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Abstract

Background

Immunization estimated to prevent 2 to 3 million children deaths every year from vaccine

preventable disease. In Ethiopia, limited and inconclusive studies have been conducted on

immunization coverage so far. Therefore, this umbrella review was intended to estimate the

pooled national immunization coverage and its associated factors among children age 12–

23 months in Ethiopia.

Methods

This umbrella review included five systematic reviews and meta-analyses through literature

search from PubMed, Science direct, and web of science, CINHALE, and data bases spe-

cific to systematic reviews such as the Cochrane Database of Systematic Reviews and

Prospero, the International Prospective Register of Systematic Reviews from May 1 to 30/

2023. Only systematic reviews and meta-analyses published in English from inception to

May 1, 2023, were included. The quality of each study was assessed using Assessment of

Multiple Systematic Reviews. Data were extracted using Microsoft excel 2016 and analyzed

using STATA 17.0 statistical software. Heterogeneity among studies was assessed using

the Cochran Q statistics and I2 test. The pooled effect sizes were determined using pooled

proportion for the full vaccination coverage and odds ratios for the associated factors with

the corresponding 95% confidence interval were used to declare statically significance.
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Results

Five studies with 77,161 children aged 12–23 months were included. The overall pooled full

vaccination coverage was 57.72% (95% CI 50.17, 65.28). Institutional delivery (OR: 2.12,

95% CI: 1.78–2.52), travel to vaccination site for <2 hours (OR: 2.43, 95%CI: 1.97–3.00),

received at least one antenatal (ANC) visit (OR: 3.2, 95%CI: 2.46–4.1), good maternal

knowledge of immunization (OR: 3.63, 95%CI: 2.82–4.67), being informed on immunization

schedule (OR: 2.54, 95%CI: 2.02–3.2), living in urban areas (OR: 2, 95% CI: 1.54–2.6), and

a household visit by health-care providers (HCP) during the postnatal period (OR: 2.23,

95%CI: 1.22–4.09) were the independent predictors of immunization coverage.

Conclusion

This study showed the full immunization coverage in Ethiopia was lower compared to the

WHO-recommended level. Besides, the current umbrella review identifies several factors

that contribute to higher immunization coverage. These includes; institutional delivery, near

to vaccination site, having ANC visit, being urban residence, household visited by HCP, hav-

ing good knowledge and informed on immunization schedule. Thus, the government should

intensify the growth of immunization services by emphasizing outreach initiatives to reach

remote areas and professionals must combine child immunization service with other medi-

cal services offered by health institutions.

Introduction

Immunization is the process in which someone is protected from any disease through vaccina-

tion. Even though the mortality rate decreased from 93 deaths per 1000 to 38 per 1000 from

1990 to 2021, globally 5.1 million children die before celebrating the 5th birthday in 2021 and it

remains the global concern. Sub-Saharan Africa (SSA) contributes 58 percent for the global

burden of child death [1–3]. Most causes of under-five mortality are vaccine preventable and

the common leading causes are pneumonia, diarrhea, meningitis and measles. Thus, these dis-

ease can be prevented by vaccination and the provision of quality health care for all children

[4]. An estimate of 2–3 million children under 5 die in the world annually due to vaccine-pre-

ventable disease [5]. In Ethiopia, incomplete immunization accounts for nearly 16% of under-

five mortality [6].

Child immunization is estimated to avert nearly 2 to 3 million deaths annually from vac-

cine-preventable diseases such as diphtheria, tetanus, pertussis, influenza, and measles. Despite

the fact that vaccination is the most useful and applicable type of disease prevention program

with less cost, children are missing their doses and not getting fully vaccinated according to

age recommendation. Several strategies have been implemented so far to increase the full

immunization coverage and minimize the impact of vaccine preventable disease [7]. Despite

these efforts, the WHO reported that by the year 2021, 5.9 million children miss their vaccina-

tion, 18.2 million infants did not receive an initial dose of diphtheria, tetanus, pertussis (DTP)

vaccine and 6.8 million children are partially vaccinated. Of those children more than 60% live

in low income countries including Ethiopia [8].

Globally, immunization coverage drops from 86% to 81% from 2019 to 2021 due to differ-

ent reasons such as corona virus pandemic, conflict in countries, and misinformation regard-

ing vaccination. However, the full immunization coverage in Ethiopia has been increasing
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steadily from 14.3% in 2000 to 44.1% in 2019 and showed a good increment, it’s far from the

plan of Ethiopian government which works to reach 75% immunization coverage by year 2025

[9–11].

Studies in Ethiopia revealed that full immunization coverage varied greatly in the country

ranging from 47% [12] to 65% [13] and several studies mentioned many factors which affect

the full immunization coverage in Ethiopia. The place of living, maternal and paternal literacy,

income, family size, perception of the care taker about health care service are the most listed

ones in the previous studies [13–16].

To this date, 4 systematic reviews and meta-analysis (SRM) [12,13,17,18] disclosed incon-

sistent prevalence of immunization coverage ranging from 47% [12] to 65% [13] with varying

degrees of quality score in Ethiopia. Likewise, there is inconclusive reporting about the effects

of different socio-demographic, maternal and neonatal factors on immunization coverage.

This heterogeneity becomes tiresome for information users and clinicians to design appropri-

ate intervention and decision making. Besides, this umbrella review was in response to the call

and recommendation of a prior Ethiopian methodological study [19]. Therefore, the aim of

this umbrella review was to summarize the heterogeneous findings of the SRM studies about

immunization coverage into a single comprehensive document where the results of these

reviews can be compared and contrasted. To the best of authors’ searching effort, this umbrella

review is the first of its kind in addressing immunization coverage and its predictors in Ethio-

pia. Hence, evidence from this review will be utilized to guide the clinicians and child health

policy makers to design evidence-based public health responses and guide them to improve

immunization coverage and to enhance the clinical practices and patient outcomes by mini-

mizing the burden of vaccine preventable disease in the country, thereby enabling achievement

of the sustainable development goal target of reducing preventable child mortality by 2030 and

achieving the WHO vaccination coverage recommendation target level.

Methods and materials

The researchers conducted a thorough review of systematic reviews and meta-analyses on

immunization coverage and its predictors among children aged 12–23 months in Ethiopia, fol-

lowing a systematic and comprehensive approach of umbrella review [20]. This method

allowed for a comprehensive synthesis of the existing evidence to gain summarized under-

standing of the evidence and can help identify areas for further research.

Research objective and questions

The objective of this review was to combine systematic review and meta-analysis studies in

order to get a single pooled estimate of vaccination coverage and its predictors in Ethiopia.

What is the level of immunization coverage in Ethiopia and what are the key determinants of

full immunization coverage among Ethiopian children between the ages of 12 and 23 months?

Information sources and search strategy

From May 1 to 30 2023, two authors conducted electronic searches from international online

databases (PubMed, Science direct, web of science, CINHALE and data bases specific to sys-

tematic reviews such as the Cochrane Database of Systematic Reviews and Prospero, the Inter-

national Prospective Register of Systematic Reviews) were searched for SRM studies on

immunization coverage and its predictors in Ethiopia. Search terms included both free text

and subject headings, along with the appropriate Boolean operators, as follows: “Child” OR

“Children” AND “Coverage, Vaccination” OR “Vaccination coverage” OR “Immunization

Coverage” OR “Coverage, Immunization” OR “coverage’s, Immunization” OR “Immunization
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coverage” AND “Determinants” OR “Associated factors” OR “Predictors” OR “Risk factors”

AND “Systematic Review” OR “Meta-Analysis” AND “Ethiopia”.

Population: All children age 12–23 months.

Interventions: The phenomena of interest were all WHO universally recommended routine

vaccinations including measles containing vaccine second dose (MCV2).

Comparison: Systematic reviews and meta-analysis were included irrespective of whether

their primary studies had controls or not.

Outcomes: Variation in the proportion of a target population which have been vaccinated,

according to socioeconomic, maternal and facility related determinants.

Study Design: Only systematic reviews and meta-analysis studies were included.

Study setting: Ethiopia

Inclusion and exclusion criteria

The predefined standards were taken into consideration to include the study in this umbrella

review such as presenting a defined literature search strategy, evaluating the quality of the

included studies, adhering to a standard approach when providing summary estimates, and

English language articles published from 2012 to 2020 were included. Whereas articles with

incomplete access or where the author could not be reached, narrative reviews, and articles

without reporting the prevalence or factor influencing of immunization coverage were

excluded.

Study screening and selection

In order to filter out duplicate entries, different articles were exported into Endnote version

VIII. The screening and selection of studies was then carried out in two steps. First, after two

independent researchers read each study’s title and abstract, they chose those that discussed

the prevalence and/or determinants of immunization coverage for a full text review. Following

full-text reviewing, any article deemed possibly eligible by either reviewer was treated as a full

text and independently evaluated by both reviewers. When there is a conflict between the two

authors, the third author reviewed the matter and settled it.

Data extraction

We conducted a systematic review and extraction of data on immunization coverage and its

predictors. To ensure consistency and accuracy, we utilized a standardized data abstraction

form created in Microsoft Excel. The extracted data from each study included in the systematic

review is presented in (Table 1). This table provides detailed information on the collected data

from the selected studies.

Risk of bias assessment

All the included SRM studies were critically appraised using the Assessment of Multiple Sys-

tematic Reviews (AMSTAR) tool [21] to ensure the methodological and evidence quality of

each studies (Table 2).

Heterogeneity assessment and data synthesis

The included SRM studies were compiled using both qualitative and quantitative methods.

Cochran’s Q statistic and the I2 test statistic were used to identify and measure statically het-

erogeneity [22]. To estimate the pooled prevalence and identify the predictors of immuniza-

tion coverage a DerSimonian-Laird random-effects model were employed. A minimum of ten
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studies is required to evaluate publication bias or excess significant bias, therefore we cannot

assess the publication bias of this umbrella review since it was included only five studies [23].

The quantitative analyses were performed using Stata version 17.0 software. The table below

Table 1. Included systematic reviews and meta-analyses studies characteristics.

Author

(year)

Aim Search strategy Included

studies

Sample

size

prevalence Quality

assessment

AMSTAR

score

Authors’ conclusion

Biset

et al./

2021 [13]

Determine

coverage and

identify the factors

PubMed, HINARI,

Google scholar,

EMBASE, CINAHL,

Scopus, Cochran library,

reference lists of the

retrieved articles, gray

literature

Cross

sectional = 16

8,305 65 (56,74) I2

= 98.9%

NOS 11 The full immunization coverage

of Ethiopia was lower than the

2020 target. Several factors were

responsible for the low coverage.

Eshete

et al./

2020 [17]

Determine the

coverage and

identify the factors

PubMed, Google Scholar,

Cochrane library, and

gray literature

Cross

sectional = 30

21,672 58.92(51.26–

66.5) I2 =

99.4%

JBI 10 The pooled proportion was lower

compared with 2020

governmental plan of coverage to

be 95%. In this review, there were

great disparities in coverage

among different regions in

Ethiopia

Ketema

et al./

2020 [18]

Determine the

coverage only

PubMed, CINAHL,

EMBASE, Google

Scholar, and Science

Direct. Published from

2000 to 2019.

Cross

sectional = 21

12,094 60 (51, 69) I2

= 99.11%

NOS 10 Six in every 10 children in

Ethiopia were fully vaccinated.

However, this finding is much

lower than the WHO

recommended level (� 90%).

Nour

et al./

2020b

[12]

Identify the factors

of immunization

coverage only

PubMed, Google Scholar,

EMBASE, HINARI,

SCOPUS, Web science, a

Grey literature search was

also done.

Cross

sectional = 21

Unmatched

case

control = 5

15,042 NOS 11 Literacy, residence, awareness,

family size, maternal health

services use, and proximity of the

health facilities were

determinants of full

immunization

Nour

et al./

2020a

[14]

Determine the

coverage only

PubMed, Google Scholar,

EMBASE, HINARI, and

SCOPUS, African

Journals Online, and grey

literature

Cross

sectional = 28

20,048 47 (46.0,

47.0) I2 =

0.00%

JBI 11 Nearly 50% children in Ethiopia

were fully vaccinated, but this is

still low with a clear disparity

among regions.

Note: AMSTAR-Assessment of Multiple Systematic Reviews, NOS- Newcastle-Ottawa scale, JBI- Joanna Briggs Institute.

https://doi.org/10.1371/journal.pone.0299384.t001

Table 2. Methodological quality of the included studies based on the AMSTAR criteria.

Author, year Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Total

Biset et al./2021 [13] Yes yes yes Yes Yes Yes Yes Yes Yes yes yes 11

Eshete et al./2020 [17] Yes yes yes No Yes Yes Yes Yes Yes yes yes 10

Nour et al./2020b [12] Yes yes yes Yes Yes Yes Yes Yes Yes yes yes 11

Ketema et al./2020 [18] Yes yes yes No Yes Yes Yes Yes Yes yes yes 10

Nour et al./2020a [14] Yes yes yes Yes Yes Yes Yes Yes Yes yes yes 11

AMSTAR:—Assessment of Multiple Systematic Reviews. Q1: A priori design; Q2: Duplicate study selection and data extraction; Q3: Search comprehensiveness; Q4:

Inclusion of grey literatures; Q5: Included and excluded studies provided; Q6: Characteristics of the included studies provided; Q7: Scientific quality of the primary

studies assessed and documented; Q8: Scientific quality of included studies; Q9: Appropriateness of methods used to combine studies’ findings; Q10: Likelihood of

publication bias was assessed; Q11: Conflict of interest.

https://doi.org/10.1371/journal.pone.0299384.t002

PLOS ONE Immunization coverage and associated factors among children aged 12: –23 months in Ethiopia: Umbrella review

PLOS ONE | https://doi.org/10.1371/journal.pone.0299384 March 7, 2024 5 / 18

https://doi.org/10.1371/journal.pone.0299384.t001
https://doi.org/10.1371/journal.pone.0299384.t002
https://doi.org/10.1371/journal.pone.0299384


contains a list of the predictors of immunization coverage along with their corresponding

odds ratios. In addition, other statically analysis, such as subgroup analysis by sample size and

number of primary studies included, were carried out.

Results

Study screening and selection

The database search returned a total of 1557 articles; however after removing duplicates, only

975 remained. Afterward, title and abstract screening resulted in the exclusion of 970 out of

975 items. We therefore included a total of 5 SRM studies [12–14,17,18] in the current

umbrella review following a full-text review of the remaining articles. The steps in the selection

and screening of studies are shown in detail in (Fig 1).

Characteristics of the included review studies

In this umbrella review, we included five SRM studies [12–14,17,18] with 121 primary studies

providing a total sample size of 77,161 children aged 12–23 months. With the exception of

Nour et al., 2020b [14], which also included 5 unmatched case control primary investigations,

Fig 1. The PRISMA flow diagram of identification and selection of studies for the umbrella review.

https://doi.org/10.1371/journal.pone.0299384.g001
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all of the included SRM studies used a cross sectional study design. The number of primary

studies included in the SRM ranged from 16 [13] to 30 [17]. Each SRM study had a sample size

that varied from 8,305 [13] to 21,672 [17]. The 4 SRM studies [12,14,17,18] were published in

2020, whereas Biset et al. [13] were published in 2021 and all the five SRM studies were indexed

and accessible in PubMed.

Moreover, the two SRM studies [13,17] addressed both the prevalence and determinants of

immunization coverage whereas the two SRM studies [12,18] were addressed merely the prev-

alence of immunization coverage and the fifth SRM study, Nour et al., 2020b [14] were

addressed only the predictors of immunization coverage. The reported immunization coverage

varied from 47% (95%, CI: 46.0, 47.0) [12] to 65% (95% CI: 56%-74%) [13], per the included

SRM studies. The general traits of the studies that were included in the systematic reviews and

meta-analyses were displayed in (Table 1).

Characteristics of primary studies

To determine the overlap of included primary evidence, primary studies within the five SRM

studies that were included were plotted. As presented in (Table 1), there are 121 primary stud-

ies were included in the reviews. However, when we performed a critical appraisal of the four

SRM studies that were included (column by column) by a list of the primary studies (row by

row), we only discovered 97 primary articles, showing that at least two SRM studies included

some primary studies. For instance, it is evident that each of the five SRM studies included all

six primary studies [24–29], eight additional studies [30–37] were considered by each of the

four SRM studies; five primary studies [38–42] belong to each of the three SRM studies and

four primary studies [43–46] was included by each of the 2 SRM studies. On the contrary, nine

primary studies [47–55] were included only by Eshet et al [17], six primary studies [16,56–60]

for only by Nour et al., 2020b [14], two primary studies [61,62] were specific to Ketema et al

[18], and one primary study [63] and three demographic and health survey studies [64] were

only included by Nour et al., 2020a [12], and three primary studies were included only in Biset

et al. reviews [13]. Therefore a total of 24 primary studies [16,47–57,59–64] indicating that

there was no overlapping of primary studies, which in turn contributing for the difference in

prevalence of immunization coverage and its determinants among the included five SRM stud-

ies, which in turn necessitated to conduct this umbrella review.

Methodological quality of the included SRM studies

Methodological quality of the included SRM studies was evaluated using the AMSTAR tool

[21,65]. The AMSTAR comprises of 11 items addressing criteria relating to the assessment of

methodological rigor. The items are scored “yes,” “no,” “cannot answer,” or “not applicable.”

The maximum score is 11. Scores 0–4, 5–8, and 9–11 indicate low-, moderate-, and high-qual-

ity reviews [21], respectively. Authors conducted the appraisal independently, using a stan-

dardized form and found that ranged from 10 to 11, with a mean score of 10.6 points,

indicating an overall high quality (Table 2).

Umbrella review of the included systematic reviews and meta-analyses

studies

The pooled prevalence of vaccination coverage among 12- to 23-month-old children was

57.72% (95% CI 50.17, 65.28, I2 = 99.7, p = 0.001) according to an umbrella review of the four

SRM studies included [12,13,17,18]. Nevertheless, the results of the systematic review ranged

from 47% [12] to 65% [13]. The included studies showed significant heterogeneity (I2 = 99.7%,

p .001). The included studies were heterogeneous, thus subgroup analysis was carried out by

PLOS ONE Immunization coverage and associated factors among children aged 12: –23 months in Ethiopia: Umbrella review

PLOS ONE | https://doi.org/10.1371/journal.pone.0299384 March 7, 2024 7 / 18

https://doi.org/10.1371/journal.pone.0299384


primary studies included and sample size. The pooled estimate of full vaccination coverage

was reported using the random-effect model (Fig 2).

Subgroup analysis

Subgroup analysis was conducted based on number of primary studies used by the included

SRM and sample size. In this regard, the sample size categorized in to two as below 15000 and

above 15000 samples included (Fig 3) and the primary studies classified in to two as below 25

and above 25 studies included (Fig 4).

Fig 2. Umbrella review about the pooled immunization coverage among children aged 12–23 months in Ethiopia.

https://doi.org/10.1371/journal.pone.0299384.g002
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Associated factors of full immunization coverage

Three SRM studies [13,14,17] examined a number of factors associated with immunization

coverage. The reported significant factors include maternal educational status, place of deliv-

ery, residence, distance to health facility, ANC follow up visit, TT vaccination, maternal knowl-

edge on immunization, mothers being informed on immunization schedule, and postnatal

time of household visit by health care provider (Table 3).

Accordingly, there was 2 SRM report [14,17] that showed statistical significance of maternal

educational status on immunization coverage. The current umbrella review showed that moth-

ers who had attended formal education were more than 2 times (AOR = 2.37, 95% CI: 1.21,

3.53) more likely to immunize their children as compared to their counterpart.

Fig 3. Subgroup analysis using sample size of the included systematic reviews and meta-analyses.

https://doi.org/10.1371/journal.pone.0299384.g003
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Three SRM studies [13,14,17] stated place of delivery was found to be a significant factor

for immunization coverage and this umbrella review showed that women who gave birth in

the health facilities or institutional delivery were nearly 2 times (AOR = 1.94, 95% CI: 1.85,

2.03) more likely to complete routine immunization than those who gave birth at home.

Besides, three SRM studies [13,14,17] reported that residence was one of the significant pre-

dictors of immunization coverage. Mothers from urban residence were 1.86 times more likely

to fully vaccinate their children compared to those mothers from rural residence (AOR = 1.86;

95% CI: 1.70–2.02).

Three SRM studies [13,14,17] found that there was a significant association between ante-

natal care and full immunization coverage in Ethiopia. The current umbrella review also

Fig 4. Subgroup analysis using the number of primary studies used by the included systematic reviews and meta-analyses.

https://doi.org/10.1371/journal.pone.0299384.g004
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showed that mothers who had ANC follow up were 2.6 times (AOR = 2.60; 95% CI: 2.48–2.73)

more likely to complete their children’s vaccination program compared to those mothers who

had not ANC follow up. Furthermore, three SRM studies [13,14,17] also stated that maternal

informed on immunization schedule have an association with full immunization coverage and

this umbrella review also revealed that mothers who had informed on immunization schedules

were more than two times (AOR = 2.35; 95% CI: 2.18–2.52) more likely to fully vaccinate their

children compared to mothers who had not being informed on the schedule.

Moreover, three SRM studies [13,14,17] revealed that maternal knowledge on immuniza-

tion have a significant association with immunization coverage. Women who had good knowl-

edge on immunization were nearly 4 times more likely to fully vaccinate their children

compared to women who had poor knowledge on immunization, (AOR = 3.57; 95% CI: 3.39–

3.75). Besides, two SRM studies [14,17] revealed that there was a significant association

between TT vaccination and immunization coverage in Ethiopia. Women who took TT vacci-

nation during their ANC follow-up were nearly 2 times (AOR = 1.76; 95% CI: 1.62–1.90) more

likely to complete immunization of their children compared to those who had not taken TT

vaccination during their ANC follow up visit.

Two SRM studies [13,14] indicated there was an association between distance to the health

facility and immunization coverage in Ethiopia. Mother who had to walk for less than or equal

to 60 min to the health facility were 2.4 times (AOR = 2.40; 95% CI: 2.20–2.61) more likely to

fully vaccinate their children compared to those who had more than a 1 hour traveling time to

the health facility.

Furthermore, two SRM studies [13,17] reported that there was an association between a

household visit by health-care providers during the postnatal period and immunization cover-

age. The present review also stated that those mothers whose household was visited by health-

care providers during the postnatal period were 2.23 times (AOR = 2.23; 95% CI: 1.95–2.51)

more likely to fully vaccinate their children as compared to their counterparts (Table 3).

Discussion

To the best of our knowledge, the current umbrella review is first of its kind to assess the

immunization coverage and its predictors among children aged 12–23 months in Ethiopia. To

this date, there are five SRM studies reports about immunization coverage and its determi-

nants in Ethiopia. SRM studies are really believed to indicate a high level of evidence for deci-

sion making in health initiatives. However, when there are more individual reviews and

inconsistent results among the reviews, it may become tiresome for information users. Thus,

Table 3. Meta-analysis finding showing factors associated with full immunization coverage in Ethiopia (n = 45,019).

Variables AOR, 95%CI Heterogeneity No of studies

Maternal formal education 2.37 (1.21, 3.53) I2 = 0.0%, p = 0.892 2

Urban residency 1.86 (1.70, 2.02) I2 = 22.0%, p = 0.278 3

Institutional delivery 1.94 (1.85, 2.03) I2 = 65.3%, p = 0.056 3

Had ANC follow-up 2.60 (2.48, 2.73) I2 = 93.8%, p = 0.000 3

Informed on immunization schedule 2.35 (2.18, 2.52) I2 = 71.7%, p = 0.029 3

Good knowledge on immunization 3.57 (3.39, 3.75) I2 = 90.8%, p = 0.000 3

Had took TT vaccine 1.76 (1.62, 1.90) I2 = 99.3%, p = 0.000 2

Near distance to health facility (<30minute walk) 2.40 (2.20, 2.51) I2 = 39.3%, p = 0.199 2

Household visited by health care provider 2.23 (1.95, 2.51) I2 = 0.0%, p = 1.000 2

https://doi.org/10.1371/journal.pone.0299384.t003
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this umbrella review summarizes the pooled single estimated proportion of immunization cov-

erage and its predictors among children aged from 12–23 months in Ethiopia.

The umbrella review of the included 4 SRM studies showed that the overall pooled propor-

tion of full immunization coverage in Ethiopia found to be 57.72% (95% CI 50.17, 65.28). This

finding was lower than the national health survey study in Malaysia (86.4%) [66] and the

WHO target recommended level (� 90%) [67]. This distinction was attributed to the shared

difficulties the immunization program in Ethiopia faces, including the cessation of immuniza-

tion programs owing to supply shortages, the lack of outreach services in remote communities,

and the high personnel turnover rate.

However, our review finding is higher than the reported 2019 Ethiopian mini demographic

health survey (EMDHS) (43%) [68]. This might be due to the fact that the EMDHS were con-

ducted in different segments of the country. Similarly, our estimate is also higher compared to

a systematic review and meta-analysis findings from Nigeria (34.4%) [69] and India (39%)

[70]. This discrepancy may be brought on by differences in data generation techniques, immu-

nization service quality, and the extent of government involvement and commitment.

On the other hand the current umbrella review also assessed significant predictors of

immunization coverage among children age 12–23 months in Ethiopia. In this aspect, we

found that mothers who had formal education were more likely to fully vaccinate their chil-

dren compared to their counter parts. This was supported by a studies carried out in Asian

countries [71,72]. The argument might be that moms with formal education are more likely

than mothers without formal education to be exposed to various health related information,

use immunization services, and comprehend the value of immunization services.

Additionally, we discovered that kids who live in cities are more likely than their counter-

parts to have had all of their recommended vaccinations. This result is in line with research

from in India [73], Ghana [74], low and middle income countries (LMIC) [75]. The socioeco-

nomic differences across the research locations, such as those in access to healthcare facilities,

infrastructure, and education, as well as differences in media coverage of the advantages of

immunization, may be the cause for this discrepancy.

Furthermore, the place of delivery was found to be a significant predictor of immunization

coverage in Ethiopia. In this aspect, women who gave birth in a health facility had a higher

likelihood of vaccinating their child completely than those who gave birth at home. This dis-

covery is in line with earlier research results from India [71], Vietnam [72], and Senegal [76].

This might be because moms may be more motivated to finish the prescribed vaccination

doses if the first dose of regular immunization is given soon after delivery. Additionally, moth-

ers who have benefited from the institution’s maternal services have a more positive outlook,

better knowledge of the advantages of immunization, and are more likely to fully vaccinate

their kids.

Additionally, kids who lived close to the immunization site (less than a half-hour walk) had

a higher likelihood of receiving all of their recommended vaccinations than kids who lived far-

ther away. The results were consistent with research done in Nigeria [77] and SSA [78]. It’s

possible that parents who live far from the institutions choose not to bring their children in for

immunizations because they lack access to transportation or information about the program.

In this umbrella review, women having good knowledge of immunization were more likely to

fully immunize their child. The results were similar to those of studies conducted in SSA [78],

Nigeria [69], and England [79]. This may be because mothers who are aware of the value of

immunizations have a better attitude and comprehension of the national vaccination program

and are therefore more inclined to vaccinate their children. The government or other con-

cerned bodies should work on maximizing the immunization delivery sites and access to trans-

portation and other infrastructures.
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Moreover, in this umbrella review we showed that mothers who are aware of their immuni-

zation schedule were more likely to fully vaccinate their children compared to their counter-

parts. This result is analogous to one from a research done in Nepal [80]. This may be because

moms who are aware of the recommended immunization schedule are more likely to be

knowledgeable about the benefits of immunization and be able to adequately immunize their

children. To enhance the coverage all concerned bodies should create awareness and prepare a

maternal conferences regarding the benefits of completing immunization and risk of un-vacci-

nation and/or incomplete vaccination.

Similarly, mothers who received a TT vaccination were more likely to finish their children’s

vaccinations than mothers who did not receive a TT vaccination. An investigation carried out

in Myanmar [81] lends credence to this conclusion. This might be because moms who used

maternal services during their pregnancies had adequate information about vaccinations from

their healthcare practitioner and were well informed of the advantages of completing kid

vaccinations.

Compared to young children who weren’t visited by health care providers, those who did

were more likely to receive the entire complement of vaccinations. These findings are in line

with one from Nigeria [69] and we also discovered that moms who adhered to ANC were

more likely than their peers to finish their children’s vaccinations. This result is consistent

with research from Pakistan [82], Myanmar [81], and in 46 LMIC [83]. This could be rational-

ized by the fact that moms who adhere to ANC are more likely to interact with medical profes-

sionals and get information about the benefits of health services consumption. To increase

immunization coverage clinicians should visit the young children and provide health educa-

tion and outreach services at the community level.

Implications of the study

This study was undertaken in response to the request for and suggestion that advocated the

use of summary evidence whenever the results of SRM studies were inconclusive. This

umbrella assessment, the first of its type in Ethiopia, has provided a thorough summary esti-

mate of immunization coverage among Ethiopian children aged 12–23 months. Clinicians,

decision-makers, and all other stakeholders could use this pooled estimate of immunization

coverage and its associated determinants to design appropriate strategies in order to improve

child health and improve vaccination coverage in the country to reduce the burden of vaccine

preventable diseases as well as future researchers should focus on addressing many more risk

factors of immunization coverage by including additional systematic reviews and meta-analy-

ses evidences.

The current finding indicates that immunization coverage was still lower. Therefore, the

country needs to strengthen the implementation of the health extension program, implemen-

tation of reaching every district approach, strengthen the health development army in the

community, and the government needs to develop different strategies to reduce barriers and

missed opportunities for vaccination. Individuals and communities should understand the

benefits and participate in the decision-making, and delivery process. Clinicians should inte-

grate immunization services with maternal health services in the actual service delivery setups

that make it convenient for clients to receive vaccinations at primary healthcare settings in

Ethiopia. Lastly, understanding the predictors of immunization coverage is vital for the

improvement of immunization status. And also the finding suggests that improved health edu-

cation and service expansion to remote areas, strength the local specific health service and cre-

ating awareness of mothers to complete recommended doses of vaccination are necessary to

step immunization access.
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Strength and limitation of the study

This study has several strengths such as the risk of bias was tried to be minimized through

exhaustive searching of multiple databases, and study selection was undertaken by two

researchers and the current review was included studies conducted till 2021 by including the

coverage of MCV2 since it was started in 2019 in Ethiopia. However, these studies have their

own limitation that should be kept in mind by the readers such as only English language arti-

cles were synthesized and numbers of studies included in the current review were very few,

which could have an impact on the final findings. Moreover, the overall heterogeneity of the

study was significant and we could not manage it with different techniques. Therefore, this has

to be taken cautious while interpreting and using these evidences.

Conclusions

This Umbrella review showed that the full immunization coverage among children age 12–23

months in Ethiopia was lower compared to the WHO-recommended level (� 90%). Full

immunization coverage was significantly associated with a number of modifiable factors.

Thus, the government and policy makers should intensify the growth of immunization services

by emphasizing outreach initiatives to reach remote regions of the nation and focused on the

identified predictors. Furthermore, clinicians must combine child immunization services with

other medical services offered by health institutions and creating maternal awareness on

immunization during their antenatal and postnatal visits or contacts.

Supporting information

S1 Table. PRISMA 2020 checklist.

(DOCX)

S2 Table. Data extraction sheet.

(XLSX)

Acknowledgments

The authors would like to thank all the SRM studies of primary author included in this

umbrella review.

Author Contributions

Conceptualization: Alemu Birara Zemariam, Gebremeskel Kibret Abebe, Addis Wondema-

gegn Alamaw, Biruk Beletew Abate, Befekad Deresse Tilahun, Wubet Tazeb Wondie, Molla

Fentanew.

Formal analysis: Alemu Birara Zemariam, Addis Wondemagegn Alamaw, Biruk Beletew

Abate.

Methodology: Alemu Birara Zemariam, Mulat Awoke Kassa, Rediet Woldesenbet Molla, Befe-

kad Deresse Tilahun, Rahel Asres Shimelash.

Software: Alemu Birara Zemariam.

Validation: Rahel Asres Shimelash.

Writing – original draft: Alemu Birara Zemariam, Gebremeskel Kibret Abebe, Addis Wonde-

magegn Alamaw, Rediet Woldesenbet Molla, Biruk Beletew Abate, Wubet Tazeb Wondie,

Molla Fentanew.

PLOS ONE Immunization coverage and associated factors among children aged 12: –23 months in Ethiopia: Umbrella review

PLOS ONE | https://doi.org/10.1371/journal.pone.0299384 March 7, 2024 14 / 18

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0299384.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0299384.s002
https://doi.org/10.1371/journal.pone.0299384


Writing – review & editing: Alemu Birara Zemariam, Mulat Awoke Kassa.

References
1. UNICEF, Under-five mortality: Sub-Saharan countries (2018) https://data.unicef.org/topic/child-

survival/under-five-mortality. Accessed 27th May, 2019.

2. Wolde K.S. and Bacha R.H., Trend and correlates of under-5 mortality in Ethiopia: A multilevel model

comparison of 2000–2016 EDHS data. SAGE Open Medicine, 2022. 10: p. 20503121221100608.

https://doi.org/10.1177/20503121221100608 PMID: 35646349

3. Yusuff S.I., et al., Mass distribution of azithromycin to prevent under-five mortality in sub-Saharan

Africa: Do the benefits outweigh the costs with regard to antimicrobial resistance? Health Promotion

Perspectives, 2022. 12(2): p. 120. https://doi.org/10.34172/hpp.2022.15 PMID: 36276419

4. Perin J., et al., Global, regional, and national causes of under-5 mortality in 2000–19: an updated sys-

tematic analysis with implications for the Sustainable Development Goals. The Lancet Child & Adoles-

cent Health, 2022. 6(2): p. 106–115. https://doi.org/10.1016/S2352-4642(21)00311-4 PMID: 34800370

5. Feldstein L.R., et al., Global routine vaccination coverage, 2016. Morbidity and mortality weekly report,

2017. 66(45): p. 1252. https://doi.org/10.15585/mmwr.mm6645a3 PMID: 29145357

6. Melaku M.S., Nigatu A.M., and Mewosha W.Z., Spatial distribution of incomplete immunization among

under-five children in Ethiopia: evidence from 2005, 2011, and 2016 Ethiopian demographic and health

survey data. BMC Public Health, 2020. 20: p. 1–22.

7. FMoH E., Ethiopia national expanded programme on immunization comprehensive multi-year plan

2016–2020. 2015, FMoH.

8. World Health Organization, Immunization coverage, in Available from: https://www.who.int/news-room/

fact-sheets/detail/immunization-coverage (Accessed on June 20, 2023). 2020.

9. Yibeltal K., et al., Trends, projection and inequalities in full immunization coverage in Ethiopia: in the

period 2000–2019. BMC pediatrics, 2022. 22(1): p. 193. https://doi.org/10.1186/s12887-022-03250-0

PMID: 35410186

10. Mantel C. and Cherian T., New immunization strategies: adapting to global challenges. Bundesgesund-

heitsblatt-Gesundheitsforschung-Gesundheitsschutz, 2020. 63(1): p. 25–31.

11. FMOH E., Health Sector Transformation Plan (HSTP): 2015/16-− 2019/20. Addis Ababa, 2015.

12. Nour T.Y., et al., Immunization coverage in Ethiopia among 12–23 month old children: systematic

review and meta-analysis. BMC Public Health, 2020. 20(1): p. 1–12.

13. Biset G., et al., Full immunization coverage and associated factors among children age 12–23 months

in Ethiopia: systematic review and meta-analysis of observational studies. Human Vaccines & Immu-

notherapeutics, 2021. 17(7): p. 2326–2335. https://doi.org/10.1080/21645515.2020.1870392 PMID:

33760689

14. Nour T.Y., et al., Predictors of immunization coverage among 12–23 month old children in Ethiopia: sys-

tematic review and meta-analysis. BMC public health, 2020. 20(1): p. 1–19.

15. Dheresa M., et al., Child vaccination coverage, trends and predictors in Eastern Ethiopia: Implication for

sustainable development goals. Journal of Multidisciplinary Healthcare, 2021: p. 2657–2667. https://

doi.org/10.2147/JMDH.S325705 PMID: 34584421

16. Asfaw A.G., et al., Determinants of default to fully completion of immunization among children aged 12

to 23 months in south Ethiopia: unmatched case-control study. Pan African Medical Journal, 2016. 23

(1). https://doi.org/10.11604/pamj.2016.23.100.7879 PMID: 27222689

17. Eshete A., Shewasinad S., and Hailemeskel S., Immunization coverage and its determinant factors

among children aged 12–23 months in Ethiopia: a systematic review, and meta-analysis of cross-sec-

tional studies. BMC pediatrics, 2020. 20(1): p. 1–13.

18. Ketema D.B., et al., Full vaccination coverage among children aged 12–23 months in Ethiopia: a sys-

tematic review and meta-analysis. BMC public health, 2020. 20(1): p. 1–10.

19. Hasanpoor E., et al., Using the methodology of systematic review of reviews for evidence-based medi-

cine. Ethiopian journal of health sciences, 2019. 29(6). https://doi.org/10.4314/ejhs.v29i6.15 PMID:

31741649

20. Aromataris E., et al., Summarizing systematic reviews: methodological development, conduct and

reporting of an umbrella review approach. JBI Evidence Implementation, 2015. 13(3): p. 132–140.

https://doi.org/10.1097/XEB.0000000000000055 PMID: 26360830

21. Shea B.J., et al., Development of AMSTAR: a measurement tool to assess the methodological quality

of systematic reviews. BMC medical research methodology, 2007. 7(1): p. 1–7. https://doi.org/10.1186/

1471-2288-7-10 PMID: 17302989

PLOS ONE Immunization coverage and associated factors among children aged 12: –23 months in Ethiopia: Umbrella review

PLOS ONE | https://doi.org/10.1371/journal.pone.0299384 March 7, 2024 15 / 18

https://data.unicef.org/topic/child-survival/under-five-mortality
https://data.unicef.org/topic/child-survival/under-five-mortality
https://doi.org/10.1177/20503121221100608
http://www.ncbi.nlm.nih.gov/pubmed/35646349
https://doi.org/10.34172/hpp.2022.15
http://www.ncbi.nlm.nih.gov/pubmed/36276419
https://doi.org/10.1016/S2352-4642%2821%2900311-4
http://www.ncbi.nlm.nih.gov/pubmed/34800370
https://doi.org/10.15585/mmwr.mm6645a3
http://www.ncbi.nlm.nih.gov/pubmed/29145357
https://www.who.int/news-room/fact-sheets/detail/immunization-coverage
https://www.who.int/news-room/fact-sheets/detail/immunization-coverage
https://doi.org/10.1186/s12887-022-03250-0
http://www.ncbi.nlm.nih.gov/pubmed/35410186
https://doi.org/10.1080/21645515.2020.1870392
http://www.ncbi.nlm.nih.gov/pubmed/33760689
https://doi.org/10.2147/JMDH.S325705
https://doi.org/10.2147/JMDH.S325705
http://www.ncbi.nlm.nih.gov/pubmed/34584421
https://doi.org/10.11604/pamj.2016.23.100.7879
http://www.ncbi.nlm.nih.gov/pubmed/27222689
https://doi.org/10.4314/ejhs.v29i6.15
http://www.ncbi.nlm.nih.gov/pubmed/31741649
https://doi.org/10.1097/XEB.0000000000000055
http://www.ncbi.nlm.nih.gov/pubmed/26360830
https://doi.org/10.1186/1471-2288-7-10
https://doi.org/10.1186/1471-2288-7-10
http://www.ncbi.nlm.nih.gov/pubmed/17302989
https://doi.org/10.1371/journal.pone.0299384


22. Higgins J.P. and Thompson S.G., Quantifying heterogeneity in a meta-analysis. Statistics in medicine,

2002. 21(11): p. 1539–1558. https://doi.org/10.1002/sim.1186 PMID: 12111919

23. Valentine J.C., Pigott T.D., and Rothstein H.R., How many studies do you need? A primer on statistical

power for meta-analysis. Journal of Educational and Behavioral Statistics, 2010. 35(2): p. 215–247.

24. Animaw W., et al., Expanded program of immunization coverage and associated factors among children

age 12–23 months in Arba Minch town and Zuria District, Southern Ethiopia, 2013. BMC public health,

2014. 14(1): p. 1–10. https://doi.org/10.1186/1471-2458-14-464 PMID: 24884641

25. Mohammed H. and Atomsa A., Assessment of child immunization coverage and associated factors in

Oromia regional state, eastern Ethiopia. Science, Technology and Arts Research Journal, 2013. 2(1):

p. 36–41.

26. Mohamud A.N., et al., Immunization coverage of 12–23 months old children and associated factors in

Jigjiga District, Somali National Regional State, Ethiopia. BMC Public Health, 2014. 14(1): p. 1–9.

https://doi.org/10.1186/1471-2458-14-865 PMID: 25146502

27. Girmay A. and Dadi A.F., Full Immunization Coverage and Associated Factors among Children Aged

12–23 Months in a Hard-to-Reach Areas of Ethiopia. Int J Pediatr, 2019. 2019: p. 1924941.

28. Tesfaye T.D., Temesgen W.A., and Kasa A.S., Vaccination coverage and associated factors among

children aged 12–23 months in Northwest Ethiopia. Human vaccines & immunotherapeutics, 2018. 14

(10): p. 2348–2354. https://doi.org/10.1080/21645515.2018.1502528 PMID: 30118398

29. Mekonnen A.G., Bayleyegn A.D., and Ayele E.T., Immunization coverage of 12–23 months old children

and its associated factors in Minjar-Shenkora district, Ethiopia: a community-based study. BMC pediat-

rics, 2019. 19(1): p. 1–8.

30. Facha W., Fully vaccination coverage and associated factors among children aged 12 to 23 months in

Arba Minch Zuriya Woreda, Southern Ethiopia. J Pharm Altern Med, 2015. 7: p. 19–25.

31. Etana B. and Deressa W., Factors associated with complete immunization coverage in children aged

12–23 months in Ambo Woreda, Central Ethiopia. BMC public health, 2012. 12: p. 1–9.

32. Hailu S., et al., Low immunization coverage in Wonago district, southern Ethiopia: a community-based

cross-sectional study. PloS one, 2019. 14(7): p. e0220144. https://doi.org/10.1371/journal.pone.

0220144 PMID: 31339939

33. Kassahun M.B., Biks G.A., and Teferra A.S., Level of immunization coverage and associated factors

among children aged 12–23 months in Lay Armachiho District, North Gondar Zone, Northwest Ethiopia:

a community based cross sectional study. BMC research notes, 2015. 8: p. 1–10.

34. Legesse E. and Dechasa W., An assessment of child immunization coverage and its determinants in

Sinana District, Southeast Ethiopia. BMC pediatrics, 2015. 15(1): p. 1–14.

35. Fite R.O. and Hailu L.D., Immunization coverage of 12 to 23 months old children in Ethiopia. Journal of

Public Health and Epidemiology, 2019. 11(1): p. 31–37.

36. Meleko A., Geremew M., and Birhanu F., Assessment of child immunization coverage and associated

factors with full vaccination among children aged 12–23 months at Mizan Aman town, bench Maji zone,

Southwest Ethiopia. International journal of pediatrics, 2017. 2017. https://doi.org/10.1155/2017/

7976587 PMID: 29434643

37. Lake M.W., et al., Factors for low routine immunization performance: a community-based cross-sec-

tional study in Dessie town, south Wollo zone, Ethiopia, 2014. Adv Appl Sci, 2016. 1(1): p. 7–17.

38. Gualu T. and Dilie A., Vaccination coverage and associated factors among children aged 12–23 months

in debre markos town, Amhara regional state, Ethiopia. Advances in Public Health, 2017. 2017.

39. Tefera Y.A., et al., Predictors and barriers to full vaccination among children in Ethiopia. Vaccines,

2018. 6(2): p. 22. https://doi.org/10.3390/vaccines6020022 PMID: 29642596

40. Wado Y.D., Afework M.F., and Hindin M.J., Childhood vaccination in rural southwestern Ethiopia: the

nexus with demographic factors and women’s autonomy. The Pan African Medical Journal, 2014. 17

(Suppl 1). https://doi.org/10.11694/pamj.supp.2014.17.1.3135 PMID: 24624243

41. Ayano B., Factors affecting fully immunization status of children aged 12–23 months in Hosanna Town,

South Ethiopia. J Pregnancy Child Health, 2015. 2: p. 185.

42. Ebrahim Y. and Salgedo W.B., Childhood immunization coverage in Tehulederie district, Northeast of

Ethiopia: A community based cross sectional study. Int J Curr Res, 2015. 7(9): p. 20234–40.

43. Yismaw A.E., et al., Incomplete childhood vaccination and associated factors among children aged 12–

23 months in Gondar city administration, Northwest, Ethiopia 2018. BMC research notes, 2019. 12(1):

p. 1–7.

44. Beyene E.Z., et al., Factors associated with immunization coverage among children age 12–23 months:

the case of Zone 3, Afar Regional State, Ethiopia. Ethiopian medical journal, 2013. 51: p. 41–50. PMID:

24380206

PLOS ONE Immunization coverage and associated factors among children aged 12: –23 months in Ethiopia: Umbrella review

PLOS ONE | https://doi.org/10.1371/journal.pone.0299384 March 7, 2024 16 / 18

https://doi.org/10.1002/sim.1186
http://www.ncbi.nlm.nih.gov/pubmed/12111919
https://doi.org/10.1186/1471-2458-14-464
http://www.ncbi.nlm.nih.gov/pubmed/24884641
https://doi.org/10.1186/1471-2458-14-865
http://www.ncbi.nlm.nih.gov/pubmed/25146502
https://doi.org/10.1080/21645515.2018.1502528
http://www.ncbi.nlm.nih.gov/pubmed/30118398
https://doi.org/10.1371/journal.pone.0220144
https://doi.org/10.1371/journal.pone.0220144
http://www.ncbi.nlm.nih.gov/pubmed/31339939
https://doi.org/10.1155/2017/7976587
https://doi.org/10.1155/2017/7976587
http://www.ncbi.nlm.nih.gov/pubmed/29434643
https://doi.org/10.3390/vaccines6020022
http://www.ncbi.nlm.nih.gov/pubmed/29642596
https://doi.org/10.11694/pamj.supp.2014.17.1.3135
http://www.ncbi.nlm.nih.gov/pubmed/24624243
http://www.ncbi.nlm.nih.gov/pubmed/24380206
https://doi.org/10.1371/journal.pone.0299384


45. Mebrahtom S. and Birhane Y., Magnitude and determinants of childhood vaccination among pastoral

community in Amibara District, Afar Regional State, Ethiopia. Res J Med Sci Pub Health, 2013. 1(3): p.

22–35.

46. Tessema F., et al., Child vaccination coverage and dropout rates in pastoral and semi-pastoral regions

in Ethiopia: CORE Group Polio Project implementation areas. Ethiopian Journal of Health Develop-

ment, 2019. 33.

47. Mesfin M., Incomplete vaccination and associated factors among children aged 12–23 months in Yirga-

lem Town. South Ethiopia: Addis Ababa University, 2015.

48. Melese G., Worku D., and Mesfin K., Immunization incompletion among 12–23 months old children and

associated factors in wayu-Tuka district, Western Ethiopia: a community based study. EC Paediatrics,

2019. 8(2): p. 114–27.

49. Workina A., Seid S., and Moga T., Reason for incomplete vaccination and associated factors among

children aged 12–23 months in Serbo Town, Jimma Zone, Oromia Region, Southwest Ethiopia. Adv

Res J Multidis Discov, 2018. 32(14): p. 79–84.

50. Udessa G., Sena L., and Berhanu S., Vaccination status and factors associated with it among children

aged 12–23 months in Wadera District, south East Ethiopia. Health Care: Current Reviews, 2018. 6(2):

p. 1–5.

51. Abebe A.M., et al., Coverage, opportunity, and challenges of expanded program on immunization

among 12–23-month-old children in woldia town, northeast Ethiopia, 2018. BioMed Research Interna-

tional, 2019. 2019. https://doi.org/10.1155/2019/5302307 PMID: 31976321

52. Kidane T., Factors influencing TT immunization coverage and protection at birth coverage in Tselemti

District, Ethiopia. Ethiopian Journal of Health Development, 2004. 18(3): p. 153–158.

53. Lakew Y., Bekele A., and 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: p. 1–8.

54. Tamirat K.S. and 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: p. 1–7.

55. Asmamaw A., et al., Determinants of full valid vaccine dose administration among 12–32 months chil-

dren in Ethiopia: evidence from the Ethiopian 2012 national immunization coverage survey. Ethiopian

Journal of Health Development, 2016. 30(3): p. 135–141.

56. Aregawi H.G., et al., Determinants of defaulting from completion of child immunization in Laelay Adiabo

District, Tigray Region, Northern Ethiopia: a case-control study. PloS one, 2017. 12(9): p. e0185533.

https://doi.org/10.1371/journal.pone.0185533 PMID: 28953970

57. Birhan Y., et al., Predictors of immunization defaulting among children age 12–23 months in Hawassa

Zuria district of southern Ethiopia: community based unmatched case control study. International Jour-

nal of Public Health Science, 2014. 3(3): p. 7191.

58. Tadesse H., Deribew A., and Woldie M., Predictors of defaulting from completion of child immunization

in south Ethiopia, May 2008–A case control study. BMC public health, 2009. 9: p. 1–6.

59. Yenit M.K., Gelaw Y.A., and Shiferaw A.M., Mothers’ health service utilization and attitude were the

main predictors of incomplete childhood vaccination in east-central Ethiopia: a case-control study.

Archives of Public Health, 2018. 76: p. 1–9.

60. Negussie A., et al., Factors associated with incomplete childhood immunization in Arbegona district,

southern Ethiopia: a case–control study. BMC public health, 2015. 16(1): p. 1–9.

61. Kidane T. and Tekie M., Factors influencing child immunization coverage in a rural district of Ethiopia,

2000. Ethiopian journal of health development, 2003. 17(2): p. 105–110.

62. Okwaraji Y.B., et al., The association between travel time to health facilities and childhood vaccine cov-

erage in rural Ethiopia. A community based cross sectional study. BMC public health, 2012. 12(1): p.

1–9. https://doi.org/10.1186/1471-2458-12-476 PMID: 22726457

63. Porth J.M., et al., Childhood immunization in Ethiopia: accuracy of maternal recall compared to vaccina-

tion cards. Vaccines, 2019. 7(2): p. 48. https://doi.org/10.3390/vaccines7020048 PMID: 31181681

64. Csa I., Central Statistical Agency (CSA)[Ethiopia] and ICF. Ethiopia Demographic and Health Survey,

Addis Ababa. Central Statistical Agency, 2016.

65. Nair R., Umbrella Reviews: Evidence Synthesis with Overviews of Reviews and Meta-Epidemiologic

Studies. 2017.

66. Lim K., et al., Complete immunization coverage and its determinants among children in Malaysia: find-

ings from the National Health and Morbidity Survey (NHMS) 2016. Public health, 2017. 153: p. 52–57.

https://doi.org/10.1016/j.puhe.2017.08.001 PMID: 28915402

PLOS ONE Immunization coverage and associated factors among children aged 12: –23 months in Ethiopia: Umbrella review

PLOS ONE | https://doi.org/10.1371/journal.pone.0299384 March 7, 2024 17 / 18

https://doi.org/10.1155/2019/5302307
http://www.ncbi.nlm.nih.gov/pubmed/31976321
https://doi.org/10.1371/journal.pone.0185533
http://www.ncbi.nlm.nih.gov/pubmed/28953970
https://doi.org/10.1186/1471-2458-12-476
http://www.ncbi.nlm.nih.gov/pubmed/22726457
https://doi.org/10.3390/vaccines7020048
http://www.ncbi.nlm.nih.gov/pubmed/31181681
https://doi.org/10.1016/j.puhe.2017.08.001
http://www.ncbi.nlm.nih.gov/pubmed/28915402
https://doi.org/10.1371/journal.pone.0299384


67. WHO report on diphtheria-tetanus-pertussis, (DPT3) immunization coverage [https://www.who.int/

news-room/fact-sheets/detail/immunization-coverage] (Accessed on May, 30 2023). 2018.

68. EPHI I., Ethiopian Public Health Institute (EPHI)[Ethiopia] and ICF. Ethiopia Mini Demographic and

Health Survey 2019: Key Indicators, 2019.

69. Adeloye D., et al., Coverage and determinants of childhood immunization in Nigeria: a systematic

review and meta-analysis. Vaccine, 2017. 35(22): p. 2871–2881. https://doi.org/10.1016/j.vaccine.

2017.04.034 PMID: 28438406

70. Banerjee A.V., et al., Improving immunisation coverage in rural India: clustered randomised controlled

evaluation of immunisation campaigns with and without incentives. Bmj, 2010. 340.

71. Pandey S., et al., Socio-demographic determinants of childhood immunization coverage in rural popula-

tion of Bhojpur district of Bihar, India. Journal of family medicine and primary care, 2019. 8(7): p. 2484.

https://doi.org/10.4103/jfmpc.jfmpc_356_19 PMID: 31463281

72. An D.T.M., et al., Timely immunization completion among children in Vietnam from 2000 to 2011: a mul-

tilevel analysis of individual and contextual factors. Global health action, 2016. 9(1): p. 29189. https://

doi.org/10.3402/gha.v9.29189 PMID: 26950555

73. Phukan R.K., Barman M.P., and Mahanta J., Factors associated with immunization coverage of chil-

dren in Assam, India: over the first year of life. Journal of Tropical Pediatrics, 2009. 55(4): p. 249–252.

https://doi.org/10.1093/tropej/fmn025 PMID: 18450821

74. Moran E.B., et al., Socioeconomic characteristics associated with the introduction of new vaccines and

full childhood vaccination in Ghana, 2014. Vaccine, 2020. 38(14): p. 2937–2942. https://doi.org/10.

1016/j.vaccine.2020.02.065 PMID: 32139314

75. Crocker-Buque T., et al., Immunization, urbanization and slums–a systematic review of factors and

interventions. BMC public health, 2017. 17: p. 1–16.

76. Mbengue M.A.S., et al., Determinants of complete immunization among senegalese children aged 12–

23 months: evidence from the demographic and health survey. BMC public health, 2017. 17: p. 1–9.

77. Sato R., Association between access to a health facility and continuum of vaccination behaviors among

Nigerian children. Human Vaccines & Immunotherapeutics, 2020. 16(5): p. 1215–1220. https://doi.org/

10.1080/21645515.2019.1678360 PMID: 31634047

78. Bangura J.B., et al., Barriers to childhood immunization in sub-Saharan Africa: A systematic review.

BMC public health, 2020. 20: p. 1–15.

79. Smith L.E., et al., A systematic review of factors affecting vaccine uptake in young children. Vaccine,

2017. 35(45): p. 6059–6069. https://doi.org/10.1016/j.vaccine.2017.09.046 PMID: 28974409

80. Shrestha S., et al., Predictors of incompletion of immunization among children residing in the slums of

Kathmandu valley, Nepal: a case-control study. BMC public health, 2016. 16(1): p. 1–9. https://doi.org/

10.1186/s12889-016-3651-3 PMID: 27619349

81. Nozaki I., Hachiya M., and Kitamura T., Factors influencing basic vaccination coverage in Myanmar:

secondary analysis of 2015 Myanmar demographic and health survey data. BMC public health, 2019.

19(1): p. 1–8.

82. Bugvi A.S., et al., Factors associated with non-utilization of child immunization in Pakistan: evidence

from the Demographic and Health Survey 2006–07. BMC public health, 2014. 14(1): p. 1–7. https://doi.

org/10.1186/1471-2458-14-232 PMID: 24602264

83. Hajizadeh M., Socioeconomic inequalities in child vaccination in low/middle-income countries: what

accounts for the differences? J Epidemiol Community Health, 2018. 72(8): p. 719–725. https://doi.org/

10.1136/jech-2017-210296 PMID: 29581228

PLOS ONE Immunization coverage and associated factors among children aged 12: –23 months in Ethiopia: Umbrella review

PLOS ONE | https://doi.org/10.1371/journal.pone.0299384 March 7, 2024 18 / 18

https://www.who.int/news-room/fact-sheets/detail/immunization-coverage
https://www.who.int/news-room/fact-sheets/detail/immunization-coverage
https://doi.org/10.1016/j.vaccine.2017.04.034
https://doi.org/10.1016/j.vaccine.2017.04.034
http://www.ncbi.nlm.nih.gov/pubmed/28438406
https://doi.org/10.4103/jfmpc.jfmpc%5F356%5F19
http://www.ncbi.nlm.nih.gov/pubmed/31463281
https://doi.org/10.3402/gha.v9.29189
https://doi.org/10.3402/gha.v9.29189
http://www.ncbi.nlm.nih.gov/pubmed/26950555
https://doi.org/10.1093/tropej/fmn025
http://www.ncbi.nlm.nih.gov/pubmed/18450821
https://doi.org/10.1016/j.vaccine.2020.02.065
https://doi.org/10.1016/j.vaccine.2020.02.065
http://www.ncbi.nlm.nih.gov/pubmed/32139314
https://doi.org/10.1080/21645515.2019.1678360
https://doi.org/10.1080/21645515.2019.1678360
http://www.ncbi.nlm.nih.gov/pubmed/31634047
https://doi.org/10.1016/j.vaccine.2017.09.046
http://www.ncbi.nlm.nih.gov/pubmed/28974409
https://doi.org/10.1186/s12889-016-3651-3
https://doi.org/10.1186/s12889-016-3651-3
http://www.ncbi.nlm.nih.gov/pubmed/27619349
https://doi.org/10.1186/1471-2458-14-232
https://doi.org/10.1186/1471-2458-14-232
http://www.ncbi.nlm.nih.gov/pubmed/24602264
https://doi.org/10.1136/jech-2017-210296
https://doi.org/10.1136/jech-2017-210296
http://www.ncbi.nlm.nih.gov/pubmed/29581228
https://doi.org/10.1371/journal.pone.0299384

