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ABSTRACT

Introduction Non-attendance and delay in vaccination
schedules remain a big challenge to healthcare workers.
With the continuous growth of mobile network coverage and
exponential penetration of mobile devices in the developing
world, adoption of short message service has been shown
to increase attendance for health services by targeting
participant characteristics such as forgetfulness. Therefore,
the aim of this trial is to determine the effect of mobile text
message reminders on completeness and timeliness of
childhood vaccination in North-West, Ethiopia.

Methods and analysis A two-arm, parallel, superiority,
randomised controlled trial study will be employed. The study
arms are the intervention group (text message reminders plus
routine care) and the control group (routine care only). Mother—
infant pairs will be randomised to one of the groups during
enrolment. The trial will consider a sample size of 434 mother—
infant pairs with 1:1 allocation ratio. Mothers assigned to the
intervention group will receive text message reminder 1day
before the scheduled vaccination visit at 6 weeks, 10 weeks,
14 weeks and at 9 months. Initially, descriptive statistics will be
computed. For the primary outcome log-binomial regression
model will be used to identify associated factors, and relative
risk with 95% CI will be reported. Primarily, ilntention-to-treat
analysis principle will be applied. STATA V.14 software will be
used for the analysis.

Ethics and dissemination This study obtained ethical
approval from the University of Gondar Institutional Ethical
Review Board. The trial findings on the effectiveness of
mobile text message reminders in improving vaccination
uptake will help to inform decision makers on the use of
mobile health interventions in developing countries like
Ethiopia. The scientific findings of the trial will also be
published in reputable journals.

Trial registration number PACTR201901533237287.

INTRODUCTION

Background

Vaccine-preventable diseases (VPDs) signifi-
cantly contribute to mortality and morbidity
of under-b children. Hence, childhood
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Strengths and limitations of this study

» This is the first trial that will assess the effectiveness
of text message reminders in a routine immunisa-
tion programme in the Ethiopian context.

» The study will apply randomisation and allocation
concealment during enrolment.

» Outcomes of vaccination will be assessed objec-
tively from extended programme on immunisation
registers and cards.

» Due to the nature of the study, blinding of study sub-
jects will not be possible.

immunisation is one of the most successful
strategies to prevent illness and death from
VPDs.! * Currently, immunisation prevents
around three million deaths every year world-
wide,® and the WHO estimates that 29% of
under-5 deaths can be averted with existing
vaccines.”

The WHO initiated the extended
programme on immunisation (EPI) in 1974,
and in Ethiopia it was launched in 1980.° The
Ethiopia immunisation programme considers
a child to be fully vaccinated if the infant has
received BCG, three doses of Diphtheria,
Pertussis and tetanus-Hepatitis B-Haemoph-
ilus influenzae type B (DPT-HepB-Hib), three
doses of pneumococcal vaccine, two doses of
rotavirus vaccine, four doses of Oral polio
vaccine (OPV) and Inactivated polio vaccine
(IPV), and a dose of measles vaccine before
the age of 1year.” The vaccines are adminis-
tered at birth, 4 weeks, 6 weeks, 10 weeks and
9 months, before 1year of age.

To successfully control and eliminate
vaccine-preventable  infectious  diseases,
timely vaccine coverage has to be achieved
and maintained as scheduled.” However,
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substantial proportions of children in many countries
still fail to benefit from all basic vaccines, and VPDs still
pose a public health risk,8 with the highest rates of child
mortality still in Sub-Saharan Africa.” Ethiopia also has
the second largest number of incompletely vaccinated
children in Africa, next to Nigeria.'’

In Ethiopia, the Ethiopia Demographic and Health
Survey report has shown a steady progress in EPI
coverage.'! Studies in different parts of the country also
indicated that the partial immunisation coverage ranged
from 23.3% in Mecha District, 41.25 in Southern Ethiopia,
to 52.9% in Western Oromia, while the full immunisation
coverage ranged from 22.9% to 49.3%."*'* Such subop-
timal coverage coupled with the untimely vaccination of
children has contributed to the frequent outbreaks of
VPDs.'"'” The WHO recommends that vaccines must be
given before the first birthday within specified vaccina-
tion schedules and intervals.'® However, non-attendance
and delay in vaccination schedules remain a big challenge
to healthcare workers.'? *’

Among the frequently mentioned reasons for missed
vaccination in children is the lack of communication
between child caretakers and health workers.”” *' From
previous studies, prior reminder not given (32.9%),
mother’s forgetfulness (26.6%), mother being too busy
(27%) and being unaware of the need to return for subse-
quent doses (19%) were the major contributing factors
for missing the vaccination doses."” **™* This necessitates
developing an appropriate and uninterrupted vaccine
delivery strategy with more focus on demand-side inter-
ventions.?® ¥’

To improve access and quality of care, the Federal
Ministry of Health of Ethiopia has recognised and
positioned electronic Health as a key transformation
enabler.?® To this end, mobile health (mHealth) tech-
nologies offer opportunities to advance healthcare
delivery.”*

With a meagre scientific evidence of effectiveness in
developing countries, mHealth programmes continue
to spread throughout Africa.® However, lack of evidence
is among the contributing factors for the failure of
mHealth programmes.”’ Although mHealth interven-
tions are promising in healthcare, little is known about
current practice in developing countries, including
Sub-Saharan Africa, where mHealth is a relatively new
concept and questions arise regarding the feasibility of
the technology.™

The successful implementation of these mHealth
interventions also demands current knowledge of
local context and existing Information Communi-
cation Technology (ICT) infrastructure prior to the
investment of time and resources needed to bring
mHealth programmatic interventions to scale.” There-
fore, this randomised controlled trial will test whether
text messaging reminders can improve timeliness and
coverage of routine childhood vaccinations in North-
West, Ethiopia.

Research hypothesis

» Null hypothesis (HO): The intervention (text
message reminder) has no significant positive
effect on completeness and timeliness of childhood
vaccinations.

» Alternative hypothesis (HI): The intervention
(text message reminder) has a significant positive
effect on completeness and timeliness of childhood
vaccinations.

Objectives

Primary objectives

» To assess the effect of text message reminders on
improving full vaccination coverage in the town of
Gondar, North-West, Ethiopia.

» To assess the effect of text message reminders on
improving on-time full vaccination coverage in the
town of Gondar, North-West, Ethiopia.

Secondary objectives

» To assess the effect of text message reminders on
improving vaccination coverage and timeliness at 6
weeks, 10 weeks, 14 weeks and at 9 months for specific
vaccines.

» To assess the difference in proportion of children who
drop out in vaccination between the first and third
pentavalent vaccine doses across study arms.

METHODS AND ANALYSIS

Study area and period

The study will be conducted in the public health facil-
ities (one referral hospital and eight health centres) of
the town of Gondar, North-West Ethiopia, from May 2019
to June 2020. According to the town of Gondar’s health
department, the town has an estimated total population
of 390 644, of whom 12149 are under lyear of age. In
terms of ICT infrastructure, the study area has full mobile
network coverage. Regarding mobile phone coverage,
a study conducted in the town of Gondar has shown
that 76.7% of pregnant women had their own mobile
phone, and of them 63% had attained secondary and
higher education. In this study, among those with mobile
phones, 90% described that they can read text messages
using their mobile phones.™

Trial design
A two-arm, parallel, superiority, individually randomised
controlled trial will be employed.

Study arms
The study will have two arms.

Intervention group

Participants assigned to the intervention group will
receive the routine vaccination appointment reminder
and additionally mobile text message reminders 1day
before the scheduled vaccination visits at 6 weeks, 10
weeks, 14 weeks and at 9 months.
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Figure 1 Text message reminder system architecture for routine vaccination. SMS, short message service; GSM, Global

System for Mobile Communications.

Intervention package

A computerised text message reminder system has been
developed by our research team for this particular study
considering the local context. The computerised text
message reminder system has two components: web-based
application for client registration and automatic reminder
scheduling as well as a short message service (SMS) appli-
cation for automatic text messaging (figure 1). The inter-
vention package content comprised text messages both in
Ambharic (local language) and English languages, which
will be sent to clients 1 day prior to the vaccination date
for all consecutive vaccination schedules.

On enrolment, mothers will be taught how to open and
read SMS text messages sent from the computerised appli-
cation. Based on the findings from prior baseline study
on mothers’ intention to use text message reminders, text
messages will be delivered both in English and Amharic
languages.

If an infant get vaccinated later than the scheduled
date, reprogramming will be done for the next vaccina-
tion schedule to occur after 4 weeks from the previous
dose depending on the vaccination date of the previous
dose so that the interval between the consecutive doses of
vaccines will be maintained at a minimum of 28 days as
per the national EPI guideline of Ethiopia.® For example,
if a pentavalent vaccination is given later than the sched-
uled date, then text message reminders for the subse-
quent pentavalent doses will be reprogrammed to occur
at 4 weeks from the date of vaccine receipt.

Control group

The control group will receive routine care where health
workers verbally inform clients and write the next vaccina-
tion schedules on the vaccination cards.

Study populations

The study population will be mother—infant pairs who fulfil
the inclusion criteria in the selected health facilities of
the town of Gondar. For this study, eligible mother—infant

pairs from the University of Gondar referral hospital and
all health centres will be included.

Enrolment criteria for participants

All the health centres and the referral hospital will be
included in the study, and the criteria for study subject
enrolment from the included health facilities will be as
follows:

Inclusion criteria

» Mothers who have an infant who took BCG vaccine up
to 4weeks of age.

If twin infants, the younger infant will be included.
Mothers aged 18 years and above.

Mothers who have their own working mobile phones.
Permanent resident of the study area.

Provides consent to participate.

VVvyyVYyYYvVyYy

Exclusion criteria

» Infants who already received vaccinations other than
birth dose of BCG or polio.

» Mothers who cannot read text messages in Amharic
or English languages.

» Mothers who have no mobile network access in their
compound.

» Plans to move out of the study area in the next 1 year.

Sample size and sampling procedures

Prior to enrolment of the randomised controlled trial
study, a baseline survey was conducted in the study area
to obtain recent estimates of vaccination coverage and
timeliness for sample size calculation. The sample size
required was determined using STATA V.14 software.
Sample size was calculated for both vaccination complete-
ness and timeliness independently. Finally, the larger
sample was considered for this study.

Sample size calculation using full vaccination coverage
The following are the assumptions considered:
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» n:samplesize required in each group.

» o 1.645 for one-sided test.

» [: we desire 90%, which is equivalent to 1.28.

» P1: proportion that is being fully vaccinated without
the text message reminder determined from the base-
line survey (64.3%).

» P2: proportion that will be fully vaccinated after the
text message reminder (79.3%).

» Minimum detectable effect size (MDES): previous
studies considered an effect size of 10%—-20% as clin-
ically significant and meaningful for public health
decision makers.** % A priori, we selected a 15%
difference among intervention and control groups
as a meaningful outcome that would motivate policy
makers to adapt and integrate the text message-based
mHealth interventions in the existing EPI programme
of Ethiopia.

Therefore, the sample size in each group will be 153.
Taking 20% for non-response and attrition, the sample
will be 183 for each arm. The total sample size for both
groups will be 366.

Sample size calculation using on-time full vaccination coverage
The following are the assumptions considered:

» n:samplesize required in each group.

» o 1.645 for one-sided test.

» B: we desire 90%, which is equivalent to 1.28.

» P1:31.9%.

» P2:46.9%.

» MDES: 15% ***’

Therefore, the sample size for each group will be 181.
Taking 20% for non-response and attrition, the sample
will be 217 for each arm. The total sample size for both
groups will be 434. Therefore, from the calculated sample
sizes, the larger sample size (434) will be the final sample
size of the trial.

Enrolment and randomisation

Recruitment process

Mother—infant pairs will be recruited into the study
during the BCG vaccination visits of the infant occur-
ring up to 28 days. After meeting the eligibility criteria,
informed consent will be obtained and the mother—infant
pairs will be enrolled in the study. Once the target of 434
mother—infant pairs is reached, the enrolment process
will be stopped.

Randomisation and allocation concealment

The mothers coming for child vaccination in the public
health facilities (one referral hospital and eight health
centres) of the town of Gondar will be allocated to
either the intervention group (receiving usual care plus
text message reminder) comprising 217 mother—infant
pairs or the control group (receiving usual care only)
comprising 217 mother—infant pairs. The units of rando-
misation will be mother—infant pairs randomised in one
of the two study arms with a 1:1 allocation ratio (figure 2).

3

The randomisation will be stratified by health facili-
ties so that each health facility will have a proportional
number of participants among the intervention and
control groups based on the client flow in each health
facility. Since it is not possible to have sampling frame, the
randomisation will be done at the point of care. Accord-
ingly, eligible mother—infant pairs will be randomly allo-
cated to one of the two groups by picking sealed opaque
envelopes which have labelled study groups inside the
envelope. The sealed envelopes will be opened in front of
the study subjects during enrolment.

The research assistant will prepare the sealed envelopes
for the study groups, while the data collectors will enrol
participants and randomly assign clients to either the
intervention or the control group at the respective health
facilities.

Blinding

Due to the nature of the intervention, blinding of the
study subjects and data collectors will not be possible. On
the other hand, outcome assessors and data analysts will
be blinded throughout the study period.

Outcome ascertainment

Vaccination status of infants will be ascertained from vacci-
nation cards and EPI registers of health facilities during
and at the end of the follow-up study. Mother—infant pairs
will be considered lost to follow-up if they outmigrated
from the study area or the infant died before 12 months
of age.

Variables of the study

Primary outcomes

» Full vaccination coverage.

» On-time full vaccination coverage.

Secondary outcomes

» Vaccination coverage and timely vaccination coverage
for each vaccine.

» Pentavalent vaccine dropout rate.

Independent variables

» Sociodemographic characteristics, health service-
related factors, ICT infrastructure-related factors and
technical factors.

Operational definitions

» Full vaccination: the infant vaccination status once
an infant has received all recommended vaccines
included in the national schedule: a dose of BCG
vaccine, three doses of polio vaccine, three doses each
of pentavalent and pneumococcal vaccines, one dose
of IPV, two doses of rotavirus vaccine, and one dose of
measles vaccines by the age of 12 months.’

» On-time vaccination for specific vaccines: vaccine
dose administered within 4 days prior” and within
4 weeks after the recommended age specified in the
national immunisation schedule.'®?
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Exclusion Criteria
Incluzion Criteria . .
Mothers without mobile phones
* Mothers with mfants <4Whs : Mothers :vho cannot re:d text
* Mothers of age 18 and zbove messazas
¢ Permanent residents * Plans to move out of the study area
* Willmg to sizn mformed consent
Randomization
1:1
¥
Allocation
)

Allocated to intervention arm Allocated to Control arm

¢ 217 mother-infant pairs
¢  Receive text message reminders plus
routme care

¢ 217 mother-infant pairs
¢ Receive routine care

Socio-demographic characteristics of mother and mfant wall be documented

o

¢ Follow up for 12 months

o Document vacemation status at each visit
o Document vaceination timeliness status at each viat

Figure 2 CONSORT diagram for trial enrolment and follow-up at the town of Gondar, Ethiopia. CONSORT, Consolidated

Standards of Reporting Trials.

» On-time full vaccination: all vaccine doses adminis-
tered within 4 days prior” and within 4 weeks after the
recommended age specified in the national immuni-
sation schedule.?* ® (The denominator will be those
infants who are enrolled for the follow-up study.)'" °

Data collection tools and procedures

A structured questionnaire in English will be prepared
from existing literature and will be translated to Amharic
version for the actual data collection. During enrolment,
baseline information will be collected from the study
participants from both the intervention and control
groups, and the mother—infant pairs will be followed
up for 1year. After enrolment in the study, text message

reminders will be sent to participants in the intervention
group 1day prior to each vaccination schedule.

During follow-up, information on vaccination status of
infants will be collected regularly so that rescheduling of
the next vaccination will be done for infants vaccinated
later than their scheduled date. When an enrolled infant
reached 12 months of age, outcome ascertainment will
be done by trained data collectors from EPI registers and
vaccination cards. Participant enrolment will be in May
2019, and the study follow-up will end in June 2020.

For the baseline and consecutive follow-up data collec-
tion, nine data collectors and three supervisors will be
recruited and trained on the data collection tools.
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Data processing, analysis and parameter estimation methods
After data collection, the study variables will be coded
and data will be entered in the EpiData software and will
be exported to STATA V.14 for analysis. Initially, descrip-
tive statistics will be computed. Proportions will be used
to present the vaccination coverage and timeliness for
each vaccine. To assess comparability of the data on socio-
demographic characteristics across the two groups and
vaccination status at 6 weeks, 10 weeks, 14 weeks and at 9
months, % tests will be employed. P value of 0.05 will be
considered for statistical significance.

Full vaccination coverage and on-time full vaccination
coverage will be measured at 12 months of age as a binary
outcome. Hence, log-binomial regression model will be
employed to identify factors associated with vaccination
coverage and timeliness. Variables that will be statistically
significant in the bivariate analyses will be included in the
multivariable log-binomial regression model. The effect
measures will be reported as risk ratios with their 95%
CIs. During analysis, primarily intention-to-treat analysis
principle will be considered. A significance level of 0.05
will be considered statistically significant.

Quality control mechanisms

The quality of the study outputs will be ensured by
employing piloted and validated data collection tools.
Pilot test will be done before the actual data collection.
The piloting process will check on the availability of
respondents, willingness of mothers to answer questions,
appropriateness of questions and whether the questions
will collect the intended data. Guiding manuals will also
be prepared before conducting the study.

Data collectors and supervisors will also be trained on
the data collection tools and procedures. In addition,
continuous supervision will be carried out during the
entire follow-up. Moreover, one research assistant will
manage the computerised application in sending the text
message reminders to study subjects and coordinate the
overall research. Double data entry will be made to iden-
tify and manage mistakes during data entry.

Ethics and dissemination

The trial findings on the effectiveness of mobile text
message reminders in improving vaccination uptake will
help to inform decision makers on the use of mHealth
interventions in developing countries like Ethiopia.
The scientific findings of the trial will be published in
reputable journals and will be presented in scientific
conferences.

Patient and public involvement plan

Public members have a fundamental role in shaping
the proposed study, from the initial development of the
research idea to the dissemination of findings. In this
research, involving clients and health workers during the
development of the mHealth intervention package (text
message reminder system) helps in shaping the content,
timing and frequency of text messages in a way that it will

be relevant to the community based on clients’ opinion
and health workers’ feedback received. In addition, the
participants and health workers will provide their perspec-
tives on the challenges of conducting the research in
the local context, where they will assist in designing the
methods and recruitment strategies of study participants
during data collection and follow-up visits.

CONCLUSION

Poor adherence to vaccination schedules and untimely
vaccination are the critical challenges of the immunisa-
tion programme in Ethiopia. Hence, technological inte-
gration in the health system that could improve timely
completion of recommended vaccines is needed. There-
fore, this trial will provide an opportunity to assess the
effect of using mobile phone-based text message reminder
systems on improving childhood vaccination uptake in
the local context of Ethiopia. Moreover, the results of this
study will be vital in guiding future adoption and imple-
mentation of mHealth interventions in developing coun-
tries like Ethiopia.
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