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Abstract

Background: Text message (short message service, SMS) reminders and incentives are two demand-side interventions that
have been shown to improve health care—seeking behaviors by targeting participant characteristics such as forgetfulness, lack of
knowledge, and transport costs. Applying these interventionsto routine pediatric immunizations may improve vaccination coverage
and timeliness.

Objective:  The Mobile Solutions for Immunization (M-SIMU) trial aims to determine if text message reminders, either with
or without mobile phone—based incentives, sent to infant’s parents can improve immunization coverage and timeliness of routine
pediatric vaccinesin rural western Kenya.

Methods: Thisisafour-arm, cluster, randomized controlled trial. Villages are randomized to one of four study arms prior to
enrollment of participants. The study arms are: (1) no intervention (a general health-related text message will be texted to this
group at the time of enrollment), (2) text message reminders only, (3) text message reminders and a 75 Kenyan Shilling (KES)
incentive, or (4) text message reminders and a KES200 incentive. Participants assigned to study arms 2-4 will receive two text
message reminders; sent 3 days before and one day before the scheduled immunization visit at 6, 10, and 14 weeks for polio and
pentavalent (containing diphtheria, tetanus, pertussis, hepatitis B, and Haemophilus influenza type b antigens) type b antigens)
vaccines, and at 9 months for measles vaccine. Participantsin incentive armswill, in addition to text message reminders as above,
receive mobile phone-based incentives after each timely vaccination, where timely is defined as vaccination within 2 weeks of
the scheduled date for each of the four routine expanded program immunization (EPI) vaccination visits. Mother-infant pairswill
be followed to 12 months of age where the primary outcome, a fully immunized child, will be ascertained. A fully immunized
child is defined as a child receiving vaccines for bacille Camette-Guerin, three doses of pentavalent and polio, and measles by
12 months of age. General estimating equation (GEE) models that account for clustering will be employed for primary outcome
analyses.
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Results: Enrollment was completed in October 2014. Twelve month follow-up visits to ascertain immunization status from the
maternal and child health booklet were completed in February 2016.

Conclusions: Thisis one of the first studies to examine the effect of text message reminders on immunization coverage and
timeliness in a lower income country and is the first study to assess the effect of mobile money-based incentives to improve
immunization coverage.

Trial Registration: Clinicaltrials.gov NCT01878435; https://clinicaltrials.gov/ct2/show/NCT01878435 (Archived by WebCite

at http://www.webcitation.org/6hQIwGY JR)

(JMIR Res Protoc 2016;5(2):e72) doi: 10.2196/resprot.5030
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Introduction

The decade from 2010 to 2019 has been dubbed the “Decade
of Vaccines’ with renewed focus on immunization by major
international groups like World Health Organization, United
Nations Children's Emergency Fund, the Global Alliance for
Vaccines, and the Bill and Melinda Gates Foundation [1-3]. A
key component in the Global Vaccine Action Plan is the
recognition that both demand- and supply-side deficiencies need
to be addressed in order to achieve universal immunization [4].
Ensuring more infants receive timely vaccination is a major
component in efforts to reduce child mortality by two-thirds
and achieve Millennium Development Goal 4 [5]. Every year,
immunization programs are estimated to save over 2.5 million
livesglobally [6], with the mgjority of deaths averted occurring
in Africa[7].

Timely vaccination is important for several reasons. First, the
diseases that pediatric vaccines protect against often have
highest morbidities and mortalities at earlier stages of life.
Delays of infant immunization have been associated with
increased cases of pertussis [8,9], hepatitis B [10], and
Haemophilusinfluenza type b [11]. Second, timely vaccination
heightens population herd immunity levels [12], thereby
protecting those that are too young to be vaccinated or are
medically contraindicated. Delays in vaccination lessen
population coverage and create apool of susceptibleindividuals,
thereby increasing the pathogen's ability to spread and
theoretically increasing the risk of exposure.

Interventionsto improve immunization coverage and timeliness
areimportant because approximately 1in 13 children in Kenya
and 1 in 5 children in our study site, Siaya County in western
Kenya, will die before their 5th birthday, with the majority of
deaths attributed to infectious diseases [13,14]. Many of these
deaths are preventable by vaccination, yet many children in
Kenya are not vaccinated or are vaccinated late [15,16].

Two demand-side interventions, text message (short message
service, SMS) reminders[17-22] and small monetary incentives
[23-25], have been shown to motivate positive health behaviors
in resource constrained settings. Moreover, text message
reminders have been shown to modestly improveimmunization
coverage in the United States [26-29]; however, the efficacy of
text message reminders to improve immunization coverage in
sub-Saharan Africa, until recently [30,31], has neither been
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evaluated nor used in conjunction with monetary incentives.
Thisrandomized controlled trial will test whether text messaging
reminders, either with or without mobile phone-based incentives,
can improve timeliness and coverage of routine pediatric
immunizations.

Critically, the success of our pilot study in a neighboring
division, Karemo, showsthat amobile phone-based system that
deliversincentives and text messaging remindersistechnically
feasible and welcomed by the community [32]. Lessons and
challenges learned from the pilot study will be incorporated
into the design of the current cluster randomized controlled trial.

The Mabile Solutions for Immunizations (M-SIMU) study isa
four-arm, cluster, randomized controlled trial, which evaluates
theimpact of providing caregivers text message reminders and
monetary incentives on the proportion of children that are fully
vaccinated by 12 months of age.

Methods

Study Design

TheM-SIMU study isafour-arm, cluster, randomized controlled
trial to evaluate the impact of text message reminders and
monetary incentives on pediatric immunization coverage and
timeliness in rural western Kenya. Villages, as defined by the
Kenyan Medical Research Institute and (KEMRI) and Centers
for Disease Control and Prevention (CDC) Hedth and
Demographic Surveillance System (HDSS), are the units of
randomization. Villageswill be randomized to one of four study
armsin a 1:1:1:1 alocation ratio (Figure 1). The study arms
include: (1) control, (2) text message reminders, (3) text message
reminders plus a 75 Kenyan Shillings incentive (KES; KES85
= US$1 as of August 2015) and, (4) text message reminders
plusaKES200 incentive. Text message reminders are sent three
daysand one day before pentaval ent vaccination visits scheduled
at 6, 10, and 14 weeks, and measl es vaccination at 9 months of
age. Incentives are delivered to the participant’s mobile phone
if the participant’s child is brought for immunization within 2
weeks of the scheduled date. All eligible mothers/caretakers
residing within astudy village will be assigned to the study arm
that the village was allocated.

Setting and Participants

The M-SIMU study islocated in Rarieda and Gem Districts of
Siaya County, Kenya. Malaria, tuberculosis, and human
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immunodeficiency virus transmission are highly prevalent in
this rural setting [33]. In 2008, the under-5 mortality rate was
212 deaths per 1000 live births, with pneumonia and diarrhea
as common causes of childhood mortality [13].

The study site is nested within boundaries defined by
KEMRI/CDC HDSS. Since 2001, the HDSS systematically
collects information on births, deaths, migration, morbidity,
and demographics every 4 months for a population of over
220,000 people. Within the HDSS, several disease specific
studies have been conducted, including randomized controlled
trialsfor bed-net efficacy, and rotavirus vaccine efficacy [ 34,35] .

Prior to enrollment of the randomized controlled trial, abaseline
survey was conducted in the study villages to obtain recent
estimates of vaccination coverage for sample size calculation
and to collect sociodemographic variables, such as maobile phone
ownership and distance to nearest health facility, to perform a
restricted randomization of study villages [16]. Additionally,
three focus group discussions with 10 to 15 mothers who have
achild 12- to 23-months-old were conducted to solicit local and
contextual -specific feedback on the content and timing of the
text message reminders, incentive amounts, willingness to
receive reminders and incentives, and to anticipate any problems
or complications associated with delivering text message
reminders and incentives.

Gibson et al

Villages are included in the cluster randomized controlled trial
if they are located within either Gem or Asembo HDSS
boundaries. Villages are excluded from the M-SIMU study if
there are active immunization intervention/programs (e.g.,
nongovernmental organizations conducting
immunization-related activities, outreach immunization clinics,
etc.) that might confound study outcomes. Sample size
cal culations were conducted to determine the number of villages
needed to be able to detect a 15% absolute difference in full
immunization coverage at 12 months of age between control
and intervention arms.

To ensure accurate population numbers, KEMRI/CDC HDSS
casually employs ‘village reporters' to identify births, deaths,
and pregnancieswithin their community. For the M-SIMU trial,
village reporters will be provided a simple mobile phone and
trained to send a birth or death notification text message to the
RapidSMS server, a free and open-source platform. The
notification text message will include the study village and
compound number. The RapidSM S server then automatically
relays the notification to afield-based Community Interviewer
(CI). Following receipt of a birth notification, the CI will visit
the newborn’s compound to explain the trial and screen the
mother/caretaker for the following eligibility criteria described
in Textbox 1.

Textbox 1. Criteriafor participant enrollment into the Mobile Solutions for Immunization (M-SIMU) trial.

Inclusion criteria:
«  Mother of infant aged O- to 4-weeks during the study period
«  Current resident of one of the study villages

o Willing to sign informed consent for the study

Exclusion criteria

«  Plansto move out of the study areain the next 6 months

« Hasalready received immunizations other than birth dose of bacille Calmette-Guerin or polio

o Will not bring infant to an M-SIMU identified clinic (Figure 2)

Mothers are dligible independent of mobile phone ownership.
Mothers only need to have access to a mobile phone, whereby
accessisdefined by the mother and could include someone that
livesin household, compound, or aneighbor. If no mobile phone
can be identified, the mother may use the CI’s phone.

Eligible mothers will be required to provide both oral and
written informed consent to the CI. Upon providing consent,
the CI will send an enrollment text message to the RapidSM S

http://www.researchprotocols.org/2016/2/e72/

server containing the mother’s village and compound number,
the phone number that can be used to receive text message
reminders, the child's date of birth, the preferred language to
receivetext message reminders (English, Kiswahili, or Dholuo),
and the baby’s first and last name. Upon completion of a
successful enrollment text message, the RapidSM S server sends
apersonalized text message to the mother welcoming her to the
study (see Table 1).
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Figure 2. Map of villages coded by study arm.
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The interventions, text message reminders and incentives, are
designed to motivate mothers and increase demand for routine
pediatric immunizations.

Text message reminders are a component of al three
intervention arms and will be sent to the mobile phone number
participants identified at enrollment. Text message reminders
will be sent using RapidSMS on both 3 and 1 days before the
scheduled immunization visits at 6, 10, and 14 weeks for the
three doses of pentavalent vaccine and at 9 months for measles
as per Kenyan Expanded Programme on Immunization (KEPI)
guidelines. Text message reminders will be sent asin English,
Kiswahili, or Dholuo language according to the mother’'s
preference as indicated at enrollment. If a pentavalent
vaccination is given later than the scheduled date, then text
message reminders for the subsequent pentavalent dose will be
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reprogrammed to occur at 4 weeks from the date of vaccine
receipt, as per KEPI guidelines. As an example, if a child
receives pentavalentl at 8 weeks of age (scheduled to be given
at 6 weeks), the immunization reminders for pentavalent2 will
be sent when the child is 12-weeks old (instead of the KEPI
schedule of 10 weeks).

Text message reminders are composed of a core text and a
motivational saying (See Table 1). The core message states
which vaccine is due, and if the participant is in an incentive
arm, reminds the mother how much money she will receive if
the child is vaccinated in a timely manner. The motivational
sayings attached at the end of the text message were chosen
from the results of focus group discussions held with caregivers
of children aged 12- to 23-months old. The four sayings are
“Vaccines save Kenyan babieslives,” “Baby < INSERT BABY
FIRST NAME> is happy when heathy “Most <INSERT
DISTRICT: ASEMBO or GEM> habies get vaccinated, be one
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of them,” and " Vaccines are available now.” For each vaccine
dose, one of thefour motivational sayingsisrandomly selected,
with replacement, by the RapidSMS software. The same
motivational saying is used for the 3- and 1-days reminder for
that particular vaccine dose.

Mobile phone-based monetary incentives are a component of
study arms numbersthree and four. In both arms, the conditions
and delivery of the incentive are identical; only the incentive
amount differs. In addition to receiving text message reminders,
mothers will receive either KES75 (arm #3;) or KES200 (arm

Figurel. CONSORT diagram of study design.
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#4) on their mobile phone for each timely dose of pentavalent
and measles vaccine, defined as vaccination within 2 weeks of
the scheduled date (i.e., pentavalentl at 6 weeks, pentavalent2
four weeks after pentavalentl received, pentaval ent3 four weeks
after pentavalent2 received, and measles at 9 months). If a
mother brings her child for vaccination any time 2 weeks after
the scheduled date, no incentive will be transferred.
Mobile-money incentiveswill betransferred using the preferred
mobile money network of the participant and are aimed to be
delivered within 24 hours of atimely vaccination.

Inclusion Criteria

o Mother of infant 0-4 weeks
o Sclf-identified resident
o Willing to sign informed consent

Enroliment
(152 villages)

Exclusion Criteria
e Plans to move in next 6 months

o Will not attend an M-SIMU clinic

» e Received 1% dose pentavalent vaccine

1:1:1:1

Randomization

l

! [

Allocation

) I

Allocated to 1 of 3 interventions (n=38 villages

for each intervention)

1. Text messages sent 3 days before and day before
each scheduled vaccine date

2. Text messages as described above + 75KES for
each vaccination within 2 weeks of scheduled
date

3. Text messages as described above + 200KES
incentive as described above

Allocated to Control (n=38 villages)
« Receive general health related text
message at enrollment
« No other text message or incentive

[ Enrollment

Mobile phone ownership and socio-demographic variables

[ Follow-up ]

A 4

o Follow up survey at 12 months

e Document pentavalent and measles immunization at clinic

o Document immunization status
o Perceptions and receipt of interventions
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Table 1. Content of text message reminders sent to participant’s mobile phones.

Gibson et al

Arm 2 : Reminders Only

Arm 3: Reminders +
KES75 Incentive

Arm 4: Reminders +
200K ES Incentive

Message Type  Message Timing Arm 1: Control

Enrollment Enrollment Thank you for en-

message rolling Baby <BA-
BY'SFIRST
NAME> to the
KEMRI/CDC M-
SIMU study. The
greatest wealth is
health.

3-day reminder 3 daysbefore EPI due  No message

message date

1-day reminder 1 day before the EPI No message

message due date

Motivational 1 of 4 motivational No message

message messages randomly se-

lected and appended to
the end of the 3- and 1-
day reminders;

Motivational message
isthe samefor the 1st
and 3rd day reminder of
the specific vaccine
dose

Thank you for enrolling
your child in the KEM-
RI/CDC M-SIMU study.
You will get periodic re-
minders for Baby <BA-
BY’'SFIRST NAME>'s
vaccinations. The great-
est wealth is health.

Tell Mama<BABY'S
FIRST NAME> that
<VACCINE NAME>
vaccine is due thisweek.
<MOTIVATIONAL
MESSAGE>

Tell Mama<BABY's
FIRST NAME> that
<VACCINE NAME>
vaccine is due this week.
Go to theclinicif you
haven't already. <MOTI-
VATIONAL MES-
SAGE>

Thank you for enrolling
your child in the KEM-
RI/CDC M-SIMU study.
You will get periodic re-
minders for Baby <BA-
BY’'SFIRST NAME>'s
vaccinations. The great-
est wealth is health.

Tell Mama<BABY'S
FIRST NAME>> that
<VACCINE NAME>
vaccineis due thisweek.
You get KES75 if Baby
vaccinated in next 2
weeks. <MOTIVATION-
AL MESSAGE>

Tell Mama<BABY’S
FIRST NAME> that
<VACCINE NAME>
vaccineis due thisweek.
Goto theclinicif you
haven't already. <MOTI-
VATIONAL MES-
SAGE>

1. Vaccines save Kenyan babies lives;
2. <Most DISTRICT: ASEMBO OR GEM> habies get vaccinated, be one of

them;

Thank you for enrolling
your child in the KEM-
RI/CDC M-SIMU study.
You will get periodic re-
minders for Baby <BA-
BY'SFIRST NAME>'s
vaccinations. The greatest
wealth is health.

Tell Mama <BABY'S
FIRST NAME> that
<VACCINE NAME> vac-
cineis duethisweek. You
get KES200if Baby vacci-
nated in next 2 weeks.
<MOTIVATIONAL
MESSAGE>

Tell Mama<BABY'’S
FIRST NAME>
that<VACCINE NAME>
vaccineis due this week.
Goto theclinicif you
haven't already. <MOTI-
VATIONAL MESSAGE>

3. Baby < BABY’SFIRST NAME > is happy when healthy; or
4. Vaccines are available now.

The incentive amounts in arms three and four were guided by
opinions of mothers, village reporters, and local transport costs.
Theintent of the incentive isto help offset the costs associated
with transportation to the clinic. Thetransaction costs associated
with mobile-money transactions will be borne by the study,
such that mothers will receive the full amount indicated.
Enrolled mothers will be able to change the mobile phone
number for receiving text message reminders and incentives
when visiting any M-SIMU clinic.

Control

Mothers residing in control arm villages will receive a
congratul atory text message at enrollment with ageneral-health
related saying, “The greatest wedlth is health” (See Table 1).
No additional text messages or incentives will be sent to
mothers.

At the 12 month follow-up visit conducted at the enrolled
mother’s household, aCl will refer mothers of under-vaccinated
children from any arm to the nearest clinic.

Primary Objective
The study is powered to determine if text message reminders,

with or without incentives, increase the percentage of fully
immunized children (FIC) by 15% as compared with control
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group children at 12 months of age. A fully immunized child
is defined as having received one dose of bacille
Calmette-Guerin, three doses of pentavalent and polio vaccines,
and one dose of measles vaccine.

Secondary Objectives

The study assesses several secondary objectives that primarily
focus on timely receipt of individual vaccines and effect
modifiers on the primary outcome. These secondary objectives
include:

1. To determine if FIC coverage measured at 10 months of age
varies by study arm;

2. To determine if the proportion of children vaccinated within
2 weeks of each scheduled vaccine date differs by study arm;

3. To determine if the proportion of children who drop-out in
vaccination between first and third pentavalent dose differs by
study arm;

4. Todetermineif measlesand or pentaval ent3 vaccine coverage
varies by study arm;
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5. To determine if there is a differential effect on vaccine
coverage based on mabile phone ownership (owned vs shared)
or on residential distance from a health facility.

6. To determine whether other indicators of health status, such
as height-for-age, bed-net usage, vitamin A coverage, retention
of the maternal and child health card, and all-cause mortality
vary by study arm; and

7. To evaluate the direct costs for each intervention arm per
additional child vaccinated beyond the status quo (ie, control

group).
Randomization

This constrained randomization was conducted using GAUSS
Mathematical and Statistical System. The GAUSS program
iterated until 5000 acceptable randomizations were found that
met the following criteria: (1) +/- relative 10% over all 152
villages for the means of the variables. full immunization
coverage, phone ownership, distance to the nearest clinic, and
village population of children 12- to 23- months-old, and (2)
+/- relative 25% within each region for the means of the
variables: full immunization coverage and phone ownership.

The randomization was also stratified on region such that each
study arm contained 30 villages from Gem and eight villages
from Asembo region. Data for the randomization came from
the baseline survey described previoudly.

A simple random sample of n=1000 was taken from the 5000
valid randomization sequences. The 1000 sequences were
labeled with a three-digit number, 000 to 999. Each sequence
allocated 38 villages to one of four groupings (A-D).

Villages were randomized to study arms in a public ceremony
attended by location chiefs and Community Advisory Board
members on September 12, 2013 (Figure 2). Ten soccer balls
were labeled with numbers zero through nine and placed in a
cloth sack. Three location chiefs each drew one labeled ball,
with replacement, such that athree-digit number, equating to a
randomization sequence, was generated. Villages were placed
into four groups based on the randomization sequence drawn.
Then, four soccer ballslabeled with the study arms (#1.: control;
#2: SMS; #3: KES75; and #4: KES200) were placed in a
different cloth sack. A representative from each of the four
groupings (A-D) drew one ball, without replacement, to
determine the study arm assigned to al villages within the
grouping. A similar randomization scheme for a cluster trial
was successfully conducted in Zambia [36]. Due to the nature
of the intervention and study design, study participants will
know their study arm allocation.

Data Collection

The study is designed to minimally interfere with routine
care-seeking behaviors of mothers and routine delivery of care
by health practitioners. Participants are interviewed, at most,
six times. All participants are interviewed at enrollment when
theinfant is between O- and 4-weeks old and at follow-up when
the infant is 12-months old. Mothers that bring their child for
immunization at an M-SIMU clinic will beinterviewed by study
staff at each immunization visit (up to four visits).

http://www.researchprotocols.org/2016/2/e72/
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Clswill administer the enrollment survey using the ODK Collect
software on a simple smartphone. Mobile phone literacy,
demographics, vaccine perceptions, transportation, and
socioeconomic status will be collected at enrollment.

A KEMRI/CDC health facility recorder (HFR) will be stationed
a each hedth facility to document enrolled infants
immunization. For all enrolled children, the HFR will send a
text message to the RapidSMS server. This text message
containsthe child’s study identification, the date of vaccination,
which vaccine was received, and the new phone number if the
mother has changed phonelines. If the mother isin an incentive
arm (#3 or #4) and the child is vaccinated within 2 weeks of
scheduled date, an incentive will be transferred to the phone
number designated by the mother. After sending the vaccine
receipt text message, HFRswill interview participantsto collect
means and costs of transportation and other clinic-related
expenses for future cost-effective analyses.

For clinics where few immunizations are given per day, there
will be no permanent HFR stationed dueto financial constraints.
Rather, HFRs from neighboring clinicsor MOH staff, will visit
these smaller clinicsat the end of the day, collect immunization
information for enrolled mother-infant pairs, and send the
vaccine receipt SMS text message to the RapidSMS system.
The M-SIMU trial will collect immunization from 24 clinics
whose catchment areas envel ope study villages (see Figure 2).

When enrolled children reach 12 months of age, Clswill conduct
in-home follow up visitsto document immunization status using
the child’s maternal and child health (MCH) booklet and to
collect information on mothers perceptions of the
intervention(s).

Data Analysis

The analysis and reporting of results will be conducted in
accordance with the Consolidated Standards of Reporting
Trialsguidelines adapted for cluster, randomized trials[37]. A
blinded statistician will conduct analyses for primary and
secondary outcomes. The primary analyses will be conducted
with intention-to-treat principles. The primary outcome, FIC at
12 months of age, will be defined as a binary variable. Risk
ratios for achieving FIC by 12 months of age will be calculated
for the intervention arms as compared with the control arm.
Due to the high number of clusters per study arm, individual
level analyses using general estimating equations (GEE) with
an exchangeable correlation matrix to account for correlation
within clusters will be preferred over cluster level comparisons
[38]. As a secondary analysis of the primary outcome,
time-to-immunization curves will be constructed using the
Kaplan-Meier method and study arms will be compared using
the Cox model with frailty or robust variance estimator
accounting for cluster. The 25th, 50th, and 75th percentiles for
time to immunization and the number of days delayed, in
relation to the EPI due date, will also be reported for each
vaccine and by study arm. Lastly, adjusted analyses will be
conducted if randomization results in imbalanced groups on
key demographic variables. Effect estimates will be presented
in whole and stratified on mobile phone ownership and clinic
proximity. Mobile phone ownership will be defined as abinary
variable (‘owns a mobile phone' or ‘doesn’t own a mobile
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phone’). Socioeconomic quintile scoreswill be computed using
a multiple correspondence analysis of household assets,
livestock, water source, and cooking fuel [39]. Straight-line
distances from the participant’s household to the nearest health
facility will be calculated using ArcView Geographic
Information Systems. An alphaof 0.05 will be assumed for all
statistical tests of significance.

Sample Size

The primary objective is to increase the proportion of infants
that are fully immunized at 12 months of age by 15% (eg, a
difference between 70% in the control arm and 85% in an
intervention arm). Therearefew interventions availableto public
health officials that can rapidly raise immunization coverage
by this amount so we expect that this size of an effect will
represent ameaningful public health impact and could motivate
decision makersto adopt thisintervention. Type 1 error (al pha)
and our power to detect a 15% difference (1-beta) were set to
0.05 and 0.80, respectively.

Village-level immunization coverage estimates were collected
during the baseline survey. The basdline survey indicated that
approximately 70% (1243/1681) of children were fully
immunized by 12 months of age. This estimate was used for
assumptions on control arm immunization coverage. Village
size (m) was cal culated using the most recent HDSS birth cohort
datafor our study areaand assuming 1-year enrollment. Because
our sample size per village varies, we computed the harmonic
mean for village size, calculated to be 16 children per village.
[40].

An important parameter in cluster sample size calculations is
k, the between cluster coefficient of variation. Although our
baseline survey indicated akof 0.14, for sample size calculations
we used a conservative estimate of 0.25.

We expect that the percentage of children who will not be
enrolled due to not meeting eligibility criteriaor refusal will be
approximately 10% and the number who will be lost to
follow-up after enrollment before 12 months of age, due to
death, outmigration, and other reasons, will be 15%. Therefore,
we used a 25% reduction from the birth cohort sizeto determine
the number of villages we will enroll in the study.

In order to ascertain a 15% difference between control and
intervention arms, 152 villages will be included in the study
(38 villages per arm).

Gibson et al

Ethical Consider ations

The study protocol received ethical clearance from the Scientific
Steering Committee (SSC), the KEMRI-Nairobi Ethical Review
Committee (ERC; SSC#2409), Johns Hopkins University
Bloomberg School of Public Health (deferred ethical clearance
to KEMRI-ERC), and the Centers for Disease Control and
Prevention (deferred ethical clearance to KEMRI-ERC). The
trial isregistered with Clinical Trials.gov [NCT 01878435, June
10, 2013]. The study’s principa investigators are authors DF
and KO from Johns Hopkins University and FO from
KEMRI/CDC.

Results

The baseline survey was conducted March to April 2013 where
it was found that 95% (2243/2393) of mothers owned or had
access to a mobile phone within the compound. Focus group
discussions were conducted in June 2013 to contextualize and
adapt the interventionsto the community’s needs and to identify
the incentive amounts. The randomized-controlled trial
completed enrollment in October of 2014. Twelve month
follow-up visitsto ascertain enrolled participants' immunization
status using the MCH booklet were completed in February,
2016.

Discussion

Supply side strategies to improve immunization, such as
improving cold chain capacity, increasing procurement, and
staff training, have been effective, but immunization gaps
persist. Demand side interventions, such as text message
reminders and incentives, that target cost of transport, vaccine
fears and perception, and forgetfulness may play a more
prominent role in reaching the “last mile” with timely
immunizations.

Despite a lack of rigorous scientific evidence of effectiveness,
mHealth and conditional cash transfer programs continue to
spread throughout Africa[41-43]. Thisisthe first randomized
study to evaluate the impact of text message reminders and
mobile money incentives on immunization coverage within
sub-Sahara Africa. Evidence generated by this project will assist
decision makers in the Kenyan Ministry of Health, as well as
those in other African countries, before committing the
investment, time, and effort that will be necessary to scale-up
these programs. Moreover, this project has the opportunity to
demonstrate the potential of mobile phone technologies in
achieving the Millennium Development Goa of reducing
childhood mortality in Africa. We anticipate resultsin 2016.

Acknowledgments

We thank the Gem and Asembo communities, KEMRI/CDC-Kisumu and project staff. The authors also thank Maurice Ombok
for preparing the randomization map. The M-SIMU study is dedicated to the late Dan Odipo Orao; a motivated student, aloving
husband, a caring father, a hard-working colleague, and a dear friend. Funding was obtained through the Bill & Melinda Gates
Foundation (BM GF) and awarded to the International Vaccine Access Center (1VAC) at the Johns Hopkins University Bloomberg

School of Public Health.

http://www.researchprotocols.org/2016/2/e72/

JMIR Res Protoc 2016 | vol. 5 |iss. 2| e72 | p. 8
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Gibson et &

Conflictsof Interest
None declared.

Multimedia Appendix 1
Peer review summary report from scientific steering committee.

[PDE File (Adobe PDF File), 57KB-Multimedia Appendix 1]

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Gates Foundation. Decade of vaccines. Lancet Infect Dis 2010;10:139. [doi: 10.1016/S1473-3099(10)70033-5] [Medline:
20185087]

Alonso PL, de Quadros Ciro A, Rabert M, Lal AA. Decade of Vaccines. Editorial. Vaccine 2013;31 Suppl 2:B3-B4. [doi:
10.1016/j.vaccine.2013.02.035] [Medline: 23598490]

Berkley S, Chan M, EliasC, Fauci A, Lake A, Phumaphi J. Decade of Vaccines. Foreword. Vaccine 2013;31 Suppl 2:B1-B2.
[doi: 10.1016/j.vaccine.2013.02.014] [Medline: 23598469]

GAVI. Glaobal Vaccine Action Plan. Decade of vaccine collaboration. Vaccine 2013;31 Suppl 2:B5-B31. [Medline: 23734366]
Black RE, Cousens S, Johnson HL, Lawn JE, Rudan I, Bassani DG, Child Health Epidemiol ogy Reference Group of WHO
and UNICEF. Global, regional, and national causes of child mortality in 2008: a systematic analysis. Lancet
2010;375:1969-1987. [doi: 10.1016/S0140-6736(10)60549-1] [Medline: 20466419]

WHO, UNICEF, World B. State of the World's Vaccines and Immunization 2009. Geneva: World Health Organization;
2009.

LeeLA, Franzel L, Atwell J, Datta SD, Friberg IK, Goldie SJ, et al. The estimated mortality impact of vaccinations forecast
to be administered during 2011-2020 in 73 countries supported by the GAV1 Alliance. Vaccine 2013;31 Suppl 2:B61-B72.
[doi: 10.1016/j.vaccine.2012.11.035] [Medline: 23598494]

Grant CC, RobertsM, Scragg R, Stewart J, Lennon D, Kivell D, et al. Delayed immunisation and risk of pertussisininfants:
unmatched case-control study. BMJ 2003;326:852-853. [doi: 10.1136/bmj.326.7394.852] [Medline: 12702617)

KolosV, Menzies R, Mclntyre P. Higher pertussis hospitalization rates in indigenous Australian infants, and delayed
vaccination. Vaccine 2007;25:588-590. [doi: 10.1016/j.vaccine.2006.08.022] [Medline: 16971026]

Inskip HM, Hall AJ, Chotard J, Loik F, Whittle H. Hepatitis B vaccine in the Gambian Expanded Programme on
Immunization: factors influencing antibody response. Int J Epidemiol 1991;20:764-769. [Medline: 1835452]

von KR, Béhm O, Windfuhr A. Haemophilus influenzae b-vaccination: the urgency for timely vaccination. Eur J Pediatr
1997,156:282-287. [Medline: 9128812]

Akmatov MK, Kretzschmar M, Kramer A, Mikolgjczyk RT. Timeliness of vaccination and its effects on fraction of
vaccinated population. Vaccine 2008;26:3805-3811. [doi: 10.1016/j.vaccine.2008.05.031] [Medline: 18565626]

Hamel MJ, Adazu K, Obor D, Sewe M, Vulule J, Williamson JM, et al. A reversal in reductions of child mortality in western
Kenya, 2003-2009. Am J Trop Med Hyg 2011;85:597-605 [FREE Full text] [doi: 10.4269/ajtmh.2011.10-0678] [Medline:
21976557]

Kenya National Bureau of Statistics (KNBS). Kenya Demographic and Health Survey 2008-2009. Calverton, Maryland:
KNBS and ICF Macro; 2010. URL: http://dhsprogram.com/pubs/pdf/fr229/fr229.pdf [accessed 2016-03-27] [WebCite
Cache ID 6gKNSKS2S]

Clark A, Sanderson C. Timing of children's vaccinations in 45 low-income and middle-income countries: an analysis of
survey data. Lancet 2009;373:1543-1549. [doi: 10.1016/S0140-6736(09)60317-2] [Medline: 19303633]

Gibson DG, Ochieng B, Kagucia EW, Obor D, Odhiambo F, O'Brien KL, et al. Individual level determinants for not
receiving immunization, receiving immunization with delay, and being severely underimmunized among rural western
Kenyan children. Vaccine 2015:6778-6785. [doi: 10.1016/j.vaccine.2015.10.021] [Medline: 26482146]

de TK, Skinner D, Nembaware V, Benjamin P. Investigation into the use of short message services to expand uptake of
human immunodeficiency virus testing, and whether content and dosage have impact. Telemed J E Health 2012;18:18-23.
[doi: 10.1089/tmj.2011.0058] [Medline: 22150712]

Lester RT, Ritvo P, MillsEJ, Kariri A, Karanja S, Chung MH, et al. Effects of a mobile phone short message service on
antiretroviral treatment adherence in Kenya (WelTel Kenyal): arandomised trial. Lancet 2010;376:1838-1845. [doi:
10.1016/S0140-6736(10)61997-6] [Medline: 21071074]

Mbuagbaw L, Thabane L, Ongolo-Zogo P, Lester RT, MillsEJ, SmigjaM, et al. The Cameroon Mobile Phone SMS
(CAMPS) trial: arandomized trial of text messaging versus usual care for adherence to antiretroviral therapy. PLoS One
2012;7:e46909 [EREE Full text] [doi: 10.1371/journal.pone.0046909] [Medline: 23236345]

Odeny TA, Bailey RC, Bukusi EA, Simoni JM, Tapia KA, YuhasK, et al. Text messaging to improve attendance at
post-operative clinic visits after adult male circumcision for HIV prevention: arandomized controlled trial. PLoS One
2012;7:e43832 [EREE Full text] [doi: 10.1371/journal.pone.0043832] [Medline: 22957034]

http://www.researchprotocols.org/2016/2/e72/ JMIR Res Protoc 2016 | vol. 5 |iss. 2| €72 | p. 9

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=resprot_v5i2e72_app1.pdf&filename=ddb002091ae58ee81db49c2caa9ccf2b.pdf
https://jmir.org/api/download?alt_name=resprot_v5i2e72_app1.pdf&filename=ddb002091ae58ee81db49c2caa9ccf2b.pdf
http://dx.doi.org/10.1016/S1473-3099(10)70033-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20185087&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2013.02.035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23598490&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2013.02.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23598469&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23734366&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(10)60549-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20466419&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2012.11.035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23598494&dopt=Abstract
http://dx.doi.org/10.1136/bmj.326.7394.852
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12702617&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2006.08.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16971026&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1835452&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9128812&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2008.05.031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18565626&dopt=Abstract
http://www.ajtmh.org/cgi/pmidlookup?view=long&pmid=21976557
http://dx.doi.org/10.4269/ajtmh.2011.10-0678
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21976557&dopt=Abstract
http://dhsprogram.com/pubs/pdf/fr229/fr229.pdf
http://www.webcitation.org/

                                            6gKNSkS2S
http://www.webcitation.org/

                                            6gKNSkS2S
http://dx.doi.org/10.1016/S0140-6736(09)60317-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19303633&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2015.10.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26482146&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2011.0058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22150712&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(10)61997-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21071074&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0046909
http://dx.doi.org/10.1371/journal.pone.0046909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23236345&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0043832
http://dx.doi.org/10.1371/journal.pone.0043832
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22957034&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Gibson et &

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Pop-Eleches C, Thirumurthy H, HabyarimanaJP, Zivin JG, Goldstein MP, de WD, et a. M obile phone technol ogiesimprove
adherenceto antiretroviral treatment in aresource-limited setting: arandomized controlled trial of text message reminders.
AIDS 2011;25:825-834 [FREE Full text] [doi: 10.1097/QAD.0b013e32834380c1] [Medline: 21252632]

Zurovac D, Sudoi RK, Akhwale WS, Ndiritu M, Hamer DH, Rowe AK, et al. The effect of mobile phone text-message
reminders on Kenyan health workers' adherence to malaria treatment guidelines: a cluster randomised trial. Lancet
2011;378:795-803 [FREE Full text] [doi: 10.1016/S0140-6736(11)60783-6] [Medline: 21820166]

Banerjee AV, Duflo E, Glennerster R, Kothari D. Improving immunisation coverage in rural India: clustered randomised
controlled evaluation of immunisation campaigns with and without incentives. BMJ 2010;340:¢2220 [FREE Full text]
[Medline: 20478960]

Chandir S, Khan AJ, Hussain H, Usman HR, Khowaja S, Halsey NA, et al. Effect of food coupon incentives on timely
completion of DTPimmunization seriesin children from alow-income areain Karachi, Pakistan: alongitudinal intervention
study. Vaccine 2010;28:3473-3478. [doi: 10.1016/j.vaccine.2010.02.061] [Medline: 20199756]

Thornton RL. The demand for, and impact of, learning HIV status. Am Econ Rev 2008;98:1829-1863 [FREE Full text]
[doi: 10.1257/aer.98.5.1829] [Medline: 21687831]

Kharbanda EO, Stockwell MS, Fox HW, AndresR, LaraM, Rickert VI. Text message reminders to promote human
papillomavirus vaccination. Vaccine 2011;29:2537-2541. [doi: 10.1016/j.vaccine.2011.01.065] [Medline: 21300094]
Moniz MH, Hasley S, Meyn LA, Beigi RH. Improving influenza vaccination rates in pregnancy through text messaging:
arandomized controlled trial. Obstet Gynecol 2013;121:734-740. [doi: 10.1097/A0G.0b013e31828642b1] [Medline:
23635672)

Stockwell MS, Kharbanda EO, Martinez RA, Vargas CY, Vawdrey DK, Camargo S. Effect of atext messaging intervention
on influenzavaccination in an urban, low-income pediatric and adol escent popul ation: arandomized controlled trial. AMA
2012;307:1702-1708. [doi: 10.1001/jama.2012.502] [Medline: 22535855]

Stockwell M, Kharbanda E, Martinez R, LaraM, Vawdrey D, Natargjan K, et al. Text4Health: impact of text message
reminder-recalls for pediatric and adolescent immunizations. Am J Public Health 2012;102:e15-e21. [doi:
10.2105/AJPH.2011.300331] [Medline: 22390457]

Bangure D, Chirundu D, Gombe V, Mandozana, G, Tshimanga M, Takundwa L. Effectiveness of short message services
reminder on childhood immunization programmein Kadoma, Zimbabwe - arandomized controlled trial, 2013. BMC PUblic
Health 2015;15:137. [doi: 10.1186/s12889-015-1470-6]

Haji A, Lowther S, Ngan'ga Z, GuraZ, Tabu C, Sandhu H, et al. Reducing routine vaccination dropout rates: evaluating
two interventions in three Kenyan districts, 2014. BMC Public Health 2016;16:152. [doi: 10.1186/s12889-016-2823-5]
Wakadha H, Chandir S, Were EV, Rubin A, Obor D, Levine OS, et a. The feasibility of using mobile-phone based SMS
reminders and conditional cash transfersto improvetimely immunization in rural Kenya. Vaccine 2013;31:987-993 [FREE
Full text] [doi: 10.1016/j.vaccine.2012.11.093] [Medline: 23246258]

Odhiambo FO, Laserson KF, Sewe M, Hamel MJ, Feikin DR, Adazu K, van Eijk AnnaM, et a. Profile: the KEMRI/CDC
Health and Demographic Surveillance System--Western Kenya. Int J Epidemiol 2012;41:977-987 [FREE Full text] [doi:
10.1093/ije/dys108] [Medline: 22933646]

Armah GE, Sow SO, Breiman RF, DallasMJ, TapiaMD, Feikin DR, et al. Efficacy of pentavalent rotavirus vaccine agai nst
severe rotavirus gastroenteritisin infants in developing countries in sub-Saharan Africa: arandomised, double-blind,
placebo-controlled trial. Lancet 2010;376:606-614. [doi: 10.1016/S0140-6736(10)60889-6] [Medline: 20692030]
Phillips-Howard PA, Nahlen BL, Wannemuehler KA, Kolczak MS, ter Kuile Feiko O, Gimnig JE, et a. Impact of
permethrin-treated bed nets on theincidence of sick child visitsto peripheral health facilities. Am J Trop Med Hyg 2003;68(4
Suppl):38-43 [EREE Full text] [Medline: 12749484]

Sismanidis C, Moulton LH, AylesH, Fielding K, Schaap A, Beyers N, et al. Restricted randomization of ZAMSTAR: a2
x 2 factorial cluster randomizedtrial. Clin Trials 2008;5:316-327. [doi: 10.1177/1740774508094747] [Medline: 18697846]
Campbell MK, Piaggio G, Elbourne DR, Altman DG. Consort 2010 statement: extension to cluster randomised trials. BMJ
2012;345:e5661. [Medline: 22951546]

Hayes R, Moulton L. Cluster Randomised Trials: A Practical Approach (Interdisciplinary Statistics). New York: Chapman
& Hall/CRC; 2009.

Amek N, Vounatsou P, Obonyo B, Hamel M, Odhiambo F, Slutsker L, et a. Using health and demographic surveillance
system (HDSS) data to analyze geographical distribution of socio-economic status; an experience from KEMRI/CDC
HDSS. Acta Trop 2015;144:24-30. [doi: 10.1016/j.actatropica.2015.01.006] [Medline: 25602533]

HayesRJ, Bennett S. Simple sample size calculation for cluster-randomized trials. Int JEpidemiol 1999;28:319-326 [FREE
Full text] [Medline: 10342698]

Gaarder MM, Glassman A, Todd JE. Conditional cash transfers and health: unpacking the causal chain. Journal of
Development Effectiveness 2010;2:6-50. [doi: 10.1080/19439341003646188]

GarciaM, Moore C. The Cash Dividend: The Rise of Cash Transfer Programsin Sub-Saharan Africa (Directionsin
Development). Washington D.C: World Bank Publications; 2012.

Labrique A, Vasudevan L, Chang LW, Mehl G. H_pe for mHealth: more "y" or "0" on the horizon? Int JMed Inform
2013;82:467-469 [FREE Full text] [doi: 10.1016/j.ijmedinf.2012.11.016] [Medline: 23279850]

http://www.researchprotocols.org/2016/2/e72/ JMIR Res Protoc 2016 | vol. 5 | iss. 2 | €72 | p. 10

(page number not for citation purposes)


http://europepmc.org/abstract/MED/21252632
http://dx.doi.org/10.1097/QAD.0b013e32834380c1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21252632&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S0140-6736(11)60783-6
http://dx.doi.org/10.1016/S0140-6736(11)60783-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21820166&dopt=Abstract
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=20478960
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20478960&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2010.02.061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20199756&dopt=Abstract
http://europepmc.org/abstract/MED/21687831
http://dx.doi.org/10.1257/aer.98.5.1829
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21687831&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2011.01.065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21300094&dopt=Abstract
http://dx.doi.org/10.1097/AOG.0b013e31828642b1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23635672&dopt=Abstract
http://dx.doi.org/10.1001/jama.2012.502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22535855&dopt=Abstract
http://dx.doi.org/10.2105/AJPH.2011.300331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22390457&dopt=Abstract
http://dx.doi.org/10.1186/s12889-015-1470-6
http://dx.doi.org/10.1186/s12889-016-2823-5
http://europepmc.org/abstract/MED/23246258
http://europepmc.org/abstract/MED/23246258
http://dx.doi.org/10.1016/j.vaccine.2012.11.093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23246258&dopt=Abstract
http://ije.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=22933646
http://dx.doi.org/10.1093/ije/dys108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22933646&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(10)60889-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20692030&dopt=Abstract
http://www.ajtmh.org/cgi/pmidlookup?view=long&pmid=12749484
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12749484&dopt=Abstract
http://dx.doi.org/10.1177/1740774508094747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18697846&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22951546&dopt=Abstract
http://dx.doi.org/10.1016/j.actatropica.2015.01.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25602533&dopt=Abstract
http://ije.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=10342698
http://ije.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=10342698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10342698&dopt=Abstract
http://dx.doi.org/10.1080/19439341003646188
http://europepmc.org/abstract/MED/23279850
http://dx.doi.org/10.1016/j.ijmedinf.2012.11.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23279850&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Gibson et &

Abbreviations

CDC: Centersfor Disease Control and Prevention
Cl: community interviewer

ERC: ethical review committee

FIC: fully immunized child

GEE: general estimating equation

HDSS: health and demographic surveillance system
HFR: health facility recorder

KEPI: Kenyan Expanded Programme on Immunization
KES: Kenyan Shilling

M-SIMU: Mobile Solutions for Immunization
MCH: maternal and child health

SSC: scientific steering committee

Edited by G Eysenbach; submitted 25.10.15; peer-reviewed by S Muhula, J Kaewkungwal; comments to author 20.01.16; revised
version received 22.01.16; accepted 22.01.16; published 17.05.16

Please cite as:

Gibson DG, Kagucia EW, Ochieng B, Hariharan N, Obor D, Moulton LH, Winch PJ, Levine OS, Odhiambo F, O'Brien KL, Feikin
DR

The Mobile Solutions for Immunization (M-SIMU) Trial: A Protocol for a Cluster Randomized Controlled Trial That Assesses the
Impact of Mobile Phone Delivered Remindersand Travel Subsidiesto Improve Childhood Immuni zation Coverage Rates and Timeliness
in Western Kenya

JMIR Res Protoc 2016;5(2):€72

URL: http://www.researchprotocols.org/2016/2/e72/

doi: 10.2196/resprot.5030

PMID: 27189422

©Dustin G Gibson, E. Wangeci Kagucia, Benard Ochieng, Nisha Hariharan, David Obor, Lawrence H. Moulton, Peter J. Winch,
Orin S Levine, Frank Odhiambo, Katherine L. O'Brien, Daniel R. Feikin. Originaly published in IMIR Research Protocols
(http://www.researchprotocols.org), 17.05.2016. Thisis an open-access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction
inany medium, provided the origina work, first published in IMIR Research Protocols, is properly cited. The complete bibliographic
information, alink to the original publication on http://www.researchprotocols.org, aswell asthis copyright and license information
must be included.

http://www.researchprotocols.org/2016/2/e72/ JMIR Res Protoc 2016 | vol. 5 |iss. 2 | €72 | p. 11
(page number not for citation purposes)

RenderX


http://www.researchprotocols.org/2016/2/e72/
http://dx.doi.org/10.2196/resprot.5030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27189422&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

