>6 0.94 (0.11-8.26)

No_ of living children

1 1.00
2-5 2.07 (0.51-8.48)
=6 1.02 (0.13-8.32)

Ever had a health card
No
Yes

Region
Addis Ababa
Afar
Ambhara
Oromia
Somali
Benishangul
SNNPR
Gambela
Harari
Tigray
Dire Dawa

Residence
Urban
Rural

1.00
0.99 (0.59-1.69)

1.00
0.90 (0.03-0.27)
0.67 (0.193-2.29)
0.26 (0.06-1 05)
0.10 (0. )
0.89 (0.24-3. 34)
0.35 (0.09-1.37)
0.27 (0.09-0.74)
033 (0. )
1.33 (0.35- 4 98)
0.63 (0.19-2.12)

1.00
0.29 (0.10-0.80)

1.00
1.40 (.50-3.87)
1.09 (.36-3.28)
1.16 (.33-4.13)
2.49 (.59-10.39)
2.30 (.46-11.50)
0.31 (.04-2.54)

1.00
2.73 (1.64-4.57)*
4.99 (2.22-11.21)*

1.00
3.07 (1.53-6.17)*
2.59 (1.25-5.38)*
0.74 (.28-1.93)

1.00
0.71 (.35-1.42)
0.86 (.46-1.61)

1.00
0.97 (.54-1.76)
1.74 (.86-3.50)

1.00
2.43 (1.34-4.40)*

1.00
0.74 (.19-2.83)
0.75 (.09-5.88)

1.00
236 (.55-10.21)
1.46 (.20-10.68)

1.00
0.96 (.545-1.68)

1.00
0.20 (0.06-0.75)*
1.21 (0.34-4.31)
0.62 (0.18-2.09)
0.31 (0.07-1.33)
1.60 (0.44-5.86)
1.30 (0.38-4.40)
0.61 (0.19-1.92)
0.57 (0.15-2.20)
1.81 (0.42-7.77)
1.01 (0.23-4.39)

1.00
0.43 (0.22-0.85)*

*p-value < .05, AOR: adjusted odds ratio, Cl: confidence interval, 1.00: reference group

In the multilevel analysis, maternal education, religion,
place of delivery, region, and residence were significantly
associated with MCV1 immunization. Children born to
mothers who had primary school education and secondary
and above school education had higher odds of receiving
MCV1 than children born to uneducated mothers. This is
supported by previous studies done in Ethiopia,®* the
Democratic Republic of Congo,”> and China.’®
A possible explanation might be that maternal education
is vital to enhance awareness about childhood vaccination
and to improve the utilization of primary health-care

services, such as childhood vaccination services.’’
Educated moms tend to have improved communication
skills, which makes interactions with health-care providers
easier, and leads to a better comprehension of vaccination
programs and practices.’®

A statistically significant association was shown
between the place of delivery and MCV1 vaccination sta-
tus. This is consistent with studies in southwest Ethiopia®”
and Kenya,*® which reveal that children born at health
facilities have higher odds of receiving vaccinations than
children born at home. This could be due to those
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mothers who gave birth in the health facilities having
a high probability of getting health information and
receiving training on immunization schedules, vaccine-
preventable disease, and overall benefits of childhood vac-
cination from health service providers.””

This study revealed that children living in rural areas were
less likely to be vaccinated for measles compared to children
living in urban areas. This is supported by previous studies
done in the northwest district of Ethiopia,41 Ghana,*? and
Afghanistan.”> Children living in the Afar region are less
likely to receive MCV1 than children living in Addis Ababa.
This result is supported by a previous study in Ethiopia that
showed childhood vaccination coverage varied across differ-
ent regions of the country.**** Availability and accessibility of
immunization services might be a possible reason for regional
vaccination coverage inequalities.”* Moreover, pastoral and
semi-pastoral areas in Ethiopia cover two-thirds of the coun-
try’s landmass, with the Somali region in the east and south-
east, the Afar region in the northeast, and the Borena in the
south being the most important in terms of population and
area occupied. People in pastoral communities often live
semi-nomadic lives, and they are often rudimentary and
easily movable.*® The availability of weak health infrastruc-
ture and distance to health facilities in pastoralist and semi-
pastoralist regions have been identified as challenges for rou-
tine vaccination services that could account for regional
variations.*’

This study has its strengths and limitations. The study was
done based on the national and sub-national representative
DHS data. The data were weighted and done using
a multilevel analysis by considering the hierarchical nature
of the DHS data to get a reliable estimate and standard
error. Therefore, the study findings are helpful to policy-
makers and program designers in designing appropriate inter-
ventions both at national and sub-national levels. As
a limitation, since the study was cross-sectional, it does not
show the cause and effect relationship of MCV1 coverage and
its identified predictors. Furthermore, variables like media
exposure and paternal education were not included in this
study because no data on them could be found in the 2019
EMDHS, even though they may be significant predictors of
measles vaccination.

Conclusion

In Ethiopia, MCV1 coverage varies across regions. The most
likely significant clusters with low MCV 1 coverage were iden-
tified in Somali, Afar, SNNPR, and Oromia regions. Maternal
education, place of delivery, religion, region, and residence
were significantly associated with MCV1 in different regions
of Ethiopia. Accordingly, multifaceted intervention
approaches are required to improve vaccination efforts to
control measles across the country, and become essential for
the goal of measles elimination. Hence, the Federal Ministry
of Health and other concerned policymakers and public
health planners should focus on developing an effective inter-
vention program that targets areas with low MCV1 coverage,
as identified in this study. The finding also suggests increasing

maternal educational level, encouraging moms to give birth in
a health institution, and focusing intervention initiatives in
rural areas.
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