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Abstract

Background: Similar to many low- and middle-income countries, Botswana has identified eHealth as a means of improving
health care service provision and delivery. The National Maaria Programme (NMP) in Botswana has implemented the District
Health Information System version 2 (DHIS2) to support timely malaria case reporting across its 27 health districts; however,
the implementation of an eHealth system is never without challenges. Barriers to the implementation of eHealth innovations
within health care settings may arise at the individual or organizational levels. As such, the evaluation of user perceptions of the
technology is an important step that can inform its sustainabl e implementation. The DHIS2 was implemented without evaluating
user perceptions beforehand; therefore, the Botswana Ministry of Health and Wellness was uncertain about the likelihood of
acceptance and use of the platform.

Objective: We aimed to determine the acceptance of the DHIS2 platform by the NMP in Botswana to gauge whether adoption
would be successful.

Methods: The study’s design was informed by constructs of the technology acceptance model. A survey, with items assessed
using a 7-point Likert scale, and focus group discussions were undertaken with DHIS2 core users from 27 health districts and
NMP personnel at the Ministry of Health and Wellness. The web-based survey was administered from August 3, 2020 to September
30, 2020.

Results: Survey participantswere core users (n=27). Focus group participants were NMP personnel (n=5). Overall, participants
survey responses (frequently occurring scores of 7) showed their confidence in the DHIS2 platform for case-based surveillance
of malaria; however, participants also noted some organizational issues that could compromise user acceptance of the DHIS2
platform.

Conclusions: Participants’ responses indicated their acceptance of the DHIS2 platform; however, the consideration of factors
related to organizational readiness could further enhance successful acceptance, and consequently, successful adoption of the
platform by the malaria program in Botswana.
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Introduction

Botswana is among the countries that have made substantial
progress, in the elimination continuum, in the fight against
malaria. Between 2000 and 2015, the malaria incidence in
Botswana fell dramatically, by 79%, from 0.136 in 2000 to
0.029 in 2015 [1]. Furthermore, mortality caused by malaria
declined by 57%, from 1069 deaths in 2003 to 462 desths in
2015 [2]. This reduction in malaria morbidity and mortality is
mainly due to the government's implementation of malaria
interventions [3,4] such as annual health care worker training
on malaria case management to ensure accurate diagnosis and
treatment of identified cases [5]. The transmission of malaria
in Botswana is highly heterogeneous; transmission is mostly
seasonal and unstable, occurring primarily between November
and May during the rainy season [6] and primarily in the
northern and eastern parts of the country [7]. However, malaria
transmission in Botswanais very low compared to that in other
sub-Saharan African countries [8]. Despite efforts toward
malaria elimination, Botswana has not been successful in
meeting itstarget of achieving zero indigenous cases[7]. Failure
to meet the set target could be attributed to inadequate disease
surveillance systems. This is because an adequate disease
surveillance system will ensure that data collection, analysis,
reporting, active case finding, and linkage to the response
happens quickly to identify infections (symptomatic and
asymptomatic), prevent ongoing transmission, and decrease the
transmission efficiency of vectors. Similar to many low- and
middle-income countries, Botswana has identified eHealth (ie,
“the use of Information and Communications Technologies
(ICT) for health” [9]) as a means of improving health care
service provison and delivery, and other low- and
middle-income countries have implemented eHealth systems
for case-based surveillance of malaria [10,11]. Such trends
continue to be spurred by the recent global awareness and
application of eHealth technologies toward combating the
current COVID-19 pandemic [12].

In Botswana, an eHedth system—the District Health
Information System version 2 (DHIS2)—has been identified to
improve malaria surveillance acrossthe 27 health districts. The
decision to consider DHIS2 was based on its documented
benefits [13-15]. In spite of the availability of the DHIS2
platform for case-based surveillance of malaria, paper-based
case notification forms continue to be utilized. Prior to the
DHIS2, the National Malaria Programme (NMP) used a
Spreadsheet (Excel, version 2013; Microsoft Inc) for data
capture, analysis, and reporting. At the district level, either
monitoring and evaluation officers, amalariafocal person (the
person who is responsible for management of the NMP in the
district), or acommunity health nurse compiled information on
malariainfections (patient name, age, date of diagnosis, physical
address, the treatment offered, and method of detection) in the
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spreadsheet, based on presentations and diagnoses in the
preceding week, which was then emailed to the NMP at the
Ministry of Health and Wellness headquarters. In addition, a
designated health care worker at each facility could complete
a case notification paper form (in duplicate), which was sent to
the district headquarters and to the NMP. The monitoring and
evaluation officer compiled data from all 27 health districtsin
a spreadsheet arranged by year, month, district, and week.

Notwithstanding the potential benefits of the DHIS2 platform
toward improving case-based surveillance of malaria in
Botswana, the implementation of any eHealth system is never
without challenges [16]. According to Ross et a [17], barriers
to implementation of eHealth innovations within health care
settings may arise at theindividual, organization, or wider levels
of the health care system. Acceptance by users (health care
workers) has been documented as one of the key factors for
successful implementation of an eHealth system [18]; therefore,
evaluating user perceptions of the technology is an important
step. The technology acceptance model features prominently
among key theoretical approaches used to understand people’s
intentions to accept various forms of information technology
[19,20]. Many studies[20-25] that focus on explaining end user
acceptance and predicting successful adoption of eHealth
systems by hedth care organizations use the technology
acceptance model—that an individual’s (1) acceptance of
(intention to engage with) atechnology depends on (2) perceived
usefulness and (3) perceived ease of use [19-21]—as a basis.
This model contends that a strong relationship exists between
one'sintention to use technology and their actual usage behavior
[19,20], and perceived usefulness is characterized by an
individual’s belief that engaging a technology improves their
job performance, while perceived ease of use refers to their
belief that using technology requires minimal effort [19,20].

The DHIS2 platform for case-based surveillance of malariain
Botswanawasimplemented without eval uating user acceptance.
Evaluation of user acceptanceis necessary to inform sustainable
implementation of technology. We aimed to evaluate user
acceptance of the DHIS2 platform.

Methods

Study Design

Survey items and the focus group discussion guide were
informed by constructs (acceptance of the technology, perceived
usefulness, and perceived ease of use) of the technology
acceptance model and were used to gain insights from users
across the 27 hedlth care districts in Botswana.

We devel oped a survey and focus group discussion guide, both
in English. The drafts were first reviewed by a health care
worker at the Ministry of Health and Wellness and by amedical
librarian at the University of Botswana, after which, both tools
were refined. The revised tools were then tested by 2 other
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health care workers, whoseinput resulted in further enhancement
of thetoolsthrough improved branching logic. Thefinal survey
was administered using REDCap (Vanderbilt University [23])
forms from August 3, 2020 to September 30, 2020. The fina
version of the focus group questionswas utilized to guide focus
group discussions.

For both the survey and focus group, we used purposive
sampling. The DHIS2 was put into place across the 27 health
districtsin Botswana, with each district having at least one core
user (a health care worker whose main role involves dedicated
interaction with the DHIS2 platform for the NMP). The sample
consisted 1 core user from each health districts and NMP
personnel at the Ministry of Health and Wellness headquarters
who were part of aunit dedicated to the use of DHIS2 platform
for the NMP in Botswana (the NMP coordinator, a health
informatics officer, a software devel oper, and 2 monitoring and
evaluation officers).

Participants from the 27 health districts were recruited by the
NMP coordinator, and those who consented were sent alink to
complete the survey. Only one author was responsible for
accessing and managing the web-based database through the
use of username and password. The survey consisted of
guestions about the type of facility where the respondent was
based and the name of the district and of statementsthat assessed
users acceptance of the DHIS2 platform, perceived useful ness,
and perceived ease of use, using a 7-point Likert scale. There
were 30 close-ended statements and 4 open-ended questions.

Focus group discussions, 1 session which lasted for 1 hour,
involved the 5 NMP personnel based at the Ministry of Health
and Wellness, who were invited by email and text messaging
to a videoconference (Google Meet, Google LLC; which was
chosen becauseit wasthe only platform to which all participants
had access). The purpose of the focus group discussion was
explained to participants, after which, they were asked to provide
consent to participate in the study. The focus group discussion
was recorded (with participant permission) and later transcribed
verbatim.

Descriptive statistics (mean, standard deviation, median, and
mode) were calculated (Excel, version 2013, Microsoft Inc) for
guantitative data (close-ended statement ratings). Qualitative
data (from open-ended questions and focus group discussion)
were analyzed using thematic analysis (NVivo, version 11; QSR
International). Thematic analysis of participants' responseswas
conducted to determine factors affecting the sustainable
implementation of the DHIS2 platform for the case-based
surveillance program. We used adeductive coding process[22].
A coding frame and a predefined list of descriptive codes were
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developed by 1 author and then discussed by all authors, which

yielded 20 codes (“eHedlth,” “mHealth,” “ICT,” “user
acceptance,” “usefulness” “ease of use” “user interface”
“capacity development,” “internet connectivity,” “maobile

devices,” “ electronic medical record,” “ electronic health record,”
“security,” “privacy,” “confidentiality,” “interoperability,”
“integration,” “data management,” “data analysis,” and “data
reporting”). Transcriptions of the discussions were
systematically and iteratively searched (in 2 cycles) for elements
relevant to the 20 codes. Participants responses from focus
group discussions, as well as open-ended responses from the
survey, were matched to corresponding categoriesin the coding
frame. Thisprocesswas doneiteratively to refine the alignment
and identify high-level themes.

Ethics

The study was approved by the Office of Research and
Development of the University of  Botswana
(UBR/RES/IRB/BIO/224) and the Ministry of Heath and
Wellness (HPDME: 13/18/1). Participants provided informed
consent. During data collection, we presented and explained
the consent form to seek permission from potential participants.
The consent forms also clearly explained the purpose of the
study and provided assurance that data would be kept safe and
deidentified. Participants were informed of their right to refuse
to participate or withdraw from the study at any time.

Results

The survey response rate was 89% (24/27). From atotal of 27
DHIS2 core users (community hedlth nurses: n=14; maaria
focal person: n=9; health information and communication
technology personnel: n=4), 24 responded (community health
nurses n=13; malaria focal persons. n=7; health information
and communication technology personnel: n=4). Of those who
responded, 15 were from the district health management team,
3 were from public hospitals, and 6 were from public clinic
facilities. Core users who did not respond were from public
hospitals (n=2) and a public clinic (n=1). Participants most
frequently responded that they agreed (4 items. mode 6) or
strongly agreed (16 items: mode 7) with survey statements,
which were aligned with technology acceptance model
constructs (Table 1).

All 5 NMP personnel participated in the focus group and
highlighted possible factors that could affect the sustainable
implementation of the DHIS2 platform for case-based
surveillance of malaria (Table 2). Ultimately, 5 themes were
identified (governance, infrastructure, capacity building, data
security, and usability).
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Table 1. Acceptance of the District Health Information System version 2 based on the technology acceptance model.

Constructs? Mean (SD) Median Mode

Per ceived ease of use

Overall, | am satisfied with how easy it is to use DHIS2° 52(19) 6 7
It was simple to use DHIS2 5.4 (2.0 6 7
Itiseasy to find the information | needed 52(1.7) 5 7
It was easy to learn to use DHIS2 53(2.2) 7 7
| feel comfortable using DHIS2 5.7(2.1) 7 7
The information (such as online help, on-screen messages, and other documentation) 5.1(1.7) 5 7

provided with DHIS2 is clear

The interface of DHIS2 is pleasant 5.7(1.5) 6 7
DHIS2 gives error messages that clearly tell me how to fix problems 38(22) 3 3
Whenever | make a mistake using DHIS2, | recover easily and quickly 4.6 (1.9) 4 3
The organization of information on the system screensis clear 5.8 (1.3 6 6
The information provided for the system is easy to understand 5.3(1.9) 6 7
Perceived usefulness
| am able to complete my work quickly using DHIS2 51(2.2) 6 7
| can effectively complete my work using DHIS2 5.5(1.9) 7 7
| believe | became productive quickly using DHIS2 5.4(1.9) 6 7
The information is effective in helping me complete the tasks and scenarios 5.4 (1.8) 6 7
DHIS2 has dl the functions and capabilities | expect it to have 5.4 (1.5) 6 6
Overall, DHIS2 improved data management activities for the malaria program 5.6 (2.1) 7 7
Overadl, DHIS2 improved data analysis of malaria cases 5.6 (1.6) 6 7
DHIS2 contributed to timely decision-making processes 5.9(1.6) 6 7
Overal, DHIS2 improved timely reporting of malaria cases 5.8(1.8) 6 7
Acceptance of technology

| like using the interface of DHIS2 5.1(1.9) 6 6
Overall, | am satisfied with the DHIS2 system 5.1(1.9) 6 6

8Responses were in the form of a Likert scale from 1 (strongly disagree) to 7 (strongly agree).

PDHIS2: District Health Information System version 2.
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Table2. Thematic presentation of factors affecting the sustainable implementation of the District Health Information System version 2 (DHIS2) platform
for case-based surveillance of malaria.

Theme

Example quotes

Governance

Infrastructure

Capacity building

Data security

Usability

“It adds on the already heavy workload, there should be people specific to do malaria data entry”

“It brought about migration from manual system to electronic platform given that COV1D-19 necessitates the use of
technology.”

“Have government employees being part of the system programming and maintenance/being part of the project or
have ownership to the system”

“Majority of health care workers should be shown the importance of using the health systems’

“Cascade mentoring of DHIS utilization in facilities as facility based training”

“Every time an update is introduced on the paper data collection tools (guidelines), the same should also be updated
on the DHI2 system to make sure that the paper forms and the system arein sync at all times’.

“Frequent network downtimes resulting in delays in reporting when the system is down”

“It is not linked with other applications that the government has created to formulate reports and daily activities”
“Data capture even when there is no connectivity and later sync when the internet connection is regained”

“More gadgets should be availed for each facility and errors or SIM card malfunctions should be urgently addressed”
“System linkage/interoperability with other existing systems”

“Making sure internet is reliable at facilities’

“Requires more practice for better or improved competencies’

“Capacity building to be strengthened for the local IT Officers’

“Training should have frequent support visits’

“Cascade mentorship programmes of DHIS utilization in facilities as facility-based training”

“All health care workers should be trained and shown the importance of using the health information systems’
“Topics covered to be taken step by step or explained in full with more practicals’

“Training content coverage should be more than 80% practicals’

“There should have been site visit immediately after training to assess situations on the ground”

“Use of authentication passwords and encryption algorithms for data security and privacy”
“Thelink is not trustworthy”

“1t picks everything you enter whether good or bad”

“No free choice to select the period you want to view the data, all are fixed to daily, weekly, monthly, etc”
“It's confusing sometimes as one can enter patients twice but not knowing”

“Clients are attached to the diagnosing facility rather than the origin of infection”

“If an error is made during entering of cases and you want to correct it, there isn't an option to edit especially on the
date of diagnosis and notification”

“Data management greatly improved for the intervention of positive malaria cases”’

“DHIS2 is easy to use asit smplifies data management and analysis’

“Itis pleasant, easier and quick to use, you can retrieve your information if you need to utilize it for something”
“Timely data reporting”

“Completeness of reports is achieved”

“Easy analysis of data, using maps and graphs for visualisations’

“Easy to formulate reports if used adequately and effectively”

“It covered most aspects of malaria case-based surveillance’

“DHIS2 has simplified malaria surveillance and indeed it is a very valuable tool”

“Gives agood situationa analysis of what is happening on the ground”

“DHI S2 enables foursight mapping, by using the GPS coordinates to locate malaria case outbreaks or hotspots.”

“Everything isnow at our fingertips, we have datain the form of tables, charts and reports generated from the dashboard
than prior to the DHIS2 where we used to manually manage the data using excel charts.”

“We easily make decisions based on the data from the system”

Discussion

agreement (20/22; 4 items: mode 6; 16 items: mode 7) with
positive statements based on technology acceptance model

General

Overdll, the study showed participants’ satisfaction with the

constructs (Table 1). Key themes—governance, infrastructure,
capacity building, data security, and usability—related to an
organization’s role in influencing technology acceptance were

DHIS2 platform, with the majority of responses indicating  qentified (Table 2).
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The technology acceptance model constructs of perceived ease
of use and perceived usefulness have been previously
documented as positive influences toward technology adoption
[24]. Moreover, perceived ease of use has been defined as the
extent to which a person believes that using a technology will
befree of effort [24], and perceived usefulnessisthe belief that
one's utilization of information technologieswill enhance one's
work performance [25]. For only 2 statements (addressing
system usability) of the 22 survey items did the most common
response by participants indicate that they somewhat disagreed
(mode 3). Based on our findings, successful acceptance and
adoption of the DHIS2 platform by the malaria program in
Botswana could be assumed; however, NMP personnel
highlighted some factors that could negatively influence
acceptance of the DHIS2 for the malaria program. In an
organization, factorsthat may affect sustainableimplementation
of the DHIS2 platform for case-based surveillance of malaria
include the state of governance, the state of relevant
infrastructure, the presence or absence of capacity building
initiatives aimed at empowering potential users of the system,
data security measures, and usability of the system (Table 2).
Assuch, the application of project management practices by an
implementing organization may be critical in ensuring
sustai nable implementation of the DHIS2 platform. Successful
project management practiceswill ensurethefitness of aproject
for its political context (ie, in terms of organizational strategy,
managership, and stakeholder management) [26]. Mlekus et al
[27] highlighted that any organization planning for the
successful acceptance and adoption of new technology should
consider issues that fulfill user experience related to output
quality, perspicuity, dependability, and novelty. Change
management has been documented as one strategy that
organizations could use to rai se acceptance of new technology
in a workplace and hence improve chances of successful
adoption of the technology [28]. Change management is about
supporting people through a process of change, and successful
implementation of change is achieved when the systems,
processes, tools, and technology of the change initiative are
embedded in the new way in which health care providers do
their work [29]. Ingebrigsten et al [30] identified 7 leadership
behaviors that were associated with successful outcomes in
Health Information Technology adoption: (1) communicating
clearly about visions and goals, (2) providing support, (3)
establishing a governance structure, (4) establishing training,
(5) identifying and appointing champions, (6) addressing work
process change, and (7) following up. Such leadership maybe
necessary in addressing the issues highlighted in Table 2.
Consequently, alack of top management support and technology
implementation strategy may play anegativeroleininfluencing
information and communication technology acceptance and
adoption in any organization. Hu et al [31] noted that the
ultimate success of an eHealth system in an adopting
organization requires adequate attention to both technological
and managerial issues. Therefore, for successful and sustainable
implementation of an eHealth system, the health care
organization should ensure availability of requisite resources
and processes. Infact, failures of eHealth system implementation
have been associated with alack of eHealth readiness [32,33].
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The technology acceptance model is one of the most widely
used theoretical frameworks for predicting individuas
likelihood to accept and adopt new technology [34]. The model
is based on the assumption that when users perceive that atype
of technology is useful and easy to use, they will be willing to
useit [35]. However, some of our findings suggest the need for
amodel that considers the role of organizational readiness, the
extent to which an institutional setting and culture support and
promotes awareness, implementation, and use of eHealth [36],
in influencing technology acceptance and hence the adoption
of eHealth systems.

Guidance

Inlinewith key study findings, thefollowing acceptance-rel ated
issues and associated mitigation strategies are proffered:
Perception of usability can influence acceptance of an eHealth
system. As such, the usability of the current DHIS2 platform
for case-based surveillance of malaria should be enhanced as it
could deter users from interacting with the platform. Onefocus
group participant reported usability concerns about the DHIS2,

It's confusing sometimes as one can enter patients
twice but not knowing.

Another participant reported that

If an error is made during entering of cases and you
want to correct it, there isn't an option to edit
especially on the date of diagnosis and notification.

Previous studies [37-40] have suggested enhancing system
usability with user-friendly interfaces, rea-time feedback
mechanisms, and decision-support capabilities. It is, therefore,
important to involve all key stakeholders, from design to
implementation, by using a user-centered design approach [41].
User-centered design is also considered to be an important
contributor to system usefulness and usability [41]. Thisis of
importance since user-centered design creates a sense of
ownership among end users who participated in the design and
development process, thereby increasing their acceptance of
the system

Digital health literacy is aso afactor in technology acceptance
[42]. Study participants highlighted the need for frequent
training on the DHIS2 platform, with one stating
Training should have frequent support visits
while another suggested the DHIS2 platform
...requires more practice for better or improved
competencies.

This could be achieved through continuous health human
resource capacity-building programs as technology and user
needs to evolve.

A potential data security consideration, the

...use of authentication passwords and encryption
algorithms for data security and privacy...
was identified in this study, as well as, one security risk, that
is,

Thelink is not trustworthy.
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Theseissues require comprehensive well-documented regul atory
approachesto facilitate protection of the highly sensitive clinical
data. Given the limited documented data security and privacy
best practicesfor open-source solutions, implementation of the
DHIS2 platform in Botswana should be guided by and aligned
to key national policy documents such as the Data Protection
Act [43] or equivalent policy documents in other settings.

Focus group participants indicated that the DHIS2 could be
enhanced by establishing

...System linkage/interoperability with other existing

systems.
This followed a previous finding [44] highlighting that the
DHIS2isnot linked with other applicationsthat the government
has created to formulate reports and daily activities.
Interoperability of eHealth systems in Botswana and similar
low- and middle-income countries should be strengthened
through increased adaptation of universally available software,
services, and content, such asthe DHIS2 platform, asthese are
already endorsed by the World Health Organization to be
interoperable [9]. Furthermore, the DHIS2 supports a web
application programming interface that allows for integration
with other databases and supports the development of an

Ndlovu et al

“Integrated Information Portal [45].” Lastly, it isimportant to
view interoperability of eHealth systems as an ongoing process
that can be improved over time.

Conclusions

Health care environments in most low- and middle-income
countries are generally data rich but information poor. In
Botswana, the health care sector is compounded with vast
amounts of clinical data which are seldom used for
decision-making purposes. The DHIS2 is a platform that can
improve data capture, analysis, and timely reporting, which will
facilitate transitioning data to information. Evaluation of the
DHIS2 platform for case-based surveillance of malaria by core
users showed that it was accepted. There is, however, room to
improve the usability of the current DHIS2 platform, through
end user involvement and buy in, to ensure sustainable health
human resource capacity building, to address security privacy
and confidentiality issues, and to address interoperability, by
considering guidance from the World Health Organization [9].
Our findings can be used to inform policy makers and health
informatics leaders in Botswana and in similar low- and
middle-income countries to successfully plan and implement
effective eHealth platforms.

Acknowledgments

We thank the National Malaria Programme at the Ministry of Health and Wellness, Botswana for their valued guidance and
contributions during the data coll ection process, aswell as, for linking uswith district health management teams across 27 districts.

Authors Contributions

All authors jointly conceived the study and jointly contributed to design and development of the survey tools and key informant
interview guide. KN and KK performed the surveys and interviews, completed initial data analysis, and wrote the first draft of
themanuscript. KLM, MK, RY S, DN, BV, and CM provided substantial editorial and intellectual input, and all authors contributed
to subsequent revisions. All authors approved the final manuscript.

Conflictsof Interest
None declared.

References

1.  Motlaleng M, Edwards J, Namboze J, Butt W, Moakofhi K, Obopile M, et a. Driving towards malaria elimination in
Botswanaby 2018: progress on case-based surveillance, 2013-2014. Public Health Action 2018 Apr 25;8(Suppl 1):S24-S28
[FREE Full text] [doi: 10.5588/pha.17.0019] [Medline: 29713590]

2. World maariareport 2015. World Health Organization. 2015. URL : https.//apps.who.int/iris/handle/10665/200018 [accessed
2022-02-21]

3.  Botswana conducts a comprehensive malaria performance programme review: towards elimination. World Health
Organization, Botswana. 2017 Oct 9. URL: https://tinyurl.com/2p9ed8ax [accessed 2022-02-20]

4.  Simon C, Moakofhi K, Mosweunyane T, Jibril H, Nkomo B, Motlaleng M, et al. Malaria control in Botswana, 2008-2012:
the path towards elimination. Malar 2013 Dec 20;12:458-458 [FREE Full text] [doi: 10.1186/1475-2875-12-458] [Medline:
24359262]

5. ChihangaS, Haque U, Chanda E, Mosweunyane T, Moakofhi K, Jibril H, et al. Malariaelimination in Botswana, 2012-2014:
achievements and challenges. Parasit Vectors 2016 Feb 24;9:99 [FREE Full text] [doi: 10.1186/s13071-016-1382-7]
[Medline: 26911433]

6. Moakofhi K, Edwards JK, Motlaleng M, Namboze J, Butt W, Obopile M, et a. Advancesin malariaeliminationin Botswana:
adramatic shift to parasitological diagnosis, 2008-2014. Public Health Action 2018 Apr 25;8(Suppl 1):S34-S38 [FREE
Full text] [doi: 10.5588/pha.17.0017] [Medline: 29713592]

7.  Updated malaria strategic plan 2010-2018: towards malaria elimination. Ministry of Health and Wellness. 2014. URL.:
https://endmal aria.org/sites/defaul t/fil es/botswa2010-2015.pdf [accessed 2022-02-26]

https:/formative.,jmir.org/2022/3/e32722 JMIR Form Res 2022 | vol. 6 | iss. 3| €32722 | p. 7

(page number not for citation purposes)


http://europepmc.org/abstract/MED/29713590
http://dx.doi.org/10.5588/pha.17.0019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29713590&dopt=Abstract
https://apps.who.int/iris/handle/10665/200018
https://tinyurl.com/2p9ed8ax
https://malariajournal.biomedcentral.com/articles/10.1186/1475-2875-12-458
http://dx.doi.org/10.1186/1475-2875-12-458
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24359262&dopt=Abstract
https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-016-1382-z
http://dx.doi.org/10.1186/s13071-016-1382-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26911433&dopt=Abstract
http://europepmc.org/abstract/MED/29713592
http://europepmc.org/abstract/MED/29713592
http://dx.doi.org/10.5588/pha.17.0017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29713592&dopt=Abstract
https://endmalaria.org/sites/default/files/botswa2010-2015.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Ndlovu et al

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

World malaria report 2014. World Health Organization. 2014. URL: http://www.who.int/malaria/publications/ [accessed
2022-02-21]

Digital health. World Health Organization. URL: https://www.who.int/health-topics/digital -heal th#tab=tab 1 [accessed
2022-02-22]

Prue CS, Shannon KL, Khyang J, Edwards LJ, Ahmed S, Ram M, et al. Mobile phones improve case detection and
management of malariain rural Bangladesh. Malar J2013;12:48 [ FREE Full text] [doi: 10.1186/1475-2875-12-48] [Medline:
23374585]

MasS, Lawpoolsri S, Soonthornworasiri N, Khamsiriwatchara A, Jandee K, Taweeseneepitch K, et al. Effectiveness of
implementation of electronic malariainformation system as the national malaria surveillance system in Thailand. IMIR
Public Health Surveill 2016 May 06;2(1):€20 [FREE Full text] [doi: 10.2196/publichealth.5347] [Medline: 27227156]
Brers G, Norman CD, Norekval TM. Accelerated importance of eHealth literacy in the COVID-19 outbreak and beyond.
Eur JCardiovasc Nurs 2020 Aug 15;19(6):458-461 [ FREE Full text] [doi: 10.1177/1474515120941307] [Medline: 32667217]
Sahay S, Rashidian A, Doctor H. Challenges and opportunities of using DHIS2 to strengthen health information systems
in the Eastern Mediterranean Region: A regional approach. E JInfo Sys Dev Countries 2019 Jun 21;86(1):e12108. [doi:
10.1002/isd2.12108]

Dehnavieh R, Haghdoost A, Khosravi A, Hoseinabadi F, Rahimi H, Poursheikhali A, et a. The district health information
system (DHIS2): aliterature review and meta-synthesis of its strengths and operational challenges based on the experiences
of 11 countries. Health Inf Manag 2019 May;48(2):62-75. [doi: 10.1177/1833358318777713] [Medline: 29898604]
Sahay J, Sahay S, Mukherjee A. Sustainability qualifiers of health management information systems implementation: case
study of DHIS2 in India. In: Bandi RK, Ranjini CR, Klein S, Madon S, Monteiro E, editors. The Future of Digital Work:
The Challenge of Inequality. Cham: Springer; Dec 2020:194-206.

Schreiweis B, Pobiruchin M, Strotbaum V, Suleder J, Wiesner M, Bergh B. Barriers and facilitators to the implementation
of ehealth services: systematic literature analysis. JMed Internet Res 2019 Nov 22;21(11):e14197 [FREE Full text] [doi:
10.2196/14197] [Medline: 31755869]

RossLE, Vigod S, Wishart J, Waese M, Spence JD, Oliver J, et al. Barriers and facilitators to primary care for people with
mental health and/or substance use issues: a qualitative study. BMC Fam Pract 2015 Oct 13;16:135 [FREE Full text] [doi:
10.1186/s12875-015-0353-3] [Medline: 26463083]

CilliersL, Flowerday S. User acceptance of telemedicine by health care workers a case of the Eastern cape province, South
Africa. Electron JInf Syst Dev Ctries 2017 Dec 05;65(1):1-10. [doi: 10.1002/j.1681-4835.2014.tb00467 .X]

Davis FD. Perceived usefulness, perceived ease of use, and user acceptance of information technology. MIS Q 1989
Sep;13(3):319. [doi: 10.2307/249008]

Rahimi B, Nadri H, Lotfnezhad Afshar H, Timpka T. A systematic review of the technology acceptance model in health
informatics. Appl Clin Inform 2018 Jul 15;9(3):604-634 [FREE Full text] [doi: 10.1055/s-0038-1668091] [Medline:
30112741]

Kamal SA, ShafigM, KakriaP. Investigating acceptance of telemedicine servicesthrough an extended technol ogy acceptance
model (TAM). Technol Soc 2020 Feb;60:101212. [doi: 10.1016/j.techsoc.2019.101212]

Skjott Linneberg M, Korsgaard S. Coding qualitative data: a synthesis guiding the novice. Qual Res J 2019 Jul
24;19(3):259-270. [doi: 10.1108/qrj-12-2018-0012]

HarrisPA, Taylor R, Minor BL, Elliott V, Fernandez M, O'Neal L, REDCap Consortium. The REDCap consortium: building
an international community of software platform partners. JBiomed Inform 2019 Jul 30;95(9):103208-103893 [ FREE Fulll
text] [doi: 10.1016/j.jbi.2019.103208] [Medline: 31078660]

Brown ITJ. Individual and technological factors affecting perceived ease of use of web-based learning technologiesin a
developing country. Electron J Inf Syst Dev Ctries 2017 Dec 05;9(1):1-15. [doi: 10.1002/j.1681-4835.2002.tb00055.X]
Baki R, Birgoren B, Aktepe A. A meta analysis of factors affecting perceived usefulness and perceived ease of usein the
adoption of e-learning systems. Turkish Online J Distance Educ 2018:4-42. [doi: 10.17718/tojde.471649]

Warth LL, Dyb K. eHealth initiatives; the relationship between project work and institutional practice. BMC Health Serv
Res 2019 Jul 24;19(1):520 [FREE Full text] [doi: 10.1186/s12913-019-4346-0] [Medline: 31340819]

Mlekus L, Bentler D, Paruzel A, Kato-Beiderwieden A, Maier G. How to raise technology acceptance: user experience
characteristics as technol ogy-inherent determinants. Gr Interakt Org 2020 Aug 06;51(3):273-283. [doi:
10.1007/s11612-020-00529-7]

Aziz F, Aizuddin A, Rami M, Mahadi N, Rami AM, Razali F. The influence of |eadership style towards technology
acceptance in organization. Int JAdv Sci Technol 2020:218-225 [FREE Full text]

Canada Health Infoway. A framework and toolkit for managing ehealth change: people and processes. Registered Nurses
Association of Ontario. 2013. URL : https://bpgordersettool kit.rnao.ca/sites/defaul t/files’CHI_ChangeMgmtGuide ENG.
pdf [accessed 2022-02-20]

Ingebrigtsen T, Georgiou A, Clay-Williams R, Magrabi F, Hordern A, Prgomet M, et al. The impact of clinical leadership
on health information technology adoption: systematic review. Int JMed Inform 2014 Jun;83(6):393-405. [doi:
10.1016/j.ijmedinf.2014.02.005] [Medline: 24656180]

https:/formative.,jmir.org/2022/3/e32722 JMIR Form Res 2022 | vol. 6 | iss. 3| €32722 | p. 8

(page number not for citation purposes)


http://www.who.int/malaria/publications/
https://www.who.int/health-topics/digital-health#tab=tab_1
http://www.malariajournal.com/content/12//48
http://dx.doi.org/10.1186/1475-2875-12-48
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23374585&dopt=Abstract
https://publichealth.jmir.org/2016/1/e20/
http://dx.doi.org/10.2196/publichealth.5347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27227156&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/1474515120941307?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/1474515120941307
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32667217&dopt=Abstract
http://dx.doi.org/10.1002/isd2.12108
http://dx.doi.org/10.1177/1833358318777713
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29898604&dopt=Abstract
https://www.jmir.org/2019/11/e14197/
http://dx.doi.org/10.2196/14197
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31755869&dopt=Abstract
https://bmcfampract.biomedcentral.com/articles/10.1186/s12875-015-0353-3
http://dx.doi.org/10.1186/s12875-015-0353-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26463083&dopt=Abstract
http://dx.doi.org/10.1002/j.1681-4835.2014.tb00467.x
http://dx.doi.org/10.2307/249008
http://europepmc.org/abstract/MED/30112741
http://dx.doi.org/10.1055/s-0038-1668091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30112741&dopt=Abstract
http://dx.doi.org/10.1016/j.techsoc.2019.101212
http://dx.doi.org/10.1108/qrj-12-2018-0012
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(19)30126-1
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(19)30126-1
http://dx.doi.org/10.1016/j.jbi.2019.103208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31078660&dopt=Abstract
http://dx.doi.org/10.1002/j.1681-4835.2002.tb00055.x
http://dx.doi.org/10.17718/tojde.471649
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-019-4346-0
http://dx.doi.org/10.1186/s12913-019-4346-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31340819&dopt=Abstract
http://dx.doi.org/10.1007/s11612-020-00529-7
http://sersc.org/journals/index.php/IJAST/article/view/9430
https://bpgordersettoolkit.rnao.ca/sites/default/files/CHI_ChangeMgmtGuide_ENG.pdf
https://bpgordersettoolkit.rnao.ca/sites/default/files/CHI_ChangeMgmtGuide_ENG.pdf
http://dx.doi.org/10.1016/j.ijmedinf.2014.02.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24656180&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Ndlovu et al

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

Hu P, Chau P, Sheng O. Adoption of telemedicine technology by health care organizations: an exploratory study. J Organ
Comput Electron Commer 2009 Nov 18;12(3):197-221. [doi: 10.1207/S15327744JOCE1203 01]

Mauco KL, Scott RE, Mars M. Validation of an e-health readiness assessment framework for devel oping countries. BMC
Health Serv Res 2020 Jun 23;20(1):575 [FREE Full text] [doi: 10.1186/s12913-020-05448-3] [Medline: 32576174]
Khojas, Scott RE, Casebeer AL, Mohsin M, Ishag A, Gilani S. e-Health readiness assessment tool sfor healthcare institutions
in developing countries. Telemed J E Health 2007 Aug;13(4):425-431. [doi: 10.1089/tmj.2006.0064] [Medline: 17848110]
Klaic M, Galea MP. Using the technology acceptance model to identify factors that predict likelihood to adopt
tele-neurorehabilitation. Front Neurol 2020 Dec 2;11:580832 [ EREE Full text] [doi: 10.3389/fneur.2020.580832] [Medline:
33343488]

Ajibade P. Technology acceptance model limitations and criticisms: exploring the practical applications and usein
technology-related studies, mixed-method, and qualitative researches. Libr Philos Pract 2018 [FREE Full text]

Mauco KL, Scott RE, Mars M. Development of an ehealth readiness assessment framework for Botswana and other
developing countries: interview study. IMIR Med Inform 2019 Aug 22;7(3):€12949 [ FREE Full text] [doi: 10.2196/12949]
[Medline: 31441429]

El-Sappagh S, Ali F, Hendawi A, Jang J, Kwak K. A maobile health monitoring-and-treatment system based on integration
of the SSN sensor ontology and the HL7 FHIR standard. BMC Med Inform Decis Mak 2019 May 10;19(1):97-36 [FREE
Full text] [doi: 10.1186/s12911-019-0806-z] [Medline: 31077222]

Rubio O, Trigo JD, Alesanco A, Serrano L, Garcia J. Analysis of SO/IEEE 11073 built-in security and its potential
IHE-based extensibility. JBiomed Inform 2016 Apr;60:270-285 [FREE Full text] [doi: 10.1016/j.jbi.2016.02.006] [Medline:
26883877)

Ndlovu K, MarsM, Scott RE. Interoperability frameworkslinking mHealth applicationsto el ectronic record systems. BMC
Health Serv Res 2021 May 13;21(1):459-410 [FREE Full text] [doi: 10.1186/s12913-021-06473-6] [Medline: 33985495]
Memon M, Wagner S, Pedersen C, Beevi F, Hansen F. Ambient assisted living healthcare frameworks, platforms, standards,
and quality attributes. Sensors (Basel) 2014 Mar 04;14(3):4312-4341 [ FREE Full text] [doi: 10.3390/s140304312] [Medline:
24599192]

Mao J, Vredenburg K, Smith PW, Carey T. The state of user-centered design practice. Commun ACM 2005 Mar
01;48(3):105-109. [doi: 10.1145/1047671.1047677)

Kuek A, Hakkennes S. Healthcare staff digital literacy levels and their attitudes towards information systems. Health
Informatics J 2020 Mar 15;26(1):592-612 [FREE Full text] [doi: 10.1177/1460458219839613] [Medline: 30983476]
Data protection act, 2018. Botswana Communications Regulatory Authority. URL: https://www.bocra.org.bw/sites/defaul t/
files/documents/DataProtectionAct.pdf [accessed 2022-02-21]

Ndlovu K, Scott RE, Mars M. Interoperability opportunities and challenges in linking mhealth applications and erecord
systems: Botswana as an exemplar. BMC Med Inform Decis Mak 2021 Aug 21;21(1):246 [FREE Full text] [doi:
10.1186/s12911-021-01606-7] [Medline: 34419020]

GargR, Garg A. Didtrict health information system (DHIS2) softwarein India. Adv Comput Sci Inf Technol 2015;2(10):39-42
[EREE Full text]

Abbreviations

DHIS2: District Health Information System version 2
NMP: Nationa Malaria Programme

Edited by G Eysenbach; submitted 07.08.21; peer-reviewed by B Ncube, L Walters, A Tannoubi; commentsto author 24.09.21; revised
version received 26.11.21; accepted 19.12.21; published 15.03.22

Please cite as:

Ndlovu K, Mauco KL, Keetile M, Kadimo K, Senyatso RY, Ntebela D, Valela B, Murambi C

Acceptance of the District Health Information System Version 2 Platform for Malaria Case-Based Surveillance By Health Care
Workersin Botswana: Web-Based Survey

JMIR Form Res 2022;6(3):€32722

URL: https://formative.jmir.org/2022/3/e32722

doi: 10.2196/32722

PMID:

©Kagiso Ndlovu, Kabelo Leonard Mauco, Mpho Kestile, Khutsafalo Kadimo, Refilwe Yvonne Senyatso, Davies Ntebela,
Buthugwashe Valela, Clement Murambi. Originally published in IMIR Formative Research (https.//formative,jmir.org), 15.03.2022.
This is an open-access article distributed under the terms of the Creative Commons Attribution License

https:/formative.,jmir.org/2022/3/e32722 JMIR Form Res 2022 | vol. 6 | iss. 3| €32722 | p. 9

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1207/S15327744JOCE1203_01
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-020-05448-3
http://dx.doi.org/10.1186/s12913-020-05448-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32576174&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2006.0064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17848110&dopt=Abstract
https://doi.org/10.3389/fneur.2020.580832
http://dx.doi.org/10.3389/fneur.2020.580832
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33343488&dopt=Abstract
https://core.ac.uk/download/pdf/189486068.pdf
https://medinform.jmir.org/2019/3/e12949/
http://dx.doi.org/10.2196/12949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31441429&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-019-0806-z
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-019-0806-z
http://dx.doi.org/10.1186/s12911-019-0806-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31077222&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(16)00028-9
http://dx.doi.org/10.1016/j.jbi.2016.02.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26883877&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-021-06473-6
http://dx.doi.org/10.1186/s12913-021-06473-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33985495&dopt=Abstract
https://www.mdpi.com/resolver?pii=s140304312
http://dx.doi.org/10.3390/s140304312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24599192&dopt=Abstract
http://dx.doi.org/10.1145/1047671.1047677
https://journals.sagepub.com/doi/10.1177/1460458219839613?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/1460458219839613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30983476&dopt=Abstract
https://www.bocra.org.bw/sites/default/files/documents/DataProtectionAct.pdf
https://www.bocra.org.bw/sites/default/files/documents/DataProtectionAct.pdf
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-021-01606-7
http://dx.doi.org/10.1186/s12911-021-01606-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34419020&dopt=Abstract
https://tinyurl.com/3tjmehkm
https://formative.jmir.org/2022/3/e32722
http://dx.doi.org/10.2196/32722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Ndlovu et a
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work, first published in IMIR Formative Research, is properly cited. The complete bibliographic information,
alink to the original publication on https://formative.jmir.org, aswell asthis copyright and license information must be included.

https:/formative.,jmir.org/2022/3/e32722 JMIR Form Res 2022 | vol. 6 | iss. 3| €32722 | p. 10
(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

