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Abstract

Background: Inability to track children’s vaccination history coupled with parents’ lack of awareness of vaccination
due dates compounds the problem of low immunization coverage and timeliness in developing countries.
Traditional Reminder/Recall (RR) interventions such as paper-based immunization cards or mHealth based platforms
do not yield optimal results in resource-constrained settings. There is thus a need for a low-cost intervention that
can simultaneously stimulate demand and track immunization history to help reduce drop-outs and improve
immunization coverage and timeliness. The objective of this study is to evaluate the impact of low-cost vaccine
reminder and tracker bracelets for improving routine childhood immunization coverage and timeliness in Pakistani
children under 2 years of age.

Methods: The study is an individually randomized, three-arm parallel Randomized Controlled Trial with two
intervention groups and one control group. Infants in the two intervention groups will be given two different types
of silicone bracelets at the time of recruitment, while infants in the control group will not receive any intervention.
The two types of bracelets consist of symbols and/or numbers to denote the EPI vaccination schedule and each
time the child will come for vaccination, the study staff will perforate a hole in the appropriate symbol to denote
vaccine administration. Therefore, by looking at the bracelet, caregivers will be able to see how many vaccines have
been received. Our primary outcome measure is the increase in coverage and timeliness of Pentavalent-3/PCV-3/
Polio-3 and Measles-1 vaccine in the intervention versus control groups. A total of 1446 participants will be
recruited from 4 Expanded Program on Immunization (EPI) centers in Landhi Town, Karachi. Each enrolled child will
be followed up till the Measles-1 vaccine is administered, or till eleven months have elapsed since enrolment.

Discussion: Participant recruitment commenced on July 19, 2017, and was completed on October 10, 2017.
Proposed duration of the study is 18 months and expected end date is December 1, 2018. This study constitutes
one of the first attempts to rigorously evaluate an innovative, low-cost vaccine reminder bracelet.

Trial registration: ClinicalTrials.gov NCT03310762. Retrospectively Registered on October 16, 2017.
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Background
Immunization is one of the most cost-effective ways of
preventing childhood disability, morbidity and mortality
caused by infectious diseases. Despite the substantial ad-
vances achieved by governments in establishing and main-
taining national immunization systems, immunization
coverage is low and delayed, and completion rates are
poor in many developing countries. It is estimated that
yearly, about 18.7 million infants worldwide are not
reached by basic immunization services [1], and over 2
million children die from vaccine-preventable diseases an-
nually [2]. Of the 19.5 million children globally who did
not receive 3 doses of DTP vaccine in 2016, around 1.4
million (7%) lived in Pakistan [3] where coverage of Penta-
valent 3 remains modest, ranging from below 20 to 80%
across regions [4]. While increasing coverage of vaccines
remains a priority, timely administration of vaccines
remains equally important for success of immunization
programs. Increased compliance to vaccine timeliness en-
sures that children are protected prior to exposure [5] and
impacts morbidity through improving population immun-
ity and potential spread of communicable diseases particu-
larly in the form of disease outbreaks [6]. Children who
are not vaccinated timely are much less likely to be fully
vaccinated at later time due to further delays in sub-
sequent vaccines, a finding corroborated from studies
both in developing [5] and developed countries [7].
An increasingly recognized global challenge that leads

to stagnating or declining coverage rates and poor time-
liness is low uptake and demand for immunization ser-
vices at the community level. Although the necessity of
stimulating caregiver demand for childhood vaccines has
been established through extensive research [8–11] de-
veloping country governments continue to focus almost
exclusively on improving supply. As a result, they often
fail to draw on innovative, low-cost public health cam-
paigns to encourage end-users to seek and avail afford-
able health care. There is a need to develop and leverage
demand-side interventions to transform communities
from passive to active recipients of immunization ser-
vices, thus increasing uptake.
This study addresses the gap of low demand for and lim-

ited community uptake of immunization services by intro-
ducing a simple tool that empowers caregivers by enhancing
their awareness of the routine immunization schedule.
Although some caregivers may resist immunization, many
simply fail to complete a cycle because they are un-
aware of due dates and required number of vaccin-
ation visits, procrastinate, forget [12], or let other
priorities get in the way [13]. Investigating effective
and innovative ways of improving uptake of routine
immunization, this study focuses on one potential
channel to stimulate end-user demand: silicone brace-
lets for children that can serve as effective reminders

for parents for timely immunization of their child. These
bracelets can potentially save thousands of lives by giving
children a chance to complete their immunizations timely.
Furthermore, the bracelets can support Pakistan’s vaccine
delivery system by encouraging mothers to return on-time
for vaccinations without expending resources on cam-
paigns that involve vaccinators combing communities dur-
ing outreach to remind mothers about due vaccinations.
Currently, immunization cards are used as a systemized

way to record and track vaccinations. However, since
cardholder prevalence is < 70% in 21 of 33 least developed
countries [14] these cards provide an inaccurate coverage
estimate and fail to empower mothers who are unable to
read and understand the cards. With the recent prolifera-
tion of technology and mobile phones, mHealth, particu-
larly digital registries and SMS reminders provide a
promising avenue to improve vaccination coverage. How-
ever, evidence for such interventions is mixed and limited
[15], particularly when taking into account the fact that
the majority of unvaccinated children are concentrated in
a small number of countries which do not always have the
necessary preconditions for mHealth interventions to suc-
ceed [16]. Evidence from studies in Pakistan show low
response rates to vaccine oriented SMS reminders as well
as no impact on self-reported medication adherence for
TB. Some of the main barriers limiting the efficacy of
mHealth interventions include inability of caregivers to
read the messages [17], frequent changing of phone num-
bers [17, 18] as well as low phone ownership [19] and
literacy rates among women who are most often the pri-
mary caretakers and responsible for bringing children for
immunization. As an alternate to both paper based and
technology based reminders, silicone vaccine reminder
bracelets are relatively simple and cheap to use without
the need for complicated infrastructure and resources.
They make use of numbers and symbols to convey the
vaccination schedule and immunization status of the child
and therefore have the unique benefit of being suitable for
illiterate or less educated mothers. Additionally, they can
be adapted to most local settings regardless of the spoken
language and infrastructure availability; input from vacci-
nators and mothers can be used to customize the bracelets
to meet the needs and preferences of the communities
they are introduced in, giving them an advantage over
other home-based reminders. Furthermore, these brace-
lets are simple to use, inexpensive, and baby-safe.
This study aims to rigorously examine the impact

of vaccine reminder bracelets on vaccine schedule ad-
herence in a developing country setting, and validate
their effectiveness. Two types of bracelets will be
evaluated in this study: One developed by Alma Sana
Inc., in 2009, and the other a simple silicone bracelet
used by Interactive Research and Development (IRD)
in a previous project.
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Study objectives
Objective 1: Re-design and adapt bracelets
We will conduct a formative study with both mothers and
vaccinators through short interviews to inform the redesign
of Alma Sana’s bracelet. The Alma Sana bracelet was ini-
tially designed for Peru and Ecuador and prior to imple-
mentation in Pakistan, the design of the bracelet will have
to be adapted to the local context. This will include changes
to the color of the bracelet, the symbols used and most im-
portantly, adapting the vaccination schedule on the bracelet
to represent the EPI vaccination schedule followed in
Pakistan. Questions will therefore focus on preferences for
color, size, culturally relevant or meaningful symbols and
any other adaptations that would make the bracelet more
appealing. Bracelets will then be manufactured accordingly.

Objective 2: Evaluate the impact of Alma Sana bracelet in
improving immunization coverage and timeliness of
Pentavalent-3/PCV-3/Polio-3 and Measles 1 vaccine in
intervention versus control arm in Pakistani children under
2 years of age through a randomized control trial
We will conduct an individually randomized, three-arm
parallel group design randomized control trial with equal
allocation to evaluate the impact of the Alma Sana
bracelet. Children in intervention Group A will receive
the adapted Alma Sana bracelet, while children in the
control group will not receive any bracelets. To evaluate
the bracelets’ impact, we will compare our variables of
interest (coverage and timeliness rates of (Pentavalent-3/
PCV-3/Polio-3 and Measles 1) between Group A and
the Control Group.

Objective 3: Evaluate the impact of simple silicone bracelet
with symbols in improving immunization coverage and
timeliness of Pentavalent-3/PCV-3/Polio-3 and Measles 1
vaccine in intervention versus control arm in Pakistani children
under 2 years of age through a randomized control trial
We will conduct an individually randomized, three-arm
parallel group design randomized control trial with equal
allocation to evaluate the impact of the simple silicon
bracelet with symbols. Children in intervention Group B
will receive the simple silicone bracelet, while children
in the control group will not receive any bracelets. To
evaluate the bracelets’ impact, we will compare our vari-
ables of interest (coverage and timeliness rates of (Penta-
valent-3/PCV-3/Polio-3 and Measles 1) between Group
B and the Control Group.

Secondary objective: Compare the immunization
coverage and timeliness rates of Pentavalent-3/PCV-3/
Polio-3 and Measles 1 vaccine between the Alma Sana
and simple silicone bracelets
We will conduct an individually randomized, three-arm
parallel group design randomized control trial with equal

allocation to compare the immunization coverage and
timeliness rates of Pentavalent-3/PCV-3/Polio-3 and
Measles-1 between Intervention Group A (given the Alma
Sana bracelets) and Intervention Group B (given the sim-
ple silicone bracelets). We will compare the efficacy of the
two bracelets’ by doing an inter-arm comparison of our
variables of interest between Group A and Group B.

Methods
Aim
The overall aim of the intervention is improvement in
both immunization coverage rates and timeliness among
the study participants through introducing simple silicone
bracelets as childhood vaccination reminders and trackers.

Trial design
This will be an individually randomized, three-arm
parallel-group trial. The three groups will be equally al-
located on a 1:1:1 ratio into two treatment groups and a
control group. Children enrolled in the two intervention
groups will receive the two different types of bracelets
whereas children in the control group will receive no
intervention beyond standard care. Figure 1 below shows
the study flow.

Study site and setting
The study will be conducted in 4 Expanded Program on
Immunization (EPI) centers located in Landhi Town,
Karachi (list of study sites can be obtained from https://
clinicaltrials.gov/ct2/show/study/NCT033107620. Cen-
ters will be selected based upon the volume of incoming
children. Landhi Town is a peri-urban area in the south
of Karachi city, in Pakistan’s Sindh province. Karachi is
among the 3 districts in Sindh where polio cases have
been detected in 2016; within Karachi, Landhi Town is
among the highest risk areas for polio prevalence.
Landhi Town has an overall estimated population of
872,000 and an annual birth cohort of 30,514 children.
The study introduces an intervention designed primarily
for illiterate mothers. Landhi Town provides a feasible
setting to test the bracelets since the prospective study
participants encompass a lower economic stratum, living
on $1.25 per day, have low levels of educational attain-
ment, and live in difficult-to-reach areas.

Participants
Children (male and female) who are 0–3 months old at
enrolment, reside in the study catchment area and visit
the clinic for BCG or Pentavalent-1/Polio-1/PCV-1 vac-
cination will be approached for screening to participate
in the study.
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Vaccination schedule in Pakistan
The vaccines will be administered as per routine EPI
program in Pakistan which include BCG (Bacille
Calmette-Guérin) at 0–6 weeks of age, three doses of
pentavalent (DPT, HepB, Hib) vaccine, two doses of
pneumococcal vaccine (PCV) and three doses of oral
polio vaccine at 6, 10 and/or 14 weeks of age, and two
doses of measles at 9 and 15months of age.

Inclusion and exclusion criteria
Inclusion criteria for the study include children who are
(1) presenting to a participating center to receive the
BCG or Pentavalent-1/Polio-1/PCV-1 vaccine; (2) ac-
companied by a primary caregiver; (3) healthy; (4) and
(caregivers) have been residing in the study site for more
than 6months. Exclusion criteria include children (1)
who are older than 3months and; (2) whose caregivers
plan to go to a different center for the child’s remaining
vaccination visits. The study does not involve any
vulnerable populations.

Duration
The study will be conducted over 18 months.
Immunization data of all enrolled children will be collected
at each vaccination visit following his/her enrolment i.e.,
when s/he visits for Pentavalent-1 vaccine (if enrolled at
BCG) at approximately 6 weeks of age, Pentavalent-2
vaccine at approximately 10 weeks of age, Pentavalent-3
vaccine at approximately 14 weeks of age and Measles 1
vaccine at approximately 9months old. Participation will
continue till the Measles 1 vaccine is administered (recom-
mended age is 9months), or till eleven months have
elapsed since child’s enrolment.

Sample size
A sample of 1062 participants (354 in each arm) would
give 80% power (alpha = 0.05, 2-tailed) to detect a differ-
ence of 10% in Pentavalent-3/PCV-3/Polio-3 vaccine
coverage rate over the baseline expected coverage rate of
60%. For the same statistical parameters, a sample size
of 1155 participants (385 in each arm) would detect a
difference of 10% in Measles-1 vaccine coverage rate

Fig. 1 Flow of participants through the study
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over the baseline expected coverage of 50%. A sample
size of 1155 would give enough power to realise both
objectives. The final sample size of 1446 infants (482 in
each arm) was selected to allow for a potential dropout
rate of 20% during the follow-up period.

Recruitment and screening
Eligible Children (as identified through the eligibility
criteria in the screening form) will be recruited at the
participating immunization centers when they arrive for
the BCG or Penta-1/PCV-1/OPV-1 vaccine as part of
standard of care. Our study staff will be based at the
centers to identify these children when they arrive at the
centre. Our field workers will obtain consent for screen-
ing and then administer a short screening form to deter-
mine eligibility. The caregiver accompanying the child
for the visit will provide information.
The entire study duration is 18months and includes

planning and actual field implementation. We expect to en-
roll study participants over a duration of approximately
three to four months and follow up with them over the
next 11months. We have allocated approximately four
months for enrolling/recruiting participants in the study.
Preliminary data from our previous work in the study site
indicates that on average there are 100 visits for BCG
and Pentavalent-1/Polio-1/PCV-1 vaccine per center
per month. Since we will be including 4 centers in our
study, we would be able to recruit 1446 participants over a
period of approximately three to four months.

Informed consent
Among those children who are eligible for the study,
their caregivers will be approached for enrolment into
the study with a consent form informing them of the na-
ture, rationale and anticipated risks and benefits of the
study. The consent form will be in the local language
and read out to the participants; those who agree to par-
ticipate will be asked to sign/put their thumbprint on
the form to signify their consent. They will be provided
time to ask questions and think about their decision to
participate during the process of obtaining consent. If
the respondent agrees to participate in the study, he/she
will be given an instruction card (post randomization)
outlining the procedure to be followed in the (treatment
or control) group that they have been allocated to, and
will also be provided contact details for the relevant per-
son to whom further questions can be directed. Subjects
will not receive a copy of the consent form and no audio
or video materials will be used during the consent
process. At each follow-up visit, the field workers will
ensure that participants understand and follow the
protocols of the research.

Participant withdrawal
In the event of participant withdrawal from the study
due to withdrawing consent, the date and reason for
withdrawal will be properly documented. If the partici-
pant was in either of the two treatment groups, they will
be asked to return the bracelet. Data collected on partic-
ipants before withdrawal will be retained but not in-
cluded in the final analysis. Since this is a minimal risk
study, we do not expect any discontinuation of interven-
tions in response to harm caused by the bracelets.

Randomization
The randomization sequence will be generated by the PI
in Stata version 13 with a 1:1:1 allocation, using random
block sizes of 3, 6, 9 and 12. The allocation sequence
will be concealed from the study staff responsible for
screening and enrolling participants in sequentially num-
bered, opaque, sealed envelopes. After consent and
randomization by the field staff, each child will be
assigned a unique study ID (a sticker containing the
study ID will be pasted on the child’s government issued
EPI card). The field staff will sequentially enroll 1446
children from the four participating EPI centers over a
period of approximately 3–4 months. Because of the na-
ture of the intervention, neither the participants, nor the
field staff enrolling the participants will be blinded dur-
ing and post randomization.

Interventions
Intervention a; Alma Sana bracelet
A vaccine reminder and tracker bracelet developed by
Alma Sana Inc., a 501(c)3 non-profit organization
founded in Indianapolis, Indiana, US, will be adapted for
use in Pakistan (based on feedback received during the
formative phase of the study). Children in intervention
Group A will receive these bracelets. The bracelet uses a
combination of symbols and numbers to denote the
entire vaccine schedule a child is supposed to receive
before the age of 2 years. Shapes indicate vaccines, and
numbers signify the child’s age (Fig. 2). Additionally,
mothers will be provided instructions on how to decode
and use the bracelet. Every time a child receives a
vaccine, vaccinators will use hole punchers to perforate
shapes denoting the particular vaccine a child has re-
ceived. Mothers can, therefore, look at the bracelet and
know which vaccines her child has received and the
dates of future visits. The bracelets will be manufactured
in 2 different sizes to ensure they fit the child’s wrist as
he/she grows older.

Intervention B; simple silicone bracelet
This is a simple silicone bracelet used by Interactive Re-
search and Development in a previous project. Children
in intervention Group B will receive these bracelets. This
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bracelet has six symbols to remind parents that their
child needs to make six distinct vaccination visits before
he reaches 2 years of age. The first five symbols are rep-
resented by a crescent shape and the sixth symbol is rep-
resented by a star shape to denote that the child is fully
immunized (Fig. 3). At the time of enrolment, mothers
will be provided instructions on how to decode and use
the bracelet. Every time a child receives a vaccine, vacci-
nators will use hole punchers to perforate shapes denot-
ing the particular vaccine a child has received. These
bracelets will be manufactured in 2 different sizes and
colors (pink for baby girls and blue for baby boys).
All participants (irrespective of whether they are in the

intervention group A or B or control group) will receive
the routine EPI vaccinations as per Pakistan’s EPI
Immunization schedule (one dose of BCG and Polio soon
after birth, 3 doses of Pentavalent/Polio/PCV at 6, 10 and
14 weeks, and 2 doses of Measles vaccine and 9 and 15
months of age) and the vaccinator will record the child’s
immunization data in the EPI immunization card as well
as EPI register. The difference between the intervention
and standard care is only the provision of bracelets. The
comparator group will only receive the standard care.

Improving adherence
To ensure that participants adhere to the interventions,
the study team will ensure at the time of enrolment and at
each follow-up visit, that participants are aware of the pur-
pose of the bracelet, how to use it and the importance of

making their child wear it at all times. Additionally, at
each follow up visit, the participants will be observed for
whether their child is wearing the bracelet or not and will
be asked if they have any questions regarding the bracelet.

Outcomes
The key study outcomes and their associated measure-
ment is outlined in Table 1 below.

Data collection methods
At the child’s first visit to the center, the field worker will
use an Enrolment Form to note the name and age of the
child along with the immunizations received during the
visit in addition to basic demographic information.
For the follow-up visits by the caregivers to get the

subsequent vaccinations (3–4 visits), our field workers
will be based at the participating EPI centers throughout
the follow-up period. The field workers will use the
unique study IDs to identify study participants when
they come for follow-up visits. At each follow-up visit,
the field worker will record the vaccine administered,
and date of administration for each child enrolled in the
study, including verifying data on past immunizations
and due vaccines. Therefore, for each study participant,
the field workers will collect data 3–4 times during the
follow-up period.
After the completion of the follow-up phase, short

(15–20min) phone or in-person interviews will be con-
ducted to collect follow up vaccination data (if missing)

Fig. 2 Adapted version of Alma Sana Bracelet (for Pakistan)

Fig. 3 Simple Silicone Bracelets
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and data on experiences of study participants regarding
the bracelets. Dropout from the vaccination schedule is
also an outcome. We will be able to identify the care-
givers who did not show up for the follow up phase,
these participants may be contacted through phone or
in person visits towards the end of the follow up
period. Key data points to be collected will include
reasons for drop-outs, whether mothers understood
how to use the bracelets, how often mothers said
their babies wore the bracelets and why, what
mothers liked and disliked about the bracelets and
whether mothers would continue using the bracelets
as reminders moving forward.
At all points of the study, data will be collected directly

from participants using paper-based questionnaires.
Immunization data is copied from the child’s
government-issued EPI card. All data will be trans-
ferred to a secure electronic medium on a daily basis.

Data management
Data will be entered and stored in computerized
databases maintained under password protection.
After the completion of data collection, data will be
cleaned and de-identified for analysis. To minimize
risk from disclosure, the following mechanisms will
be instated: Data collected on paper forms at the
EPI center will be handed over to the data entry op-
erator on the same day. Data will be transferred to
electronic medium on a regular basis while the paper
forms will be stored under lock for reference after
being scanned and securely stored on an encrypted
hard drive. All data collected and obtained through
this study will be property of IRD. After the comple-
tion of data collection, data will be cleaned and de-
identified for analysis and for sharing with PIs at
collaborating centers. A secure file transfer server

will be used to transmit the data and where possible,
transmission of data through email will be avoided.

Data confidentiality
For all data collected and obtained through this study,
the PI and Program Manager responsible for ensuring
confidentiality. The respondents’ identity and informa-
tion collected will be kept confidential through assigning
them unique study IDs. Data will be kept in electronic
format on password secured computers at IRD for three
years after the study has been completed.

Data monitoring
Regulatory compliance will be monitored by both the
Principal Investigator and the management team
through random on-site visits to the immunization cen-
ters. They will ensure that the research protocols are be-
ing adhered to, and administration of consent and
questionnaires is being correctly performed. All docu-
mentation and record keeping will be done on a daily
basis through monitoring sheets recording the number
of forms (screening, consent and data collection) admin-
istered by each field worker. Where needed, hard copies
of all forms will be scanned, and a soft copy will be
retained for the record. Refresher training on protocol
adherence and record keeping will be delivered by the
Program Manager at least twice during the course of the
study. There is no formal data monitoring committee
for this trial as this is a minimal risk study with a
relatively shorter duration.

Statistical methods
The baseline characteristics of the three groups will be
compared by using the Student’s t-test for continuous
variables and the chi-square test for categorical variables
(using alpha = 0.05 for evaluating statistical significance).
We will use intention to treat analysis—that is, all sub-
jects will be analyzed with the assumption that they
remained in the treatment group to which they were
initially assigned.

Y ¼ cþ i: allocation groupð Þ þ Xþ

Y is the relevant outcome measure (for instance
Pentavalent-3 coverage)
C is the constant that gives the value of the outcome

for the control group
Allocation group is a categorical variable with 3 levels;

“0-Control Group”, “1-Alma Sana Group”, “2-Simple
Silicon Group”.
X is the set of possible covariates (gender, mother’s

education etc.)

Table 1 Outcome Indicators and Measurement

Outcome of Interest Measured by

At least 10% increase in Pentavalent-
3/PCV-3/Polio-3, Measles-1 coverage.
Indicators:

Enrolment and follow-up
immunization visits.

1. % children vaccinated (on time), by
antigen

2. % of children fully vaccinated

3. Drop-out rate

Improved understanding of
bracelet use:

Detailed feedback
questionnaire

1. Reasons for delayed immunizations

2. Reasons for dropping out

3. Do bracelets influence the decision
of parents to visit immunization centers
on time?
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We will use the xi command to create these indicator
variables and run the regression/model all in one com-
mand on STATA. Logistic regression will be used to de-
termine whether the difference in outcome between the
two treatment groups and control group are statistically
significant and whether the difference in outcome be-
tween the two treatment groups is statistically signifi-
cant. Multiple imputation will be used to handle missing
data. The data will be analyzed in STATA version 15
(StataCorp. 2017. Stata Statistical Software: Release 15.
College Station, TX: StataCorp LLC).

Ethics
This is a minimal risk study, with no possibility of harm
to participants beyond the risks associated with standard
care. If any adverse event does occur, field staff is
instructed to outline any reportable events through an
incident report (to be filled either by the staff or study
participant) which must be handed over to the Program
manager within 24 h of the event occurrence. The report
will be filed and the Program manager will review the
report and carry out further investigation if necessary,
before reporting to Institutional Review Board (IRB) and
the donor. Any unanticipated problems and unexpected
Serious Adverse Events (SAE) related to study participa-
tion will be communicated by study team within 5 busi-
ness days of the study team becoming aware of the SAE.
To maintain participant privacy, the outlined provi-

sions for data management and monitoring will be ad-
hered to as much as possible. Participants will only be
asked questions that are pertinent to the study and
wherever possible will be surveyed separately from other
caregivers at the study site. For all data collection activ-
ities, participants have the right to discontinue the inter-
view at any time or decline to respond to any question.
Ethical approvals for the study were obtained by Insti-

tutional Review Boards of Harvard University and Inter-
active Research and Development.

Benefits and costs
There may be a direct benefit to the parent/guardian of
study participants in the form of improved immunization
coverage through the bracelets. The community may also
benefit from information generated as part of the study
that could help guide future health and development pro-
jects (such as vaccine programs to prevent the target dis-
eases) and health policies with regard to immunizations.
Participants will not receive any direct incentive/compen-
sation for participating in the study.
The participants will not encounter any additional

costs from participating in the study. The extra time for
parents at enrolment will be about 15–20min at the
BCG/Penta1 vaccination visit. No payment/compensa-
tion will be provided to any of the study participants.

Protocol modifications
Any potential changes to the protocol will be agreed
upon by PIs and subsequently reported to both IRBs for
approval before being conveyed to the study team. Trial
records on relevant registries will be updated once
ethical approvals are obtained.

Dissemination strategy
We aim to share the results of the study with the local
community including policy makers as well as academia
through informal dissemination meetings to discuss our
progress, preliminary outcomes, and trends. If feasible,
we will include community representatives to share their
experience. We will also prepare policy briefs highlight-
ing key research findings with actionable recommenda-
tions along with publishing final results of the study in
relevant journals. Authorship will be decided according
to the ICMJE guidelines. Full protocol will be published
in relevant journals and a WHO accredited trial registry.

Results
Enrolment for the study commenced on July 19, 2017.
Each enrolled child will be followed up till the Measles 1
vaccine is administered, or till eleven months have elapsed
since enrolment. Proposed duration of the study is 18
months, and expected end date is December 1, 2018. We
anticipate that results will be published by January, 2019.

Discussion
Our expectation is that providing simple to use and easy to
understand vaccine reminder bracelets will enable parents
to closely keep track and remind themselves of their child’s
due vaccines leading to improved coverage and timelines
of routine immunizations. Traditionally, to address the glo-
bal challenge of parents not showing up for vaccination
visits [20], low and middle income countries have relied on
“Reminder/recall” (RR) interventions including telephone
calls, postcards, letters, immunization cards and text mes-
sages as a mechanism to remind parents and help in keep-
ing track of children’s vaccination status [21] The standard
‘RR’ protocol utilizes government-issued, paper-based
immunization cards. Despite their potential as effective
tools for improving vaccination coverage, research into
their use has indicated that cards are underutilized and im-
properly used by caregivers and vaccinators due to lack of
literacy among parents and insufficient training of vaccina-
tors in filling out the cards [14]. This results in cards that
are illegible, incomplete, or cards that caregivers cannot
read or do not value [22]. The most common alternatives
to immunization cards that have proven to be effective are
phone-based reminders [23, 24]. However, these are
resource-intensive at scale and have an uneven impact
across the socioeconomic spectrum. A randomized con-
trolled trial in Kenya in 2014 assessing how text-message
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saw a 13% reduction in dropouts but also concluded that
the intervention had not mitigated the association between
a mother’s lack of education and the heightened risk of
dropout [25]. Current interventions are, therefore, not
optimal solutions in settings with financial and human
resource constraints, lack of reliable immunization data on
which to base reminders as well as poor coordination be-
tween parents and healthcare providers [26].
Wearable immunization reminders have gained promin-

ence in recent years, and are increasingly being recognized
as a powerful tool that can improve vaccine adherence in
the developing world. Innovations like digital pendants
[27], Vaccine Indicator Reminder (VIR) bands [28],
beaded bracelets [29] and tattooed bracelets [30] have also
been developed. However, beyond feasibility testing, their
use and impact have not been investigated, and no
concrete evidence exists of their effectiveness at improving
immunization outcomes. Moreover, their use remains
sporadic and limited to small communities in only a
handful of countries.
We recognize a potential limitation of our study stem-

ming from the fact that we are only enrolling children
who show up at clinics for immunization and not those
who are not vaccinating in the first place. Our objective
was to evaluate the direct impact of the bracelets on
children who were showing up at clinics. We do
acknowledge that the bracelets may have an impact on
never vaccinated children due to an externality. How-
ever, it is beyond the scope of this study to evaluate this
indirect impact and hence enrolment was only confined
within the clinic setting.
This study constitutes one of the first attempts to

rigorously evaluate an innovative vaccine reminder
bracelet. If proven successful, the bracelets will empower
low-income caregivers who would otherwise fail to
understand and comply with their child’s vaccination
schedule. From a financial perspective, by virtue of being
low cost, and independent of complex supply chains and
technological systems, the bracelets can be integrated
into existing immunization setups in any setting, regard-
less of literacy levels, remoteness of location and techno-
logical backwardness. It is expected that results from
this study will put forward evidence for an innovative
method to improve timely routine immunization
coverage in developing countries.
As an additional note, the authors would like to state

that the study was on-going at the time of the first
submission of this study protocol for publication.

Abbreviations
BCG: Bacille Calmette-Guérin; EPI: Expanded Program on Immunization;
ICJME: International Committee of Medical Journal Editors;
PCV: Pneumococcal conjugate vaccine

Acknowledgements
We are thankful to Lauren Braun for her valuable input on the formative
phase work for the study and helping adapt the Alma Sana Bracelet to the
local context (as per feedback shared by the local study team). We would
also like to acknowledge her contributions towards reviewing the study
protocol.
Issue Date: 28 March, 2017
Version Number: 013

Authors’ contributions
DS and AK contributed in the conception and design of the research. SC
contributed towards protocol development including study design and
methodology, data management and analysis plan. MM and MS assisted in
the implementation. DS and SC drafted the manuscript and all authors
reviewed, provided feedback and approved the final version of the
manuscript.

Funding
This study is funded by the Harvard Medical School Center for Global Health
Delivery-Dubai. The funding covers the procurement of both types of brace-
lets (Alma Sana bracelets and simple silicone bracelets), as well as the field
implementation and monitoring of the trial throughout the study duration.
The funding organization had no role in the design of this study and will
not have any role during its execution, analyses, interpretation of the data, or
decision to submit results.

Availability of data and materials
The datasets generated during the current study are not publicly available
since participant follow-ups are on-going.

Ethics approval and consent to participate
Ethical approvals for the study were obtained by the Institutional Review
Board of Harvard University and the local ethical approval was obtained from
the following ethics committee in Pakistan: Interactive Research and
Development-Institutional Review Board (IRD-IRB). This is registered with the
U.S. Department of Health and Human Services (DHHS) Office for Human Re-
search Protections (OHRP) with registration number IRB 00005148. A written
informed parental consent for the participation of children in the study was
obtained from all parents prior to enrolling their children in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1IRD Pakistan, 4th Floor, Woodcraft Building, Plot 3 & 3-A, Sector 47, Korangi
Creek Road, Karachi, Pakistan. 2IRD Global, 583 Orchard Road, #06-01 Forum,
238884, Singapore. 3Harvard Medical School Center for Global Health
Delivery, Building 14, Dubai Healthcare City, Dubai, United Arab Emirates.

Received: 24 September 2018 Accepted: 20 September 2019

References
1. World Health Organization. World Immunization Week 2016: Immunization

game-changers should be the norm worldwide. 2016 [cited 2017 2017-11-
22]; Available from: http://www.who.int/mediacentre/news/releases/2016/
world-immunization-week/en/

2. Lopez AD, et al. Global and regional burden of disease and risk factors,
2001: systematic analysis of population health data. Lancet. 2006;367(9524):
1747–57.

3. World Health Organization. Weekly epidemiological record: Global routine
vaccination coverage, 2016; 2017. p. 701–16.

4. World Health Organization. Immunization coverage - DTP3 at district level.
2016 [cited 2017 2017-11-21]; Available from: http://apps.who.int/gho/data/
view.other.immu-admin2-dtp3?lang=en)

5. Scott S, et al. Coverage and timing of children's vaccination: an evaluation
of the expanded programme on immunisation in the Gambia. PLoS One.
2014;9(9):e107280.

Siddiqi et al. BMC Public Health         (2019) 19:1421 Page 9 of 10

http://www.who.int/mediacentre/news/releases/2016/world-immunization-week/en/
http://www.who.int/mediacentre/news/releases/2016/world-immunization-week/en/
http://apps.who.int/gho/data/view.other.immu-admin2-dtp3?lang=en
http://apps.who.int/gho/data/view.other.immu-admin2-dtp3?lang=en


6. Masters NB, et al. Vaccination timeliness and co-administration among
Kenyan children. Vaccine. 2018;36(11):1353–60.

7. Luman ET, et al. Timeliness of childhood vaccinations in the United States:
days undervaccinated and number of vaccines delayed. JAMA. 2005;293(10):
1204–11.

8. Johri M, et al. Strategies to increase the demand for childhood vaccination
in low- and middle-income countries: a systematic review and meta-
analysis. Bull World Health Organ. 2015;93(5):339–346c.

9. O'Donnell O. Access to health care in developing countries: breaking down
demand side barriers. Cadernos de Saúde Pública. 2007;23:2820–34.

10. Ensor T, Cooper S. Overcoming barriers to health service access: influencing
the demand side. Health Policy Plan. 2004;19(2):69–79.

11. Oyo-Ita A, et al. Interventions for improving coverage of child immunization
in low- and middle-income countries. Cochrane Database Syst Rev. 2011;(7):
Cd008145.

12. Onyiriuka, Alphonsus. Vaccination default rates among children attending a
static immunization clinic in Benin City, Nigeria. J Med Biomed Res. 2009;
4(1);(ISSN: 1596-6941). https://doi.org/10.4314/jmbr.v4i1.10671.

13. Abahussin AA, Albarrak AI. Vaccination adherence: review and proposed
model. J Infect Public Health. 2016;9(6):781–9.

14. Brown DW. Child immunization cards: essential yet underutilized in National
Immunization Programmes. The Open Vaccine Journal. 2012;5:1–7.

15. Oliver-Williams C, et al. Using mobile phones to improve vaccination uptake
in 21 low-and middle-income countries: systematic review. JMIR mHealth
and uHealth. 2017;5(10):e148.

16. Mechael, P., et al., Barriers and gaps affecting mHealth in low and middle
income countries: Policy white paper. 2010: Columbia university. Earth
institute. Center for global health and economic development (CGHED):
with mHealth alliance.

17. Kazi A, et al. Monitoring polio supplementary immunization activities using
an automated short text messaging system in Karachi, Pakistan. Bull World
Health Organ. 2013;92:220–5.

18. Bullen PAB. Operational challenges in the Cambodian mHealth revolution. J
Mobile Technol Med. 2013;2(2):20–3.

19. Fund GD. Women & mobile: a global opportunity—a study on the mobile
phone gender gap in low-and middle-income countries; 2010.

20. Bangure D, et al. Effectiveness of short message services reminder on
childhood immunization programme in Kadoma, Zimbabwe - a randomized
controlled trial, 2013. BMC Public Health. 2015;15:137.

21. Willis N, et al. “Communicate to vaccinate”: the development of a taxonomy
of communication interventions to improve routine childhood vaccination.
BMC Int Health Hum Rights. 2013;13(1):23.

22. Brown DW, Gacic-Dobo M, Young SL. Home-based child vaccination
records--a reflection on form. Vaccine. 2014;32(16):1775–7.

23. Szilagyi PG, et al. Effect of patient reminder/recall interventions on
immunization rates: a review. Jama. 2000;284(14):1820–7.

24. Gibson DG, et al. Mobile phone-delivered reminders and incentives to
improve childhood immunisation coverage and timeliness in Kenya (M-
SIMU): a cluster randomised controlled trial. Lancet Glob Health. 2017;5(4):
e428–38.

25. Haji A, et al. Reducing routine vaccination dropout rates: evaluating two
interventions in three Kenyan districts, 2014. BMC Public Health. 2016;16(1):152.

26. Pereira JA, et al. Barriers to the use of reminder/recall interventions for
immunizations: a systematic review. BMC Med Inform Decis Mak. 2012;12:145.

27. Meyer DL. Saving lives with wearable technology; Khushi baby
implementing health innovation in India, in Yale School of Public Health
News; 2016.

28. Isbitsky R. New vaccination reminder band made possible by Timestrip and
TVI, in Cambridge network limited; 2015.

29. Ministry of Public Health Afghanistan. Immunity Charm. 2017 [cited 2017 2017-
11-22]; Available from: https://www.mccann.com/work/immunity-charm.

30. Jeong B, et al. A Tattooed Bracelet for Child Vaccination Records in a
Developing World Context. In: Proceedings of the 2017 Conference on
Interaction Design and Children. Stanford: ACM; 2017. p. 637–42.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Siddiqi et al. BMC Public Health         (2019) 19:1421 Page 10 of 10

https://doi.org/10.4314/jmbr.v4i1.10671
https://www.mccann.com/work/immunity-charm

	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Background
	Study objectives
	Objective 1: Re-design and adapt bracelets
	Objective 2: Evaluate the impact of Alma Sana bracelet in improving immunization coverage and timeliness of Pentavalent-3/PCV-3/Polio-3 and Measles 1 vaccine in intervention versus control arm in Pakistani children under 2 years of age through a rando...
	Objective 3: Evaluate the impact of simple silicone bracelet with symbols in improving immunization coverage and timeliness of Pentavalent-3/PCV-3/Polio-3 and Measles 1 vaccine in intervention versus control arm in Pakistani children under 2 years of ...

	Secondary objective: Compare the immunization coverage and timeliness rates of Pentavalent-3/PCV-3/Polio-3 and Measles 1 vaccine between the Alma Sana and simple silicone bracelets

	Methods
	Aim
	Trial design
	Study site and setting
	Participants
	Vaccination schedule in Pakistan
	Inclusion and exclusion criteria
	Duration
	Sample size
	Recruitment and screening
	Informed consent
	Participant withdrawal
	Randomization
	Interventions
	Intervention a; Alma Sana bracelet
	Intervention B; simple silicone bracelet
	Improving adherence

	Outcomes
	Data collection methods
	Data management
	Data confidentiality
	Data monitoring
	Statistical methods
	Ethics
	Benefits and costs
	Protocol modifications
	Dissemination strategy

	Results
	Discussion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

