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Abstract: Under-5 mortality from preventable causes remains a significant problem in many parts of the
developing world. Deaths from vaccine-preventable diseases (VPDs) continue to challenge the health care
system of these countries, despite unrelenting efforts to expand routine immunization coverage. Despite
the proven efficacy of these vaccines, several supply and demand-side factors, as well as other context-
specific factors have been associated with the poor uptake and completion rates, and the consequent high
mortality rates from VPDs in these countries. In addition to specific policy and health system-related
approaches to addressing these factors, inconsistent literature evidence suggests the potential efficacy of
several range of interventions such as promoting antenatal care attendance and hospital delivery, providing
education, financial incentives and deployment of mobile health technology (mHealth: SMS and telephone
call reminders), in improving childhood immunization coverage in several countries across Africa, Asia and
North America. This mini-review explored the diversity and quality of evidence regarding the application
of mHealth in improving childhood immunization coverage. Following a brief search on Scimago Journal
and Country Rank using a combination of relevant subject areas and subject categories, we finally evaluated
15 articles—mainly systematic reviews [3] and randomized controlled trials (RCTs) [12]—published in
12 top QI impact factor journals between 2010 and 2017. Overall, we found moderate to high-quality
literature evidence suggesting the efficacy of mHealth interventions used singly or in combination with other
interventions in improving childhood immunization coverage across several rural and urban settings around
the world. While these evidences represent the larger consensus, we recommend that more attention should
be given to detailed analysis of factors or circumstances that lead to negative results of these interventions in

areas where such have been observed or reported.
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Introduction innovative strategies to address factors militating against

. . . g he achievement of universal immunization
The unabating disproportional rate of morbidity and the achievement of universal access to unization by

mortality from vaccine-preventable diseases (VPDs) among year 2020, as initially conceptualized by the World Health
under-5 children in developing countries continues to Assembly’s Global Vaccine Action Plan (GVAP). The

generate discussions on the need for concerted efforts and GVAP is a global agenda signed in 2012 by 194 Member
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World immunization coverage in 2016
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Figure 1 2016 global immunization coverage rates for specific
vaccine types. Source: WHO, 2017.

States, which provides a “framework to prevent millions of
deaths by 2020 through more equitable access to existing
vaccines for people in all communities” (1). In recognition
of the less than desired gains achieved through the GVAP
and the need to address other challenges relating to lower
than expected immunization coverage and slower adoption
of newer vaccines by low- and middle-income countries, a
renewed global commitment to end preventable deaths of
newborns and children under 5 years of age by 2030, was
agreed and documented in the Sustainable Development
Goals (2).

There is no doubt that vaccines have helped drive the
reduction in childhood mortality. According to a July
2017 report by World Health Organization (WHO), an
estimated 2 to 3 million annual deaths from VPDs are
saved by immunization (3). The potential to save additional
1.5 million annual deaths by reaching an estimated
19.5 million infants who currently miss out on basic
immunization largely depends on our collective capacity
and resolve to improve the Global vaccination coverage rate
further from 86%, on which it has stalled over the past few
years. Efforts are required to address the gaps in coverage
rates for the different immunizations (Figure 1), as well as
the variations in coverage rates that exist across regions and

© Journal of Hospital Management and Health Policy. All rights reserved.

Journal of Hospital Management and Health Policy, 2017

countries (3).

Despite evidence suggesting efficacy of these vaccines
in preventing childhood mortality, and the global adoption
of Expanded Programme on Immunization (EPI), several
supply and demand-side factors, as well as other context-
specific factors have been associated with the poor uptake
and completion rates, and the consequent high mortality
rates from VPDs, especially in developing countries.
Factors on the supply side are believed to include
inadequate funding, inefficient procurement, logistics
and supply chain management system, poor governance,
inefficient service delivery and poor data management (4).
On the demand side, several socioeconomic factors such
as maternal education, age, occupation, marital status,
residence, antenatal attendance, family size, access to
media, vaccine avoidance due to misconceptions about
adverse events following immunization (AEFI), household
wealth and place of delivery (5-12) have been identified as
potential barriers to immunization uptake and completion
rates. Other factors include geographical location (rural-
urban disparities in immunization completion rates), and
difficulty in reaching health facilities (13). Other context-
specific factors that affect refusal of childhood vaccination
include concerns about vaccine components (based mainly
on religious reasons), low risk perception on severity of
infectious diseases, and a trusting relationship with a natural
healer or other respected person who doubts vaccination
safety and effectiveness (14,15). Studies have reported
parents’ refusal of vaccination on account of perception of
an overload of the immune system caused by combination
of vaccines (16), as well as the perception that vaccination is
more risky than non-immunization (17).

Over the past decade, several policy and health system-
related approaches to addressing these factors have been
reported. Strategies that aimed to improve antenatal care
attendance and hospital deliveries have been reported to
improve immunization completion rates in several parts
of the world (18-22). Additionally, interventions such as
public education or knowledge translation (23), provision
of financial incentives, and recently, the adoption of mobile
health technology through provision of immunization
reminders on mobile devices (SMS and telephone calls) and
apps have demonstrated promising results in improving
immunization coverage in Kenya, Guatemala, Zimbabwe,
Pakistan, and China, albeit with a few inconsistencies
(24-29). The aim of this review was to explore the diversity
and quality of evidence regarding the application of
mHealth in improving childhood immunization coverage.
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Methods

This was a scoping narrative review and synthesis of
evidence from systematic reviews and randomized
controlled trials (RCTs) suggesting efficacy or otherwise
of several range of interventions (with a specific focus on
mHealth) aimed at improving immunization coverage—
uptake and completion rates—as well as timeliness of receipt
of scheduled immunizations. We conducted a brief search of
Scimago Journal and Country Rank using a combination of
subject areas and subject categories to identify top ranking
QI impact factor journals in the respective categories.
We used several search term combinations including
‘Medicine’ + ‘Immunology and Allergy’ AND ‘Infectious
Diseases’ AND ‘Public Health, Environmental and
Occupational Health’. We searched for additional journals
using a combination of ‘Immunology and Microbiology’
+ ‘Immunology and Microbiology (miscellaneous)’. We
selected the top 20 open access journals in each category.
We further examined these 80 journals to determine
those that have published between 2010 and 2017, articles
related to our subject area by using the terms ‘Childhood’
AND ‘Immunization’ OR ‘Vaccination’, ‘Immunization’
OR “Vaccination’ AND ‘Coverage’ ‘Immunization’
OR “Vaccination’ AND ‘Uptake’ ‘Immunization’ OR
‘Vaccination” AND ‘Completion rates’ ‘Immunization’
OR “Vaccination” AND “Timeliness’. We also searched for
terms such as ‘financial incentives” AND/OR ‘mHealth’
AND/OR ‘text messaging” OR ‘SMS’. We further screened
the 12 journals in our list at this stage, for articles that
were either systematic reviews and/or RCTs and finally
included three systematic reviews and 12 RCTs published
in Q1 impact factor journals between 2010 and 2017.
We retrieved the full text articles and read them in detail
making special notes on the study population, intervention
design and implementation, outcome measures, analysis
and potentials for bias in the study design. Essentially, we
applied a four-step process described by Popay et 4/. in this
synthesis: (I) examined the theoretical basis of the included
studies; (IT) developed a preliminary synthesis; (L) explored
relationships within and between studies; and (IV) assessed
robustness of the synthesis.

Results and discussion

Evidence for and against efficacy of mHealth interventions
in improving childhood immunization coverage

The ubiquitous availability of mobile phones (30) and
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devices suggest that the targeted application of mobile
phone technologies to improving childhood immunization
uptake and completion rates can be very successful
in addressing demand side factors such as forgetting
immunization appointments, not knowing the vaccine
schedule, or incurring transportation costs to clinics/
hospitals, to improve immunization uptake.

In two RCTs conducted in United States of America,
text-messaging was reported to improve influenza
vaccination rates among low-income, urban, ambulatory
children, adolescents and obstetric populations (31,32).
Similar results suggesting efficacy of text messaging
(26,33,34), a combination of text messaging and financial
incentives (24), immunization camps and/or food incentives
(35,36) have been reported in both rural and urban settings
of Zimbabwe, Kenya, Bangladesh, India and Pakistan.

Earlier studies conducted prior to the mHealth boom
include a 2010 study conducted in India by Banerjee
et al. (35) which provided evidence from a three-arm
intervention study among 1,640 children aged 1-3 years
from 134 villages, that while improving supply-side factors
through regular and assured immunization services (village
monthly immunization camps) yielded modest increase
in immunization rates compared to controls, providing
additional food incentives was more cost-effective and had
larger positive impact on uptake of immunization services
in resource-poor settings. Similar results were reported in
an intervention study conducted in Karachi, Pakistan by
Chandir ez al. (36) in which Diphtheria-Tetanus-Pertussis
(DTP) immunization completion rates was reported to
be twice higher at 18 weeks of age among infants whose
mothers received food coupon incentives compared to
controls.

A 2012 intervention study conducted in the United
States by Stockwell ez /. (32) among 9,213 children and
adolescents aged 6 months to 18 years was one of the
earliest to provide reasonable evidence of the effect of text-
message reminders in improving influenza vaccination
rates among low-income urban populations during the
2010-2011 influenza season. Subsequently, further concrete
evidence of the efficacy of SMS-based interventions in
improving immunization uptake, completion rates and
timeliness in low-income urban to rural populations were
provided by studies conducted in Zimbabwe, Kenya and
Bangladesh by Bangure er al. (26), Haji et al. (33) and
Uddin ez a/. (34). Bangure and colleagues demonstrated in
an intervention study among 304 children conducted in
Kadoma Zimbabwe that SMS reminders (in addition to
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routine health education) sent to mothers of the children
not only increased 14-week immunization coverage by
20% among intervention (95%) compared to control group
(75%), but also improved timeliness of immunization
receipt in the intervention compared to the control group
respondents who received only routine health education.
These findings were consistent with reports of a 2014
three-arm intervention study conducted in Kenya by Haji
et al. (33) in which 1,116 children aged below 12 months
were randomly assigned to receive SMS reminders or
stickers provided to their parents to ensure they bring their
children for second and third dose of pentavalent vaccine,
or to the control group (routine reminder) who received
paper-based appointment scheduling/reminder. Authors
reported significant lower odds of drop-outs among the
SMS group compared to the control group, while no
differential efficacy was recorded for the sticker group.
Evidence from a 2015 Bangladeshi quasi-experimental study
conducted by Uddin ez a/. was very much similar. Authors
had provided SMS immunization reminders to mothers of
children aged 0-11 months in the intervention group and
recorded a 29.5% and 27.1% higher immunization coverage
rates among intervention versus control participants in rural
and urban areas, respectively.

Building on the established evidence of the efficacy of
SMS in addressing demand-side factors affecting childhood
immunization coverage, some researchers have explored
the comparative effectiveness of SMS alone versus a
combination of SMS and other incentives such as financial
incentives, especially in populations with perceived low
literacy rates, low to high background immunization rates
and questionable acceptability of SMS among segments
of the population. One of such novel studies is a 2017
high quality four-arm cluster randomized controlled trial
(MSIMU) conducted in rural, western Kenya by Gibson
and colleagues (24) in which 2,018 caregivers and their
infants (infant-caregiver pairs) from 152 villages were
randomized to the control, SMS only, SMS plus 75 Kenya
Shillings (KES), and SMS plus 200 KES groups. The
authors report a significantly higher likelihood of achieving
full immunization coverage at 12 months of age by the SMS
plus 200 KES group compared to controls. They found no
significant differences in the full immunization coverage
at 12 months in either the SMS only or SMS plus 75 KES
groups compared with the control arm.

Systematic reviews by Das er /. (37) and Odone
et al. (38) echoed these findings on a broader scale. While
Das and colleagues acknowledged the potential efficacy
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of interventions such as implementing vaccination
requirement in school, sending reminders, and national
permissive recommendation for adolescent vaccination in
improving immunization uptake and leading to a decline in
prevalence of HPV and genital warts, incidence of measles
and pertussis, rubella susceptibility and varicella deaths;
they recommended further stronger evidence of the efficacy
of these interventions in low-and-middle income countries.
Similarly, Odone and colleagues found some evidence that
text messaging, accessing immunization campaign websites,
using patient-held web-based portals and computerized
reminders increased immunization coverage rates. They
recommended further studies to enable concrete evaluation
of the effectiveness of use of social networks, email
communication and smartphone application interventions.

Meanwhile, Johri et al. (23) had demonstrated in
another systematic review and meta-analysis of data from
11,512 participants enrolled in 11 studies that demand-
side interventions comprising essentially of education and
knowledge translation studies and use of incentives were
effective strategies in improving childhood vaccination
coverage in low-and middle-income countries.

Conflicting evidence was reported by a study conducted
by Chen and colleagues in rural China regarding
effectiveness of a smartphone app in improving childhood
immunization coverage. The authors reported no significant
difference in full vaccination coverage rates recorded
between village doctors who used EPI app and reminder text
messages compared to village doctors in the control group
who used their usual procedures and text messages (29).
Similarly, Gibson et /., in the M-SIMU cluster RCT
conducted in Kenya, reported that SMS alone did not
improve immunization coverage at 12 months of age (24).

Notwithstanding the ethical concerns that arises
with the use of financial incentives in driving demand
for services (39), these evidences suggest that not only
are mHealth applications towards improving childhood
immunization coverage feasible and acceptable (25,40-42),
they have also been demonstrated to have significant
efficacy or effectiveness in addressing demand-side barriers
to childhood immunization coverage in several parts of
the world (37,38). This is also consistent with findings of
mHealth efficacy in driving behavior change associated
with, but not limited to, medication adherence and
outpatient clinic attendance for HIV (43) and other chronic
disease care services.

This was largely a narrative synthesis of evidence
in which we applied unconventional but standardized

jhmhp.amegroups.com 7 Hosp Manag Health Policy 2017;1:6



Journal of Hospital Management and Health Policy, 2017

approaches in our search strategies and made no attempt
to provide statistical estimates of overall efficacy of the
interventions considered in this review. Given our approach
to literature search, it is possible that we might have omitted
some studies that provide useful information on the subject
simply because they were not open access or published in
top Q1 impact factor journals. We were more interested
in demonstrating the chronology of evidence, diversity of
results and perceived quality of the primary studies included
in this review, while also using evidence from a scoping
review of other systematic reviews to support our analysis.
To this extent, we did not strictly apply the Cochrane
collaboration criteria to assess risk of bias in the studies
included in this review.

Although narrative reviews often take a less formal and
rigorous approach compared to a systematic review and
meta-analysis, nonetheless, they are considered valuable
and important educational tool in continuing medical
education (44), especially when a blended approach such as
reporting methodology, search terms, databases used, and
inclusion and exclusion criteria are provided (45), as was the
case in this review.

Conclusions

Moderate to high quality evidence supports the
overwhelming consensus on the effectiveness of mHealth
interventions—used singly or in combination with other
interventions—in improving childhood immunization
uptake and completion rates across several regions of the
world. Its potential to improve timeliness of immunization
receipt has also been suggested. Arguments and evidences
regarding inefficacy of mHealth in addressing demand-side
barriers to immunization coverage are few and unpopular,
and likely associated with contextual factors like background
immunization coverage rates (overall and specific rates
for different immunizations), content of the message,
costs, and literacy level among others. Although mHealth
interventions are generally perceived to be cost-effective,
further studies are required to provide wider and more
concrete evidence of its cost-effectiveness ratio compared to
other types of interventions aimed at improving childhood
immunization coverage.
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