
The effect of mHealth on childhood 
vaccination and its associated 
factors among South Ethiopian 
mothers: a cluster randomized 
controlled trial
Girma Gilano1,2, Andre Dekker2 & Rianne Fijten3

Childhood vaccination is a cornerstone of public health, significantly reducing morbidity and mortality 
from vaccine-preventable diseases. However, immunization coverage remains suboptimal in many low-
resource settings, including Ethiopia. Mobile health (mHealth) interventions, such as SMS reminders, 
have shown promise in improving healthcare service utilization, yet their effectiveness in enhancing 
childhood vaccination uptake remains underexplored in Ethiopia. This study assesses the impact of an 
mHealth intervention on childhood vaccination coverage and associated factors among mothers in the 
Gamo and Gofa zones of South Ethiopia. A cluster randomized controlled trial (cRCT) was conducted 
among 680 pregnant mothers recruited from 20 randomly selected health institutions in the Gamo and 
Gofa zones. Participants were assigned to either the intervention group (n = 340), which received SMS 
reminders and health education messages, or the control group (n = 340), which received standard care. 
Eligible participants were pregnant women (≥ 18 years old) with a gestational age of 16–28 weeks, 
literate, and able to use mobile phones. The primary outcome was childhood vaccination completion, 
while secondary outcomes included timely Bacillus Calmette-Guérin (BCG) vaccination at birth. Data 
were collected through structured interviews and analyzed using multilevel logistic regression and 
generalized linear mixed models. The intervention group demonstrated a significantly higher childhood 
vaccination completion rate (AOR = 4.80, 95% CI: 1.75–13.01, p < 0.01). Timely BCG vaccination at birth 
was also significantly improved in the intervention group (Log Odds = 2.19, 95% CI: 0.69–3.70, p < 0.01). 
Sociodemographic factors, such as maternal age, colostrum feeding, provider, and family planning, 
were significantly associated with vaccination uptake. The study suggests that mHealth interventions, 
such as SMS health information and reminders, might significantly enhance childhood vaccination 
coverage. Implementing mobile-based strategies could help bridge immunization gaps and support 
national vaccination programs. Future studies should explore the scalability of mHealth interventions 
in diverse settings.
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ANC	� Antenatal Care
PNC	� Postnatal Care
ICC	� Intra-Cluster Correlation
HEWs	� Health Extension Workers
AIC	� Akaike Information Criterion
BIC	� Bayesian Information Criterion
GA	� Gestational Age
Penta	� pentavalent
OPV	� oral polio vaccine
AOR	� Adjusted Odds Ratio
CI	� Confidence Interval

Childhood vaccination is one of the most cost-effective public health interventions, significantly reducing 
morbidity and mortality from vaccine-preventable diseases (VPDs) such as measles, diphtheria, pertussis, 
tuberculosis, tetanus, hepatitis B, Haemophilus influenzae b, pneumococcal diseases, polio, and rotavirus1–3. 
Ethiopia’s national immunization program follows the Expanded Program on Immunization (EPI) schedule, 
which has evolved over time, where childhood vaccines are administered. The EPI aims to ensure universal 
vaccine coverage; however, suboptimal immunization rates continue to pose a challenge in many low- and 
middle-income countries (LMICs)4. Despite ongoing efforts to boost immunization coverage in Ethiopia, 
the childhood vaccination rate remains below the WHO target of 90%5,6. Several barriers, including limited 
maternal awareness, logistical challenges, healthcare accessibility, and socioeconomic disparities, are associated 
with missed or delayed vaccinations7,8.

Challenges in childhood vaccination coverage
In Ethiopia, childhood vaccination coverage varies significantly by region, ranging from 98% in Addis Ababa to 
as low as 50% in some rural areas5. Several factors that hinder optimal immunization coverage include:

Limited maternal education and awareness result in lower health literacy and less comprehensive compilation 
of the immunization schedule9,10.

Low vaccine uptake is linked to long travel distances, inadequate infrastructure, and low attendance at 
antenatal care11.

Misinformation, distrust, and sociocultural beliefs that significantly influence vaccination and decrease 
immunization adherence12,13.

The role of mHealth in immunization programs
Mobile health (mHealth) interventions have emerged as a promising strategy to bridge gaps in immunization 
coverage, particularly in resource-limited settings14. mHealth involves mobile phone-based technologies to 
deliver health-related information and reminders15. Studies have demonstrated that SMS reminders and mobile-
based health education improve vaccine uptake by enhancing maternal knowledge, reinforcing immunization 
schedules, and reducing forgetfulness16–18. In Ethiopia, where mobile phone penetration has recently increased, 
leveraging mHealth interventions could provide a scalable solution to address vaccination gaps19,20.

According to the Africa Telecom 50 Report 2024 from Revenue Magazine, Ethiopia was the largest telecom 
market in East Africa in 2024, with approximately 87 million mobile subscriptions, accounting for roughly 28% 
of the region’s total21. This suggests broad mobile phone penetration within the country. While mobile coverage 
has expanded substantially, network strength remains uneven across urban, peri-urban, and rural areas, with 
noticeable gaps in 2G/3G and limited 4G/5G availability in many locations. Some rural regions rely on 2G or 
edge connectivity, and several communities depend on satellite or microwave backhaul to access the network22. 
Overall, among an estimated 120 million Ethiopians, nearly 40 million remain unconnected, primarily residing 
in the country’s peripheral areas22. Mobile Telephone Network (MTN) Group began operations in Ethiopia in 
2021 and Safaricom of Kenya in 2022, after regulatory changes allowed increased competition in the mobile 
sector previously dominated by Ethio Telecom. This entry contributed to expanding mobile network access 
and introduced competitive dynamics in a market previously characterized by a state-backed monopoly, with 
implications for pricing, innovation, and service quality23,24.

Rationale for the study
Despite growing evidence supporting mHealth interventions in immunization programs, few studies have 
rigorously evaluated their effectiveness through cluster randomized controlled trials (cRCTs) in Ethiopia. 
Previous studies have shown that mobile-based reminders significantly improve ANC visits, skilled birth 
attendance, and postpartum follow-ups25, but their impact on childhood vaccination outcomes remains 
underexplored. Furthermore, the study area faces unique challenges related to healthcare accessibility, cultural 
influences, and maternal health-seeking behaviors, necessitating localized and evidence-based interventions26. 
Overall, we evaluate the effect of an mHealth intervention on childhood vaccination coverage and its associated 
factors among mothers in South Ethiopia. The findings will provide policy-relevant evidence on the effectiveness 
of mobile-based interventions in improving immunization uptake, contributing to national efforts to achieve 
universal vaccine coverage.

Methods
Study setting
This study is a cluster-randomized controlled trial (cRCT) conducted in the Gamo and Gofa zones. These zones 
are located in the South Ethiopia Region and are known for their diverse populations, rural-urban disparities, 
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and varying levels of healthcare access. The study considered health institutions, such as primary hospitals, 
health centers, and health posts, which provide essential maternal and child health services, antenatal care 
(ANC), and childhood vaccination. To avoid auto-plagiarism, we do not replicate the same methodology across 
all articles from this trial; we provide an overview summary here.

Study design
We employed a cluster-randomized controlled trial (cRCT) to evaluate the effect of the mHealth intervention 
on childhood vaccination rates. Clusters were defined at the health institution level, ensuring that all pregnant 
mothers receiving ANC services within a selected institution were randomly assigned to either the intervention 
or control group.

Participants
The study enrolled pregnant women registered at the selected health facilities, identifying eligible participants 
from ANC registers at health centers and from family folders at health posts during routine ANC visits. Twenty 
health facilities were randomized into two arms, intervention and control, with 10 facilities in each arm. Two 
primary hospitals were included, one assigned to the control group and one to the intervention group. Health 
posts were not sampled separately because they are organized under health centers; when a health center was 
included, all its associated health posts automatically participated.

Inclusion criteria and exclusion criteria
Pregnant women were eligible for inclusion if they were at least 18 years old, had a gestational age between 16 
and 28 weeks at recruitment, could read and write in Amharic, and could use a mobile phone independently. 
At the beginning of the intervention, the gestational age was 24 to 28 weeks. These criteria ensured that 
participants could fully engage with the mHealth intervention and comprehend the SMS content. Limiting 
participation to literate mothers helped ensure that observed outcomes were attributable to the intervention 
rather than differences in message interpretation. Requiring literacy also mitigated privacy and confidentiality 
concerns related to personal health information, especially on sensitive topics such as reproductive health and 
family planning. If illiterate mothers relied on others to read messages, this could introduce variability and 
contamination in message delivery, differences in tone, timing, or accuracy of interpretation. At the intervention’s 
outset, there was an opportunity to provide mobile phones to women who lacked them, which can make the 
program accessible to a broad group of participants. In a country with rapidly increasing mobile subscriptions, 
the intervention has the potential to benefit a broad segment of pregnant women21. Additionally, expanding 
delivery modes to include video and voice could benefit less-literate mothers in the future.

In Ethiopia (as in many countries), individuals under 18 are legally considered minors and cannot provide 
full informed consent on their own. Including them would have required parental or guardian consent, which is 
often complex and may compromise autonomy in sensitive topics like reproductive health and family planning.

Participants were excluded from the study if they reported mobile network or internet interruptions in 
their residential area during the pre-intervention interview, as consistent mobile access was essential for the 
intervention. Additionally, women who planned to relocate from the study area before the end of the follow-up 
period, or those with high-risk pregnancies requiring specialized medical care, were excluded to ensure safety 
and maintain consistent follow-up throughout the study duration. This is done because a woman might move to 
an area where the network can be interrupted.

Sample size determination
The sample size was determined using estimates from previous studies on childhood vaccination rates. 
Considering the evidence that shows a 70.9% vaccination rate among controls and 82.6%27 among the 
intervention group, we further considered 12% clinically significant differences, 0.011 ICC28, 80% power, 5% 
significance level, 95% CI, 1.37 design effect, and 20% attrition rate to calculate sample size. The final sample size 
was 680 women.

Randomization and allocation
A two-stage randomization process was used:

Health institution selection: Twenty health facilities were randomly selected from the 102 available. These 
were randomly assigned into equal intervention (n = 10) and control (n = 10) groups drawn from an opaque 
envelope. The opaque envelope contains pieces of paper with sequential numbers that contain the names of 
the health facilities. One person picks control, and the second person picks intervention from the same opaque 
envelope.

Individual participant selection: Eligible pregnant mothers were randomly selected within their respective 
clusters based on a computer-generated random sequence of numbers. The family number of the family 
folder and ANC registration numbers at health facilities were used as the frame for selection. That mean the 
recruitment team randomly selected women from the control and intervention health facilities. The recruitment 
team collected baseline data from all eligible women who signed a consent form. Randomization was conducted 
in health facilities because a randomization frame is difficult to find outside, and recording of pregnancy and 
gestational ages was also necessary for inclusion (Fig. 1).

Recruitment
In a two-stage cluster randomized technique, we first selected HFs from the sequentially numbered 102 HFs 
in an opaque envelope. Health facilities include district hospitals, health centers, and health posts. Each health 
center may encompass more than one Satellite health post. After HF’s selection, ANC registration and family 
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folder numbers are used as a sampling frame to select mothers. For this purpose, a computer-generated sequence 
number is applied to those frames to get the desired HFs. The health centers oversee their associated health posts 
(community clinics) within the same catchment area, since health posts are part of the health centers. These 
health posts support women who do not visit the health center’s (main site) but remain in the community. We 
stopped recruitment after achieving an average of 34 women per facility and 340 participants per arm.

Intervention
Mothers under the mHealth intervention received tailored, scheduled SMS messages and reminders. The 
intervention started at the end of the second trimester of pregnancy and continued until six months postnatally. 
Mothers received messages on ANC services (ANC visits, danger signs, birth preparedness, nutritional advice, 
complications, institutional delivery (child and maternal), etc.) and PNC services (postnatal visits, partner and 
family support, family planning, vaccination, and child feeding). The vaccination-based SMS is sent along with 
all other messages. The mothers’ schedule led to the type of message they should receive during the week. In this 
document, we are focusing on vaccination-related information.

The intervention consisted of two types of message systems:
Mothers receive SMS reminders on their cellphones regarding their children’s immunization schedules. They 

also received health education messages on the importance of immunization and vaccines.
Messages were tailored to align with the child’s age-appropriate vaccination schedule and were sent in local 

languages. Vaccination schedules occur at the sixth week, tenth week, fourteenth week, and ninth month after 
childbirth3. A reminder message was dispatched to mothers one day before the scheduled time. All messaging 
processes are conducted through the computerized system connected to the Ethiopian telecommunications 
network. The reminder message schedules were adjusted during the second data collection in the first month 
after childbirth and were regularly monitored. The messages sent to mothers are kept concise to avoid being 
tedious to read. All mothers can read and understand the Amharic language. Messages were prepared in a 
way that considers the appropriate cultural orientation of the area. The national Reproductive, Maternal, Child 
Health, Family Planning, behavioural change communication strategies, and WHO guidelines were used to 
develop messages29. The prepared educational messages are delivered to mothers every other week. There are 
reminder messages interspersed among the educational messages.

Overall, 6,760 messages were sent to intervention groups during the postpartum period, and 98.5% 
were successfully delivered and read/seen by participants. We used a secure VPN provided by the Ethiopian 

Fig. 1.  The research process diagram.
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Telecommunication Corporation, which was installed at Arba Minch University’s Health Informatics 
Department. A research technical assistant and manager with a computer background controlled sending, 
scheduling, and the status of messages. For scaling up to a wider area, we think about a centralized system instead 
of each health facility managing VPNs. A national or regional SMS gateway, managed by a government body, can 
send messages automatically, alleviating the burden on local staff. The use of simpler mobile-based dashboards 
(rather than VPNs) that can be introduced to frontline health workers can be a cost-effective method. This can 
enable mHealth in health extension programs in rural areas. In Ethiopia, health facilities have internet access 
(except health posts) and health facility-level health information technicians who can bridge the skills gap.

FrontlineSMS software was customized to fit the nature of the intervention. The trial manager was responsible 
for the software and following the message status. If the mother is not reading or opening messages, we make a 
voice call to check her situation.  If the mother is not receiving messages and cannot be contacted through the 
registered addresses, she is recorded as lost to follow up.

Blinding
Due to the nature of the intervention, participants could not be blinded. However, healthcare providers and data 
collectors were blinded to minimize bias during data collection and follow-up assessments.

Control group
Mothers in the control group received standard maternal and child healthcare services without additional 
mHealth reminders or educational messages. All mothers in the control group continued to receive the established 
standard of antenatal, delivery, postnatal, and vaccination services (the usual care). The intervention (SMS 
messages and reminders) served as an additional supportive strategy, rather than a substitute for essential care. 
At the time of the study design, there was scientific uncertainty about the effectiveness of SMS-based mHealth 
health education and reminders in enhancing vaccination uptake in these settings. Therefore, conducting the 
trial was justified to generate evidence.

Variables
Sociodemographic characteristics
Maternal age, maternal and partner education, maternal and partner occupational status, household income, 
and residence.

Reproductive health factors
ANC visits, parity, mode of delivery, birth complications, and postnatal care (PNC) attendance.

Family planning factors
Contraceptive use, birth spacing, and fertility intentions.

Vaccination information
BCG, pentavalent 1, pentavalent 2, pentavalent 3, oral polio vacine 1, oral polio vaccine 2, oral polio vaccine 3, 
measles, vitamin A.

Health information and media exposure
Sources of health information, access to media (phones(static), TV, and radio), frequency of exposure to health 
messages, and birth preparedness information.

Primary outcome
Full childhood vaccination coverage is defined as the proportion of children receiving all recommended vaccines 
within the expected timeframe.

Secondary outcome
BCG vaccination at birth was assessed by maternal recall and, when available, by the presence of a vaccination 
scar on the child’s right upper arm. These are the common methods of checking child vaccination (BCG), 
including in the Ethiopian Demographic Health Survey30. The use of maternal recall as evidence for vaccination 
could potentially influence the magnitude of observed effects; nonetheless, recall remains a widely used and 
pragmatic approach in low-resource settings31,32.

Women and Mothers: In this document, the terms “mothers” and “women” are used interchangeably; 
however, first-time pregnant women (expectant mothers) are also included.

Data collection and quality control
The questionnaire was adapted from validated tools used in previous studies on maternal and child health33–36, 
ensuring contextual relevance and content validity. The tool underwent thorough pre-testing in a comparable 
population to assess clarity, flow, and cultural appropriateness. Based on the pretest results, necessary 
modifications were made to enhance the consistency and quality of the data collection process. Field supervision 
included spot checks, daily reviews of completed questionnaires, and feedback for data collectors. Data were 
gathered by trained professionals with prior research experience from Arba Minch University and Arba Minch 
College of Health Sciences, who received comprehensive training on the study objectives, interview techniques, 
confidentiality, and ethical conduct. Their knowledge of the local context and language significantly improved 
the effectiveness and reliability of the data collection. All completed interviews were reviewed daily, and any 
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inconsistencies or errors were promptly addressed to ensure data quality. Both phone and in-person interviews 
adhered to standardized procedures to minimize interviewer bias and enhance data comparability.

Statistical analysis
Descriptive statistics were employed to summarize baseline characteristics. Chi-square tests and t-tests 
compared categorical and continuous variables between groups. Multilevel logistic regression and generalized 
linear mixed models (GLMM) assessed the effect of the mHealth intervention on vaccination outcomes, 
adjusting for clustering effects at the health institution level. Generalized Linear Mixed Models are powerful 
statistical methods used to analyze situations where the outcome variable is not normally distributed, whether 
binary, count, or categorical data. The data have a hierarchical or clustered structure (participants are nested 
within health facilities, or individuals within HF/catchment areas). We utilized multilevel logistic regression 
since the data were obtained from clusters; traditional logistic regression is not an appropriate method of 
analysis. Multilevel logistic regression (hierarchical logistic regression or mixed-effects logistic regression) is 
used because we have a binary dependent variable (vaccinated/not vaccinated: yes/no).  This method allows for 
simultaneous analysis of individual-level and group-level effects and accounts for intra-cluster correlation that 
can bias standard logistic regression. This approach avoids underestimating standard errors, which can lead to 
incorrect conclusions and models contextual effects (e.g., how health facility characteristics influence outcomes). 
Level 1 variables are individual-level measurements (e.g., maternal age, education, parity, media exposure, etc.), 
while group-level variables measure (e.g., treatment, residence, aggregated women’s education, etc.).

The multilevel equation is mathematically represented as follows:

 log
(

π ij
1−π ij

)
= β 0 + β 0Xij+ β 2Zij + . . . uij; Where i and j are the level 1 (individual) and level 2 

(community) units, respectively; X and Z refer to individual and community-level variables, respectively. 
πij is the probability of the childhood vaccination for the ith mother in the jth community.

To know cluster-level correlation strength, we calculated the Intra-Cluster Correlation as ICC= σ 2
a

σ 2
a+σ 2

b
; 

where, σ 2
a is the community-level variance and σ 2

b is individual-level variance. The individual-level 
variance is constant ( π 2/3). Likelihood Ratio (LR) test for model comparison and deviance (−2LL) for 
goodness of fit were calculated, while37. The generalized linear mixed model.
g(µij)= β0 + β1 × 1 + β2 × 2+.+uj.
Where:
g(⋅): Link function (logit).
µij: Expected value of the outcome for individual iii in cluster j.
β0,β1,β2: Fixed-effect coefficients.
uj: Random effect for cluster j.

Adjusted odds ratios (AORs) with 95% confidence intervals (CIs) were reported to quantify associations. 
Statistical significance was set at p < 0.05. Analyses were conducted using Stata software. We recognize that risk 
ratios (RRs) can offer a more intuitive measure of intervention effects in public health research, especially when 
the outcome is common, as RRs directly convey the likelihood of an event occurring in one group compared to 
another. ORs, in contrast, may overestimate the strength of association when the outcome prevalence is high38,39. 
The models were assessed using various criteria such as the intraclass correlation coefficient, Akaike Information 
Criterion, Bayesian Information Criterion, Log-likelihood, Model variances, and Deviance.

Research process
The flow diagram below indicates that the study enrolled 680 women, with 340 in the intervention group and 
340 in the control group. Five participants were lost to follow-up, leaving 675 women assessed for vaccination 
completion from birth to six months (337 in the intervention group and 338 in the control group) (Fig. 1).

Results
For this specific objective, 675 women were assessed for vaccination completion from birth to six months. The 
four articles from the data share similar study characteristics, including sociodemographic, socioeconomic, and 
reproductive health factors. To avoid overlapping the same basic characteristics, we presented them in another 
article, and only vaccine variables are included here. The overall dropout and lost follow-up rate was limited to 
< 1%. 95% of mothers in the mHealth intervention group vaccinated their children compared to 87% of mothers 
in the control group. Both groups had low coverage of BCG, at 60% for the intervention and 42% for the controls, 
respectively. The overall child vaccination rate among the study participants was 91% (Table 1).

Table 2 shows the effect of different factors, including the mHealth intervention, on childhood vaccination 
using a multilevel model. The mHealth intervention significantly increased childhood vaccination rates (more 
than double the odds compared to controls) (AOR = 4.80, 95% CI: 1.75–13.01, p < 0.01). Children who received 
colostrum for three days had 3.41 times higher odds of vaccination than those who did not (AOR = 2.82, 95% CI: 
1.03–7.68, p < 0.05). Mothers who used postpartum family planning were 7.2 times more likely to vaccinate their 
children (AOR = 6.18, 95% CI: 3.20–11.91, p < 0.001). When the service provider is health extension workers 
(HEWs), childhood vaccination reduced by 65% (AOR = 0.35, 95%CI: 0.12–0.99, p < 0.05) (Table 2).

The final model (Model 3) provides the best fit. Adding individual-level predictors, such as colostrum feeding, 
postpartum family planning (PPFP), mHealth, initiation time for breastfeeding, and other factors listed in 

Scientific Reports |        (2025) 15:41668 6| https://doi.org/10.1038/s41598-025-25568-2

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Table 2, significantly improves the prediction of vaccination uptake. As more predictors are added to the model, 
all the group-level variances are reduced (0.47 to 0.00), and the inter-cluster correlation is reduced (ICC: 0.12 to 
0.00), indicating that these variables explain most of the previously observed clustering. The log-likelihood ratio 
(LLR) improves markedly (from − 201 to −135), reflecting a better overall fit. Correspondingly, the AIC and BIC 
values decrease, further confirming the enhanced model performance (Table 3).

Secondary outcomes
Table  4 examines BCG at birth, its effects on next childhood vaccinations, and associated factors. The 
intervention significantly increased the likelihood of childhood vaccination, reinforcing previous findings (Log 
Odds = 2.19, 95% CI: 0.69–3.70, p < 0.01). Children whose mothers received iron supplementation had lower 
odds of vaccination (Log Odds = 0.69, 95% CI: 0.06–1.23, p < 0.05). Age of the mother (Log Odds = 0.08, 95% 
CI: 0.04–14, p < 0.01). Positive effect, suggesting that older mothers are more likely to vaccinate their children 
(Table 4).

Although the model performance improved from the random effect model to the final models, we cannot 
perfectly avoid variance at the cluster and individual levels.

Variables Model 0 Model 1 Model 2 Model 3

Colostrum for 3 days
No - - 1 1

Yes - - 2.30(0.84–6.31) 2.82(1.03–7.68)*

Using postpartum family planning (PPFP)
No - - 1 1

Yes - - 6.68(3.56–13.10)*** 6.18(3.20–11.91.20.91)***

Complimentary feeding at a month (24-hour recall)
No - - 1

Yes - - 0.38(0.13–1.10) 1

Income 1(0.99–1.003) 1.0(1.002–1.004)*

Provider

Nurse - - 1

Mid-wife - - 1.28(0.43–3.43)

HOa - - 0.73(0.25–2.02)

Doctor - - 2.21(0.47–10.25)

HEWb - - 0.55(0.20–1.46) 0.35(0.12–0.99)*

- -

Breastfeeding initiation in an hour
No - -

Yes - - 2.20(1.10–4.38)*

mHealth
Control - 1 - 1

Intervention - 4.72(1.57–14.12)** - 4.80(1.75–13.01)**

Residence Rural - 1 -

Urban - 1.02(0.52–1.97) -

Community women’s education
Low - 1 -

high - 0.94(0.45–1.96) -

Table 2.  The multilevel analysis of the effect of mHealth on childhood vaccination. Key: *=p < 0.05, **=p < 0.01, 
& ***=p < 0.001, VIF = 2.39, aHO = Health Officer, bHEW = health extension workers, ANC = Antenatal Care.

 

Variables

Intervention Controls

X2Number (%) Number (%)

Childhood vaccination
No 17(5) 45(13)

P < 0.001

Yes 320(95) 293(87)

BCG
No 201(60) 143(42)

Yes 136(40) 195(58)

Pentavalent 1
No 21(6) 52(15)

Yes 316(94) 286(85)

Pentavalent 2
No 42(12) 69(20)

Yes 295(88) 269(80)

Pentavalent 3
No 81(24) 135(40)

Yes 256(76) 203(60)

Table 1.  Distribution of vaccination between intervention and controls.
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Discussion
The findings of this study provide valuable insights into how mHealth interventions, maternal health behaviors, 
and socio-demographic factors affect childhood vaccination rates. The results underscore the importance 
of digital health solutions, early infant feeding practices, and integrated healthcare services for increasing 
immunization coverage, with standard healthcare and health education provided to both groups and the 
intervention delivered exclusively to the intervention group.

The study demonstrated that mHealth interventions might significantly improve childhood vaccination 
uptake (AOR = 4.80, p < 0.01). This finding aligns with other studies showing that mobile health technologies 
enhance maternal engagement with healthcare services by providing timely reminders, improving access to 
health information, and reinforcing positive health behaviors15,40. Studies in low-resource settings reported 
that mobile messaging and telehealth interventions increased immunization rates by addressing common 
barriers such as forgetfulness, misinformation, and logistical challenges27,41,42. Based on this linkage between 
mHealth exposure and vaccination, there is a need to scale up digital health strategies, particularly in rural and 
underserved areas, where traditional healthcare outreach is limited43. Future programs might explore multi-
platform approaches (SMS, voice messages, social media) to enhance engagement and sustain behavioral change 
among caregivers.

The findings suggest that colostrum feeding (AOR = 2.82, p < 0.05) strongly predicts childhood vaccination. 
This is consistent with studies showing that early breastfeeding behaviors reflect overall maternal health-seeking 
tendencies, where mothers who engage in recommended breastfeeding practices are more likely to adhere 
to immunization schedules44–46. This indicates that considering the entire service could be more beneficial 
than focusing solely on individual components. Since exclusive breastfeeding reduces childhood morbidity 
and enhances immune function, promoting breastfeeding-friendly policies and strengthening infant feeding 
education during antenatal and postnatal care may also indirectly improve vaccination adherence47. This ensures 
that maternal and child health services can coexist effectively. Women who utilize child services, such as childhood 
vaccination, are also likely to seek maternal services, including postpartum family planning (AOR = 6.18, p 
< 0.001). This aligns with evidence suggesting that women who access reproductive health services are more 
likely to seek preventive care for their children48,49. Integrated healthcare models that combine immunization 
with family planning services have been successfully implemented in Malawi, Benin, Kenya, Uganda, and 
Liberia, resulting in higher vaccine uptake and better maternal health outcomes50–52. These findings suggest that 
strengthening postpartum care by integrating family planning and immunization could be an effective dual-
intervention approach to improve maternal and child health. While health extension workers (HEWs) conduct 

Variables Categories ALO (95%CI)

Treatment group
Controls 1

Intervention 2.19(0.69–3.70) **

Iron
No 1

Yes 0.69(0.06–1.23)*

Transportation

By motorcycle 1

By car −1.05(−2.21-0.11)

On foot −0.60(−1.55-0.35)

Age 0.08(0.04–14.04)**

Partner support
No 1

Yes −0.32(−0.96-0.32)

Model evaluation

Criteria Random intercept model Final model

Var(_cons) 3.62 2.2

ICC 0.52 0.40

AIC 439 424

BIC 448 460

Table 4.  Scrutinising the effect of getting BCG at birth on other childhood vaccinations. Key: *=p < 0.05, 
**=p < 0.01, & ***=p < 0.001. ALO: adjusted log odds.

 

Random effect model comparison Model 0 Model 1 Model 2 Model 3

Group-level Variance 0.47 0.21 0.00 0.00

Inter-cluster correlation (ICC) 0.12 0.06 0.00 0.00

Log likelihood ratio (LLR) −201 −198 −139 −135

AIC
BIC

407
416

406
429 377 591 375

600

Table 3.  The multilevel model evaluation for the effect of mHealth on childhood vaccination.
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most vaccination activities, their overall influence on childhood vaccination rates appears limited. Evidence also 
shows that strained relationships between community health workers and the formal health system weaken the 
connections between CHWs and the communities they serve, potentially undermining vaccination efforts53.

Health extension workers in the Ethiopian health system are equivalent to community health workers in 
other countries. They typically hold diploma-level educational qualifications and serve as front-line health 
workers in villages. The relationship they maintain with the community and the information they provide may 
require evaluation due to their comparatively low influence relative to other professions. An environment that 
motivates health workers could be crucial in enhancing overall performance.

Children of mothers who received SMS had 2.19 times higher Logodds (95% CI: 0.69–3.70, p < 0.05) of 
receiving the BCG vaccination at birth. This reinforces the idea that structured interventions, especially 
those involving health education and behavioral modifications, can significantly improve maternal and child 
health outcomes over time. Similar findings have been reported in other studies, where targeted interventions 
increased health service utilization, breastfeeding rates, and vaccination coverage15,54. These results underscore 
the importance of scaling up evidence-based interventions and ensuring wider program coverage to maximize 
public health impact. Iron supplementation was associated with a higher uptake of BCG at birth (Logodds = 
0.69, p < 0.05). The trend suggests that iron supplementation is linked to BCG uptake at birth, influencing 
early childhood development and maternal motivation to stay in services27,55,56. Age had a positive association 
(Logodds = 0.08, p < 0.01) with receiving the BCG at birth, suggesting that the likelihood of this desired outcome 
also increases. This finding aligns with studies showing that older mothers are more experienced, have better 
health literacy, and are more likely to engage in positive health-seeking behaviors49. As anemia remains a 
major challenge in low-resource settings, expanding iron and micronutrient supplementation programs during 
antenatal care services and community-based initiatives may enhance maternal well-being and improve child 
health indicators.

Strengths of the study
The study employed multilevel models to enhance the robustness of estimates and the reliability of inferences 
by accounting for clustering and hierarchical data. It included a range of predictors such as maternal age, 
intervention effects, transportation methods, partner support, and iron supplementation. By adjusting for 
potential confounders, the analysis enhances internal validity and supports more generalizable conclusions. The 
study assessed the potential impact of the intervention on maternal and child health outcomes, with significant 
findings showing its scalability and informing policymakers about effective maternal health strategies. Model 
comparison, using AIC, BIC, and ICC values, adds statistical rigor to the study’s conclusions.

Limitations
Participants may exhibit slight variations in health-seeking behaviors, and residual confounding may persist 
despite statistical adjustments. The study’s short-term impact assessment complicates the evaluation of 
intervention sustainability over time. In instances where data collectors were unable to locate mothers, mobile 
interviews were conducted, which could hinder the verification of vaccine evidence. The findings are derived 
from a specific population and geographical context, which may not apply to other regions with differing 
healthcare infrastructures, cultural norms, or economic conditions. But this may not affect the application in 
Ethiopia and similar regions’ scale-up. Although approximately 73% of the population in Ethiopia has mobile 
subscriptions, we believe that including only women who can read and write presents certain limitations. 
Additionally, missing values complicate some models and removed data with many missing values. This may 
affect the representativeness of the report; however, considering low instances with missing, statistical power 
remain intact. The limited mobile network coverage in the country’s peripheral regions could hinder large-scale 
implementation.

Conclusion and recommendations
Despite these limitations, the study provides robust evidence on the effectiveness of maternal health interventions 
and the role of socio-environmental factors. The study reveals that mHealth interventions improved childhood 
vaccination rates and underscores the crucial role of maternal health behaviors in adherence. Integrating 
healthcare strategies that combine maternal education, family planning, breastfeeding promotion, and 
immunization services to optimize child health outcomes. By implementing these evidence-based strategies, 
policymakers and health practitioners can increase childhood vaccination rates and improve maternal-child 
health outcomes. Mobile health initiatives should be implemented to deliver personalized vaccine reminders and 
educational messages. The study indicates that the motivation of front-line health professionals is essential for 
improving childhood vaccination. Future studies might explore alternative mHealth modalities (such as voice 
calls, interactive voice response [IVR] systems, or audio messages in local languages) that can include illiterate 
mothers.

Data availability
The data generated during this study are fully available on proper request from the corresponding author.
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