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and accessibility of mobile technology (“mHealth”) in low and lower middle income countries provides
an important opportunity to apply novel, innovative approaches to provide vaccine services. We sought
to document the use and effectiveness of mHealth in immunization programs in low and lower middle
income countries. We particularly focused on mHealth approaches used in polio eradication efforts by

ﬁ{;‘g’;:ﬁs" the Global Polio Eradication Initiative (GPEI) to leverage the knowledge and lessons learned that may
Mobile health be relevant for enhancing ongoing immunization services.
Vaccine Methods: In June 2016, the electronic database PubMed was searched for peer reviewed studies that
Immunization focused on efforts to improve immunization programs (both ongoing immunization services and supple-
mental immunization activities or campaigns) through mobile technology in low and lower middle
income countries.
Results: The search yielded 317 papers of which 25 met the inclusion criteria. One additional article was
included from the hand searching process. mHealth was used for reminder and recall, monitoring and
surveillance, vaccine acceptance, and campaign strategic planning. Mobile phones were the most com-
mon mobile device used. Of the 26 studies, 21 of 26 studies (80.8%) reported that mHealth improved
immunization efforts.
Conclusion: mHealth interventions can effectively enhance immunization services in low and lower mid-
dle income countries. With the growing capacity and access to mobile technology, mHealth can be a pow-
erful and sustainable tool for enhancing the reach and impact of vaccine programs.
© 2017 Elsevier Ltd. All rights reserved.
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1. Introduction

Infectious diseases are major causes of morbidity and mortality
worldwide. Although immunization already averts some 2-3 mil-
lion deaths annually, the World Health Organization (WHO) esti-
mates that an additional 1.5 million deaths could be avoided per
year if vaccine coverage improves globally. In 2015, an estimated
19.4 million infants worldwide (nearly one out of five) failed to
receive the most basic childhood immunizations [1]. In 2015,
WHO's Strategic Advisory Group of Experts identified several fac-
tors that would reduce these gaps in coverage including improving
quality and use of data, community involvement, access to immu-
nization services for marginalized and displaced populations,
strengthening health systems, and securing and sustaining supply
of vaccines at all levels. Given the rapid advancement, increased
accessibility, and improved capacity of mobile technology in low
and lower middle income countries, it is ethical and necessary to
take advantage of mobile health (mHealth') to address these factors
and to increase global vaccine coverage. The need is more urgent in
low and lower middle income countries [2]. Of those missing vacci-
nes, most live in low and lower middle income countries with more
than 60% living in the following 10 countries: Angola, the Demo-
cratic Republic of Congo, Ethiopia, India, Indonesia, Iraq, Nigeria,
Pakistan, the Philippines, and Ukraine [1]. Mobile technology has
the potential to help alleviate the remaining burden caused by vac-
cine preventable diseases.

As access to mobile technology continues to grow, mHealth'’s
potential to enhance immunization programs also increases.
Worldwide, 95% of the population now lives in an area with access
to a mobile-cellular network while mobile-broadband subscrip-
tions have grown at double digit rates in developing countries
[3]. mHealth’s capacity to reduce human error, expedite tasks,
and expand an intervention’s reach can provide researchers and
program managers with the tools needed to address challenges
that thwart the progress of immunization programs. mHealth
may be an important component of enhancing access to immu-
nization services, data quality and use, and identification of
marginalized populations [1].

The purpose of this review is to determine both how mHealth
has been used thus far in immunization programs and whether
these initiatives have been effective tools for improving immuniza-
tion programs in low and lower middle income countries. Reaching
the children that are chronically missed by routine immunization
services has been a key pillar of success in achieving progress
toward polio eradication. Thus, we particularly focused on
mHealth approaches used in polio eradication efforts by the Global
Polio Eradication Initiative (GPEI) to leverage the knowledge and
lessons learned that may be relevant for enhancing routine immu-
nization services.

2. Methods

In June 2016, the electronic database PubMed was searched for
peer reviewed studies that focused on efforts to improve immu-
nization programs (both ongoing immunization services and

! The World Health Organization defines mHealth as the use of “mobile technolo-
gies and their advancements in their innovative application to address health
priorities.” (WHO 2011).

supplemental immunization activities or campaigns) through
mobile technology in low and lower middle income countries.
The key search terms included (cell phone OR cell phones OR
mobile phone OR mobile phones OR “mhealth” OR telemedicine
OR text message OR sms message OR personal technology OR tele-
health OR “ehealth” OR digital health OR ICT OR mobile device)
AND (immunization OR immunized OR immunize OR vaccination
OR vaccine). A filter that limited the results to studies published
within the last 10 years was applied to acknowledge rapid devel-
opment and implementation of new technologies. Additionally,
we hand searched the references section of each eligible paper
for relevant articles that may not have emerged in the search term
results.

Studies that mentioned a mobile technology and its impact on
immunization were included (Fig. 1). Both the title and abstract
of each search term result were scanned for eligibility. Common
reasons for excluding studies included using technology that was
not mobile or use of mobile technology for purposes other than
immunization. Articles that did not involve a low or lower middle
income country (as defined by the World Bank [4]), or were not
complete were also excluded from this review.

3. Results
3.1. General characterizations of included publications

The search yielded 317 papers of which 26 met the inclusion
criteria (Fig. 1). One additional article was identified through the
hand searching process. Mobile phones were the most common
mobile device used among these studies with 21 out of 26 studies
using mobile phones, 3 using mobile tablets, 1 using a personal
digital assistant (PDA), and 1 unspecified.

Of the 26 studies, 21 (80.8%) reported that mHealth improved
immunization efforts (Table 1); 4 studies reported no significant
impact as a result of using mobile technology while 1 study found
that the standard intervention was more effective than the
mHealth intervention. While most studies provided evidence that
mHealth is an effective strategy to improve immunization pro-
grams, authors generally suggested that studies on larger scale
should be conducted before widespread implementation of these
initiatives and that external factors not corrected for could have
contributed to the reported outcomes.

Among the 26 studies, mHealth was used for reminder and
recall (n = 8), monitoring and surveillance (n = 7), campaign strate-
gic planning (n=>5), and vaccine acceptance (n=1). Five studies
were literature reviews on similar but not identical topics. The
results of these studies are summarized in Table 1.

3.2. Reminder and recall

Vaccination reminder and recall text messages to patients or
mother of patients was the most common use of mHealth (Table 1).
The purpose of using mHealth for reminder and recall was not only
to increase vaccination coverage overall but also to reduce vaccina-
tion delays. Of the eight reminder recall specific studies, eight
found that the mHealth intervention increased vaccination cover-
age [5-11]. A Guatemalan study found a non-significant increase
in vaccine coverage among study participants [30]. Additionally,
all 4 studies that mentioned timely vaccination found that the text
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Fig. 1. Flow diagram of article identification for inclusion.

message reminders increased on-time vaccinations [5,7,8,11].
Sending SMS text reminders for vaccination was an effective and
low cost strategy for bringing children into clinics to receive their
immunizations on time [5-14,28].

3.3. Monitoring and surveillance

The review demonstrated that mobile technology may have
important applications in monitoring and surveillance of immu-
nization related activities (Table 1). Researchers used bidirectional
text messaging to collect data on adverse events following immu-
nization (AEFI) by sending study participants a text message that
prompted a response. One study found that in-person visits were
more effective than text messages for gathering responses, while
another study found that texting was an effective tool for active
surveillance of adverse events [15,16]. In Kenya, researchers uti-
lized geospatial mapping of mobile phone signals to monitor the
mobility of local populations and found that mobile populations
with frequent travel were the least likely to receive vaccines
[17]. mHealth was also used for recording of general data collec-
tion including information collected during surveys. Two studies
that focused on general data collection related to vaccines found
that there was no significantly different error rate between elec-
tronic data collection and standard data collection [18,19]. A study
in Tanzania found that using personal digital assistants enhanced
data collection by providing accurate, real time data from registra-
tion and surveys during the oral cholera mass vaccination cam-
paign [20]. On the Myanmar-Laos-Thailand border, data collected
that could be shared from one mobile phone to another proved
to be an effective strategy for identifying and reaching vulnerable
populations and improving childhood immunization [21].

3.4. Campaign strategic planning

Five studies that involved polio, cholera, and measles cam-
paigns applied mHealth to improve the organization and planning

for mass vaccine campaigns (Table 1). Electronic data collection for
pre-campaign surveys helped identify areas that were missed by
previous campaigns and establish a strategy for isolated communi-
ties [22-26]. In one study from Haiti, geospatial mapping of cam-
paign activity proved to be a useful tool for campaign strategy
planning [23]. Investigators successfully mapped each vaccine post
and overlapped the information with the population size and vac-
cine coverage of the targeted area to create a visual analysis for
campaign planning [23].

3.5. Vaccine acceptance

One paper aimed to bring about higher rates of vaccine accep-
tance (Table 1). In Nigeria, an audio-visual video clip on vaccine
safety that was shared via blue tooth paired mobile phones [27].
Although the authors could not determine whether the increased
acceptance of the oral polio vaccine was attributed to the video
alone, they did find that the video was shared over 100 times per
day [27].

4. Discussion

The growing global access to technology and widespread
mobile connectivity offer a tremendous opportunity for the immu-
nization community to leverage these efforts to improve and sus-
tain immunization services, particularly for populations currently
not reached and at the highest risk of vaccine preventable diseases.
Our review illustrates the capacity of mHealth to address a wide
array of challenges and improve several components of immuniza-
tion programs in developing countries — improving reminder and
recall, planning campaigns and outreach, and enhancing monitor-
ing and surveillance. With the broad range of available technolo-
gies, immunization programs are likely faced with the challenge
of determining the most efficient and effective mHealth
approaches for improving and sustaining vaccine coverage. Imple-
mentation of mobile technologies that improve patient records and
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Table 1
Summary of results.

First Author mHealth Location Date Vaccine(s) Mobile Device Result
Use

Haji A Reminder Kenya 16-Feb-16 Pentavalent Mobile phone - SMS text Vaccine coverage was significantly higher in the intervention group. (OR 0.2, CI 0.04, 0.8)
and Recall

Uddin MJ Reminder Bangladesh  4-Jan-16 BCG, Pentavalent, MR Mobile phone - SMS text Vaccine coverage increased 18.8% in rural areas and 16.5% in urban areas
and Recall

Schlumberger M Reminder Burkina Dec-15 EPI immunizations Mobile phone - SMS text Significant increase in vaccine coverage and quickness to come
and Recall Faso

Bangure D Reminder Zimbabwe 12-Feb-15 OPV, Pneumococcal, Mobile phone - SMS text Vaccine coverage (97% v 82.0% at 6 weeks old, 95.0% v 75.0% at 14 weeks old) and quickness to
and Recall Pentavalent come (82.0% v 8.0% did not delay at 14 weeks) were significantly higher in intervention group

Wakadha H Reminder Kenya 30-Jan-13 Pentavalent Mobile phone - SMS text 91.0% of mothers reported that text reminder influenced them to bring child in for immunization
and Recall

Lund S Reminder Tanzania Jan-13 Tetanus Mobile phone - SMS text 44.0% of women in intervention group received antenatal care v. 31.0% in the control group
and Recall

Kaewkungwal ] Reminder Myanmar-  3-Nov-10 BCG, Hep B, DTP, OPV, Mobile phone - SMS text 44.2% of children received vaccines on time v 34.5% before the intervention
and Recall Thailand MMR, Japanese

border Encephalitis

Domek GJ Reminder Guatemala  5-May-16 Pentavalent, Mobile phone - SMS text SMS text reminders led to a non-significant increase in percentage of children with complete

and Recall Pneumococcal, Polio, immunization (90.1% to 95.0%)
Rotavirus

Ateudjieu ] Monitoring ~ Cameroon 29-Sep-14 Meningitis Mobile phone - SMS text In-person visits were more effective than SMS texts in monitoring adverse events following
and immunization
Surveillance

Baron S Monitoring ~ Cambodia 16-Apr-13 Not specified Mobile phone - SMS text Bidirectional text messaging is an effective tool for monitoring AEFIs with 71.7% response rate
and
Surveillance

Wesolowski A Monitoring  Kenya Mar-15 Childhood Mobile phone - anonymous High correlation between immunization and average radius of gyration (p = 0.03)
and immunization phone data to track travel
Surveillance schedule vaccines patterns

Giduthuri JG Monitoring  India 18-Sep-14 Influenza Tablet - electronic survey Error rates between standard method (2.01%) and tablet (1.99%) were not significantly different
and
Surveillance

Kazi AM Monitoring  Pakistan 1-Mar-14 Polio Mobile phone - SMS text Data collected on vaccine coverage through SMS text were similar to data collected by phone
and interviews (See Table 1 in original article)
Surveillance

Ali M Monitoring  Tanzania 10-Jul-10 Cholera Personal Digital Assistant PDAs provided point of contact digital data that could be quickly summarized and prepared to
and (PDA) - electronic survey analyze. No data were lost
Surveillance

Kaewkungwal ] Monitoring ~ Myanmar-  14-Jan-15 BCG, Hep B, DTP, OPV, Tablet - electronic survey After implementing tablets for data collection, 44.22% of children were recorded to receive
and Thailand MMR, Japanese immunizations on time compared to 34.49% (p < 0.001)
Surveillance  border Encephalitis

Haskew ] Campaign South 7-Aug-15 Polio Mobile phone - Pre-campaign surveys with geocoding helped recognize, visualize, and analyze previously missed
Planning Sudan Geomapping and electric areas

survey

Teng JE Campaign Haiti 31-Jul-14 Reactive oral cholera Tablet - geospatial mapping Facilitated timely analysis of campaign’s reach and establish vaccine strategy for isolated
Planning communities

Touray K Campaign Nigeria 25-Nov-15 Polio Mobile Phone - GPS Tracking campaign activity through GPS led to an overall decrease in missed settlements with
Planning Kano, the biggest state of 7 states included, decreasing missed settlements by 1133 settlements

Brown AE Campaign Nigeria 1-Nov-14 Polio Mobile Phone - No loss of data and less than 1% error rate. Helped visualize on map where data was collected
Planning Geomapping and electronic ~ which could facilitate SIAs and improved quality of SIAs

survey

Mbabazi WB Campaign Kenya Jun-15 Measles Mobile Phone - electronic Technology provided real time data that helped shape campaign strategy
Planning survey

Birukila G Vaccine Nigeria 21-Mar-16 Polio Mobile phone - Bluetooth Vaccine coverage increased by roughly 100.0% after mobile sharing of health video but unclear if
Acceptance pairing causal. Also Bluetooth pairing of devices allowed widespread transmission of video
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reminders have shown to increase vaccination in both routine vac-
cine and mass campaign settings [28]. On the basis of the pub-
lished literature, limited progress has been made to assess the
impact of mobile technologies on immunization services in devel-
oping countries on a large scale [29]. With the majority of (smaller
scale) studies in this review demonstrating the positive impact of
mHealth technologies, researchers and program managers should
explore how to use these innovations to improve vaccine coverage
on a large scale in low resource settings.

Geospatial mapping proved to be an innovative approach for
enhancing surveillance and campaign planning. In a study tracking
mobile populations through anonymous cellular phone data, the
authors determined that geospatial mapping could identify
vulnerable populations who lack access to vaccinations [17]. Such
strategies could be applied to prompt local public health officials to
adapt immunization strategies for capturing difficult to access and
mobile populations. Similarly, electronic pre- and post- campaign
surveys with mapping identify chronically missed areas that shape
the trail of the campaign and help visualize the reach of the
campaign.

Utilizing mHealth for data collection provides valuable real
time data that public health officials can use for programs and
responding to challenges. Although accuracy was similar, using
mobile technology for surveillance and monitoring provides more
convenient and expedited data collection and analysis compared
to standard paper-based systems [13,18,19]. Furthermore, real
time data can help shape campaign delivery strategy depending

increased vaccination and other factors such as decreased morbidity and mortality for infants and
mHealth is overall successful in increasing vaccine coverage, screenings, and other preventative

measures, but not universally due to remaining infrastructural challenges in LMICs
Only small progresses have been made to incorporate digital tools into immunization programs

All studies included in review indicate some evidence that text or voice messages can influence
despite evidence that they can greatly enhance immunization programs

positive behavior towards vaccines
appointment delay, and appointment reminder towards hard to reach populations due to the

Effective for promoting preventative behaviors such as adherence to medication, decrease in
growing popularity of SMS text use

mHealth interventions increased maternal and neonatal service utilization shown through

- 2 on the results of pre-campaign surveys [22,25,26].
5 £ Although data are limited, mHealth may also serve as a useful
= E tool for influencing vaccine acceptance to sustain and close gaps
in immunization coverage. By providing positive messages directly
5 g g 5 to people’s mobile devices through messaging and Bluetooth
2 £ £ @ pairing, people have immediate access to information that may
4 % % @ influence their decision to partake in vaccine activities [27]. The
8 v 2 y g < strategies that the studies used to promote vaccine acceptance
g é % % -§_ u°=é may additionally be useful for disseminating health information
v |v @ P g through mobile technology. Sending text or video messages
2 2 3 2 5 § directly to mobile phones to alert upcoming vaccine activities or
= = = = = = spread positive health information could help recipients retain
the information better compared to mass broadcasts [9]. Even per-
sons who do not own mobile phones often have immediate access
to one, highlighting that spreading important information through
_ mobile phones can be extremely effective [9]. Mobile technology
é’ also has the benefit of facilitating social outreach in addition to tra-
g < < < < < ditional approaches such as village meetings to display videos on
S |z =z z z z non-mobile devices (such as television or screens). Sharing of
videos on mobile phones via bluetooth pairing may prove to be
0o < ° an effective strategy for spreading display of health information
w1 DS in rapidly and efficiently [27].
g 5,:j §’ <:,<’ % ’E‘E The tragic reemergence of wild polio virus in Nigeria in August
a & < - = ® 2016 highlights the urgent need to apply new innovations towards
the global fight against polio. The five studies that solely focused
g on enhancing polio programs demonstrate the capacity to utilize
'g SEERS) g < these technologies in the field [19,22,24,25,27]. Using mobile
3 2 2 Z = z devices equipped with geospatial mapping technologies for pre-
and post- campaign evaluations shows promise in reducing chron-
- ically missed communities, identifying where people are most vul-
7‘“3 § E 5 E 5 nerable to the disease [22,24,25]. Additionally, a Nigerian study
T 213 B T B 9 that aimed to combat negative attitudes towards polio vaccine
D = =4 =4 =4 4 .. .
showed that Bluetooth pairing technology can be an effective
method for spreading health information. This use of mHealth
5 - . - could influence vaccine acceptance and serve as an additional
£ 2 ;’ﬂ ; c = strategy for informing communities of upcoming vaccination activ-
; % %; B g R ities to reduce missed opportunities for immunization [27]. The
= 2 8 £ 2 e new wild polio cases in Nigeria could be a result of previous

campaigns missing hard to reach communities, but m-Health
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may provide new strategies to ensure children like these are not
missed again.

5. Limitations

Though widely improving, remaining challenges in mobile tech-
nology access may hinder mHealth uptake. Studies have identified
a growing capacity for health workers in developing countries to
adapt and use smartphones for health related interventions as well
as a variable willingness to abandon their old system to a new one
[6,11]. However, unreliable or spotty networks may be a barrier in
remote settings [21-25]. Some of the examples where connectivity
issues impeded vaccine activity efforts include settings where
more than one-half of households at a site did not have GPS coor-
dinates for geospatial mapping and campaign planning. In addi-
tion, time consuming data transfer from mobile device to web-
based databases, and text messages not reaching recipients, can
impede success [22,23]. The impact of mHealth may also be
inflated as a result of potential bias for the demographic of people
who have mobile phones and respond to text messages. One study
reported ownership of mobile phones was biased towards wealth-
ier, urban-dwelling males [17]. Another found that texting was not
a popular feature for mobile phone owners in that region and that
those who were more likely to know how to send text messages
were more likely to be affluent, young, and well-educated [16].
These issues and biases are dissipating and likely to become less
important over time [17].

Although the most studied and perhaps the most simplistic use
of mHealth in immunization programs, sending text messages in
mass volumes in low and lower middle income areas raises specific
challenges. If a mother takes her child to different clinics for differ-
ent doses, some doses may be left out of the reminder/recall mes-
sage sent [9]. Additionally, not all people in a given area speak the
same language, and mass text messages sent to the local popula-
tion must accommodate that diversity [8]. One study reported that
it could not verify whether or not a text message was actually
received, only if it was sent [30]. This issue could be resolved if a
bidirectional system was implemented.

The findings in this review may not accurately represent the full
global impact of m-Health on immunization programs due to the
limited number of studies included in this review. The absence of
grey literature and limiting the search to one electronic database
may have contributed to the small yield of studies and the relative
heterogeneity of outcomes. Furthermore, excluding studies that
did not focus on LMICs greatly reduced the number of relevant
studies that otherwise met the inclusion criteria. Additionally,
the results may have been biased towards mobile phone interven-
tions because it was the only mobile technology that was specifi-
cally named in the search terms.

We must treat the conclusions of these studies with caution due
to unforeseen factors that may have contributed to the results. In
some instances, other factors aside from mHealth were reported
as potential confounders but not controlled for. In the Kenyan
study that analyzed the impact of SMS reminders and conditional
cash transfers on immunization, the investigators did not control
for the cash transfer incentive so that we could evaluate the impact
of mHealth on immunization alone [9].

Finally, comparing the quantitative impact of mHealth across
studies was difficult because the investigators used different meth-
ods to analyze their data, including percent changes, odds ratios, p-
values, and crude estimates. Some authors also reported qualita-
tive results regarding mobile technologies, citing their experiences
with mHealth to describe its impact. Several investigators used
mHealth to collect data for their studies on immunization and
anecdotally reported how effective or feasible it was for such

purposes but did not necessarily report changes before and after
the use of mHealth to enhance their research.

6. Conclusions and recommendations

mHealth interventions that aim to improve immunization pro-
grams can effectively provide greater access to vaccine services.
Educational activities surrounding mHealth can empower the
health community to utilize mobile technology to their fullest
potential. Strategies for network security and personal identifica-
tion protection should be researched and implemented to prevent
security concerns when expanding mHealth interventions. Our
review of the literature demonstrates that with the growing capac-
ity and access to mobile technology, mHealth is a powerful and
sustainable tool for enhancing the reach and impact of vaccine
programs.
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