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A B S T R A C T

Background and Objective: The implementation of health information systems (HIS) could overcome obstacles in
human resources and infrastructure at primary health care centers (PHCs). This study involved an e-Leprosy
framework being integrated into the real setting of a leprosy control program in Indonesia. The objectives of this
implementation study were to integrate e-Leprosy into a leprosy control program at 27 PHCs in Pekalongan
District. Central Java Province, Indonesia to explore factors related the success or failure of such an im-
plementation regarding the usability, involvement, and acceptance of e-Leprosy by PHC staff and to evaluate the
effect of the implementation on leprosy patient attendance at PHCs. This paper is based on the Standards for
Reporting Implementation Studies (StaRI) statement.
Method: This study used mixed methods implementation research with longitudinal analysis and involved two
groups of participants: Leprosy Surveillance Officers (LSOs), patients, and the relatives of patients. This study
involved four phases consisting of preparation, baseline assessment, intervention, and evaluation. The qualita-
tive study conducted focus group discussions and in-depth interviews. The e-Leprosy program automatically sent
SMS reminders regarding leprosy treatment to the LSOs, patients, and patients’ relatives every month.
Findings: This study determined that LSO had difficulties related to their workloads in PHCs while managing
information and monitoring treatment and contact after release from treatment. The baseline assessment phase
found that LSOs in Pekalongan District were unfamiliar with email but familiar using the internet. Overall, LSOs
had a positive perception of the e-Leprosy program. The usability of this e-Leprosy program tended to increase
over time, while acceptance of the e-Leprosy exhibited a significant relationship with computer and internet
fluency (r = 0.48, p<0.05) and age (r = 0.621, p< 0.01). The responsible patients correlated (r = 0.67,
p< 0.01) with involvement in the e-Leprosy program. This study revealed that patient reminders increased on-
time attendance by 13.9 % (p< 0.01 with OR = 2.41).
Conclusion: Factors that should be considered during implementation HIS included the digital gap, PHC’s staff
workload, as well as the level of commitment and leadership in the health office.
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1. Introduction

The World Health Organization (WHO) has listed neglected tropical
diseases as a continuing major health issue in certain countries, with
leprosy representing one of many such diseases in Indonesia. Of the
200,000 new leprosy cases occurring worldwide each year, approxi-
mately 80 % occur in India, Brazil, and Indonesia [1,2]. In 2017, In-
donesia reported 15,910 leprosy new cases, even though 38 countries
reported< 10 leprosy cases and 30 countries reported zero cases [3].
Leprosy patients require regular multi-drug therapy (MDT)1 treatment
for up to a six- or 12-month period, depending on their leprosy type. As
such, the adherence of patients to MDT regimens represents a great
challenge since the long treatment duration may lead to residual
sources of infection, incomplete cure, persisting infections, irreversible
complications, transmission to new susceptible individuals, multi-drug
resistance, and disability or deformity development [4–6]. Therefore,
an integrated and innovative approach—such as using a health in-
formation system (HIS)2 —is required to improve patient adherence to
MDT regimens and leprosy elimination programs [7]. To date, a limited
number of studies have embraced digital health in leprosy control
programs, despite digital health innovations being recommended to
improve disease programs in developing countries, which involve dis-
ease prevention, surveillance, self-management, and compliance [8,9].
The adoption of digital health in leprosy control programs is concordant
with the Global Leprosy Strategy 2016‒2020, which promotes innovative
approaches such as the deployment of digital health with public health
initiatives [10].

Implementation science (IS) has been defined as the scientific study
of methods to promote the systematic uptake of clinical research find-
ings and other evidence-based practices into routine practice [11]. It is
a new field to fill the gap between research and practices since it is
embedded in reality and involves people working in the real world
(practitioners as opposed to individuals performing research only) [12].
Implementation research frameworks are increasingly applied and
widely adopted in health service research; unfortunately, no im-
plementation research model specific to eHealth exists to date, espe-
cially in Phase IV of implementation. Notably, a Phase IV study ac-
commodates or encourages a diversity of patients, professionals, and
healthcare contexts to improve implementation in real-life settings
[13].

Notably, medical informatics has suffered from a lack of im-
plementation research because the progress translation from research
into practice has been excruciatingly slow [14]. Some models of im-
plementation research that are likely relevant to eHealth implementa-
tion research include (1) the Evidence Integration Triangle; (2) Ex-
panded Chronic Care Model; (3) Health Literate Care Model; and (4) the
RE-AIM Model (Reach, Efficacy/Effectiveness, Adoption, Implementa-
tion, and Maintenance) [15].

Indonesia has approximately 9000 primary health care centers
(PHCs)3 in 530 districts, which serve to detect new cases, monitor
treatment, and evaluate the outcome of the leprosy control program
[16]. Regular and on-time MDT treatment in PHCs by leprosy patients
is the key factor in ensuring successful therapy and better outcomes.

To the best of our knowledge, this study represents the first piece of
implementation research on the Indonesian leprosy control program
using the deployed e-Leprosy framework. The e-Leprosy program is a
web-based application featuring automated SMS reminders in which
the sending and receiving of notification messages among leprosy sur-
veillance officers (LSOs) and the developed system. The e-Leprosy
program has been implemented at 27 PHCs in Pekalongan District,
Indonesia.

The objectives of this implementation study were to integrate e-
Leprosy into the real setting of the leprosy control program and to
evaluate the effect of interventions on this program (i.e., timely follow-
up visits by leprosy patients). Furthermore, we explored factors related
to the success and failure of e-Leprosy program intervention, such as
digital health literacy, usability, and the involvement and the accep-
tance of the program by LSOs. This paper is reported based on the StaRI
statement and describes the process and outcomes of each phase of the
e-Leprosy program intervention in PHCs.

2. Method

2.1. Description

2.1.1. Research design
This study involved implementation research using a mixed

methods study design. A mixed methods design was chosen because it
provides a practical method of understanding multiple perspectives,
different types of causal pathways, and multiple types of outcomes as
accepted features of implementation research problems [17–19].

We applied the RE-AIM implementation research model since the
focus of the model is research and its translation into practice.
Furthermore, the RE-AIM framework is intended to assist in the plan-
ning, conduct, evaluation, and reporting of research studies rather than
to only guide the implementation of a specific innovation [20–22]. The
models of implementation study have steps that consist of several ac-
tivities, including: (1) To identify care gaps and the need for change; (2)
To identify barriers to the consistent use of guidelines; (3) Review
evidence on implementation interventions; (4) Tailor or develop in-
terventions to improve performance; (5) Implement the interventions;
(6) Evaluate the process of implementation; (7) Evaluate the outcomes
of the interventions [23].This implementation study reported based on
the Standards for Reporting Implementation Studies (StaRI) statement
[24]. In the present study, we used the StaRI statement since it was
expected to determine the key components of the implementation
strategy, process, and health outcomes that should be measured [25].
Notably, specific health informatics reporting standards e.g., Statement
on Reporting of Evaluation Studies in Health Informatics (STARE-HI)
and a guideline for Good Evaluation Practice in Health Informatics
(GEP-HI) seem to focus more on evaluating digital health as opposed to
reporting on the real-setting implementation, exploring neither the
process or the potential factors affecting implementation [26]. How-
ever, the present study utilized STARE-HI for the section on reporting a
description of the e-Leprosy intervention [27].

In the present study, we sought to understand and develop an e-
Leprosy intervention within the real-world PHC conditions of Indonesia
so that the intervention did not control the conditions or remove in-
fluences such as the causal effects of the implementation. This research
study was more focused on the process of integrating the e-Leprosy
program in the real world by exploring factors of success and failure
during the integration, which consist of digital health literacy, usability,
the involvement of patients and stakeholders, and the acceptance of the
program.

For this study, we selected Pekalongan District, Indonesia as the
pilot project area. This study describes four phases consisting of pre-
paration, baseline assessment, intervention, and evaluation. The long-
term observations and interventions were performed in the real setting
of a leprosy control program to capture and understand the routines of
PHC practices. These approaches represent the first steps in developing
a workable strategy to enable the integration of self-management into
practice.

2.1.2. Context
2.1.2.1. Preparation phase. In the preparation phase of the study, we
conducted in-depth interviews and focus group discussions (FGDs). The
informants consisted of one leprosy supervisor from the provincial

1 MDT: Multi Drug Therapy
2 HIS: Health Information System
3 PHC: Primary Health Care or Public Health Centers
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health office, one staff of the National Consultant of Leprosy, two staff
of the leprosy control program, two staff of the Center for Disease
Control of the Pekalongan District Health Office, and three PHC
Managers and their LSOs.

Furthermore, the qualitative study was conducted at the Regional
Health Office in Central Java Province, Pekalongan District, at the PHC
level to capture the perspectives of LSOs regarding the obstacles and
challenges of the leprosy control program. At this stage, we also in-
vestigated an appropriate health informatics intervention in the belief
that using the perspectives of LSOs in the development e-Leprosy fra-
mework would lead to more successful outcomes in subsequent inter-
vention stages.

The results of the qualitative study were then confirmed through a
quantitative study by distributing a questionnaire during monthly
meetings at the Pekalongan District Health Office.

2.1.2.2. Baseline assessments. We performed a baseline assessment for
27 LSOs at PHCs and one district leprosy supervisor. The assessment
aimed to explore the digital health literacy of leprosy officers in terms
of their understanding of using mobile phones, the internet, and
computers. In this phase, we used standardized questionnaires such as
the computer, email, and web fluency questionnaire (CEW)4 [28] and
eHealth literacy scale (eHeals)5 questionnaire [29]. The questionnaires
were distributed to LSOs during monthly meetings at the District Health
office before the intervention began.

2.1.2.3. Intervention phase. The e-Leprosy framework was deployed in
all of 27 PHCs at Pekalongan District, which is a rural district and
endemic leprosy area in Central Java Province, Indonesia. The
integration process involved collaboration with a leprosy district
supervisor at the District Health Office, who involved the PHC staff
managing the leprosy control program (i.e., LSOs).

Every month, the Pekalongan District Health Office regularly or-
ganized meetings for LSOs. During these meetings, the socialization and
integration processes of the e-Leprosy program were deployed.
Furthermore, these meetings were also used for training purposes, en-
couragement, and to motivate LSOs to become actively involved in the
e-Leprosy program and to distribute the usability questionnaires four
times during the e-Leprosy program intervention.

2.1.2.4. Evaluation phase. In this study, we evaluated the effect of the e-
Leprosy program intervention from July 1, 2014 to June 31, 2016. We
evaluated the on-time attendance of patients at the PHC according to
the schedule mentioned in the SMS reminders. LSOs were evaluated for
their perception of e-Leprosy through a distributed questionnaire at the
end of the study during regular meetings at the Pekalongan Health
Office.

2.1.3. Target
This study targeted patients registered from July 1, 2014, to June

31, 2016, patients’ families, and 27 LSOs in PHCs, and leprosy district
supervisor at the District Health Office. We enrolled patients and their
families who were willing to share their phone numbers and receive
monthly SMS reminders during leprosy treatment.

LSOs who had leprosy patients in their PHC were involved in this
study by inputting patient data and replying to the e-Leprosy program.
LSOs were required to reply to the e-Leprosy program by SMS if patients
came to their PHCs for MDT treatment.

2.1.4. Description of intervention
This implementation study deployed e-Leprosy at PHCs of the

Pekalongan District Health Office. Pekalongan District is a rural area of

the Central Java Province of Indonesia with 27 PHCs as health facilities
to manage the leprosy control program. PHC locations were distributed
into sub-districts and the sub-districts are unfortunately different with
respect to internet quality and mobile phone networks.

The e-Leprosy framework was the HIS model for the routine health
service of leprosy patients, monitoring MDT, surveillance after release
from treatment, and contacts tracing of patients. E-Leprosy program is a
web-based application system enriched with bidirectional SMS notifi-
cations for LSOs, but only involves one SMS direction (outgoing) for
leprosy patients and family (Fig. 1).

The e-Leprosy framework was made exclusively for leprosy disease
using open-source software. The technical specification of the e-Leprosy
server was run on the Linux Deeping 2014.1 Operating System (Ubuntu
Trusty Derivative), Kernel Version 3.13.0−24-generic SMP 64 bit,
XAMPP for Linux 64bit 1.8.3−4, Gammu Version Gammu SMSD:
1.33.0 and OpenSSH Server: 1:6.6p1−2ubu.

The e-Leprosy program automatically sent SMS reminders to leprosy
patients to take MDT at PHCs for 6 or 12 months. The reminders were
sent to LSOs, patients, and patients’ relatives who were included in the
e-Leprosy database every month, three days before and after the due
date of MDT from July 1, 2014 to June 31, 2016.

The design of e-Leprosy resulted in LSOs only receiving reminders
for registered patients in their PHCs, with 22 of 27 PHCs having had
leprosy patients. LSOs were expected to reply to e-Leprosy when pa-
tients already took the MDT (Table 1) so that the updated MDT re-
minder scheduled for the following month was sent based on their re-
plies.

A total of 22 LSOs, 101 patients, and patients’ families regularly
received an SMS every month during patient treatment based on each
patient’s leprosy type. Reminders were sent the Paucibacillary (PB) type
for six months and the Multibacillary (MB) type for 12 months. The e-
Leprosy program was designed to stop sending messages when the
program recognized that patients had already completed their treat-
ments. To prevent incomplete treatments, these reminders would be re-
sent if the e-Leprosy program did not receive any SMS replies for three
consecutive months (Table 1).

2.1.5. Sub-groups
The intervention of the e-Leprosy program involved two groups of

participants. The first group was comprised of patients and their fa-
milies, while the second group comprised LSOs working at PHCs. While
analyzing the process, we then divided the first group of participants
into two sub-groups consisting of before- and after-intervention pa-
tients. The proportion of on-time attendance of patients who took MDT
each month is compared before and after the intervention.

The second group of participants recruited all 27 LSOs and one le-
prosy district supervisor. In addition to replying to the e-Leprosy pro-
gram, the LSOs were involved in the e-Leprosy framework by collecting
and inputting patient data into the e-Leprosy program, including in-
formation such as patient demographics, patient and relatives’ phone
numbers.

2.2. Evaluation of phases

2.2.1. Outcomes
2.2.1.1. Preparation phase. The preparation phase aims to understand
the flow of information, to determine out the need for information, to
receive feedback on difficulties in the leprosy control program, and to
ascertain the feasibility and appropriateness of the HIS model. The
results of the preparation phase were to develop the e-Leprosy
framework and the description of obstacles to the leprosy control
program, which brings attention to factors such as problems related to
workload, training and competency, job descriptions, and
infrastructure.

2.2.1.2. Baseline assessment. The outcomes from the baseline

4 CEW: Computer, Email, Web Fluency
5 eHeals: eHealth Literacy Scale
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assessment were characteristic of leprosy staff and the digital health
literacy of LSOs. These outcomes were measured by the standardized
CEW [28] and eHeals questionnaires. The eHeals questionnaire has
responses ranging from strongly disagree to strongly agree, with scores
ranging from 1 to 5 [29]. The CEW questionnaire is widely used to
assess people’s proficiency with computers, email, and the internet, and
eHeals is applied to measure knowledge of computers (or of a particular
language or skill) to a level conducive to achieving health-related goals
[30,31]. Notably, these skills are considered influential for health
professionals in this digital era.

2.2.1.3. Intervention phase. The outcomes of this phase compromised
the usability and involvement of the LSOs and patients in the e-Leprosy

program. The proportion of involvement of both the LSOs and patients
were reported. The involvement of patients was defined as the numbers
of patients and families that were willing to share their phone numbers
and receive SMS reminders every month to take MDT at PHCs, while
the involvement of LSOs was defined as the numbers of SMS responses
that were sent to the e-Leprosy program after patients received MDT
from PHCs.

The usability of e-Leprosy by LSOs was measured using the stan-
dardized Computer System Usability Questionnaire (CSUQ). This
questionnaire is widely used to assess usability with a system in non-
laboratory settings [32]. Usability was measured four times during the
e-Leprosy intervention and usability trends are reported.

Fig. 1. e-Leprosy framework for the leprosy control program in Pekalongan District, Indonesia.

Table 1
The format of e-Leprosy SMS reminders sent to leprosy surveillance officers (LSOs), patients, and patients’ families.

Function Format Example

The format of the SMS
reminders sent to
patients, their
relatives, and LSOs

Patient<space> name #no.reg#ID#PHC< space > name of
PHC#please<space> take<space>
MDT<space> number<space>X#Date<space> < yyyy/mm/dd>

Patient Elly#123,456,789#987,654,321#PHC
Buaran#please take MDT number 7#Date 2014/
10/28

The format of the SMS
reply sent by LSOs

MDT<space> numberX#Patient<space> name# no.reg#ID# PHC<space> name of
PHC#please<space> take<space> MDT<space> number<space>X
#Date<space> <yyyy/mm/dd> (LSOs only edit the underlined text with the MDT
number and the date on which patients underwent MDT)

MDT number 7#Patient
Elly#123,456,789#987,654,321#PHC
Buaran#please take MDT number 7#Date 2014/
10/29

The format of the SMS
reminder to avoid
defaulting, sent to
patients, their
relatives, and LSOs

Patient<space> name#no.reg#ID#PHC<space> name of PHC# did not<space>
take<space> drug<space> since#date<spasi> < yyyy/mm/dd>

Patient Elly#123,456,789#987,654,321#PHC
Buaran#did not take drug since#date 2014/11/29

The format of the SMS
reply to avoid
defaulting, sent by
the LSOs

MDT< spasi> numberX/DEFAULT/DEAD/MOVE/RFT#
Patient<spasi> name#no.reg#ID# PHC<spasi> name of PHC# did not<space>
take<space> drug<space> since#date<spasi> <yyyy/mm/dd> (LSOs edited the
underlined text in the MDT status and the date the status was updated)

Default#Patient
Elly#123,456,789#987,654,321#PHC Buaran#did
not take drug since#date 2015/05/29
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2.2.1.4. Evaluation phase. The outcomes of the evaluation phase were
the main outcomes of this implementation research program since it
reported the impact of the e-Leprosy intervention. These outcomes were
the proportion of on-time attendances (OTAs)6 of leprosy patients as
well as the perceptions of LSOs regarding the e-Leprosy program, which
ranked the usefulness, easiness, and suitability need.

2.2.2. Process evaluation
2.2.2.1. Preparation phase. In the preparation phase, we evaluated the
condition of and obstacles to the leprosy control program at PHCs based
on the results of the qualitative and the quantitative study to develop a
framework to match the resources available at the PHCs.

2.2.2.2. Baseline assessment. In the next phase of this study, we
evaluated the digital health literacy of LSOs as the baseline of the
next intervention phase. The result of the baseline assessment was used
to understand their computer and internet skills to generate training
and motivate LSOs to become actively involved in the study.

2.2.2.3. Intervention phase. In the intervention phase, we monitored the
usability of e-Leprosy through a questionnaire that was periodically
distributed four times during the intervention. Furthermore, this study
evaluated the involvement of LSOs by comparing the SMS reply with
the attendance events recorded in the manual leprosy registry cohort at
PHCs. We also encouraged the LSOs to input the data of patients who
were willing to share their phone numbers and receive monthly SMS
reminders during their treatment.

2.2.2.4. Evaluation phase. We evaluated the impact of the e-Leprosy
intervention by evaluating the OTAs of leprosy patients and LSOs’
perceptions of the e-Leprosy program. We recorded patient visit dates
to measure the periods between MDT collections, and identified
patients taking the blister packs ≥ 31 days as the late patients. In
this phase, we also compared the proportion of OTAs the patient
attending among patients before and after the intervention group.

2.2.3. Economic evaluation
The e-Leprosy platform was created exclusively for leprosy disease

using open-source software, including Linux and Gammu. No existing
open-source platform is available due to the design uniqueness—spe-
cifically the SMS reminder for e-Leprosy.

Based on the results of the preparation phase and baseline assess-
ment, SMS was chosen as the most applicable platform matching the
infrastructure and resources of PHCs. Furthermore, the cost of an SMS
reminder is very low because various SMS packages are available from
telecommunication services providers in Indonesia. Therefore, SMS
could utilize to deploy this e-Leprosy framework for the leprosy control
program in Indonesia.

2.2.4. Sample size
We observed two groups of patients attending PHCs before and after

the intervention of the e-Leprosy program. The first group, formed
before the intervention, was registered with 218 patients from June 1,
2012 to June 31, 2014. The second group was registered with 177
patients from July 1, 2014 to June 31, 2016, of which 101 patients were
involved in the intervention phase. This reduction in patients was due
to the number of families that were willing to share their phone num-
bers and receive SMS reminders.

2.2.5. Analysis
The data were analyzed using Microsoft Excel and IBM SPSS 20. The

Spearman’s Rank Correlation test, Chi-squared test, and T-test were
used to analyze factors influencing the involvement of patients and PHC

workers in the e-Leprosy framework and the impact of the intervention.

2.2.6. Sub-group analyses
The e-Leprosy program involved two groups of participants in the

framework: LSOs and patients, along with patients’ relatives. In this
study, we collected patient data of before and after intervention using
registry cohort and e-Leprosy databases, respectively.

We recruited nearly all of the 27 staff members responsible for the
leprosy control program (i.e., LSOs). The LSOs received and replied to
the e-Leprosy program upon their patients receiving MDT. The in-
volvement of LSOs was measured based on their replies to the e-Leprosy
program. The numbers of SMS messages sent to the e-Leprosy program
were cross-checked with the attendance events recorded in the paper-
based patient records and the manual leprosy registry cohort at PHCs.

3. Results

3.1. Preparation phase

3.1.1. Qualitative study
The qualitative study resulted in PHCs encountering several diffi-

culties in managing the information of leprosy patients and requiring
help from a HIS, while patients had low-mid end mobile phone and
patients’ relatives were not active in their treatment overall. Notably,
the results of the qualitative study have been published elsewhere [33].
The outcome of the qualitative study was then confirmed with the
quantitative study to explore greater details regarding the condition of
the leprosy control program at PHCs.

3.1.2. Quantitative study
This quantitative study aimed to confirm the qualitative results and

investigate obstacles to the leprosy control program at PHCs. The
questionnaire was distributed to 25 of 27 LSOs and contained a seven-
item Likert scale. We deleted neutral item options to avoid confusion
for LSOs since they most likely would provide answers with no opinion.
Therefore, the score range was 1–6, with the response ranging from
highly disagree to highly agree. Obstacles to the leprosy control pro-
gram can be divided into workload, training, competences, job de-
scriptions, infrastructure, and finance. Fig. 2 shows that the biggest
problem of the leprosy control program was related to workload fol-
lowed by infrastructure.

We observed that 100 % of LSOs experienced a heavy workload at
PHCs. Typically, PHCs have only one LSO that is also responsible for
another health program. However, most LSOs (92 %) needed and
agreed to the HIS implementation. Moreover, LSOs received leprosy
control program management training (84 %) despite the fact that the
training was performed after the LSOs had a rotation in the leprosy
control program (Supplement 1).

Most of the LSOs (80 %) experienced difficulties in tracing patients'
contact after their Release From Treatment (RFT)7. Some LSOs lost the
documentation due to staff rotation (75 %), and LSOs should deliver
MDT to patients (52 %). Moreover, 100 % of LSOs agreed that a re-
minder system helped them to manage patients. Furthermore, LSOs also
had difficulties in infrastructure and operational finances, except for the
availability of MDT (Supplement 1).

3.2. Baseline assessments

3.2.1. Characteristics of leprosy officers
The basic characteristics of LSOs were 64.3 % male and 71.4 %

Diploma Degree holders. The age range of LSOs was 28–56 years old
(37.8±7.4), while their work experience was 3–34 years (14.1± 8.8).
The self-perception of most LSOs regarding their internet and computer

6 OTAs: On-time Attendances 7 RFT: Release From Treatment
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skills was poor (> 50 %), with only 32.1 % feeling satisfied with their
skill level. All of the LSOs had a mobile phone, though only 39.3 % had
a smartphone. Furthermore, 71 % of LSOs did not have internet con-
nections on their mobile phones, and 75 % never accessed the internet
from their workplaces (Supplement 2).

3.2.2. Digital health literacy
3.2.2.1. Computer, email, and web fluency. The LSOs of Pekalongan
District were unfamiliar with email since most of the email functions
were not managed well by LSOs (> 50 %); however, their familiarity
with the internet search function was sufficiently high (71.4 %) despite
their low ability in using it (71.4 %). Some LSOs were unable to perform
basic computer skills such as printing documents, switching a computer
on, restarting a computer, and beginning new documents (range: 10–15
%) (Supplement 3).

3.2.2.2. E-health literacy. The present study used an eHeals
questionnaire to measure the e-health literacy of LSOs at Pekalongan
District. All of the LSO only answered a positive response so that
negative options were deleted from display in Supplement 4.

We observed that the LSOs knew what and where to find health
resources on the internet (> 70 %). LSOs had positive responses re-
garding the internet as a resource that could help them, even
though>30 % of LSOs did not have the skills necessary to evaluate and
use health information from the internet (Supplement 4).

3.3. Intervention phase

3.3.1. The involvement of patients and leprosy surveillance officers
The manual registry cohort recorded 177 leprosy patients from July

1, 2014 to June 30, 2016, with 101 patients (57.6 %) being registered
in the e-Leprosy program and involved in the study. The patient age
range was 3–80 years old (37.3± 17.8), of which 67.8 % were ex-
periencing MB leprosy. Female patients (50.8 %) were slightly higher in
proportion than male patients (49.2 %). Fig. 2 presents the involvement
among female leprosy patients, and MB patients being higher than that
of male and PB patients, respectively.

Leprosy patients were observed in 22 of 27 of PHCs at Pekalongan
District. The largest proportion of leprosy patients were registered in
Buaran (20.9 %), followed by Kedungwuni 2 (9.0 %). Overall, 101 of
177 patients (57.6 %) were willing to be enrolled in the e-Leprosy
framework. Notably, Bojong 2, Kajen 2, and Talun did not have any
patients enrolled in this study (Supplement 5). (Fig. 3)

The manual registry cohort recorded 932 MDT drugs collection with
504 collections (54.1 %) recorded in the e-Leprosy database from the
replies of LSOs. The LSOs from Bojong 1 (9.1 %), Kandangserang (8.7
%), and Wiradesa (16.7 %) had the lowest proportion of replies from
MDT collections, while Siwalan (84.7 %) exhibited the highest pro-
portion of replies. LSOs had between 1 and 37 patients (6.56±7.7)
patients registered in their PHCs, and the number of registered leprosy
patients correlated with the involvement of LSOs (r = 0.67, p< 0.01).

Notably, age, gender, and work experience did not show any correla-
tions with the number of registered leprosy patients (Supplement 5).

3.3.2. The usability of e-Leprosy
We distributed the usability questionnaires (CSUQ) four times

during the e-Leprosy intervention. Usability scores from the first to
fourth distributions tended to increase during the intervention (Fig. 4).
The rise of scores between the second and third distribution of ques-
tionnaires was observed as not being sufficiently high, which could be
due to internet access issues during that time at Pekalongan District
Health Office. Therefore, the LSOs had an overall uncomfortable ex-
perience using the e-Leprosy program.

The highest scores were observed for questions regarding the ease of
finding information on patients and e-Leprosy that could help LSOs
work more efficiently and productively. The lowest score was observed
for the simple format of e-Leprosy. Items regarding the provided in-
formation, easy steps to learn, and satisfaction with e-Leprosy observed
significant score increases between the first and fourth distributions
(Supplement 6).

3.4. Evaluation of phases

3.4.1. The on-time attendances
The main outcome of this study was the proportion of OTAs among

leprosy patients to receive MDT at PHCs. Table 2 presents data on the
late attendance patients, which included 341 of the 1245 attendances
(27.39 %) and 126 of 932 attendances (13.5 %) among before and after
intervention groups, respectively. Notably, the PB type had less late
patients (19.3 %) when compared to the MB type (22 %). Reminders
increased OTA by 10.3 % and 14.9 % for both PB and MB patients,
respectively. For total patients comparison between before and after the
intervention, the increase of OTA was 13.9 % (p<0.01, OR = 2.41)

3.4.2. The acceptance of leprosy
We distributed the acceptance questionnaire to 24 of 27 LSOs and

one leprosy district supervisor. LSOs had varying perceptions of e-
Leprosy, including classifying it as useful (100 %), likely (76 %), easy to
use (72 %), and need to continue (96 %). In contrary to these facts,
LSOs still encountered difficulties related to internet connections (96
%) and the format of SMS responses (76 %). Factors related to the ac-
ceptance of the e-Leprosy program included age (r = 0.621, p< 0.01)
and CEW score (r = 0.48, p<0.05) (Supplement 8).

4. Discussion

4.1. Implementation process

In the present study, we encountered difficulties in following
models using the IS framework because none of the frameworks were
specifically designed for eHealth [15]. IS can contribute to eHealth
through measured outcomes of eHealth interventions, e.g., organiza-
tional leadership, attitudes toward innovation, and economic issues
[34]. We used a comprehensive multi-level framework providing five
factors representing structural, organizational, patient, provider, and
innovation to evaluate the present implementation research [35].

In Indonesia, 37 % of the population are smartphone users and not
everyone has mobile phone regardless of a phone subscription to 112 %
of the total population, it means one person could has more than one
phone numbers subscription. However, a digital divide remains be-
tween urban and rural areas. Notably, internet usage in rural Indonesia
is limited due to geographical barriers and spatial inequality [36,37].
As a rural area, Pekalongan District lacks mobile phone services among
PHCs, especially for internet service. Based on the baseline assessment
results, we observed that not all LSOs had smartphones and mobile
internet access, which affected the design of the e-Leprosy framework
and influenced the adoption of SMS reminders as part of the

Fig. 2. Problems related to the leprosy control program at Pekalongan District
based on the quantitative study.
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surveillance process for MDT treatments. SMS reminders have been
proven to increase adherence among patients [38–40], even for the
long-term use of medications [41,42].

Indonesia still faces challenges related to leprosy elimination, and
this study provides strong evidence of LSOs continuing to face

difficulties in conducting leprosy control programs. Moreover, several
LSO job responsibilities were unable to be performed due to workload
and infrastructure. However, the present study suggests that the de-
signed e-Leprosy program with SMS notification promoted LSOs, pa-
tients, and patients’ families to acknowledge the status of MDT treat-
ment. The e-Leprosy framework involved LSOs, patients, and their
relatives because the literature emphasized family support and the
commitment of health providers as being critical to successful leprosy
treatments [43,44].

A previous study has emphasized that the factors related to suc-
cessful health information technology implementation programs in-
clude leadership, standardization, project management, and training
[45]. Although the present implementation study had already colla-
borated with the Leprosy District Supervisor from the Pekalongan
Health Office, maintaining the involvement of LSOs in the e-Leprosy
program remained challenging. Although this study gained the support
and commitment of the Pekalongan Health Office to integrate e-Leprosy
in the routine Leprosy Control Program, the involvement of LSOs was
still only 54.1 %. However, this percentage appears promising con-
sidering the positive trend of the usability scores. The rising trend in
usability has demonstrated that the HIS has a great capacity to allow
users to perform their tasks safely, effectively, efficiently, and enjoyably
[46]. Therefore, a series of meetings and training was done from time to
time to motivate LSOs to actively engage and reply to the system. This
study has shown that the involvement of LSOs had a strong correlation
(r = 0.67, p< 0.01) with the number of leprosy patients at their PHCs,
while age, gender, and work experience did not show any significant
correlations.

4.2. Outcomes

This implementation study has primary and secondary outcomes.
The main outcomes describe the effect of the e-Leprosy intervention on
the leprosy control program. Studies have proven that reminders can
improve adherence to long-term use medications [47]. Leprosy as one
of disease with long-term medication could adopt reminders to improve
adherence. The present study revealed that 21.5 % of leprosy patients
took medication from PHCs late and that reminders helped to increase
OTA by 13.9 % (p< 0.01 with OR = 2.41). Furthermore, previous
studies revealed that OTA decreased for MDT 3, MDT 8, and MDT 11
[42], while OTA for MDT 2 and MDT 3 related to the completed
treatment of leprosy patients [48]. These facts should be considered by

Fig. 3. The composition of patients involved in the e-Leprosy program.

Fig. 4. e-Leprosy program usability score trends.

Table 2
The on-time attendances of leprosy patients in Pekalongan District.

Type Attendance Total Before Intervention After Intervention

N % N % N %

MB Late 385 22.0 279 28.6 106 13.7
On time 1368 78.0 698 71.4 670 86.3
Total 1753 100.0 977 55.7 776 44.2

PB Late 82 19.3 62 23.1 20 12.8
On time 342 80.7 206 76.9 136 87.2
Total 424 100.0 268 63.2 156 36.7

Total Late 467 21.5 341 27.4 126 13.5
On time 1710 78.5 904 72.6 806 86.5
Total 2177 100.0 1245 57.1 932 42.8

P = 0.0001, OR 2.413, lower 95 % CI 1.926, upper 95 % CI 3.023, PB =
Paubacillary, MB = Multibacillary.
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the Pekalongan Health Office and LSOs since, among the defaulters,
irregular consumption of MDT can cause various problems. As long as
defaulters continue to live in communities and have yet to complete the
full course of MDT treatment, patients remain potential sources of in-
fection and could suffer from irreversible complications [6].

The secondary outcomes of this study were to describe factors that
could affect success or failure in the adoption of the e-Leprosy program,
such as digital health literacy and the acceptance of the system.
Adoption of mobile health technology (m-Health) provides an oppor-
tunity to increase efficiency and productivity in health care, while the
adoption and the utilization of eHealth at the PHCs correlates with
human resources that are mainly related to digital health literacy.
Public health informatics skills is a skill that affects the adoption
of—and bridges the gap between—health and technology, which is
observed to be lacking in health care facilities—especially at PHCs [49].
This study revealed that LSOs had positive perceptions regarding the e-
Leprosy program despite their limitations in basic digital health literacy
knowledge, especially in internet utilization. This study revealed that
the acceptance of e-Leprosy had a significant relationship with the score
of computer, email, and web usage (r = 0.48, p< 0.05) as well as
variable age (r = 0.621, p< 0.01). Information, communication, and
technology literacy education are important for health professionals to
successfully adopt eHealth interventions. Notably, the limited infra-
structure in rural communities is a key barrier to the potential for
mobile internet to narrow the digital divide in Indonesia [50].

4.3. Strength and weakness

This implementation study has been integrated into routine practice
at PHCs in Pekalongan District since the leprosy control program is
managed by PHCs in Indonesia. The results of the present study could
enrich the limited evidence on implementation research at PHCs since
effective interventions may not always work in the real settings of local
implementation programs due to limited or unpredictable transfer-
ability [11,51]. The strength of this implementation study was that it
was conducted based on a population setting with the involvement of
the district health office, LSOs, and volunteer patients. This compre-
hensive approach that observed structural, organizational, patient,
provider, and innovation factors might represent the true situation of
health technology interventions in Indonesian PHCs. This study was
limited by not observing the attendance of patients and capturing only
secondary data instead, which might lead to bias. Notably, we were
only able to implement some parts of e-Leprosy—such as routine health
services and the monitoring of MDT—as representative of e-Leprosy,
which could be a limitation of this study.

4.4. Future research

Future studies are required to explore a cost-benefit analysis of the
e-Leprosy program or related m-health projects (particularly at the re-
gional health office levels) and the greater involvement of patients in
the use of health technology.

5. Conclusion

This study demonstrated that the e-Leprosy program—a low-cost
and simple technology using embedded SMS reminders—is promising
for the implementation of the leprosy control program at PHCs in de-
veloping countries. The involvement of LSOs and patients remained
approximately 50 %, even though the acceptance of the e-Leprosy
program was higher. As such, regular meetings with LSOs could be used
for training and to motivate their involvement. Important factors to
consider during the implementation of this program include the digital
gap, LSO workload, as well as commitment and leadership among
PHCs.
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