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AUTHENTICATION AND FOLLOW-UP

The field staff were locally recruited 
and trained before this study. A pilot 
run of the software platform was 
performed at the study site from 
May 2016 to June 2016 to assess 
Web and mobile phone connectivity 
and to ensure that all operations 
performed optimally in real time. At 
the start of the study, each mobile 
phone was authenticated by a 2-step 
process by using an automated 
SMS verification code sent to the 
caregiver’s mobile phone during 
enrollment. The authenticated mobile 
phone would receive a welcome 
message that was verified by the 
field worker. For the group receiving 
compliance-linked incentives, 
an additional authenticated step 
was used to ensure that mobile 
phones on different carriers could 
receive automated incentives. 
The field worker identified the 
carrier by inspecting the mobile 
phone screen or the SIM card and 
entering this information into the 
software platform. This immediately 
triggered the delivery of mobile 
phone talk time equivalent to 
INR Rs20 (approximately USD 
$0.33) to the caregiver’s mobile 
phone, which was then manually 
verified by the field worker. INR 
Rs30 (approximately USD $0.50) 
per completed immunization was 
provided subsequently to this group. 
Prescripted instructions were 
verbally provided at recruitment and 
at each follow-up visit as follows: 
caregivers of children assigned to 
the control group were informed 
to come back for immunization at 
the next scheduled date, caregivers 
of children assigned to the group 
receiving automated mobile phone 
reminders alone were informed to 

come back for immunization on the 
date indicated by the automated 
mobile phone reminder, and 
caregivers of children assigned 
to the group receiving automated 
reminders with compliance-linked 
incentives were informed to come 
back for immunization on the date 
indicated by the automated mobile 
phone reminder and were informed 
that they would receive a specified 
amount of mobile phone talk time at 
the follow-up visit.

BIOMETRIC IDENTIFICATION

Biometric information (right index 
finger print) for the caregiver was 
collected at enrollment and verified 
by scanning the same finger 7 times. 
In rare cases in which the right index 
finger was not reliable, the right 
thumb, left index finger, or left thumb 
was used in that order. Additional 
caregivers could be added during 
follow-up visits and mobile numbers 
for caregivers could also be updated, 
but these procedures required 
the same verification process as 
described earlier.

AUTOMATED REMINDERS AND 
COMPLIANCE-LINKED INCENTIVES

For the study groups receiving 
automated reminders, SMS 
messages in the local language 
(Hindi) comprising the name of the 
child and the return date for the 
next scheduled immunization visit 
were sent. For the group receiving 
compliance-linked incentives, an 
SMS message in Hindi stating that 

mobile phone talk time (in INR) 
would be received on successful 
completion of the scheduled visit 
was sent simultaneously with the 
automated reminder. SMS messages 
were sent at 8:00 am Indian Standard 
Time 2 days before and on the 
scheduled day of the immunization, 
and messages were no longer than 2 
sentences. For children who did not 
return on or before the scheduled 
date, 2 additional automated SMS 
reminders were sent the day after 
and 7 days after the scheduled return 
date. At follow-up visits, mobile 
phone minutes equivalent to INR 
Rs30 (approximately USD $0.50) 
per completed immunization were 
provided in the compliance-linked 
incentives group. Immunizations 
received by a subject elsewhere 
during the study could also be added 
to the immunization records for 
both study groups and the control 
group, but compliance-linked 
incentives were only provided for 
immunizations registered by the 
software platform in the appropriate 
study group. Automated reminders 
were sent to all verified caregivers 
for a given child, but compliance-
linked incentives were only provided 
to the primary caregiver’s mobile 
phone (identified during enrollment). 
All data transfers and compliance-
linked incentive transactions were 
automated and occurred in real time. 
We also calculated the cost in mobile 
phone messaging and compliance-
linked incentives. Because automated 
reminders were sent to multiple 
verified caregivers for each child, the 
costs for mobile phone messaging 
(USD $0.0048 per message) 
were cumulative of all messages 
sent to all caregivers. However, 
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compliance-linked incentives 
were only provided to the primary 
caregiver’s mobile phone, and these 
costs were also included.

SAMPLE SIZE

Before the study, we anticipated that 
our best intervention would increase 
the baseline immunization coverage 
by at least 20%, compared with the 
control group. Assuming up to a 20% 
exclusion rate, we calculated that a 
sample size of 175 per group would 
yield us 90% power at a 5% level of 
significance for this outcome.

STATISTICAL ANALYSIS

To compare immunization coverage 
at enrollment and at the end of 
the study, the incidence rate ratio 
was calculated, accounting for 
median patient days in the study 
and the number of subjects for each 
intervention group. Unadjusted 
immunization coverage for each 
study group was calculated with 
Poisson exact 95% confidence 
intervals. Multivariable Poisson 
regression analysis was used to 
estimate adjusted immunization 
rates in the 2 test study groups, with 
the control group as a reference. 

Comparison between groups for 
timeliness of immunization was 
calculated by using Fisher’s exact 
test. Data analysis was performed by 

using Stata, version 14 (StataCorp, 
College Station, TX) or GraphPad 
Prism, version 6.05 (GraphPad 
Software, Inc, La Jolla, CA).
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SUPPLEMENTAL FIGURE 4
Tablets, software, and interaction with the study subjects. Subject enrollment was performed 
by trained health care workers by using the following commercially available hardware: tablet 
computers running Windows 8.1 and Internet Explorer 11 (Microsoft Corporation, Redmond, WA) 
connected to a GPS receiver (BT-821C; GlobalSat WorldCom, Chino, CA) and a biometric finger 
scanner (FS 80 HA; Fulcrum Biometrics India Pvt Ltd, Gurgaon, India). The tablets communicate (via 
3G broadband) with the cloud-based software platform developed by Royal Datamatics Pvt Ltd that 
runs on an encrypted Microsoft Azure server.
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SUPPLEMENTAL FIGURE 5
Immunization doses administered over the course of the study by study group. The cumulative 
number of doses administered from the time of enrollment in the control (brown), automated mobile 
phone reminders alone (purple), and automated reminders with compliance-linked incentives 
(green) groups for the (A) measles, (B) DPT, (C) rotavirus, and (D) Haemophilus influenzae type B 
vaccines are shown. Data for DPT and H influenzae type B were also derived from administration of 
the pentavalent vaccine (DPT, hepatitis B, and H influenzae type B).

SUPPLEMENTAL TABLE 6  Immunizations 
Were Provided and 
Administrated by 
Government Staff 
per the National 
I m m u n i z a t i o n 
Program

Birth

BCG OPV Hepatitis B
1.5 mo 2.5 mo 3.5 mo

OPV OPV OPV
Rotavirus Rotavirus Rotavirus
Pentavalent Pentavalent Pentavalent

IPVa

9 mo 16–24 mo
Measles or MR Measles or MR OPV

DPT

A pentavalent vaccine (DPT, hepatitis B, and H influenzae 
type B), injectable IPV, and rotavirus vaccines were 
recently introduced in this region. DPT and pentavalent 
vaccines as well as measles and MR vaccines were being 
concurrently used during the study, and we therefore 
considered them equivalent for the primary outcome of 
the study. For the primary study, outcome administration 
of the pentavalent and MR vaccines were counted as a 
single dose. BCG, bacille Calmette-Guerin; IPV, inactivated 
polio vaccine; MR, measles and rubella; OPV, oral polio 
vaccine.
a IPV is recommended in addition to the OPV at 3.5 mo, but 
given its recent introduction, it was considered optional.

SUPPLEMENTAL TABLE 7  Mean Increase in Immunization Coverage for Individual Vaccines During 
the Study

Control Automated 
Reminders

Automated Reminders With Compliance-
Linked Incentives

Overall

BCG 23.63 24.47 27.37 25.14
DPT 4.23 4.52 6.82 5.19
H influenzae type B 4.96 5.51 8.13 6.2
Polio 11.18 14.27 15.5 13.65
Hepatitis B 13.33 13.56 17.13 14.65
Rotavirus 11.58 10.11 13.5 11.69
Measles −1.98 −11.88 2.92 −4.18

Immunization coverage is defined as the percent of the number of vaccines received by a child divided by the number of 
vaccines required for the child for their age at the time of measurement. Data for DPT, hepatitis B, and H influenzae type B 
were also derived from administration of the pentavalent vaccine (DPT, hepatitis B, and H influenzae type B). BCG, bacille 
Calmette-Guerin.




