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Abstract

Obijective: Millions of infants worldwide remain under-immunized and at risk for unnecessary
morbidity and mortality. Text messaging may offer a low-cost solution. We aimed to evaluate text
message reminders to improve infant immunization in Guatemala.

Methods: A randomized clinical trial was conducted at four public health clinics in rural and
urban Guatemala. Infants ages six weeks to six months presenting for the first visit of the primary
immunization series were randomly and equally allocated to an intervention or usual care group.
Intervention participants were sent three text reminders before the second and third vaccine visits.
The main outcome was timeliness of the second and third visits of the primary immunization
series.

Results: Of 1088 families approached for enrollment between March to November 2016, 871
were eligible and 720 (82.7%) participated; only 54 families did not own a cell phone. Due to
country-wide vaccine shortages, visit completion was used as a proxy for overall immunization
coverage. In intention to treat analysis, both intervention and usual care groups had high rates of
visit completion, but intervention participants presented on the scheduled date more often (151
[42.2%] of 358 intervention vs. 111 [30.7%] of 362 usual care participants for visit 2, p=0.001,
and 112 [34.0%] of 329 intervention vs. 90 [27.0%] of 333 usual care participants for visit 3,
p=0.05). Intervention caregivers were significantly more likely to want to receive future text
message reminders for vaccines and other appointments and were more willing to pay for these
reminders.

Conclusion: Caregivers who were sent text message reminders in urban and rural Guatemala
were less delayed for their child’s immunization visits and reported high user satisfaction. Text
message reminders may be an effective tool to increase infant vaccination coverage in low-income
settings by reminding parents to vaccinate.

Trial Registration: at clinicaltrials.gov

Keywords
childhood immunization; vaccine coverage; SMS; text messaging; reminder-recall; Guatemala

Introduction

Vaccination protects children from serious illness and long-term complications of vaccine-
preventable diseases. Despite considerable effort to promote immunization, global coverage
of routine infant vaccination has stagnated at around 86%, leaving an estimated 19.5 million
infants under-immunized and at risk for unnecessary morbidity and mortality [1]. The
Global Vaccine Action Plan (GVAP) goal to reach more than 90% of children worldwide
continues to be a significant challenge, especially in many low- and middle-income
countries (LMICs) where the majority of vaccine-preventable diseases occur [2].
Furthermore, the importance of the timeliness of immunizations to maximize protection and
prevent disease outbreaks is now being recognized as a public health issue that should be
given greater global emphasis [3-5].
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While there are many potential reasons for undervaccination, a major barrier to delivering
immunizations in LMICs is often the lack of a functioning preventive health service, which
exacerbates demand-side barriers such as a lack of knowledge about the importance and
timeliness of vaccines and either not knowing or forgetting when vaccines are due. Patient
reminder systems can be an important mechanism for improving childhood preventive health
coverage by informing parents when children are due for specific services. Reminder
systems for immunizations have been shown to effectively improve immunization coverage
in children, with most studies being done in high-income countries [6]. Despite these
evidence-based interventions, such methods are often being under-utilized in lower-income
settings [7,8].

Mobile technologies, such as Short Message Service (SMS) texts, have significant potential
for improving health [9,10], including in LMICs [11,12]. Studies have shown that reminder
systems for childhood immunizations can be adapted to SMS platforms. SMS reminders
have been used in the United States for pediatric patients receiving vaccinations for
influenza [13-15], MCV4/Tdap (meningococcal and tetanus, diphtheria, and pertussis)
[16,17], HPV (human papillomavirus) [17,18], MMR (measles, mumps, and rubella) [19],
and the infant primary immunization series [20]. Several recent studies have also been
conducted in LMICs, including in Guatemala [21], Bangladesh [22], India [23], Pakistan
[24], Kenya [25-27], Zimbabwe [28], and Vietnam [29]. Text messaging is emerging as a
promising public health tool to improve childhood immunization programs with the
potential for low-cost scalability, especially as global mobile phone access continues to
increase.

Completion rates for the primary immunization series in Guatemala remain below the GVAP
goal of 90%, with some rural areas having less than 70% coverage [30]. In collaboration
with the Ministry of Public Health and Social Assistance (MPHSA) of Guatemala and the
Pan American Health Organization (PAHO), our study team previously developed an SMS
platform for immunization reminders hosted at the MPHSA and demonstrated the feasibility
and acceptability of the system in Guatemala City [21]. In this study, we aimed to evaluate
the preliminary efficacy of an optimized commercial SMS system to improve the completion
and timeliness of the infant primary immunization series in geographically diverse urban and
rural settings in Guatemala.

Material and Methods

Study design and participants

This randomized clinical trial was conducted at four public health clinics of the MPHSA in
Guatemala. These government clinics serve a low-income population with two clinics
located in the urban metropolitan setting of Guatemala City (Zona 11 and Villa Nueva) and
two clinics located in the rural southwest region of the country (Colomba and Coatepeque,
Quetzaltenango). Eligible participants included infants between the ages of six weeks to six
months who presented for their first visit of the infant primary immunization series. At least
one caregiver needed to self-report owning an active mobile phone capable of receiving
SMS, be able to use SMS, and be literate and able to decipher the messages for themselves
or by a surrogate in the household. Participants were excluded if they were not medically
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cleared to receive vaccines, the study clinic was not the patient’s primary clinic, the
consenting caregiver was under 18 years of age, or the caregiver did not speak Spanish
(Mayan languages are not commonly spoken in our study populations). Equal numbers of
rural and urban participants were enrolled. Guatemala experienced significant political
instability and corruption from 2015 to 2016 leading to unusually high levels of vaccine
shortages during our study period. Two months after enrollment commenced, one of the
initial rural study clinics (La Blanca) had to be administratively withdrawn from the study
due to a complete lack of vaccine supplies. A demographically similar nearby rural health
clinic (Colomba) was selected as a replacement study clinic and began enrollment in May
2016. Although the other study sites experienced intermittent vaccine shortages throughout
the study period, these clinics maintained some vaccine supply for the primary
immunization series at all times. The Colorado Multiple Institutional Review Board,
Universidad del Valle Ethics Committee, and Guatemala National Ethics Committee of the
MPHSA approved the research. Participation was voluntary and patients were not given any
incentives. Written informed consent was obtained from all caregivers.

SMS intervention

The primary immunization series in Guatemala consists of three visits that are scheduled to
occur when children are 2-months-old (visit 1: pentavalent [DTwP-Hib-HepB],
pneumococcal [PCV13], poliomyelitis [IPV or bOPV], and rotavirus), 4-months-old (visit 2:
pentavalent, pneumococcal, poliomyelitis, and rotavirus), and 6-months-old (visit 3:
pentavalent and poliomyelitis). Pentavalent vaccine in Guatemala is a combination vaccine
for diphtheria, tetanus, pertussis, Haemophilus influenzatype B, and hepatitis B antigens.
Participants were enrolled during visit 1 of the primary immunization series and then
followed-up at visits 2 and 3. Scheduled visit dates were determined by the clinic nurses as
per the usual standard of care and were written in the patient’s vaccination card. This meant
that visits were scheduled during normal clinic operating hours generally two months after
the current visit, but some visits were scheduled using minimum acceptable intervals
between doses within a series for patients who were behind in receiving immunizations
(similar to recommendations by the Advisory Committee on Immunization Practices in the
United States). Vaccine shortages, which could not be predicted at the time of the visit, did
not affect these scheduled return visit dates.

Following the enrollment visit, participants were allocated to either an intervention or usual
care group using a computer-generated block randomization scheme (block size of 10) based
on urban and rural clinic sites. Caregivers and study nurses were blinded to study group
allocation at the initial enrollment visit. The statistician was blinded to the randomization.
Based on input collected prior to the study commencement from caregivers of 2-month-old
children at our study clinics, we planned that those randomized into the intervention group
would receive the following text messages translated into Spanish at three, two, and one
days before the next scheduled date for visits 2 and 3: “Your child [autopopulate child’s
name] is due on [autopopulate date] at [autopopulate clinic name] for vaccines.” The local
data manager entered each child’s name, scheduled visit date, clinic, and caregiver’s mobile
number into a computer system connected to the SMS server both at enroliment and after
visit 2. Automated SMS texts were generated using a customized computer-based software
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program hosted by the mobile telecommunications company Claro™. The commercial
system cost $60 US dollars (USD) per month to send up to 1500 text messages. Participants
did not need to have minutes on their phone or pay to receive messages. As part of the
standard of care, clinic staff also printed the next vaccination visit date in the child’s
government-issued immunization card for both intervention and usual care participants. All
children were followed for at least eight months after enroliment. Study nurses were present
at each clinic until eight months after the last patient was enrolled at that site. If a patient
presented during this period, the study nurses included them in the follow-up.

Data collection

At enrollment (visit 1), all caregivers were consented and completed a baseline questionnaire
designed by the research team that included information about maternal and paternal
demographics, household characteristics, food insecurity using the Household Food
Insecurity Access Scale [31], vaccine hesitancy using the WHO SAGE Working Group
Vaccine Hesitancy Scale [32], parental depression scores using the Patient Health
Questionnaire or PHQ-9 [33], and mobile phone access and usage characteristics. At visits 2
and 3, data were collected about mobile phone turnover, receipt of SMS reminders, adverse
events following immunization, vaccines given, and the scheduled date of the next visit. A
completion survey was administered to caregivers during the final study visit that included
several questions related to caregiver attitudes regarding the SMS reminder intervention. A
study nurse assigned to each clinic verbally administered the data collection surveys to
caregivers in a quiet and confidential location at the clinic. Surveys were pretested by our
study group in Guatemala. Study data were collected using a hand-held tablet device and
managed using REDCap (Research Electronic Data Capture), a secure and web-based
electronic data capture tool hosted at the University of Colorado [34]. Electronic
immunization records reporting dates of vaccinations given were kept at each clinic and
confirmed for children who returned to any of the four study sites at the end of the eight-
month follow-up period for each patient. This electronic immunization record also allowed
us to capture patients who may have been missed by the study nurse during their return visit.
The mobile carrier report included the number and dates of SMS reminders sentto each
participant but could not verify if messages were received or read by the caregiver. Messages
listed in the mobile carrier report as “sent with error” or “error” were considered as not sent.

Statistical analysis

A sample size of 720 total participants (360 at each of the two geographical study sites) was
calculated to provide us with 80% power to detect a difference of 10% (p1=.80 and p2=.90).
Due to the unusually high levels of vaccine shortages experienced during our study, we used
visit completion as a proxy for overall immunization rates given the difficulties in tracking
the completion of specific vaccines that may not have been available when study participants
presented for their initial, intended immunization visit (which was counted as their visit
completion). We feel that this is an accurate approximation since we found low levels of
previous vaccine refusal and delayed vaccination in our population using a vaccine hesitancy
survey included with our baseline questionnaire [35]. In fact, according to this survey, no
parent in our study had ever refused a vaccination, and only eight parents (1.1%) had been
reluctant or hesitated to get a vaccination for their children. The primary outcomes for this

Vaccine. Author manuscript; available in PMC 2020 September 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Domek et al.

Results

Page 6

study were completion and timeliness of visits 2 and 3 of the primary immunization series.
Secondary outcomes included feasibility and acceptability results related to the proportion of
caregivers who were sent SMS messages and caregiver satisfaction with the intervention.
Descriptive statistics were used for baseline demographic characteristics. Chi-square test or
Fisher’s exact were used to test for differences between categorical data and t-tests were
used for continuous data. Both per protocol and intention-to-treat analyses were done. Per
protocol analyses included both intervention patients who were sent at least one SMS as
well as all three SMS reminders within the three days prior to the scheduled date for visits 2
and 3. All analyses were conducted using SAS (SAS 9.4, SAS Institute, Cary, NC).

Of 1088 children screened for eligibility from March 1 to November 30, 2016, 871 were
eligible and 720 (82.7%) participated (Figure 1). Nearly all caregivers screened for
eligibility owned a mobile phone capable of SMS, were able to use SMS on their phone, and
were literate and able to decipher SMS messages (n=1011, 92.9%). Table 1 summarizes the
baseline demographic characteristics of the study participants at enroliment. Characteristics
of vaccine hesitancy [35] and mobile phone access and usage [36] are described elsewhere.
Three hundred and fifty-eight participants were allocated to the intervention group and 362
to the usual care group. There were no significant differences between the baseline
demographics of intervention and usual care children and their caregivers.

According to the mobile carrier report (Table 2), a total of 842 SMS reminder messages
were sent prior to visit 2 and 652 prior to visit 3. Most of the intervention caregivers were
sent at least one SMS reminder prior to visit 2 (=301, 84.1%) and visit 3 (n=239, 72.6%),
with most caregivers sent the intended three messages (n=259, 72.4% for visit 2 and n=194,
59.0% for visit 3). Several messages (n=20 for visit 2 and n=25 for visit 3) were listed in the
mobile carrier report as “sent with error” or “error” and were, therefore, considered as not
sent.

In intention-to-treat analysis (Table 3), both intervention and usual care groups had similarly
high rates of visit completion for visits 2 and 3 (i.e. 88-92%). Intervention infants presented
earlier for their scheduled visits compared to usual care participants, with more intervention
children presenting on the scheduled visit date for both visit 2 (42.2% vs. 30.7%, p=.001)
and visit 3 (34.0% vs. 27.0%, p=.05) and within the first week following the scheduled visit
date for visit 2 (71.0% vs. 63.5%, p=.03). Models based on a cluster analysis that controlled
for clinic level variation, including urban versus rural clinic sites, had no effect on the
outcomes and, therefore, are not included in this manuscript. There was no dose-response
seen between the number of messages sent and visit completion rates or visit timeliness
among the intervention participants. Per protocol analyses (Appendix) were consistent with
intention-to-treat.

Most caregivers completed follow-up surveys at both visits 2 (=606, 91.4%) and 3 (n=524,
89.4%). Children were almost always brought to clinic by their mother (n=586, 96.7% for
visit 2 and n=514, 98.1% for visit 3). Most participants reported that their mobile phone
number did not change between visits (n=554, 91.7% for visit 2 and n=481, 92.1% for visit
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3). Most intervention caregivers remembered receiving SMS messages (n=216, 71.1% for
visit 2 and n=169, 64.3% for visit 3) with nearly all saying that the messages helped them
remember the appointment (n=213, 98.6% for visit 2 and n=168, 99.4% for visit 3). No
serious adverse events following immunization were reported.

Completion survey response rates were 73.5% (n=263) for intervention caregivers and
71.3% (n=258) for usual care. Intervention caregivers had more favorable views towards
SMS reminders than those in the usual care group (Table 4). On a 4-point ordinal scale, all
intervention caregivers reported that the SMS reminders in the study were either “very
helpful” (n= 121, 58.7%) or “helpful” (n=85, 41.3%) in reminding them of their child’s
vaccination visit and they would be either “very likely” (=103, 45.2%) or “likely” (n=124,
54.4%) to recommend SMS vaccination reminders to friends and family (one person replied
“not likely” to this question).

Discussion

We evaluated the effectiveness of SMS reminders to caregivers to improve the completion
and timeliness of infant immunization visits in urban and rural settings in Guatemala. Our
study results show similarly high rates of visit completion for both the intervention and usual
care groups, but intervention participants presented earlier for their scheduled visits and
expressed high parental satisfaction with the SMS reminders. Almost all caregivers assessed
in this low-resource setting had access to a mobile phone with SMS capability and were able
to use text messaging. Additionally, the intervention was low-cost, creating the potential for
future scalability, especially if clinic staff could be trained to use the SMS platform. The
program could be further utilized to share important information about child wellness and to
alert caregivers to vaccine shortages as well as episodic opportunities for vaccine completion
such as national immunization days or health fairs. This is one of the largest randomized
controlled trials to evaluate the efficacy of text message reminders on improving
immunization coverage in both urban and rural populations in an LMIC and, to our
knowledge, we are the only study group to test this in a Latin American country, a region
that enjoys high overall coverage for immunizations.

Immunization schedules are designed to provide optimal safety and protection against
infection at the most vulnerable ages. While achieving high immunization coverage is
needed to protect children from vaccine-preventable infections, age-appropriate vaccination
(i.e. vaccination as early as possible according to the immunization schedule) is also
important for several reasons. Late administration of vaccines results in a longer period of
susceptibility to infections, which places children at risk for specific vaccine-preventable
diseases and outbreaks and is particularly important with the cumulative effect of being late
for each subsequent visit of the primary immunization series [37-42]. Age-appropriate
vaccination also has important administrative implications for clinics and government
programs as they plan for vaccine supplies and services, especially for vaccines such as
rotavirus that are only offered during specific age-ranges. Standard measures estimating
population vaccination coverage are commonly based on up-to-date completion rates at a
specific age, without regard to the timing of the vaccinations and the degree to which
children experience delays prior to reaching the predetermined age for which they are
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labeled “up-to-date”. It has been argued that relying on up-to-date vaccination status masks
these important delays relative to age-appropriate standards and understates the degree of
underimmunization rates within a population [43-45]. For example, recent studies have
found high up-to-date childhood vaccination coverage in many LMICs but considerably
lower rates of age-appropriate vaccination [4,5,46—49]. Age-appropriate vaccination,
therefore, is an important indicator to both assess and promote, especially in LMICs where
the majority of vaccine-preventable diseases occur.

SMS reminder platforms that improve the timeliness of childhood vaccinations, such as
ours, could have far-reaching implications in providing children with optimal protection
against infections at the youngest and most vulnerable age possible. While there is growing
evidence to support SMS applications for childhood vaccine promotion, most research has
been done in high-income countries, sample sizes have been small, and study designs have
varied. The evaluation of these interventions in LMICs has generally not been done
consistently or rigorously and, to date, only limited evidence of effectiveness exists. A few
small randomized controlled trials (RCTs) have recently shown promising results for SMS
reminders for childhood vaccines in Zimbabwe [28], Pakistan [24], and our own initial study
in Guatemala [21], while an evaluation in Kenya showed that SMS reminders decreased
dropout rates for the third dose of pentavalent vaccine [26]. Additionally, a quasi-
experimental study in Bangladesh [22] and an evaluation in Vietnam [29] both demonstrated
that a digital immunization registry capable of sending text reminders could improve vaccine
coverage. Two recent studies also found improved immunization coverage using SMS
reminders coupled with compliance-linked incentives, including a pragmatic RCT in India
[23] using a phone credit incentive and a cluster RCT in Kenya [27] using monetary
incentives. Our results are similar to the Mobile Solutions for Immunization (M-SIMU) trial
in Kenya [27] where high baseline immunization coverage existed and the SMS intervention
resulted in modest improvements in immunization timeliness. However, the most significant
findings from the Kenyan study coupled SMS reminders with monetary incentives that could
present cost implications prohibiting future scalability and replication in other LMIC
settings.

Our study has important limitations. The significant political instability that led to unusually
high levels of vaccine shortages affected our study and our ability to track specific vaccine
completions as described in the Material and Methods section. We do not know whether
these shortages had an impact on the likelihood of caregivers bringing infants to clinic for
vaccinations or their decision to adhere to the primary immunization schedule. Even if
reminded, some caregivers may not have brought their infants to clinic on the scheduled date
if they thought there were insufficient vaccine supplies. We anticipate that the effects of
reminding people to adhere to a vaccine schedule will be diminished in an environment
where shortages are common. Additionally, we did not see an improvement in overall visit
completion rates with our intervention. This may have been partly because our study
population had higher baseline immunization coverage than we were adequately powered to
assess. These higher than expected completion rates were likely due in part to a selection
bias in enrolling children as they presented for their first immunization visit, which would
have unintentionally excluded children who either presented significantly delayed or not at
all for vaccines. Enrolling infants in the hospital shortly after delivery would likely be more
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representative of the population but would have required additional resources that were
outside the scope of this study. Another limitation was that while most of our intervention
participants were sent all three reminder texts, we do not know why several patients were not
sent any messages according to the mobile carrier report and why fewer messages were sent
prior to visit 3 than visit 2. The automated SMS system was subject to user error where
incorrectly entered visit dates or telephone numbers by either the study nurses or data
manager may have caused some intervention participants to be sent messages after the visit
or to the wrong phone. Unsent or lost messages may have been an additional problem with
the server. Future optimization of the SMS system will be critically important and will likely
result in greater efficacy of the intervention. Furthermore, the MPHSA of Guatemala has
developed an electronic immunization registry that is currently functional at the clinic level.
Immunization records were confirmed for patients presenting to our study clinics through
this registry. However, if caregivers brought their child to another non-study clinic, the visit
was unable to be recorded in our study. Population-based immunization registries have been
suggested as a means to improve age-appropriate vaccination and could be linked to SMS
platforms for even better efficacy [22,29,43]. This will be important to study further once a
national immunization registry is successfully implemented.

There are several important concepts that will be important to explore in future studies. For
example, we did not ask about shared mobile telephones among family members. In our
completion survey, 30-40% of intervention caregivers who brought their child to clinic did
not recall receiving a text message reminder, which may have been partly due to the sharing
of phones. This will be an important area for future exploration since phone sharing could
have significant implications for whether SMS reminder interventions are reaching the
intended recipients. While bidirectional messaging has been shown to improve some
mHealth intervention results [10], we did not use this in our study because it would have
required participants to have minutes on their phone and pay to send a message. Finally, we
did not explore the ownership and use of smartphones, which could be used with
Multimedia Message Service (MMS) technology or free mobile-messaging applications (or
apps) such as WhatsApp, Kik, Snapchat, and Facebook Messenger. Smartphone apps will be
important to examine in future studies [50].

Conclusions

We found that SMS reminders led to significant, albeit modest, improvements in age-
appropriate childhood immunization visit completion in both urban and rural Guatemala,
even in the setting of high baseline immunization rates and unusually high levels of vaccine
shortages. Timely adherence to the recommended schedule for the primary immunization
series has important implications for the effectiveness, safety, and ultimate success of
childhood immunization programs. SMS technology may offer a high-reach and low-cost
way to improve adherence to the childhood vaccination schedule by reminding caregivers
when their children are due for immunizations. Future studies will be needed to evaluate the
impact of text messaging reminders on improving childhood vaccination in other LMIC
settings and with regard to large-scale implementation.
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Appendix.

Completion rates and timeliness for visits 2 and 3 of the primary immunization series by per
protocol study groups

VISIT 2 VISIT 3
Total Usual Intervention Total Usual Intervention
care care
n(% p- n P-
0 n(%) n(%) value n(%) n (%) value
At least 1 text (n=655) (n=362) (n=293) (n=557) (n=333) (n=224)
reminder_per
protocol
Visit was 237 111 126 (43.0) .001 177 90 (27.0) 87 (38.8) .003
on schedule (36.2) (30.7) (31.8)
date
Visit was 439 230 209 (71.3) .03 340 191 149 (66.5) .03
up to 7 days (67.0) (63.5) (61.0) (57.4)
late
Visit was 500 269 231(78.8) .18 393 225 168 (75.0) .06
up to 14 days (76.3) (74.3) (70.6) (67.6)
late
Visit was 545 296 249 (85.0) .27 437 256 181 (80.8) .27
up to 30 days (83.2) (81.8) (78.5) (76.9)
late
Visit was 606 333 273(93.1) .57 497 297 200 (89.3) .97
complete (92.5) (92.0) (89.2) (89.2)
All three text (n=611) (n=362) (n=249) (n=514) (n=333) (n=181)
reminder5 per
protocol
Visit as on 223 111 112 (45.0) <.001 159 90 (27.0) 69 (38.1) .009
schedule date (36.5) (30.7) (30.9)
Visit was 415 230 185 (74.3) .005 310 191 119 (65.8) .06
up to 7 days (67.9) (63.5) (60.3) (57.4)
late
Visit was 470 269 201 (80.7) .06 359 225 134 (74.0) 13
up to 14 days (76.9) (74.3) (69.8) (67.6)
late
Visit was 510 296 214 (85.9) 17 402 256 146 (80.7) .32
up to 30 days (83.5) (81.8) (78.2) (76.9)
late
Visit was 565 333 232(93.2) .59 459 297 162 (89.5) 91
complete (92.5) (92.0) (89.3) (89.2)

aVisits for the intervention group that were not sent at least one text per protocol were excluded from the given visit
analysis (n=65 for visit 2 and n=105 for visit 3).
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Visits for the intervention group that were not sent all three texts per protocol were excluded from the given visit analysis
(n=109 for visit 2 and n=148 for visit 3).
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Highlights

A novel SMS vaccine reminder platform was optimized and implemented in a
LMIC

The SMS vaccine reminder platform was evaluated in both urban and rural
settings

SMS reminders led to significant improvements in visit timeliness

SMS vaccine reminders were acceptable to use in a LMIC with high user
satisfaction

SMS vaccine reminders have the potential for widespread scalability at low
cost
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1088 patients assessed for eligibility

368 excluded
—» 217 ineligible

Caregiver is illiterate

Patient’s age is < 6 weeks or > 6 months (n=3)

Patient is not medically cleared for vaccines (n=1)
Patient is not receiving first dose of primary series (n=10)
Patient normally attends a different clinic (n=40)
Caregiver does not own mobile phone with SMS (n=54)
Caregiver is unable to use SMS (n=3)

(n=20)

Caregiver is < 18 years or does not speak Spanish (n=73)
No caregiver available to consent (n=13)
151 declined to participate

A 4

720 enrolled (360 urban and 360 rural)

'

720 randomized (360 urban and 360 rural)

358 assigned to intervention

362 assigned to usual care

29 participants lost to follow-up
> 28 did not show to visit 2 >
1 missing scheduled visit 3

A 4

29 participants lost to follow-up
29 did not show to visit 2

A4

Included in intention-to-treat analysis

358 participants at visit 2
329 participants at visit 3

362 participants at visit 2
333 participants at visit 3

Included in intention-to-treat analysis

Figure 1.
Trial profile
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Baseline demographic characteristics at enrollment by treatment and study cohort
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Study cohort n=720 n
0,

Characteristics Usual care n=362 n(%) Intervention n=358 n(%o) p-valuea (%)
CHILD
Child’s age at enrollment (days)
Mean (SD) 71.8 (+17.8) 71.4 (+17.6) 78 71.6 (¥17.7)
Child’s gender
Male 172 (47.5) 186 (52.0) 23 358 (49.7)
Female 190 (52.5: 172 (48.0) 362 (50.3)
MOTHER
Mother’s age (years)
Mean (SD) 24.8 (£5.5) 24.7 (+5.5) .84 24.8 (+5.5)
Mother is able to read and write
No 9(2.5) 7(2.0) 63 16 (2.2)
Yes 353 (97.5) 351 (98.0) 704 (97.8)
Mother’s education
No education 4(1.1) 6(1.7) .93 10 (1.4)
Completed or some primary education 92 (25.4) 92 (25.7) 184 (25.6)
Completed or some secondary education 88 (24.3) 85 (23.7) 173 (24.0)
Completed or some higher education 178 (49.2) 175 (48.9) 353 (49.0)
Mother’s employment status
Unemployed 261 (72.1) 253 (70.7) 67 514(70.7)
Employed 101 (27.9) 105 (29.3) 206 (28.6)
Mother owns a mobile phoneb
No 28 (7.8) 16 (4.5) .07 44 (6.1)
Yes 333 (92.2) 342 (95.5) 675 (93.9)
FATHER®
Father is involved in child care
No 54 (14.9) 65 (18.2) 24 119 (16.5)
Yes 308 (85.1) 293 (81.8) 601 (83.5)
Father’s age (years)
Mean (SD) 285 (+7.3) 28.2 (£6.2) 59 28.4 (+6.8)
Father is able to read and write
No 4(1.3) 6 (2.0) 54 10 (1.7)
Yes 304 (98.7) 287 (98.0) 591 (98.3)
Father’s education
No education 4(1.3) 5(1.7) 77 9 (1.5)
Completed or some primary education 50 (16.2) 53 (18.1) 103 (17.1)
Completed or some secondary education 71 (23.1) 73 (24.9) 144 (24.0)
Completed or some higher education 183 (59.4) 162 (55.3) 345 (57.4)

Father’s employment
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Study cohort n=720 n

Characteristics Usual care n=362 n(%) Intervention n=358 n(%) p—valuea (%)
Unemployed 3(1.0) 5(1.7) .50 8(1.3)
Employed 305 (99.0) 288 (98.3) 593 (98.7)

Father owns a mobile phoneb
No 105 (35.8) 116 (42.2) 12 221 (38.9)
Yes 188 (54.2) 159 (57.8) 347 (61.1)

HOSEHOLD

Number of children
Mean (SD) 1.9 (1.0) 1.9 (+1.0) 63 1.9 (+1.0)

Family monthly income Ieveld
<Q1000 102 (28.2) 105 (29.3) 78 207 (28.8)
Q1001 - 2000 75 (20.7) 80 (22.4) 155 (21.5)
Q2001 - 3000 81 (22.4) 85 (23.7) 166 (23.1)
Q3001 - 4000 57 (15.8) 46 (12.9) 103 (14.3)
>Q4001 47 (13.0) 42 (11.7) 89 (12.4)

Landline present in home
No 265 (73.2) 274 (76.5) 30 539 (74.9)
Yes 97 (26.8) 84 (23.5) 181 (25.1)

Family owns a radio
No 103 (28.5) 114 (31.8) 32 217 (30.1)
Yes 259 (71.5) 244 (68.2) 503 (69.9)

Family owns a television
No 28 (7.7) 25 (7.0) 70 53 (7.4)
Yes 334 (92.3) 333 (93.0) 667 (92.6)

Family owns a refrigerator
No 95 (26.2) 108 (30.2) 24 203 (28.2)
Yes 267 (73.8) 250 (69.8) 517(71.8)

Family owns an electric/gas stove
No 42 (11.6) 37 (10.3) 59 79 (11.0)
Yes 320 (88.4) 321(89.7) 641 (89.0)

Family owns a car
No 242 (66.9) 255 (71.2) 20 497 (69.0)
Yes 120 (33.1) 103 (28.8) 223 (31.0)

Number of amenities®
<2 63 (17.4) 68 (19.0) 36 131 (18.2)
3 81 (22.4) 96 (26.8) 177 (24.6)
4 123 (34.0) 115 (32.1) 238 (33.1)
5 95 (26.2) 79 (22.1) 174 (24.2)

Food insecurity scoref
0 290 (80.1) 282 (78.8) 57 572 (79.4)
1 18 (5.0) 28 (7.8) 46 (6.4)
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a Study cohort n=720 n

Characteristics Usual care n=362 n(%) Intervention n=358 n(%) p-value (%)
2 7(1.9) 6 (1.7) 13 (1.8)
3 10 (2.8) 11 (3.1) 21(2.9)
24 37(10.2) 31(8.7) 68 (9.4)
Depression score?
Minimal/no depression (0-4) 345 (95.3) 338 (94.4) .59 683 (94.9)
Mild depression (5—9)’7 1747 20(586) 37(51)

a. . . . .
Chi-square test or Fisher’s exact for category and t-test for continuous variables.

One participant (usual care =1) left this answer blank for mothers, and thirty-three participants (usual care = 15, intervention = 18) responded “I
don’t know” for fathers.

cFather characteristics include a total of n = 601.

dQ = Guatemalan Quetzal (Q1 = $0.14 USD).

61Amenities scale includes ownership of radio, television, refrigerator, stove, and car.

fFood insecurity is measured with the Household Food Insecurity Access Scale (score 0 — 27). Higher scores equal more food insecurity.
gDepression is measured with the PHQ-9 (score 0 — 27).

hOne individual had a PHQ-9 score of 10 but was added into the mild depression group for analysis.
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Table 2.

Number (%) of intervention parents sent text message reminders

Number of text message reminders sent  Visit 2, (n=358) n(%)  Visit 3, (n=329) n(%)

0 57 (15.9) 90 (27.4)
1 19 (5.3) 20 (6.1)
2 23 (6.4) 25 (7.6)
3 259 (72.4) 194 (59.0)
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Table 3.

Completion rates and timeliness for visits 2 and 3 of the primary immunization series

VISIT 2 VISIT 3al
Total Usual care  Intervention Total Usual care  Intervention
n(%o) n(%) n(%) P-value n(%) n(%) n(%) P-value
Intention-to-treat (n=720) (n=362) (n=358) (n=66) (n=33) (n=329)
Visit was on scheduled date 262 (36.4) 111 (30.7) 151 (42.2) 001 202(30.5) 90 (27.0) 112 (34.0) .05
Visitwas upto 7 days late 484 (67.2) 230 (63.5) 254 (71.0) 03 392(59.2) 191(57.4) 201 (61.1) 33
Visit was up to 14 days late 550 (76.4) 269 (74.3) 281 (78.5) 19 451(68.1) 225(67.6) 226 (68.7) 76
Visit was up to 30 days late 599 (832) 296 (81.8) 303 (84.6) .30 509 (46.9) 256 (76.9) 253 (76.9) .99
Visit was completed 663(92.1) 333(92.0)  330(92.2) 92 586 (88.5) 297 (89.2) 289 (87.8) 59
Sent at least 1 text reminder?  (1=663) (n=362) (n=301) (n=572) (n=333) (n=239)
Visit was on scheduled date 243 (36.7) 111 (30.7) 132 (43.9) <.001 179 (31.3) 90 (27.0) 89 (37.2) .01
Visitwas up to 7 days late 446 (67.3) 230 (63.5) 216 (71.8) 02 347(60.7) 191 (57.4) 156 (65.3) .06
Visit was up to 14 days late 507 (76.5) 269 (74.3) 238 (79.1) A5 400(69.9) 225(67.6) 175 (73.2) 15
Visit was up to 30 days late 552 (83.3) 296 (81.8) 256 (85.1) .26 449 (78.5) 256 (76.9) 193 (80.8) .27
Visit was completed 613(92.5) 333(92.0) 280 (93.0) 62 510(89.2) 297 (89.2) 213 (89.1) 98

a . . . . . . . . . .

Individuals who did not have a visit 2 and therefore did not receive a visit 3 scheduled date (n=29 usual care and n=28 intervention) or the visit 3
scheduled date was missing despite having a visit 2 (n=1 for intervention) were excluded from the visit 3 analysis since there was no scheduled
vaccine visit date for these participants.

Visits for the intervention group that were not sent at least one text reminder prior to the scheduled visit date were excluded from the given visit
analysis (n=57 for visit 2 and n=90 for visit 3).
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Table 4.

Caregiver attitudes regarding the reminder intervention
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Completion Survey Questions

Usual care (n=258)

Intervention (n=263) % a
(n p-value

% (n)
How helpful would it be for you to receive text message reminders for
vaccination appointments in the future?
Very helpful 28.7 (74) 49.1 (129) <.001
Helpful 67.8 (175) 49.8 (131)
Not helpful 35(9) 1.1(3)
Not at all helpful 0 0
How willing would you be to pay for a text message to be reminded about
your child’s vaccinations?
Very willing 8.5(22) 20.9 (55) <.001
Willing 45.0 (116) 47.9 (126)
Not willing 28.7 (74) 21.3 (56)
Not at all willing 17.8 (46) 9.9 (26)
How much would you be willing to pay per month for a phone application
to remind you about vaccine appointments for your child?
<Q10
Q10-Q30 86.1 (222) 78.3 (206) 13
Q31-Q50 2.3(6) 3.8 (10)
>Q50 3.1(8) 3.8(10)
8.5 (22) 14.1 (37)
How helpful would it be for you to receive text message reminders for
other things in the future, such as reminders for other clinic appointments
or to take medications?
Very helpful 31.0 (80) 46.0 (121) <.001
Helpful 62.8 (162) 52.1 (137)
Not helpful 6.2 (16) 1.9 (5)
Not at all helpful 0 0
What is the best time of the day to receive text message reminders?
Night (12 am - 6 am) 27(7) 1.9 (5) .56
Morning (6 am - 12 pm) 77.9 (201) 74.9 (197)
Afternoon (12 pm - 6 pm) 14.0 (36) 18.3 (48)
Evening (6 pm - 12 am) 5.4 (14) 4.9 (13)

aFisher’s Exact test

bQ=GuatemaIan Quetzal (Q1 = $0.14 USD)
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