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Abstract: (1) Background: Measles remains a major cause of disease and death worldwide, especially
in the World Health Organization African Region. This study aimed to estimate the coverage of
measles vaccinations and map the spatial distribution of measles vaccination dropout in Ethiopia;
(2) Methods: A cross-sectional survey was conducted in Ethiopia’s underprivileged areas. The study
included 3646 mothers/caregivers of children. ArcGIS for the spatial analysis, Global Moran’s I
statistic for spatial autocorrelation, and Getis-Ord Gi* statistics for hot spot analysis were applied;
(3) Results: Overall, coverages of measles-containing-vaccine first- and second-doses were 67% and
35%, respectively. Developing regions had the lowest coverages of measles-containing-vaccine first-
and second-doses, 46.4% and 21.2%, respectively. On average, the measles vaccination dropout
estimate was 48.3%. Refugees had the highest measles vaccination dropout estimate (56.4%). The hot
spot analysis detected the highest burden of measles vaccination dropout mainly in the northeastern
parts of Ethiopia, such as the Afar Region’s zones 1 and 5, the Amhara Region’s North Gondar Zone,
and peripheral areas in the Benishangul Gumuz Region’s Assosa Zone; (4) Conclusions: The overall
measles vaccination coverages were relatively low, and measles vaccination dropout estimates were
high. Measles vaccination dropout hot spot areas were detected in the northeastern parts of Ethiopia.

Keywords: measles; vaccination; spatial distribution; dropout; hot spot analysis

1. Introduction

Measles remains a major cause of disease and death worldwide, especially in the
World Health Organization (WHO) African Region (AFR) [1]. During 2017–2021, regional
coverage of the measles-containing-vaccine first-dose (MCV1) remained stable at 68–70%
but below the level necessary to achieve high population immunity against measles (≥95%).
The low coverage of MCV1 in populous countries like the Democratic Republic of the
Congo, Ethiopia, and Nigeria has largely contributed to AFR’s low coverage [2,3]. Despite
the existence of an effective vaccine, regions have varying success in measles control [4].

Currently, infants are receiving 11 different antigens from the Expanded Program for
Immunization of Ethiopia through a combination of outreach, static, and mobile activities;
services are primarily offered in health centers and health posts. Large-scale, periodic
campaigns are also being used to administer the vaccines against meningitis, polio, and
measles [5]. Ethiopia introduced the measles-containing-vaccine second-dose (MCV2)
program in 2018 and launched it into the routine immunization program in 2019 to boost
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immunity and halt repeated measles outbreaks. MCV1 is given at nine months after birth
for all children, and MCV2 is given at fifteen months [6,7].

Based on the Ethiopian Mini Demographic and Health Survey (EMDHS) 2019 report,
the coverage of MCV1 was 59%, and the lowest coverage was in the Afar Region (28.5%) [8].
There was a persistently high incidence of measles in the Oromia Region of Ethiopia
between 2011 and 2018, where 25,000 measles cases were reported [9]. A study that used
the EMDHS 2019 data showed that the MCV2 coverage was 12.36% [10]. A 2022 study
conducted in urban areas of the North Showa Zone of central Ethiopia estimated an MCV2
coverage of 42.5%. The primary reason for not receiving the MCV2, according to the
study, was a lack of awareness of the need to return for a second dose of the measles
vaccination [11]. On the other hand, a joint report of WHO and UNICEF indicated that the
coverage of MCV2 in Ethiopia was 46% and 48% in 2021 and 2022, respectively [12].

Per the WHO’s recommendation, the main indicators of immunization to estimate
dropout include discrepancies between the first and third doses of the Diphtheria–Tetanus–
Pertussis (DTP1 to DTP3), Bacillus Calmette–Guérin (BCG) vaccine to MCV1, and MCV1 to
MCV2 [13]. The continuation of the childhood immunization program is evaluated using
vaccination dropout rates. A dropout rate of more than 10%, according to the WHO, is
undesirable and suggests that a health facility has utilization constraints. Conversely, a
low dropout rate suggests high service quality due to good utilization [14–16]. Vaccination
dropout using DTP1 to DTP3 and BCG to MCV1 using the same dataset had already been
published. The research revealed that caregivers who worked outside the home, belonged
to the lowest socioeconomic classes, did not receive follow-up care from a skilled birth
attendant, did not receive postnatal care, were older than 45 years old, and lacked gender
empowerment were more likely to experience vaccination dropout [17].

To eliminate measles by 2020, AFR countries and partners planned to achieve ≥95%
with two doses of MCV coverage and improve the quality of supplemental immunization
activities [8,18]. However, these goals were not met and, in 2021, coverages of MCV1 and
MCV2 remained <95%. To reach the updated 2030 regional measles elimination target in
at least 80% of African countries, it is imperative to administer both doses of the measles
vaccine to every child and enhance surveillance [8]. Estimating the coverage of measles vac-
cination and understanding the geographical distribution of measles vaccination dropout
is crucial to setting up appropriate interventions. This study was carried out to estimate the
coverage and dropout rate of measles vaccination and map the spatial distribution of high-
and low-risk areas for vaccination dropout in remote and underserved settings of Ethiopia.

2. Materials and Methods
2.1. Study Design and Settings

The data for this study were taken from a large cross-sectional evaluation survey
that was conducted from May to July 2022. Areas with zero-dose and under-immunized
children were first identified through a qualitative situational analysis using secondary
data sources prior to the quantitative survey.

With the understanding that zero-dose and under-immunized children in low-income
countries are located in underserved areas [19], the study targeted eight partly overlapping
settings. In Ethiopia, developing regions are those that are governed by relatively young
administrations and need more assistance to raise their level of development to that of the
country’s other developed regions. In addition to having less developed infrastructure,
these regions’ development in many other areas is progressing slowly, and border-related
conflicts impede development even more. Newly established regions are those that were
formed between June 2020 and November 2021. These include Sidama and Southwest
Ethiopia and they were split off from Southern Nations, Nationalities, and Peoples (SNNP)
(see Table 1 and Figure 1) [17,20].
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Figure 1. Study settings by administrative regions and zones.

Table 1. Target population domains and their descriptions.

Population Domain Description

1 Pastoralist regions and populations Afar and Somali regions and specific pastoralist or semi-pastoralist settings in
Oromia, SNNP, Southwest Ethiopia, and Gambella regions

2 Developing regions Afar, Somali, Gambella, and Benishangul Gumuz regions

3 Newly established regions Sidama and Southwest Ethiopia regions

4 Conflict-affected areas Selected settings in Afar, Amhara, Oromia, and Benishangul Gumuz regions

5 Underserved urban slums
Urban slums in six selected cities (Addis Ababa, Bahirdar, Hawassa, Dire

Dawa, Harar, and Adama) and rural areas under Dire Dawa City
Administration and Harari Region
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Table 1. Cont.

Population Domain Description

6 Hard-to-reach areas in major regions Selected remote districts in Amhara, Oromia, and SNNP regions

7 Internally displaced populations (IDPs) Selected IDP centers in Afar, Amhara, Oromia, and Benishangul Gumuz
regions

8 Refugees Refugees from selected camps in Somali, Afar, and Gambella regions

2.2. Study Participants

The target population for this study was children under five who lived in the identified
eight partly overlapping settings. Children in the age range of 1 and 3 years were included
in the study.

2.3. Sample Size Determination

The WHO 2018 immunization coverage cluster survey manual was used as a reference
for the sampling design of the study [21]. The appropriate sample size for each target
population was calculated using Cochran’s Single Proportion Sample Size Formula [22]
considering a 95% confidence level, 4% margin of error, 16% prevalence of zero-dose
children [6], and 10% compensation for possible non-response. The number of children
needed for a prevalence study was determined using the sample size formula below:
n = Z2p(1−p)

d2 , where n is the total sample size required, Z is the statistic corresponding to a
95% confidence level, which is 1.96, p represents the prevalence of children receiving zero
doses in earlier studies conducted in Ethiopia, and d is precision (corresponding to effect
size) [23]. Therefore, a sample size of 360 was required for every target population domain.

Based on data from the Ethiopian DHS 2016 and EMDHS 2019, there were, on average,
12 children aged 12–35 months in each enumeration area [6]. Under the assumption that
every child in the EA would be qualified for study participation, a minimum of 30 EAs
were needed for every population domain in order to recruit 360 children in each target
population. Forty EAs were chosen at random from urban slums, and 480 children were
selected [17,20].

With 360 samples per population domain, the study originally planned to include
4080 children from 340 EAs, but because of security concerns in some study districts, only
3646 children between the ages of 12 and 35 months were included in the actual survey.
The overall sample size was sufficient to allow for the analysis of subgroups according to
age, sex, and other pertinent background variables [17,20].

2.4. Sampling Procedure

To choose children between the ages of 12 and 35 months, a two-step procedure was
employed in a cluster sampling approach. First, a random selection of EAs was made from
all of the EAs that were available in each target population domain. The sampling frame
was the EAs as defined by the Ethiopian Central Statistical Agency [6]. EA maps were
created by skilled cartographers after hot spot urban slums in Addis Ababa, Adama, Bahir
Dar, Hawassa, Harar, and Dire Dawa cities were identified and demarcated. Villages or
clusters were considered as EAs for the IDP and refugee camps. After all of the eligible
children in each EA were listed, 12 children were selected using a smartphone-based
random number generator for inclusion in the study [17,20].

2.5. Data Collection Procedures and Data Quality Assurance

Data were gathered using pretested tools prepared in the languages of Afar, Somali,
Amharic, Afan Oromo, and Sidama. The CommCare digital app version 2.52.1, an applica-
tion system that is open-source, user-friendly, and compatible with popular data analytics
and visualization software, was used by 48 seasoned enumerators and 24 supervisors to col-
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lect survey data. The app assisted in collecting data on individual children and households
in order to ensure high-quality data collection, cleaning, and real-time monitoring [17,20].

Enumerators and supervisors who participated in the survey had at least a diploma, a
great deal of experience with comparable national surveys, and knowledge of the Comm-
Care digital app. Before being deployed, they attended a five-day training program that
was led by a structured training manual. Mock interviews, field exercises, an introduction
to using the CommCare digital app, an explanation of basic ethical research practices
involving human subjects, the sampling approach, fundamental data collection principles,
and a line-by-line discussion of the questionnaire were all covered in the training. The
questionnaire was divided into ten sections excluding the information sheet and consent
form section. These include basic information about the interview, sociodemographic
information, household characteristics, access to health services, maternal health service
utilization, knowledge and attitudes on vaccination, child immunization history, barriers
and enablers to vaccination, service integration, and gender empowerment sections [17,20].

Enumerators could collect data from up to six mothers/caregivers per person per
day. Supervisors conducted follow-up interviews with one-third of the study participants
to confirm the quality of the data. In addition, the research team closely monitored the
uploaded data throughout the survey implementation period [17,20].

2.6. Ascertainment of Childhood Vaccination

In accordance with the WHO recommendations, mothers’/caregivers’ reports, im-
munization cards, and facility records were utilized to ascertain children’s vaccination
status. When presented by the mother or caregiver, the vaccination card was used to
determine the child’s vaccination status. If this card was not presented, the mother or care-
giver’s self-report was used to determine the child’s immunization status. Prior research
has confirmed this method’s dependability for determining childhood immunization in
resource-constrained environments with insufficient childhood immunization documenta-
tion [24].

2.7. Data Management and Statistical Analysis

Every day, data were gathered via the CommCare digital app [25] and kept on a local
server. The CommCare digital app has built-in features to support the global positions
system’s data collection at the field level. The descriptive and summary statistics, such as
cross-tabulations and frequency tables, were generated using STATA version 17.0 (Stata
Corp. Statistical Software) [26]. ArcGIS version 10.8 was used for the spatial analysis. The
data were weighted to make the survey representative. In order to balance weighted and
unweighted sample sizes, linearization of post-stratification weights was made.

2.8. Measles Vaccination Coverage

Coverage was calculated as the proportion of children aged 12–35 months who re-
ceived either MCV1 or MCV2. Overall MCV1 and MCV2 vaccination coverage estimates,
as well as coverage estimates separately for each population domain, were computed.

2.9. Measles Vaccination Dropout

The percentage of children who received the first vaccination but did not receive the
second vaccine is known as the vaccination dropout estimate. For this study, the measles
vaccination dropout estimate was defined as the percentage of children who did not receive
MCV2 among those who received MCV1. For the spatial analysis, measles vaccination
dropout cases by the zonal administrative unit were mapped.

2.10. Spatial Autocorrelation

The distribution pattern of measles vaccination dropout cases across the study area
was examined using spatial autocorrelation to determine whether dropout was dispersed,
clustered, or randomly distributed. The Global Moran’s I spatial statistics was used to
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measure spatial autocorrelation, whereby a value approaching +1 would indicate spatially
clustered measles vaccination dropout cases and a value approaching −1 would suggest a
dispersed spatial distribution of measles vaccination dropout cases. A Moran’s I value of 0
would indicate a random geographic distribution of measles vaccination dropout cases. A
statistically significant Moran’s I (p-value < 0.05) would strongly suggest the presence of
spatial autocorrelation and would likely lead to the rejection of the null hypothesis (measles
vaccination dropout is randomly distributed).

2.11. Hot Spot Analysis (Getis-Ord Gi* Statistics)

A hot spot analysis using Getis-Ord Gi* statistics was applied to show the spatial
variability of measles vaccination dropout cases. A z-score with a 95% confidence interval
and a p-value < 0.05 confirmed the statistical significance of clustering. Statistical output
with a high Gi* would signify measles vaccination dropout hot spots (i.e., more significant
numbers of dropout children), while a low Gi* would suggest measles dropout cold spots
(i.e., lower numbers of dropout children).

2.12. Ethical Approval

The research was implemented in compliance with national and international ethical
principles. The research protocol was reviewed and approved by the institutional review
board of the Ethiopian Public Health Institute (416/2021). Data were collected after obtain-
ing written informed consent from the mothers/caregivers. All zero-dose children were
referred to the nearest health facility using a referral form to maximize beneficence.

3. Results
3.1. Sociodemographic Characteristics

The data for this study were taken from a large cross-sectional evaluation survey, and
the key findings of the original survey have already been published. With a response rate of
97.7%, 3646 mothers/caregivers of children between the ages of 12–35 months participated
in the study. Among the respondents, the majority (59.2%) had no formal education, and
over half (54%) were between the ages of 25–34 years. More than 81% came from rural
areas, with 17% coming from the Afar region. When the survey was conducted, 57% of the
respondents were unemployed, and nearly 91% of the respondents were married or living
together (Table 2) [17,20].

Table 2. Sociodemographic characteristics of mothers/caregivers and their children in underserved
settings of Ethiopia, 2022.

Characteristics Frequency Percent

Child’s sex
Male 1985 54.4

Female 1661 45.6

Child’s age (months)
12–23 1849 50.7
24–35 1797 49.3

Mother’s/Caregiver’s age (years)
15–24 875 24.0
25–34 1969 54.0
35–44 572 15.7

45 or above 104 2.9
Do not know 126 3.5

Mother’s/Caregiver’s educational status
No formal education or preschool 2158 59.2

Primary education 788 21.6
Secondary education 616 16.9

Tertiary education 84 2.3
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Table 2. Cont.

Characteristics Frequency Percent

Marital status
Not ever married 43 1.2

Married/Living together 3312 90.8
Separated 83 2.3
Divorced 110 3.0
Widowed 98 2.7

Place of residence
Urban 677 18.6
Rural 2969 81.4

Caregiver’s employment status
Unemployed 2098 57.6

Employed 1548 42.4

Region *
Afar 636 17.4

Amhara 372 10.2
Oromia 431 11.8
Somali 480 13.2

Benishangul Gumuz 216 5.9
Southern Nations, Nationalities, and Peoples 300 8.2

Sidama 239 6.6
Southwest Ethiopia 181 5.0

Gambella 479 13.1
Harari 60 1.6

Addis Ababa 192 5.3
Dire Dawa 60 1.6

Household size
2–5 2044 56.0

6 or above 1602 44.0

* Unweighted sample size.

3.2. Coverage of Measles in Remote and Underserved Settings of Ethiopia

Coverages of MCV1 and MCV2 varied across the different target populations. The
overall coverage of MCV1 was 67% and that of MCV2 was 35%. Urban slums had the
highest MCV1 and MCV2 coverages, 86.8% and 54.1%, respectively. On the other hand,
the lowest MCV1 and MCV2 coverages were in developing regions, 46.4% and 21.2%,
respectively. Figure 2 below shows the numbers and proportions of children who had
received the measles vaccines according to vaccination cards, medical records, or moth-
ers’/caregivers’ self-reports.
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Figure 2. MCV1 and MCV2 vaccination coverages in underserved settings of Ethiopia.

3.3. Measles Vaccination Dropout Estimates in Remote and Underserved Settings of Ethiopia

The different target populations had varying measles vaccination dropout estimates.
Overall, the measles vaccine dropout estimate was 48.3%. While the highest measles
dropout estimate was in refugees (56.4%), urban slums had the lowest measles dropout
estimate (37.7%) (Table 3).

Table 3. Measles vaccination dropout estimates across the target populations in Ethiopia, 2022.

Target Population Domain MCV1 to MCV2 Dropout Estimate *
n (%)

Urban slums 145 (37.7)
Conflict-affected regions 78 (38.5)

IDPs 89 (46.2)
Hard-to-reach in agrarian regions 264 (47.9)

Pastoralist population 469 (54.3)
Developing regions 348 (54.4)

Newly established regions 114 (53.5)
Refugees 102 (56.4)

All † 1158 (48.3)
† Target population groups add up to more than the total because certain populations contributed to multi-
ple domains. * Table is only looking at participants identified as dropouts for measles from the larger study
population—it does NOT account for all 3646 participants.

3.4. Spatial Autocorrelation Analysis

The spatial autocorrelation analysis revealed that the spatial distribution of measles
vaccination dropout cases in Ethiopia was non-random (Global Moran’s I = 0.992195,
p < 0.001). The result showed that the observed Global Moran’s I value was greater than
the expected index (−0.000046) and was statistically significant. This clustered pattern has
a less than 1% probability of being the result of random chance, according to the z-score of
205.881092 (Figure 3).
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3.5. Hot Spot Analysis of Measles Vaccination Dropout Cases

The geographical distributions of measles vaccination dropout cases by zonal admin-
istrations were identified using the Getis-Ord GI* hot spot statistical analysis technique.
The dark red color indicates significant (p < 0.001) clusters of high measles vaccination
dropout (risk areas), the orange color shows zones with significant (p < 0.001) clusters of
medium-level measles dropout cases, and the gray color indicates significant (p < 0.001)
clusters of low measles vaccination dropout (non-risky areas). As shown in Figure 4 below,
the highest burden of measles vaccination dropout cases (hot spot areas) were detected in
zones 1 and 5 of the Afar Region, the North Gondar Zone of the Amhara Region, peripheral
areas in the Assosa Zone of the Benishangul Gumuz Region, the Agnewak Zone of the
Gambella Region, certain areas of the Harari Region, the Siti Zone of the Somali Region,
the West Hararge Zone of the Oromia Region, the South Omo Zone of the SNNP Region,
and in certain areas of the Addis Ababa City Administration. A relatively higher burden
of measles vaccination dropout cases was also found in the West Gojjam and Waghmra
zones of the Amhara Region, the Nuwer Zone of the Gambella Region, the East Wellega,
East Shewa, Borena, and East Hararge zones of the Oromia Region, peripheral areas of the
Addis Ababa City Administration, the Fafan and Liban zones of the Somali Region, and
rural areas of Dire Dawa City. On the other hand, most parts of the Oromia, Somali, SNNP,
and Amhara regions and the Southwest Ethiopia and Sidama regions were identified as
cold spot areas for measles vaccination dropout cases (non-risky areas) (Figure 4).
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4. Discussion

A total of 3646 mothers/caregivers with children aged 12–35 months from 340 clusters
were included in the study. The coverage of childhood MCV1 and MCV2 were 67% and
35%, respectively, which were higher than the estimates from the EMDHS 2019 data of 59%
for MCV1 [8,27] and 12% for MCV2 [10]. However, the MCV2 coverage result from our
study was much lower than the finding presented in the 2022 joint report of the WHO and
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UNICEF (48%) [12]. Our study’s inclusion of underprivileged areas could possibly explain
this discrepancy between MCV2 coverage estimates.

The coverage estimates for the measles vaccine varied between the different population
domains. Among these target populations, urban settings had the highest MCV1 and MCV2
coverage estimates. Compared to previous studies in urban areas, the MCV2 coverage result
showed a modest improvement. For instance, in underserved urban areas, the estimated
coverage of MCV2 in the present study was 54.1%, which was higher than the coverage
in urban areas of the North Shoa Zone in central Ethiopia (42.5%) [11]. All the childhood
MCV1 and MCV2 coverages of the present study were still far below the recommended herd
immunity threshold (95%) necessary to achieve high population immunity against measles.
This indicates that Ethiopia and the AFR are still at high risk for measles outbreaks [28].

Overall, the measles vaccination dropout estimate was 48.3%. This was higher than
the vaccination dropout estimates from the same study looking at DTP1 to DTP3 (44%) and
BCG to MCV1 (21.5%) [17]. Similar to the vaccination coverage results, the measles vacci-
nation dropout estimates varied across the different target populations. Higher measles
vaccination dropout estimates were found in refugees (56.4%), pastoralist populations
(54.3%), developing regions (54.4%), and newly established regions (53.5%), whereas the
lowest estimate was in urban slums (37.7%). These findings are in line with a previous
study that reported higher dropout estimates in pastoralist regions [29]. The present study’s
findings are also consistent with a study by Shiferie et al. which utilized the same dataset
and found the highest vaccination dropout estimate was in newly established regions
(73%) based on BCG and MCV2, whereas the lowest vaccination dropout estimates were in
urban slums [17]. The delayed introduction of MCV2 into Ethiopia’s routine immunization
program in 2020 might have contributed to the increased MCV1 to MCV2 dropout estimate.
Moreover, a lack of awareness of the need to return for MCV2 may have also led to a
higher dropout estimate [11]. All the measles vaccination dropout estimates of the present
study were higher compared to the WHO’s 10% maximum acceptable dropout threshold.
This could be a sign of the immunization programs’ inadequate performance in Ethiopia’s
underprivileged areas [14,16].

Donors and policymakers are increasingly interested in mapping the spatial hetero-
geneity of childhood vaccination to identify existing gaps and intervene accordingly. The
global spatial autocorrelation analysis of our data showed a clustering pattern of childhood
measles vaccination dropout cases across the study areas (Global Moran’s I = 0.992195,
p < 0.001). This indicated that measles vaccination dropout cases were aggregated in spe-
cific areas. The hot spot analysis showed that the highest burden of measles vaccination
dropout cases (hot spot areas) were detected in zones 1 and 5 of the Afar Region, the
North Gondar Zone of the Amhara Region, peripheral areas in the Assosa Zone of the
Benishangul Gumuz Region, the Agnewak Zone of the Gambella Region, certain areas of
the Harari Region, the Siti Zone of the Somali Region, the West Hararge Zone of the Oromia
Region, the South Omo Zone of the SNNP Region, and certain areas of the Addis Ababa
City Administration.

The findings of the hot spot analysis are consistent with previous surveys and studies
conducted in Ethiopia. A study on the spatial distribution of immunization defaulting in
Ethiopia showed that most defaulters were in the eastern and northeastern parts of the
country [30]. The previous literature also indicated that areas with low immunization were
spatially clustered in the northeastern parts of the country [31–34]. Moreover, two separate
studies by Tesfa et al. also showed the presence of low vaccination clusters in zones 1, 4,
and 5 of the Afar Region and the Liben Zone of the Somali Region [27,35]. The high burden
of measles vaccination dropout cases in northeastern parts of Ethiopia was attributed to the
nomadic and pastoralist populations that move from place to place seasonally, negatively
inhibiting access to health care services, including immunization [36–39]. Low utilization
of health information in these parts of Ethiopia might also contribute to the high burden
of measles vaccination dropout cases [40]. On the other hand, most parts of Addis Ababa,
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Oromia, Somali, SNNP, and Amhara regions and Southwest Ethiopia and Sidama regions
were identified as cold spot areas for measles vaccination dropout cases (non-risky areas).

This study was strong in a number of ways. The research team collected data in
areas where there were ongoing conflicts. Furthermore, data collected from a variety of
sources, such as vaccination cards, medical records, and mother/caregiver recall, were
used to determine childhood vaccination dropout. The results were validated, and the
data quality was strengthened by this triangulation. The collection of high-quality data
was also facilitated by the utilization of digital tools and the employment of skilled data
collectors. Hot spot areas for measles vaccination dropout cases were identified using
advanced geospatial analysis techniques.

However, the study also had limitations, including vulnerability to biases that are
closely related to the cross-sectional study design, such as recall bias and nonresponse
bias. Mothers or caregivers who lacked vaccination cards may have forgotten their child’s
immunization status, which could have led to misclassification.

5. Conclusions and Recommendations

The overall MCV1 and MCV2 coverage estimates were low, measles vaccination
dropout was high, and there were geographical variations in both parameters across
Ethiopia. The hot spot analysis showed that the highest burdens of measles vaccination
dropout cases (hot spot areas) were detected mainly in the northeastern parts of Ethiopia.

Due to its recent introduction, the lack of awareness around MCV2 needs to be
addressed in Ethiopia, especially in the northeastern part of the country where there were
the highest estimates of measles vaccination dropout.

This study aimed to contribute to improving Ethiopia’s measles vaccination coverage
by providing evidence for targeted interventions. Moreover, this research could help fulfill
the 2030 immunization agenda, which aims to provide everyone in the world with equitable
and effective vaccines to tackle vaccine-preventable diseases in order to improve health
and wellbeing.

Author Contributions: Conceptualization, F.S., S.G. and G.A.; Methodology, F.S.; Software, F.S.;
Validation, F.S.; Formal Analysis, F.S. and T.G.F.; Investigation, F.S.; Resources, W.A.A. and D.A.T.;
Data Curation, F.S., S.G. and G.A.; Writing—Original Draft Preparation, F.S.; Writing—Review and
Editing, S.G., G.A., W.A.A., D.A.T. and T.G.F.; Visualization, F.S.; Supervision, F.S., S.G. and G.A.;
Project Administration, F.S., S.G. and G.A.; Funding Acquisition, W.A.A. and D.A.T. All authors have
read and agreed to the published version of the manuscript.

Funding: This work was supported, in whole or in part, by the Bill & Melinda Gates Foundation with
grant number [INV 018567]. Under the grant conditions of the Foundation, a Creative Commons
Attribution 4.0 Generic License has already been assigned to the Author Accepted Manuscript version
that might arise from this submission.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Institutional Review Board of the Ethiopian Public
Health Institute (416/2021).

Informed Consent Statement: Informed consent was obtained from the mothers/caregivers. To
maximize beneficence, all children who did not receive any vaccine were referred to the nearest
health facility using a referral form.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We are grateful for the financial support we received from the Bill & Melinda
Gates Foundation to conduct this national cross-sectional study in remote and underserved settings
of Ethiopia. The authors would also like to thank the Ministry of Health and the Ethiopian Public
Health Institute for supporting the implementation of the study and Addis Ababa University for
providing technical support to the first author while writing the manuscript. The authors would also
like to thank Emily Liddell and Adrienne Hayes for English language editing.



Vaccines 2024, 12, 328 13 of 14

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

AFR: African Region; BCG: Bacillus Calmette–Guérin; DTP1: Diphtheria–Tetanus–Pertussis-
Containing-Vaccine First-Dose; DTP3: Diphtheria–Tetanus–Pertussis-Containing-Vaccine Third-Dose;
EA: Enumeration rea; EDHS: Ethiopia Demographic and Health Survey; IDP: Internally Displaced
Population; MCV1: Measles-Containing-Vaccine First-Dose; MCV2: Measles-Containing-Vaccine
Second-Dose; SNNP: Southern Nations, Nationalities, and Peoples; WHO: World Health Organization.

References
1. Minta, A.A.; Ferrari, M.; Antoni, S.; Portnoy, A.; Sbarra, A.; Lambert, B.; Hauryski, S.; Hatcher, C.; Nedelec, Y.; Datta, D.; et al.

Progress Toward Regional Measles Elimination—Worldwide, 2000–2021. MMWR Morb. Mortal. Wkly. Rep. 2022, 71, 1489–1495.
[CrossRef]

2. World Health Organization. Measles Vaccines: WHO Position Paper—April 2017. Wkly. Epidemiol. Rec. 2017, 17, 205–228.
3. Venkatesan, P. Worrying global decline in measles immunisation. Lancet Microbe 2022, 3, e9. [CrossRef]
4. Guerra, F.M.; Bolotin, S.; Lim, G.; Heffernan, J.; Deeks, S.L.; Li, Y.; Crowcroft, N.S. The basic reproduction number (R(0)) of

measles: A systematic review. Lancet Infect. Dis. 2017, 17, e420–e428. [CrossRef]
5. Pond, B.; Bekele, A.; Mounier-Jack, S.; Teklie, H.; Getachew, T. Estimation of Ethiopia’s immunization coverage—20 years of

discrepancies. BMC Health Serv. Res. 2021, 21 (Suppl. S1), 587. [CrossRef] [PubMed]
6. Central Statistical Agency (CSA) and ICF. Ethiopia Demographic and Health Survey 2016; CSA: Addis Ababa, Ethiopia; ICF: Rockville,

MD, USA, 2016.
7. Ethiopia Federal Ministry of Health. Expanded Program on Immunization (EPI). 2021. Available online: https://www.moh.gov.

et/initiatives-4-col/Expanded_Program_on_Immunization (accessed on 18 March 2024).
8. Masresha, B.G.; Hatcher, C.; Lebo, E.; Tanifum, P.; Bwaka, A.M.; Minta, A.A.; Antoni, S.; Grant, G.B.; Perry, R.T.; O’Connor,

P. Progress Toward Measles Elimination—African Region, 2017–2021. MMWR Morb. Mortal. Wkly. Rep. 2023, 72, 985–991.
[CrossRef] [PubMed]

9. Yitbarek, K.; Tilahun, T.; Debela, T.; Abdena, D.; Girma, T. Measles epidemiology and vaccination coverage in Oromia Region,
Ethiopia: Evidence from surveillance, 2011–2018. Vaccine 2021, 39, 4351–4358. [CrossRef]

10. Goshu Muluneh, A.; Woldemariam Merid, M.; Tigabu, B.; Getie Ferede, M.; Molla Kassa, G.; Animut, Y. Less than one-fifth of
Ethiopian children were vaccinated for measles second dose; evidence from the Ethiopian mini demographic and health survey
2019. Vaccine X 2022, 12, 100217. [CrossRef]

11. Tadesse, A.W.; Sahlu, D.; Benayew, M. Second-dose measles vaccination and associated factors among under-five children in
urban areas of North Shoa Zone, Central Ethiopia, 2022. Front. Public Health 2022, 10, 1029740. [CrossRef]

12. World Health Organization. Measles Vaccination Coverage. 2021. Available online: https://immunizationdata.who.int/pages/
coverage/mcv.html?CODE=ETH&ANTIGEN=MCV2&YEAR= (accessed on 15 January 2024).

13. World Health Organization. Analysis and Use of Health Facility Data: Guidance for Immunization Programme Managers; World Health
Organization: Geneva, Switzerland, 2018.

14. Mmanga, K.; Mwenyenkulu, T.E.; Nkoka, O.; Ntenda, P.A.M. Tracking immunization coverage, dropout and equity gaps among
children ages 12–23 months in Malawi—Bottleneck analysis of the Malawi Demographic and Health Survey. Int. Health 2022, 14,
250–259. [CrossRef]

15. Powelson, J.; Magadzire, B.P.; Draiva, A.; Denno, D.; Ibraimo, A.; Benate, B.B.L.; Jahar, L.C.; Marrune, Z.; Chilundo, B.; Chinai,
J.E.; et al. Determinants of immunisation dropout among children under the age of 2 in Zambezia province, Mozambique: A
community-based participatory research study using Photovoice. BMJ Open 2022, 12, e057245. [CrossRef]

16. Hailu, C.; Fisseha, G.; Gebreyesus, A. Determinants of measles vaccination dropout among 12–23 months aged children in
pastoralist community of Afar, Ethiopia. BMC Infect. Dis. 2022, 22, 376. [CrossRef]

17. Shiferie, F.; Gebremedhin, S.; Andargie, G.; Tsegaye, D.A.; Alemayehu, W.A.; Mekuria, L.A.; Wondie, T.; Fenta, T.G. Vaccination
dropout and wealth related inequality among children aged 12–35 months in remote and underserved settings of Ethiopia: A
cross-sectional evaluation survey. Front. Pediatr. 2023, 11, 1280746. [CrossRef]

18. World Health Organization. African Regional Guidelines for Measles and Rubella Surveillance; World Health Organization: Geneva,
Switzerland, 2015.

19. Gavi, The Vaccine Alliance. Routine Immunisation Worldwide Holds Firm Despite the Pandemic. 2021. Available online:
https://www.gavi.org/vaccineswork/routine-immunisation-worldwide-holds-firm-despite-pandemic (accessed on 15 January
2024).

20. Project HOPE, Ethiopia Federal Ministry of Health. Reaching Zero-Dose and Underimmunized Children in Remote and Underserved
Settings of Ethiopia: Evaluation; Project HOPE: Addis Ababa, Ethiopia, 2022.

21. World Health Organization. Vaccination Coverage Cluster Surveys: Reference Manual; WHO: Geneva, Switzerland, 2018.
22. Cochran, W.G. Sampling Techniques, 3rd ed.; John Wiley & Sons: New York, NY, USA, 1977.

https://doi.org/10.15585/mmwr.mm7147a1
https://doi.org/10.1016/S2666-5247(21)00335-9
https://doi.org/10.1016/S1473-3099(17)30307-9
https://doi.org/10.1186/s12913-021-06568-0
https://www.ncbi.nlm.nih.gov/pubmed/34511081
https://www.moh.gov.et/initiatives-4-col/Expanded_Program_on_Immunization
https://www.moh.gov.et/initiatives-4-col/Expanded_Program_on_Immunization
https://doi.org/10.15585/mmwr.mm7236a3
https://www.ncbi.nlm.nih.gov/pubmed/37676836
https://doi.org/10.1016/j.vaccine.2021.06.015
https://doi.org/10.1016/j.jvacx.2022.100217
https://doi.org/10.3389/fpubh.2022.1029740
https://immunizationdata.who.int/pages/coverage/mcv.html?CODE=ETH&ANTIGEN=MCV2&YEAR=
https://immunizationdata.who.int/pages/coverage/mcv.html?CODE=ETH&ANTIGEN=MCV2&YEAR=
https://doi.org/10.1093/inthealth/ihab038
https://doi.org/10.1136/bmjopen-2021-057245
https://doi.org/10.1186/s12879-022-07350-1
https://doi.org/10.3389/fped.2023.1280746
https://www.gavi.org/vaccineswork/routine-immunisation-worldwide-holds-firm-despite-pandemic


Vaccines 2024, 12, 328 14 of 14

23. Pourhoseingholi, M.A.; Vahedi, M.; Rahimzadeh, M. Sample size calculation in medical studies. Gastroenterol. Hepatol. Bed Bench
2013, 6, 14–17.

24. World Health Organization. Practical Guide for the Design, Use and Promotion of Home-Based Records in Immunization
Programmes. 2015. Available online: https://www.who.int/publications/i/item/WHO-IVB-15.05 (accessed on 10 January
2024).

25. Dimagi. CommCare. 2007. Available online: https://www.dimagi.com (accessed on 15 January 2023).
26. StataCorp. Stata Statistical Software; StataCorp LLC: College Station, TX, USA, 2021; Available online: https://www.stata.com/

(accessed on 16 December 2023).
27. Tesfa, G.A.; Demeke, A.D.; Hailegebreal, S.; Amede, E.S.; Ngusie, H.S.; Kasie, M.N.; Seboka, B.T. Spatial distribution and

associated factors of measles vaccination among children aged 12–23 months in Ethiopia. A spatial and multilevel analysis. Hum.
Vaccin. Immunother. 2022, 18, 2035558. [CrossRef]

28. Geremew, T.T.; Gezie, L.D.; Abejie, A.N. Geographical variation and associated factors of childhood measles vaccination in
Ethiopia: A spatial and multilevel analysis. BMC Public. Health 2019, 19, 1194. [CrossRef]

29. Tessema, F.; Kidanne, L.; Bisrat, F.; Asres, M.; Tadesse, T.; Asress, A.; Asegdew, B.; Zeleke, S.; Bederu, N. Child vaccination
coverage and dropout rates in pastoral and semi-pastoral regions in Ethiopia: CORE group polio project implementation areas.
Ethiop. J. Health Dev. 2019, 33, 1–9.

30. Awol, M.; Alemu, Z.A.; Moges, N.A.; Jemal, K. Geographical variations and associated factors of defaulting from immunization
among children aged 12 to 23 months in Ethiopia: Using spatial and multilevel analysis of 2016 Ethiopian Demographic and
Health Survey. Environ. Health Prev. Med. 2021, 26, 65. [CrossRef] [PubMed]

31. Ethiopian Public Health Institute (EPHI) and ICF. Ethiopia Mini Demographic and Health Survey 2019: Final Report; EPHI and ICF:
Rockville, MD, USA, 2021.

32. Ketema, D.B.; Assemie, M.A.; Alamneh, A.A.; Alene, M.; Chane, K.Y.; Alamneh, Y.M.; Birhanu, M.Y.; Alebel, A. Full vaccination
coverage among children aged 12-23 months in Ethiopia: A systematic review and meta-analysis. BMC Public. Health 2020, 20,
777. [CrossRef]

33. Atalell, K.A.; Liyew, A.M.; Alene, K.A. Spatial distribution of rotavirus immunization coverage in Ethiopia: A geospatial analysis
using the Bayesian approach. BMC Infect. Dis. 2022, 22, 830. [CrossRef] [PubMed]

34. Atalell, K.A.; Alemayehu, M.A.; Teshager, N.W.; Belay, G.M.; Alemu, T.G.; Anlay, D.Z.; Wondim, A.; Alene, K.A. Mapping BCG
vaccination coverage in Ethiopia between 2000 and 2019. BMC Infect. Dis. 2022, 22, 569. [CrossRef] [PubMed]

35. Tesfa, G.A.; Yehualashet, D.E.; Getnet, A.; Bimer, K.B.; Seboka, B.T. Spatial distribution of complete basic childhood vaccination
and associated factors among children aged 12–23 months in Ethiopia. A spatial and multilevel analysis. PLoS ONE 2023, 18,
e0279399. [CrossRef] [PubMed]

36. Lakew, Y.; Bekele, A.; Biadgilign, S. Factors influencing full immunization coverage among 12–23 months of age children in
Ethiopia: Evidence from the national demographic and health survey in 2011. BMC Public Health 2015, 15, 728. [CrossRef]
[PubMed]

37. Tamirat, K.S.; Sisay, M.M. Full immunization coverage and its associated factors among children aged 12–23 months in Ethiopia:
Further analysis from the 2016 Ethiopia demographic and health survey. BMC Public Health 2019, 19, 1019. [CrossRef]

38. Nour, T.Y.; Farah, A.M.; Ali, O.M.; Abate, K.H. Immunization coverage in Ethiopia among 12-23 month old children: Systematic
review and meta-analysis. BMC Public. Health 2020, 20, 1134. [CrossRef]

39. Sheik-Mohamed, A.; Velema, J.P. Where health care has no access: The nomadic populations of sub-Saharan Africa. Trop. Med. Int.
Health 1999, 4, 695–707. [CrossRef]

40. Teklegiorgis, K.; Tadesse, K.; Mirutse, G.; Terefe, W. Factors Associated with Low Level of Health Information Utilization in
Resources Limited Setting, Eastern Ethiopia. Int. J. Intell. Inf. Syst. 2014, 3, 69–75. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://www.who.int/publications/i/item/WHO-IVB-15.05
https://www.dimagi.com
https://www.stata.com/
https://doi.org/10.1080/21645515.2022.2035558
https://doi.org/10.1186/s12889-019-7529-z
https://doi.org/10.1186/s12199-021-00984-8
https://www.ncbi.nlm.nih.gov/pubmed/34118886
https://doi.org/10.1186/s12889-020-08940-x
https://doi.org/10.1186/s12879-022-07825-1
https://www.ncbi.nlm.nih.gov/pubmed/36352357
https://doi.org/10.1186/s12879-022-07547-4
https://www.ncbi.nlm.nih.gov/pubmed/35739462
https://doi.org/10.1371/journal.pone.0279399
https://www.ncbi.nlm.nih.gov/pubmed/36608032
https://doi.org/10.1186/s12889-015-2078-6
https://www.ncbi.nlm.nih.gov/pubmed/26224089
https://doi.org/10.1186/s12889-019-7356-2
https://doi.org/10.1186/s12889-020-09118-1
https://doi.org/10.1046/j.1365-3156.1999.00473.x
https://doi.org/10.11648/j.ijiis.20140306.13

	Introduction 
	Materials and Methods 
	Study Design and Settings 
	Study Participants 
	Sample Size Determination 
	Sampling Procedure 
	Data Collection Procedures and Data Quality Assurance 
	Ascertainment of Childhood Vaccination 
	Data Management and Statistical Analysis 
	Measles Vaccination Coverage 
	Measles Vaccination Dropout 
	Spatial Autocorrelation 
	Hot Spot Analysis (Getis-Ord Gi* Statistics) 
	Ethical Approval 

	Results 
	Sociodemographic Characteristics 
	Coverage of Measles in Remote and Underserved Settings of Ethiopia 
	Measles Vaccination Dropout Estimates in Remote and Underserved Settings of Ethiopia 
	Spatial Autocorrelation Analysis 
	Hot Spot Analysis of Measles Vaccination Dropout Cases 

	Discussion 
	Conclusions and Recommendations 
	References

