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The open-source electronic laboratory information system (OpenELIS) in Cote
d’lvoire has been in routine implementation at clinical laboratories since 2009. The data
dashboard that displays aggregate data on HIV viral load (VL) testing and early infant
diagnosis (EID) are becoming tools that support people to use OpenELIS data in HIV
service delivery. Although various theories, models, and frameworks exist to evaluate or
explain implementation effectiveness of health information systems and public health
data dashboards, evidence is limited in routine clinical laboratory settings in low- and
middle-income countries (LMICs).

This dissertation consists of three aims that examine the OpenELIS
implementation, context of data-driven decision-making, and user perceptions of the VL

and EID data dashboard in Céte d'Ivoire. The first aim quantifies the effects of



implementing OpenELIS on data quality at 21 clinical laboratories through an interrupted
time series analysis from 2014-2020. The second aim uses a mixed-methods design to
assess the sustainment of OpenELIS use at 27 laboratories, identify implementation
facilitators and barriers, and explain how high-sustainment laboratories differ from low-
sustainment ones. The third aim is a qualitative study of the values, attitudes, and
experiences regarding data-driven decision-making and the VL and EID dashboard
among existing and potential dashboard users.

The implementation of OpenELIS led to an immediate five-fold increase in data
timeliness (OR=5.27; 95% confidence interval [Cl]: 4.33, 6.41; p<0.001) and a 3.6-fold
increase in completeness (OR=3.59; 95% CI: 2.40, 5.37; p<0.001), sustained until 72
weeks after adoption. Weekly post-implementation improvements in completeness
were significant (OR=1.03; 95% Cl: 1.02, 1.05; p<0.001). However, validity did not show a
significant immediate change (OR=1.34; 95% CI 0.69, 2.60; p=0.38). Sustainment of
routine OpenELIS use at the laboratories ranged from 9.0% to 99.3% of the
implementation period when test results were recorded in OpenELIS. Reported common
implementation facilitators included relative advantages and access to knowledge,
while common barriers included adaptability issues and power outages. Barriers
specific to low-sustainment sites included lower motivation and capability and less
reflection and feedback about implementation. Participants valued data-driven decision-
making and found the VL and EID data dashboard easy to use and useful for monitoring
and decision-making.

This dissertation identifies lessons about implementing a laboratory information

system and data dashboards that may be useful for other routine settings in LMICs.
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Chapter 1. Introduction

Laboratory medicine services are an essential part of health service delivery and
are crucial for controlling and managing communicable and non-communicable
diseases to achieve the Sustainable Development Goals.’~2 Laboratory medicine plays a
particularly central role in reducing disease burden and premature mortality related to
HIV, since diagnosis, prognosis, and guidance for treatment depend on them.*°
However, the availability of and access to timely and quality laboratory medicine
services is still under-resourced in low- and middle-income countries (LMICs).®
Shortages of a skilled workforce, aging and inadequate laboratory infrastructure,
absence or unenforced regulation, and inconsistent quality assurance oversight remain
major barriers to quality laboratory service delivery in LMICs. The absence of functional
laboratory information systems (LIS) is one of the main issues of inadequate
infrastructure.”

LIS is important for laboratory operation and information management. The
World Health Organization (WHO) established the Stepwise Laboratory Quality
Improvement Process Towards Accreditation (SLIPTA) checklist to guide clinical
laboratories in Africa through continuous quality improvement and towards
accreditation to international standards.® The SLIPTA checklist characterizes
computerized LIS as integral to ensuring laboratory operation and fulfilling the criteria of
laboratory information management on ensuring data quality, data storage and back-up,
and patient confidentiality.®

LIS can also improve the quality of care, patient safety, and disease

surveillance.”?~12 Compared to paper-based information systems, electronic LIS provide



more timely and more accurate monitoring and reporting of turnaround time, test failure
rates, and other indicators, which improve the quality of the laboratory data that informs
clinical care.” A study in Kenya demonstrated that reduced turnaround time and timely
communication of laboratory test results are some of the key factors for improving HIV
treatment retention.’® In terms of patient safety, LIS reduced the probability of errors in
patient identification and subsequent inappropriate treatment by reducing manual
clerical work through automation and user-friendly widgets.’” A survey of clinicians in
Malawi revealed that laboratories' poor documentation of test results was one of the
reasons for having little trust in laboratory capability and not frequently using laboratory
test results in patient management.™ Last but not least, LIS can also improve disease
surveillance by making it easier to record accurate demographic data that informs
disease classification, assessment of population-specific rates, and contact tracing for
infectious diseases,® as well as to report laboratory-confirmed diagnoses to surveillance
systems that allow more accurate estimation of disease burdens.?

Systematic LIS implementation across the health system is rare in LMICs. A rapid
literature review of peer-reviewed articles identified eight different LIS that six countries
implement at a national or sub-national scale, namely South Africa, Vietham, Namibia,
Ethiopia, Peru, and Malawi.’®"2" The LIS in South Africa is the only one that has the
capacity of recording data on all laboratory testing services at all public laboratories as
well as the connection to the national patient registration system to support the national
health insurance program.’3 Usage of laboratory data in research has also increased

since the nationwide scale-up of the LIS, since almost 20% of the rapid literature review



search results from LMICs were epidemiological studies from South Africa using data
from the LIS.22730

There is also a dearth of evidence on how LIS interventions enhance data quality,
data use, and health system management in LMICs.3' The e-Chasqui LIS for
tuberculosis testing data at 14 laboratories in Peru is the only one that has been
implemented and evaluated through a cluster randomized controlled trial.’® The trial
shows that the LIS decreased turnaround time and improves quality of care, but the
study team did not offer explanations on how the LIS has achieved such impact.'®

Despite the proliferation of data dashboards in public health, studies that
assessed data needs and user experience of dashboard users were limited. After
reviewing 1,191 papers, the authors of a systematic review on public health dashboards
only identified 18 user studies, while most of the remaining papers reviewed were only
about the design and technical development process of a specific dashboard.3? Only
five of the 18 user studies considered data demands and self-efficacy in dashboard user
experiences,?? highlighting a persistent, notable gap in research that other reviews
already identified previously.3334

The International Training and Education for Health (I-TECH) has been
collaborating with the Ministry of Health and Public Hygiene (MOH) in Céte d'lvoire
since 2009 with funding from the United States President's Emergency Plan for AIDS
Relief (PEPFAR) to build a functional, accredited diagnostic and laboratory network for
effective HIV care and treatment. Two of the key program interventions are 1)
supporting the use of OpenELIS (an open-source enterprise-level laboratory information

system interfacing with analyzers) since 2009 and 2) building and maintaining an



interactive dashboard of laboratory-level data on HIV VL testing and EID since January
2019. Following a two phased approach to development and implementation (phase 1:
2009-2015, phase 2: 2016-2021), OpenELIS is currently installed at 108 laboratories in
Céte d'lvoire, including 68 sites that use it for HIV data, one for food and drug safety
data, 27 for tuberculosis data only, and 12 sites that use a discontinued, reduced
version for routine laboratory testing data. The dashboard displays monthly aggregate
data on VL and EID to assist MOH, PEPFAR implementing partners (IPs), and HIV
service providers in programmatic monitoring and decision-making.

This dissertation will not only contribute evidence on the effectiveness of
OpenELIS on a national scale as well as the dashboard that aim to enhance data use,
but also explain the determinants of implementation to provide guidance on potential
scale-up in Cote d'lvoire and similar settings.

This dissertation will apply two established frameworks. The Consolidated
Framework for Implementation Research (CFIR) will be used to guide data collection
and interpretation related to laboratory-level determinants of OpenELIS implementation,
and to explain the perceptions of existing and potential users of the VL and EID
dashboard.3>3% The CFIR is a meta-theoretical framework designed to explain what
works where across different contexts and to identify determinants of program
implementation.3>3¢ The CFIR uses multidisciplinary theories (including those from
sociology, psychology, and organizational change) to determine contextual factors for
various levels of implementation performance across diverse settings.®’ The findings
from this dissertation using the CFIR are robust in the context of Céte d'lvoire and

potentially other similar settings. The CFIR also facilitates comparing and contrasting
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across laboratories with different performances in data quality, service capacity, and
organizational and geographical characteristics. Such comparisons will highlight best
practices and challenges in LIS implementation, which will be informative to future
planning.

The conceptual framework for the use of health data in decision-making,3®
building on the Performance of Routine Information System Management (PRISM)
framework,® highlights key factors that most directly influence data demand and

use.3840 Specifically, the activities to strengthen demand for and use of data in the

conceptual framework will be used to assess the general value, attitude, and experience

regarding using data in decision-making and to identify strengths and areas for
improvement of the dashboard.

This dissertation has one background paper and three specific research aims:

e Chapter 2: Development and national scale implementation of OpenELIS in Cote

d’lvoire: sustainability lessons from the first 13 years

e Aim 1 (Chapter 3): Estimate the intervention effect of OpenELIS on data quality,

namely data completeness, timeliness, and validity, using CD4 testing data.
Specifically,
1) Did the use of OpenELIS in Cote d’lvoire’s clinical laboratories lead to
statistically significant improvements in the data quality outcomes?
2) If so, what was the magnitude of the improvements compared to the
counterfactual scenario in which the laboratories had not adopted
OpenELIS?

3) Had the improvements persisted after the initial adoption of OpenELIS?

11



Aim 2 (Chapter 4): Understand the OpenELIS implementation determinants.
Specifically,
1) What was the extent of sustaining OpenELIS routine use at clinical
laboratories in Céte d'lvoire?
2) What were the facilitators and barriers to OpenELIS routine
implementation at all sites?
3) What implementation determinants differentiated high- versus low-
sustainment sites?
Aim 3 (Chapter 5): Assess the values, attitudes, and experiences regarding data-
driven decision-making and using the VL and EID dashboard among existing and
potential users. Specifically,
1) What were the values, attitudes, and experiences of existing and potential
dashboard users on data-driven decision-making in their organizations?
2) What were the participants’ impressions of the VL and EID data

dashboard?
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Chapter 2. Development and national scale implementation of an open-source
electronic laboratory information system (OpenELIS) in Cote d’lvoire: Sustainability
lessons from the first 13 years

This chapter has been published in the International Journal of Medical Informatics:
HeY, liams-Hauser C, Henri Assoa P, et al. Development and national scale
implementation of an open-source electronic laboratory information system (OpenELIS)
in Cote d’lvoire: Sustainability lessons from the first 13 years. Int J Med Inform.
2023;170:104977. doi:10.1016/j.ijmedinf.2022.104977

Authors: Yao He, Casey liams-Hauser, Paul Henri Assoa, Yves-Rolland Kouabenan,
Pascal Komena, Adama Pongathie, Alain Kouakou, Mary Kirk, Jennifer Antilla, Carli
Rogosin, Patricia Sadate Ngatchou, Natacha Kohemun, Jean Bernard Koffi, Jan Flowers,
Nadine Abiola, Christiane Adjé-Touré, Nancy Puttkammer, Lucy A. Perrone

2.1 Abstract

Purpose: Céte d'lvoire has a tiered public health laboratory system of 9 reference
laboratories, 77 laboratories at regional and general hospitals, and 100 laboratories
among 1,486 district health centers. Prior to 2009, nearly all of these laboratories used
paper registers and reports to collect and report laboratory data to clinicians and
national disease monitoring programs.

Project: Since 2009 the Ministry of Health (MOH) in Cote d'lvoire has sought to
implement a comprehensive set of activities aimed at strengthening the laboratory
system. One of these activities is the sustainable development, expansion, and
technical support of an open-source electronic laboratory information system
(OpenELIS), with the long-term goal of Ivorian technical support and managerial
sustainment of the system. This project has addressed the need for a comprehensive,
customizable, low- to no-cost, open-source LIS to serve the public health systems with

initial attention to HIV clients and later expansion to cover the general population. This
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descriptive case study presents the first published summary of original work which has
been ongoing since 2009 in Cote d’lvoire to transform the laboratory information
management systems and processes nationally.

Impact: OpenELIS is now in use at 106 laboratories across Cote d’lvoire. This article
describes the iterative planning, design, and implementation process of OpenELIS in
Cote d'lvoire, and the evolving leadership, ownership, and capacity of the lvorian MOH in
sustaining the system. This original work synthesizes lessons learned from this 13-year
experience towards strengthening laboratory information systems in other low resource

settings.

2.2 Background

In low- and middle-income countries (LMICs), inadequate infrastructure including
limited availability and use of electronic laboratory information systems (LIS) has
hindered quality laboratory service delivery for communities." International development
efforts such as the U.S. President's Emergency Fund for AIDS Relief (PEPFAR) have
aimed to strengthen national laboratory systems by modernizing infrastructure and
diagnostic testing methods including automated analyzers that require computer
connectivity for data management. The increase in the quantity and complexity of data
generated from high-throughput analyzers and sophisticated diagnostics necessitates
the transition from paper records to LIS.

Compared to paper-based systems, LIS are more efficient and enable better
quality control in collecting, processing, managing, synthesizing, and reporting large

amounts of data (Table 1)."” The COVID-19 pandemic has highlighted the acute
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importance of digital health including LIS in providing data and enabling rapid data
exchange and sharing to facilitate public health surveillance and data-driven decision-
making.*’

However, LIS uptake and routine usage in low- and middle-income countries
(LMICs) remains low due to several barriers. LIS ownership, development, and
maintenance can be perceived as bearing high costs of financial and human resources.
Numerous proprietary LIS exist but may not be ideally suited for LMICs where financial
resources are limited and, most often, ongoing software support relies on long-term
service contracts with private companies. Although some LMICs have implemented
proprietary systems,’31516 these systems are vulnerable to market changes and can
leave users unsupported if a company suspends its operations or modifies its service
terms. Health information systems (HIS), including LIS, that use open-source code and
are supported by communities of practice (CoPs) offer an attractive alternative in
LMICs. Open-source CoPs have a vested interest in capacity building of software
developers and users including those from LMICs.#? Besides time and effort, there are
no licensing fees, and all software code created is in public ownership which enables
others to customize and improve functionality.® Several open-source LISs are currently
in use in LMICs in Africa and Asia with varied scale.**

Another barrier to sustained, wide-scale usage of LIS is that LIS initiatives are
often international-donor-driven and may lack close collaborations with ministries of
health (MOHs) in LMICs. Engaging the MOH in the initial design and feature
prioritization stage, building local capacity to own and maintain the software, and

securing resource commitment after phaseout of donor support are time- and labor-
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intensive.*> Power asymmetries between donors and LMIC stakeholders may discount
local priorities, requirements, and innovations.*® However, successful experiences of
implementing LIS in LMICs at the national scale have shown that strengthening MOH
leadership and cultivating mutually beneficial partnerships are essential to impactful
and sustainable laboratory system strengthening.’34

Since 2009, the University of Washington’s (UW) International Training and
Education Center for Health (I-TECH), has worked in partnership with the Céte d'Ivoire
Ministry of Health and Public Hygiene (Ministére de la Santé et de I'Hygiéne Publique, or
MSHP) to implement a comprehensive set of activities aimed at strengthening the
laboratory system. PEPFAR and the U.S. Centers for Disease Control and Prevention
(CDC) have funded the partnership. One of the key activities is the sustainable
development, expansion, and technical support of an open-source enterprise-level LIS,
the OpenELIS system, with the long-term goal of Ivorian technical support and
managerial sustainment of the system. The software serves as both an effective
laboratory information management solution and a business operations framework for
the laboratory service units (Figure 1). The collaboration has addressed the need for a
comprehensive, customizable, low- to no-cost, open-source LIS to serve the public
health systems with initial attention to HIV clients and later expansion to cover the
general population.

Céte d'lvoire has a tiered public health laboratory system of 9 reference
laboratories, 77 laboratories at regional and general hospitals, and 100 laboratories
among 1,486 district health centers. Prior to 2009 most laboratories used paper

registers and reports to collect and report laboratory data to clinicians and national
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disease monitoring programs. The only LIS was a bespoke database located at the
national HIV reference laboratory (called RETRO-CI), and this system was paired with
commercial software.

The objectives of this case study are to: 1) present the iterative implementation
process of OpenELIS in Cote d'lvoire; 2) describe the evolving leadership, ownership,
and capacity of the Cote d'lvoire MSHP in sustaining routine use of OpenELIS; and 3)

synthesize lessons learned for strengthening LIS in other LMICs.

2.3 Methods

We used qualitative methods in this case study to describe the implementation
and collaboration around OpenELIS and its supporting activities.’**’ We reviewed
monthly and annual project reports from the implementers, activity and trip reports from
technical experts and government and donor representatives, and software
development roadmap and technical documentation from 2009 to 2020. This project
was determined to be non-research by the University of Washington and has been
approved by Céte d'lvoire Comité National d'Ethique des Sciences de la Vie et de la
Santé (CNESVS, Ivorian Institutional Review Board; reference number 006-
21/MSHP/CNESVS-km) and the U.S. CDC.

Information abstracted from the project documents was initially summarized in
chronological order and later coded deductively and inductively. Next, we coded the
summaries deductively using the components of the Stages of Continuous
Improvement (SOCI) Framework for Health Information Systems.* The SOCI

Framework has previously been used in Uganda and Cameroon to assess the maturity
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of digital health tools.*8~%0 In addition to deductive codes, we also created new codes
inductively where the SOCI Framework did not apply. Inductive codes captured the
different steps of OpenELIS implementation and evolving collaboration among
stakeholders. When coding was complete, codes and their corresponding excerpts from
the summaries were organized into themes. YH coded the summaries. The other co-
authors reviewed and verified the coding and analysis to ensure accuracy. The coding
and thematic analysis took place in ATLAS.ti 8 Windows.

To ensure that LIS implementation translates into high-quality health services
and population health benefits,®' it is important to monitor how data systems mature
over time. As such, the SOCI Framework outlines 13 components and 39
subcomponents within five domains, i.e., HIS leadership and governance, management
and workforce, infrastructure, standards and interoperability, and data quality and

Use.52’53

2.4 Results
2.4.1 Design and development

OpenELIS was initially designed and implemented at two state public health
laboratories in Minnesota and lowa, U.S.>* Its implementation in global health began as
part of a collaborative effort between the U.S. CDC and the Government of Vietham to
strengthen HIV service delivery and laboratory systems in 2005.7# As part of the open-
source medical record system (OpenMRS) consortium of partners,®>® UW I-TECH
received the OpenELIS source code and joined the development of the OpenELIS

codebase in 2009.
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An agile software design and development methodology was adopted by UW |-
TECH for OpenELIS to enable an inclusive, iterative approach to software creation
together with the local stakeholders in Cote d'lvoire.®® Since its introduction and
adaptation in Céte d'lvoire in 2009, OpenELIS has evolved through multiple iterations of
improving functionality and flexibility and through new releases twice per year. The first
versions of OpenELIS were limited in scope and focused primarily on HIV care. It
provided pre-defined forms and reports for common HIV-related tests such as early
infant diagnosis of HIV (EID), CD4 counts, and HIV genotyping.

In 2011 UW I-TECH merged all versions of OpenELIS for different laboratories
into one core, i.e., OpenELIS Global 1.4, greatly reducing the burden of maintenance and
update. Before 2011 we created a customized copy of OpenELIS for each laboratory.
This approach was manageable when OpenELIS was implemented in four national
laboratories in Cote d'lvoire and Haiti. However, as OpenELIS expanded to new
laboratories, the time burden of maintaining and updating the software across different
versions became excessive. The shift to a common code base shortened the software
testing cycle for each new version from approximately 200 hours to 40 hours and
permitted a more thorough software testing process and a higher quality final release.

The core software improvements also enabled greater customizability and made
it possible for a lab to install and configure OpenELIS without engaging a software
developer to customize elements. We added test catalog management features,
allowing laboratories to modify catalogs between version releases. Laboratories could
make changes to existing tests or add new tests or panels without a software developer

adding them manually to the system. New analyzer interfaces were added so that
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laboratories could import data from analyzers beyond those related to HIV. The core
software could be deployed without impacting previous local customizations and
further adapted to any setting without code re-write or maintenance. This allowed for
countries and laboratories to have more control over what features to include in the
software.

In 2018 UW I-TECH began an extensive review of the OpenELIS application and
identified where the older technology had become obsolete and presented data security
risks. OpenELIS Global 2.0, completed in 2019, upgraded the core framework to mitigate
security risks (Table 2).

Many expansions and improvements in later iterations of OpenELIS stemmed
from close collaboration between UW I-TECH and the multi-stakeholder OpenELIS
technical working group (TWG) in Cote d'lvoire, convened in 2015. The TWG consists of
representatives from the MSHP, I-TECH Céte d'lvoire, PEPFAR's NGO implementing
partners (IPs), and CDC. UW I-TECH and the design team within the TWG would lead
design workshops that start with needs gathering at regional and district hospitals and
laboratories using a standardized questionnaire. After reconvening, group members
would share the findings on identified needs and gaps in LIS functionality and reporting,
prioritizing design features, adding the designs to the roadmap,®” and writing software
specifications.

The software development process followed a similar collaborative trajectory as
the design process. Before 2014 UW I-TECH conducted all software development,
mostly by one senior software developer and joined later by a second developer. All

reports, enhancements, and changes relied on the two developers and was dependent
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on the next release. Starting in 2015 UW I-TECH has provided software development
training in Cote d'lvoire and created a more collaborative workflow with Ivorian
developers so that both design and development have become more localized.
2.4.2 Deploy, scale-up, and support

OpenELIS deployment and scale-up took place in several stages since 2009
(Table 3), and the respective roles of the MSHP and I-TECH in the process evolved over
time. Before 2015 I-TECH led the deployment process. The deployment at a laboratory
began with a team of I-TECH staff from Cote d'lvoire and Seattle conducting an initial
laboratory assessment. Then, during a second visit, the team deployed a customized
version. By the end of 2015 OpenELIS had been deployed at 11 laboratories, covering
the entire network of laboratories performing viral load testing at the time (Figure 2).

In 2015, after the MSHP defined and ratified LIS requirements, they determined
that OpenELIS satisfied most of these requirements and would be the system deployed
at laboratories throughout the country. The MSHP became the owner of OpenELIS in
Cote d'lvoire and started collaborating with I-TECH closely in deployment to roll out
OpenELIS. The scale-up first prioritized regional referral laboratories that newly started
providing viral load testing as part of a MSHP- and CDC-led initiative to scale-up viral
load testing. OpenELIS was then deployed in hospitals at the district and local level to
support their collection and management of data on routine laboratory testing for both
HIV and non-HIV clients. As of 2021, 111 laboratories in Cote d'lvoire had implemented
OpenELIS (Figure 2). OpenELIS currently supports testing of hematology, biochemistry,
molecular biology, serology, and testing of microbiology, pathology, and

immunohistochemistry will be available in January 2023.
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The collaborative deployment and scale-up process started with a series of
deployment workshops with relevant stakeholders from the OpenELIS TWG in 2015.
Participants received hands-on training on setting up servers and workstations,
conducting maintenance and updates, and troubleshooting. During the deployment
wave each year starting from 2015, a team of MSHP implementation, I-TECH Cote
d'lvoire staff, and IP representatives would organize a week-long implementation trip to
deploy the software and perform the initial training of laboratory staff. The team would
follow-up with the laboratories by phone weekly and conduct a coaching and review visit
1-3 months after the deployment and training.

Starting in 2020 the MSHP began leading the deployment process with minimal
support from I-TECH. The MSHP team conducts all follow-up visits, and the training is
facilitated by MSHP trainers with co-facilitation by I-TECH Céte d’lvoire. The MSHP also
independently operates the OpenELIS Technical Assistance Unit (Cellule d'Assistance
Technique de OpenELIS, or CATOE), the technical support call center for OpenELIS.
Established in 2016 within the MSHP, CATOE provides direct, real-time technical support
to OpenELIS users. CATOE technicians hold bidirectional call services with laboratories
to conduct monthly check-ins that proactively probe for issues and to respond to
technical assistance requests. CATOE consists of four MSHP staff members who were
recruited from the participants of the first OpenELIS implementers' workshop in 2015.
The technicians received targeted training on providing real-time support, equipment,
phone credits, and a 6-month mentorship with the primary support and development
staff at I-TECH. CATOE meets monthly with the OpenELIS TWG to review activities and

findings from the support calls, feeding information into the software roadmap.
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2.4.3 Strengthening local leadership and ownership

The Cote d'lvoire MSHP started collaborating with I-TECH in OpenELIS
implementation more actively in 2015. The MSHP initiated a reorganization process in
2014 that spurred the creation of the Department of Informatics and Health Information
(Direction de I'Informatique et de I'Information Sanitaire, or DIIS) in 2015 to consolidate
and coordinate health informatics activities in the country. This designation signaled a
leadership commitment to ownership of HIS development, implementation, and
management activities nationally. In 2017 the MSHP incorporated the designation of
OpenELIS and its scale-up in the National Strategic Plan for the Development of Medical
Biology Laboratories 2017-2020.%8

The continuous strengthening of MSHP leadership demonstrates comprehensive
ownership of not only the software and hardware but also the essential knowledge,
skills, and processes to sustain routine OpenELIS implementation. Before 2015 the
MSHP was only involved in site selection for OpenELIS. After the formation of DIIS, the
MSHP joined I-TECH throughout the implementation process from forming the TWG,
gathering needs, and training developers and technicians to deploying the software and
providing technical support. By 2020 the DIIS was conducting follow-up visits and
operating CATOE independently, leading the deployment process, configuration of
servers, and training of new and existing users.
2.4.4 Building local capacity

Building local capacity for implementing OpenELIS in Cote d'lvoire is critical in
addition to providing the software and hardware and strengthening local leadership.

Training on various topics along the software development pipeline and in various
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formats has happened in Cote d'lvoire to equip Ivorian policymakers and technicians
with necessary knowledge and skills for routine OpenELIS implementation and
maintenance.

Before 2015 UW I-TECH staff initially provided on-the-job training (OJT) on
OpenELIS deployment and upgrade to selected staff at the MSHP, national laboratories,
and IPs. In 2014 a targeted month-long training on OpenELIS development took place in
Seattle for software developers with background in Java from the MSHP, Institut
Pasteur Cote d'lvoire, Institut National Polytechnique Félix Houphouét-Boigny (INPHB; a
public polytechnic institute of higher education), and I-TECH Céte d'lvoire. After
participants returned to Céte d'lvoire, UW I-TECH staff provided remote mentoring and
exercises. While the results of the OJT and targeted training were promising, the time
and resources for replicating these formats became unsustainably high as the
OpenELIS scale-up started in 2015.

In response, UW I-TECH started collaborating with the MSHP in 2015 to develop a
full suite of materials for OpenELIS including a package for trainers and users, and to
lead a series of training of trainers (TOT) sessions within Cote d'lvoire. The week-long
TOTs used theoretical and practical activities and took a holistic technical approach
covering a range of topics from design, planning, development, and programming to
implementation and support. Among the participants at the first TOT, one became the
deputy director of DIIS, and most joined the OpenELIS TWG. The TOT participants later
conducted cascade training led by the MSHP during the OpenELIS scale-up. Cascade
training participants provided largely positive ratings, appreciating the theoretical and

practical exercises. The TOTs and cascade trainings have been an integral part of the
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deployment and scale-up process since 2015 and formed a cadre of trained teams in
Cote d'lvoire to ensure sustainable OpenELIS deployment and support.

The collaboration between I-TECH and INPHB incorporated OpenELIS into the
computer science curriculum and started the OpenELIS internship at INPHB. In 2016
two INPHB faculty received training on OpenELIS software development from UW I-
TECH, and they started using OpenELIS as an example LIS to teach students in
computer science. In 2018 the OpenELIS internship program started with three students
studying at INPHB and working with I-TECH Céte d'Ivoire simultaneously to practice
OpenELIS software development, deployment, and technical support. The training
program and assessment process became standardized in 2019, and two interns per
year embedded with I-TECH or MSHP teams for one year. Ten interns have graduated
from the program, and one was eventually hired as I-TECH Cote d'lvoire staff.

In addition to periodic training and the internship program, software developer
retreats and opportunities to attend and present at international and regional
conferences for HIV/AIDS or health informatics have also been part of capacity
building.

2.4.5 Supporting data-driven decision-making in HIV/AIDS

To transform data stored in OpenELIS into information that is meaningful for
decision-making, I-TECH built the online data dashboard that displays aggregate data
on viral load testing and EID imported from OpenELIS.% The dashboard imports data
from OpenELIS and create visualizations that help the MSHP, IPs, and CDC monitor
performance along the HIV care cascade and make programmatic decisions to improve

quality of care. For example, the viral load dashboard helped discover a large group of
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clients who only had initial HIV diagnostic and viral load tests but no follow-up tests
across multiple regions in Cote d'lvoire. This issue would have been hidden before the
dashboarding process cleaned, consolidated, and visualized the data. The MSHP and
CDC based their directions for the regions and IPs on the discovery from the dashboard.

I-TECH also developed the pediatric HIV case management tool that combined
OpenELIS data of pediatric HIV clients with those from the HIV electronic medical
records (EMR) system in Cote d'lvoire. This tool helped health facilities and districts
identify and follow-up with lost-to-follow-up pediatric clients and parents and those
whose viral load test results indicated a decline in antiretroviral regimen effectiveness.
OpenELIS's pivotal role as an essential public health tool was solidified.
2.4.6 Networking, interoperability between systems, and expansion

To respond to emerging needs from the MSHP and laboratories, the OpenELIS
project will always have room for adaptation and growth. Current activities include
transitioning from a series of individual instances of OpenELIS to a more interconnected
national laboratory information system through system networking. The pilot of a
consolidated server for the national laboratory data warehouse began in 2021, bringing
all laboratory data to one central location for reporting and real-time decision-making by
the MSHP. The continuous demands from laboratories to add more testing modules to
OpenELIS motivated the project to start developing modules for tuberculosis, COVID-19,
and enhanced support for molecular biology and bidirectional analyzer interfacing. A
reference testing workflow has been developed, allowing results to be sent between
OpenELIS instances and providing laboratory results instantly between laboratories and

reference laboratories to aid diagnosis and allow for faster treatment.
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Programmatically, I-TECH will continue to work with the Céte d'lvoire MSHP to provide

necessary assistance for the full transition.

2.5 Discussion

To our knowledge, this is the first case study of best practices and lessons
learned from the implementation of a LIS in a tiered laboratory system in West Africa.
This case study illustrates the development, implementation, and capacity building
process for OpenELIS in Cote d'lvoire since 2009, with support from PEPFAR, as part of
an initiative to strengthen the national laboratory system. The open-source nature of
OpenELIS coupled with the close partnership between the MSHP and I-TECH have
facilitated the collaborative, iterative process of designing, developing, deploying, and
scaling up OpenELIS in Céte d'lvoire. Strong local leadership and ownership of
OpenELIS implementation contributed to the scaling and sustainment of routine use of
OpenELIS at laboratories nationwide beyond the first 13 years. The improved capacity
and talent pool for OpenELIS implementation and support, resulting from continuous
training efforts, also facilitated scaling and sustainment. OpenELIS and its dependent
data dashboard have already demonstrated value in supporting the MSHP and other
stakeholders in data-driven decision-making.
2.5.1 Open-source design and CoPs-supported software adoption, implementation,
sustainability, and innovation

The open-source nature and the resulting potential for in-country capacity
building and ownership of OpenELIS were the main reasons why the Cote d'lvoire MSHP

decided to adopt it. Reports from open-source LIS software projects in other settings,
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including the OpenELIS project in Vietnam,’ a LIS pilot for tuberculosis in Pery,’® and a
LIS pilot for HIV in Malawi,?" have also underscored the value of open-source software
in LMICs. Open-source software provide flexibility and agility so that governments can
start with a pilot project and gradually build in more functions as use cases evolve and
expand. The open-source nature invites collaboration and cultivates local capacity so
that costs of development and maintenance will decrease over time, contributing to
sustainability. Digital Square, a global consortium for promoting health equity through
digital health, designated OpenELIS in 2018 as a digital “global good”.%% A CoP was also
developed to support the advancement and implementation of OpenELIS globally. As of
October 2020, over 270 laboratories in 18 LMICs in sub-Saharan Africa, Asia, and the
Caribbean use OpenELIS.

Continuous maintenance and funding support for software is crucial after the
initial launch,®' and the OpenELIS CoP worldwide is a model that facilitates sustainable
implementation, meaningful collaboration, and local ownership. There are three
common models for implementing open-source software in LMICs, namely software as
a service (SaaS),%? donor investment in the core global good,%364 and CoP.%° The first
two models keep the knowledge and maintenance responsibility with the developers
who are usually in high-income countries, and funding can be highly donor-driven. On
the contrary, the CoP model brings a variety of actors and resources to a shared table to
support the core stewardship and maintenance of the global good. The large-scale
adoption of OpenELIS through different funding streams, not just PEPFAR, has led to a
broader set of features and more sustainable cost-sharing, including recent co-

investment from LMICs and the U.S. in 2021. Each implementing country benefits from
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features developed for other use cases due to the single code base and flexible
administrative options. The OpenELIS CoP continuously supports the development of
innovations and flexible design that can be used across use cases.*?

2.5.2 Collaboration, capacity building, and local ownership are the key to sustainable
implementation

Numerous global health projects have struggled to continue beyond the pilot or
trial phase, and one of the key barriers to scale-up and sustainability is lack of local
ownership and leadership at each level of the system.%%¢’ The collaboration between
the MSHP and I-TECH is the nurturing ground for the decade-long OpenELIS project in
Céte d'lvoire. The open-source and global CoP of software such as OpenELIS naturally
support technical collaboration and exchange.®® However, without committed
engagement and close partnership with the MSHP, the OpenELIS design and
development process in Cote d'Ilvoire would likely have been less participatory, less
successful, and less sustainable.®?

The improved local capacity of software development and maintenance for
OpenELIS is an important contribution toward the vision of long-term, locally sustained
implementation. Providing information technology without investing in human
resources or building capacity would still be inadequate in addressing the gaps in the
laboratory system.’” Therefore, the policymakers and technicians trained in OpenELIS
development and deployment as well as the interns embedded in MSHP teams to
support OpenELIS implementation will ensure the medium- and long-term success of

the project.
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The collaboration has also strengthened local ownership of OpenELIS and
leadership of relevant software development and support activities to achieve routine
usage and nationwide scale. Although the OpenELIS project in Céte d'lvoire is still
receiving funding by the U.S. government as part of PEPFAR, and the Cote d'lvoire
MSHP has not committed to completely taking over the continuous implementation of
OpenELIS, there has at least been progress towards this goal. Transition of all
OpenELIS-related planning, design, development, and implementation to the MSHP has
been underway as of March 2022.

2.5.3 Limitations

This case study represents the experiences of one LIS project in Cote d'lvoire and
thus may not be generalizable to other settings, though the lessons learned are relevant
to many health information systems strengthening projects in LMICs. Evaluation
research that uses rigorous quantitative, qualitative, or mixed methods is necessary to
assess and demonstrate the reach, effectiveness, adoption, implementation, and
maintenance of the project.”? For example, using a quasi-experimental design to assess
the effectiveness of improving laboratory testing data quality (e.g., data timeliness, data
completeness, data validity) and service quality (e.g., turnaround time, testing validity)
by comparing LIS to paper records; using a qualitative study to interview laboratory staff

about the facilitators and barriers to LIS implementation.

2.6 Conclusion
The development and nationwide scale-up of OpenELIS in Cote d’lvoire for over a

decade have relied on the open-source software design, CoP support, close
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collaboration with the Céte d’lvoire MSHP, and cultivation of local ownership and
capacity since inception. Other countries and supporting partners planning to adapt and
nationally scale LIS may consider the importance of HIS workforce development,
financial sustainability, and institutionalization of government ownership and technical

leadership.
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2.7 Tables and Figures

Table 1. Strengths of laboratory information systems compared to paper-based

processes.
LIS Features Actions Impact
Reception Batch entry; referral Accelerate the processing Reduce turnaround time
workflows and recording of incoming
work
Results Work plans Help managers monitor Ensure efficient operation
Generation workload and supply of laboratories
management
Analyzer interfaces Relay result quickly and Reduce turnaround time
accurately
Reporting Interface with EMR Communicate client Enable faster clinical

laboratory history rapidly to
clinicians in referral
networks

decision-making regarding
diagnosis, treatment, and
prognosis;

Reduce turnaround time

Interface with client
notification systems via
SMS or email

Communicate test results
to clients rapidly

Prompt immediate behavior
augmentation and achieve
better health outcomes
(e.g., initiate self-quarantine
in the case of COVID-19).

Interface with routine
health information
systems at the district,
regional, and national
levels

Enable faster aggregate
data reporting

Facilitate data-driven policy
making;
Reduce turnaround time

Reports of quality
indicators such as
turnaround time

Help managers monitor
quality performance

Facilitate continuous
quality improvement;
Increase testing quality

Overarching

Graphic widgets (e.g.,
drop-down menus,
checkboxes), active logic
and value checks, flags
and reminders for
potential issues, and
automation

Reduce errors

Facilitate quality control;
Increase testing quality

Data storage and data
query tools

Allow secure, long-term
data retainment and easy
data retrieval based on
specific needs

Improve client privacy, long-
term data availability, and
data usage

EMR, electronic medical records; SMS, short message service
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Table 2. Open-source components in OpenELIS

OpenELIS Global 1.X series

OpenELIS Global 2.X series

Timeframe Before 2011 After 2011
Operating System Ubuntu 12 Ubuntu 20
Programming Framework Java Struts 1 Java Spring
Web Application Tomcat Tomcat
Database PostgreSQL PostgreSQL

Interoperability

Mirth, HL7 2.5.1

FHIR R4, HL7 2.5.1, ASTM

Customization

Hard-coded multiple forks by
developers for each use case

Core software with flexible
customization by users

HL7, Health Level 7; FHIR, Fast Healthcare Interoperability Resources; ASTM, American Society of Testing

and Materials

Table 3. Timeline of the OpenELIS scale-up in Céte d'lvoire

Number of laboratories
implementing OpenELIS
Year New Cumulative
2009-2012 |3 3
2013-2015 |8 11
2016 1 12
2017 31 43
2018 12 55
2019 13 68
2020 28 96
2021 15 111
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Figure 1. OpenELIS laboratory software solution and business process framework
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Figure 2. Laboratories in Cote d'lvoire that implement OpenELIS before and after 2015.
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Chapter 3. Laboratory data timeliness and completeness improves following
implementation of an electronic laboratory information system in Cote d’lvoire: An
interrupted time series analysis on 21 clinical laboratories from 2014-2020

Authors: Yao He, Yves-Rolland Kouabenan, Paul Henri Assoa, Nancy Puttkammer,
Bradley H. Wagenaar, Hong Xiao, Stephen Gloyd, Noah G. Hoffman, Pascal Komena, N’zi
Pierre Fourier Kamelan, Casey liams-Hauser, Adama Pongathie, Alain Kouakou, , Jan
Flowers, Nadine Abiola, Natacha Kohemun, Koffi Jean-Bernard Amani, Christiane Adje-
Toure, Lucy A. Perrone

3.1 Abstract

Introduction: The Ministry of Health in Céte d'lvoire and the International Training and
Education Center for Health at the University of Washington, funded by the United
States President's Emergency Plan for AIDS Relief have been collaborating to develop
and implement an open-source enterprise-level laboratory information system
(OpenELIS) to improve HIV-related laboratory data management and strengthen quality
management and capacity in clinical laboratories across the nation. This impact
evaluation aimed to quantify the effects of implementing OpenELIS on data quality for
laboratory tests related to care and treatment of people living with HIV.

Methods: This evaluation used a quasi-experimental design to perform an interrupted
time series analysis to estimate the changes in the level and slope of three data quality
indicators (timeliness, completeness, and validity) after OpenELIS implementation. CD4
testing records for 48 weeks before until 72 weeks after OpenELIS adoption were
collected using paper and electronic records from 21 laboratories in 13 health regions
that started using OpenELIS between 2014-2020. We analyzed the data at the laboratory
facility level. We estimated odds ratios (ORs) comparing the observed outcomes with

modeled counterfactual ones when the laboratories did not adopt OpenELIS.
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Results: There was an immediate five-fold increase in timeliness (OR=5.27; 95%
confidence interval [Cl]: 4.33, 6.41; p<0.001) and an immediate 3.6-fold increase in
completeness (OR=3.59; 95% Cl: 2.40, 5.37; p<0.001). These immediate improvements
were observed starting after OpenELIS installation and then sustained until 72 weeks
after OpenELIS adoption. The weekly improvement in the post-implementation trend of
completeness was significant (OR=1.03; 95% CI: 1.02, 1.05; p<0.001). The improvement
in validity was not statistically significant (OR=1.34; 95% Cl 0.69, 2.60; p=0.38), but
validity did not fall below pre-OpenELIS levels.

Discussion: These results demonstrate the value of electronic laboratory information
systems in improving laboratory data quality and supporting evidence-based decision-
making in healthcare. These findings highlight the importance of OpenELIS in Cote
d'lvoire and the potential for adoption in other low- and middle-income countries with

similar health systems.

3.2 Background

Clinical laboratories provide critically important data for disease investigations
and supply timely information for clinical care and public health including helping to
identify and characterize pathogens, conduct routine surveillance, and respond to
communicable and non-communicable diseases. Effective and timely laboratory
services help address national disease priorities and achieve national disease priority
and global targets such as the Sustainable Development Goals and the 95-95-95 targets
launched by the Joint United Nations Programme on HIV/AIDS.'~3/172 |n managing

people living with the human immunodeficiency virus (HIV), CD4 testing is critical for
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monitoring a client's immune status and risk of opportunistic infections as well as
helping healthcare providers decide on differentiated care models and informing
tuberculosis screening.”® For a national HIV program to be highly successful and a
country to reach their goal of reducing HIV-related deaths, the health system must
integrate data from an effective clinical laboratory system. However, access to quality
laboratory services remains a challenge low- and middle-income countries (LMICs) as
many countries still rely on paper-based records that can often be unreliable.®
Throughout the cascade of care, paper documents and records require a careful chain
of possession, tracking, and version control, and their use and sometimes loss can
impede an already complex process of service delivery. Problems in data quality could
occur at every step of this manual process, jeopardizing quality of care.

Laboratory information systems (LIS) are part of the important infrastructure for
laboratory operation and information management. According to the requirements for
quality and competence of medical laboratories issued by the International Organization
for Standardization (ISO), most of the information management requirements are for
electronic systems.’# This signals the high prevalence of electronic LIS at laboratories
that meet or strive to reach ISO standards. The World Health Organization established
the Stepwise Laboratory Quality Improvement Process Towards Accreditation (SLIPTA)
checklist to guide clinical laboratories in Africa through continuous quality improvement
and towards accreditation to international standards.® The SLIPTA checklist
characterizes computerized LIS as integral to ensuring laboratory operation and fulfilling

the criteria of laboratory information management on ensuring data quality, data
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storage and back-up, and patient confidentiality. Lack of effective electronic LIS is one
of the barriers to quality laboratory service delivery in LMICs.’

LIS can also improve the quality of care, patient safety, and disease
surveillance.”?~12 Compared to paper-based information systems, electronic LIS can
provide more timely and more accurate monitoring and reporting of turnaround time,
test failure rates, and other indicators, which improve the quality of the laboratory data
that informs clinical care.” Various features in OpenELIS intend to ensure data
timeliness, completeness, and validity. Control elements and graphical widgets such as
drop-down menus and radio buttons make data entry easier and faster, supporting data
timeliness and validity. Required data fields must be completed to generate the
laboratory result for a patient, assuring data completeness. Valid ranges displayed
alongside each test result, the flags for manual review of out-of-range results, and the
mandatory validation step before generating results help ensure data validity.

The International Training and Education Center for Health (I-TECH) has been
collaborating with the Ministry of Health, Public Hygiene, and Universal Health Coverage
(MSHPCMU) in Cote d'Ivoire since 2009 with funding from the United States President's
Emergency Plan for AIDS Relief (PEPFAR) to build a functional, accredited diagnostic
and laboratory network for effective HIV care and treatment. One of the key program
interventions is establishing and supporting the use of OpenELIS, an open-source
enterprise-level laboratory information system interfacing with laboratory testing
analyzers.”® From 2009-2021 OpenELIS was installed at 108 laboratories in Cote

d'lvoire, including 68 sites that use it primarily for HIV data, one for food and drug safety

38



data, 27 for tuberculosis data only, and 12 sites that use OpenELIS for routine laboratory
testing data.

This study aims to estimate the intervention effect of OpenELIS on data quality,
namely data completeness, timeliness, and validity, using CD4 testing data. Specifically,
we aimed to answer the following questions: (1) Did the use of OpenELIS in Cote
d’lvoire’s clinical laboratories lead to statistically significant improvements in the data
quality outcomes? (2) If so, what was the magnitude of the improvements compared to
the counterfactual scenario in which the laboratories had not adopted OpenELIS? (3)
Had the improvements persisted after the initial adoption of OpenELIS?

Beyond a single study of the effect of an LIS on laboratory turnaround time in
Peru,’® there is limited evidence on how LIS interventions enhance data quality in
LMICs. Findings from our study will provide evidence on the impact of the OpenELIS
intervention and inform policy recommendations and guidance for the Céte d'lvoire
MSHPCMU to adopt the best approaches for the future and for decision makers
elsewhere to consider adopting OpenELIS in countries with a context similar to Cote

d'lvoire.

3.3 Methods

Study design and data sources

We conducted an interrupted time series (ITS) analysis using weekly time-series
data from up to 48 weeks before a laboratory started using OpenELIS until up to 72
weeks after. The ITS analysis is a quasi-experimental design in the evaluation of

healthcare interventions or policies that are introduced at a specific time.””’8 We
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hypothesized that the functions and features in OpenELIS would improve the efficiency
and quality of laboratory data collection and management more than paper registries
(Figure 1). The primary data quality outcomes were timeliness, completeness, and
validity. Timeliness for this study was defined as the proportion of test results produced
within one day upon receiving test samples; completeness was defined as the
proportion of test results having complete data on all four required data fields, namely
patient identifier, age, sex, and result date; and validity is the proportion of test results
on CD4 cell counts that were within the valid range (0-2,000 cells/mm?).

We collected data from 21 clinical laboratories across 13 health regions in Cote
d'lvoire (Figure 2). This sampling considered adequate representation in terms of
geography and service capacity, as well as the feasibility of data collection. Five sites
were regional reference laboratories that provided HIV viral load testing services, three
were regional laboratories, and 13 were either at general hospitals or urban hospitals
that provided HIV- related laboratory services at the district level. Patient data for all
outcomes were de-identified and individual-level data abstracted from laboratory paper
registries for the pre-implementation period and from local servers for the post-
implementation period. Data were aggregated by laboratory and organized by week for
modeling the outcomes in the analyses. The number of laboratories whose data were
incorporated in the analyses for timeliness, completeness, and validity was eight, 21,
and 20, respectively.

The availability of data on each outcome for both the pre- and post-
implementation periods is described below. The number of laboratory weeks differed

for each outcome because some laboratories did not have the required paper records
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on sample reception and test results that contained data for estimating pre-
implementation trends. The most common reasons why paper records were missing
were that accidents such as fire or flood destroyed them or that laboratories destroyed
the paper records older than five years because the national policy only requires five
years for archiving paper-based records.

Statistical analysis

We used a logistic regression model in the unadjusted analysis to examine the
trend of each of the primary outcomes and their changes associated with OpenELIS
implementation. We estimated crude odds ratios (ORs) representing weekly outcomes
compared with outcomes that would have occurred had the laboratories not adopted
OpenELIS. We reported both the level change and slope change. We specifically
investigated the abrupt changes in outcomes observed during the first week of
OpenELIS implementation and the weekly changes in the trend starting from the second
week of OpenELIS implementation.

We used a mixed-effects logistic regression model in the adjusted analysis. We
estimated odds ratios (ORs) as described above, adjusting for seasonal effects by
including fixed-effect monthly indicator variables in the models. We included random
intercepts to account for clustering at the laboratory levels and random slopes over
time. We also accounted for the weekly number of HIV clients recorded at a given

laboratory as weight. The adjusted model equation we utilized was:

12
Y;
log <E(1 —wY- )) = agy; + p1Time + B,OE; + B3;PostTime + (Z AmMonth>
L

m=2
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where i indicates laboratory and t indicates week as the time unit. Y;;, represents the
proportion of laboratory records achieving each of the three primary outcomes
comparing the factual to the counterfactual; «,; represents the model intercept with a
fixed effect and a random effect at the laboratory level; Time;, counts the weeks from
the earliest pre-implementation time point until the latest post-implementation time
point; OE; is the dummy variable indicating the weeks when a laboratory i was using
OpenELIS (1 for the first week when a laboratory started using and thereafter, and 0
otherwise); PostTime counts the weeks after the first week of implementation; Month is
an individual dummy variable indicating month of the year with January as the
reference.

To develop expected counterfactual forecasts, we reran the logistic models to
extend pre-implementation trends through 72 weeks after a laboratory started using
OpenELIS as a counterfactual to the observed post-implementation trends. The mixed-
effects models accounted for data that were missing at certain weeks using standard
maximum likelihood estimation. To visualize the factual and counterfactual trends
across time, we plotted the predicted proportions of testing results achieving the
primary outcomes under the two scenarios, and the 95% prediction intervals for the
factual estimates accounting for random variations at the laboratory level. All analyses
were conducted using R 4.1.0 and a 2-sided alpha value of 0.05.

This study was determined to be non-human subjects research by the University
of Washington Institutional Review Board and the United States Centers for Disease
Control and Prevention (CDC). The study was approved by Céte d'lvoire Comité National

d'Ethique des Sciences de la Vie et de la Santé (CNESVS, Ivorian Institutional Review
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Board; reference number 006-21/MSHP/CNESVS-km). The U.S. CDC reviewed this
research and manuscript but had no influential role in the study design, data collection,

analysis, and interpretation.

3.4 Results

The numbers of laboratory-weeks in the analyses were 613, 1,820, and 1,629 for
timeliness, completeness, and validity, respectively. The analyses included an average
of 34 weeks of pre-implementation data and 53 weeks of post-implementation data
from each of the 21 laboratories. A total of 24,381 and 40,040 HIV client records from
the pre- and post-implementation periods, respectively, were in the analysis (Table 1).

In respect to data availability, before laboratories adopted OpenELIS and when
they used paper registries exclusively, only 3 of the 21 laboratories had all 48 weeks of
complete data on sample reception, and only 10 had all 48 weeks of complete data on
test results. After adopting OpenELIS, 19 of the 21 laboratories had all 72 weeks of
complete data on both sample reception and test results.

According to the crude analysis, during the first week of OpenELIS
implementation, the unadjusted odds of producing timely testing results were 3.36
times the odds had the laboratories not started using OpenELIS (OR=3.36; 95%
confidence interval [CI]: 2.93, 3.85; p<0.001; Supplementary Figure 1A). The unadjusted
odds of testing results having complete data for the required fields were 11.7 times the
odds had the laboratories not started using OpenELIS (OR=11.7; 95% CI: 1.92, 70.7;
p<0.01; Supplementary Figure 1B). The unadjusted odds ratio for data validity (OR=1.94;

95% CI1 0.05, 69.9; p=0.72; Supplementary Figure 1C) and the differences in the weekly
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change in the odds of the three primary outcomes after OpenELIS implementation were
not statistically significant (timeliness: OR=1.00,95% CI: 0.99, 1.01, p=0.96;
completeness: OR=1.03,95% CI: 0.97, 1.09, p=0.34; validity: OR=0.99, 95% CI: 0.89, 1.10,
p=0.85).

According to the adjusted analysis, before adopting OpenELIS, a typical
laboratory had minor improvements in the three data quality outcomes that were not
statistically significant (timeliness: OR=1.03, 95% CI: 0.99, 1.07, p=0.12; completeness:
OR=1.11,95% CI: 0.93, 1.32, p=0.24; validity: OR=1.00, 95% CI: 0.99, 1.02, p=0.76; Table
2). However, immediately during the first week of OpenELIS implementation, we
observed an immediate level change in data timeliness, completeness, and validity
(Figure 3). The average odds of producing timely testing results were 5.27 times the
odds had the laboratories not started using OpenELIS (OR=5.27; 95% Cl: 4.33, 6.41;
p<0.001; Table 2). The average odds of testing results having complete data for the
required fields were 3.59 times the odds had the laboratories not started using
OpenELIS (OR=3.59; 95% Cl: 2.40, 5.37; p<0.001). The average odds of testing results
being valid were 1.34 times the odds had the laboratories not started using OpenELIS
(OR=1.34;95% CI 0.69, 2.60; p=0.38). The immediate improvements in timeliness and
completeness were both programmatically substantial and statistically significant.

Starting from the second week of OpenELIS implementation, we observed a
slope change in the trend of completeness. The average odds of testing results having
complete data for the required fields each week thereafter were 1.03 times the odds
had the laboratories not started using OpenELIS (OR=1.03; 95% CI: 1.02, 1.05; p<0.001).

In fact, the average proportion of testing results having complete data stayed at almost
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100% after a laboratory started using OpenELIS, while the average proportion declined
over time in the counterfactual had there been no OpenELIS (Figure 3B). There was no
significant change in trend of timeliness and validity (timeliness: OR=1.01, 95% CI: 0.99,
1.02, p=0.49; validity: OR=0.99, 95% CI: 0.97, 1.01, p=0.55).

In terms of heterogeneity at the laboratory level that the adjusted analysis
showed, laboratories at local general hospitals seemed to have more substantial
improvements in timeliness immediately after starting to use OpenELIS and to have
maintained the improvements better over time as compared to regional laboratories
(Supplementary Figure 2A). Since a greater number of regional laboratories had less
complete data than laboratories at general hospitals before OpenELIS implementation,
immediate improvements in completeness were more obvious at regional laboratories,

and the improvements also sustained over time (Supplementary Figure 2B).

3.5 Discussion

This study shows that data availability improved after clinical laboratories in Cote
d’lvoire adopted OpenELIS, and there was rapid and substantial improvement in data
timeliness and completeness. Following the immediate post-OpenELIS implementation
improvements, both timeliness and completeness remained close to 100% throughout
time. Data validity was very close to 100% both before and after OpenELIS adoption.
There was some heterogeneity in the results at the laboratory level, with laboratories at
local general hospitals showing more substantial improvements in timeliness while

regional laboratories showing more obvious immediate improvements in completeness.
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To our knowledge, this is the first study to demonstrate the immediate and
sustained impact of a scaled, multi-site laboratory information system on data quality in
sub-Saharan Africa. There are limited studies from LMICs despite significant financial
investments from the international donor community. Previous studies from LMICs took
place on other continents or did not include as many laboratories or subnational
geographic areas as ours did. The e-Chasqui LIS for tuberculosis testing data at 14
laboratories in Peru was the only one that was implemented and evaluated through a
cluster randomized controlled trial.’ The trial showed that the LIS decreased
turnaround time and improved quality of care, but the study did not examine the impact
on data quality.’™ Our study contributes to the evidence by quantifying the effect size of
data quality improvement and its change over a period of 30 months at 21 clinical
laboratories. The findings offer critical information for policy makers and digital health
researchers in LMICs when considering real-world impact of the OpenELIS software or
digitalization of a sub-Saharan African laboratory system.

Systematic LIS implementation across a national health system is rare in LMICs.
A rapid literature review of peer-reviewed articles identified eight different LIS that six
countries have implemented at a national or subnational scale, namely Ethiopia, Malawi,
Namibia, South Africa, Peru, and Vietnam.'3-21767% The LIS in South Africa is the only
one that had the capacity of recording data on all laboratory testing services at all
clinical laboratories. It is likely that, as a result of the nationwide LIS adoption in South
Africa, usage of laboratory data in research has also increased, since almost 20% of the
rapid literature review search results from LMICs were epidemiological studies from

South Africa using data from the LIS.22730
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Part of the success of OpenELIS in Cote d’lvoire can be attributed to the
systematic approach taken by I-TECH in establishing and supporting the use of
OpenELIS. The approach included the endorsement by the MSHPCMU and locally
trained technical staff who facilitated implementation and provided continuous
technical support of the system to the laboratories and their users. The relative
advantages of OpenELIS compared to paper registries in improving data timeliness and
completeness as well as the ease of implementation and continuous technical support
have facilitated routine use of OpenELIS. An experienced software development team
designed various functional and interface features of the software specifically intended
to improve data quality, e.g., dropdown menus for fast and accurate selections and
automatic data completeness and validity checks. The decade-long development and
implementation of OpenELIS in Céte d'Ivoire has been open-source, iterative, and
collaborative so that feedback from users, laboratory managers, and governing bodies
was directly incorporated into the software to match the needs of the users.”®

Our study provides evidence for improving laboratory data quality which is
important for the improvement of clinical care and treatment. A study from Kenya
identified that reduced turnaround time and timely communication of laboratory test
results are some of the key factors for improving HIV treatment retention. ™

In addition, in terms of patient safety, LIS reduced the probability of errors in
patient identification and subsequent inappropriate treatment by reducing manual
clerical work through automation and user-friendly widgets.” A survey of clinicians in
Malawi revealed that laboratories' poor documentation of test results was one of the

reasons for having little trust in laboratory capability and not frequently using laboratory
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test results in patient management.’ Last but not least, LIS can also improve disease
surveillance by making it easier to record accurate demographic data that informs
disease classification, assessment of population-specific rates, and contact tracing for
infectious diseases,’ as well as to report laboratory-confirmed diagnoses to surveillance
systems that allow more accurate estimation of disease burdens.?

This evaluation has many strengths and some limitations. The use of multiple
data points before and after OpenELIS help capture the changes in time-varying
variables through the data we used to generate the pre- and post-trends. However, since
all sites that have been using OpenELIS, including the ones sampled in this evaluation,
were purposefully selected due to their higher capacity, they might also have had a
higher probability of adhering to the OpenELIS user instructions. The results may be
generalizable to remaining clinical laboratories in Cote d’lvoire that are at the same tiers
in the health system as the sites sampled in this study, but generalizability to
laboratories in other LMICs need further studies to demonstrate.

The implementation of a laboratory information system can have a significant
impact on improving data quality in LMICs. This study found that the implementation of
OpenELIS led to improved timeliness and completeness of laboratory data. The system
also facilitated better data availability compared to paper registries, enabling healthcare
providers to make informed decisions based on accurate and up-to-date information.

The effectiveness of a laboratory information system depends on many factors
beyond the capabilities of the LIS itself, including systematic planning for adoption,
supportive technical and implementation staff, attitudes of policy makers and users,

presence of supportive policies, financial resources, infrastructure, and organizational
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and individual readiness to adopt innovations. Future research is needed to explore the
facilitators and barriers to implementing health information systems such as an LIS in

LMICs.

3.6 Conclusion

This study underscores the positive impact of implementing OpenELIS on data
quality in clinical laboratories in Cote d’lvoire. The adoption of this LIS led to remarkable
improvements in data timeliness and completeness, which were sustained over time;
data validity did not regress below the pre-OpenELIS level. While this research presents
significant strengths, further studies are necessary to explore the wider implementation

of LIS in LMICs, considering multilevel facilitators and barriers.
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3.7 Tables and Figures

Table 1. Background information on the clinical laboratories in Cote d’lvoire included in
this study, before and after the adoption of OpenELIS. The time period for this
evaluation was from 2014-2020.

Health region Number of Mean number of Number of HIV client

clinical weeks of data records

laboratories collected

Before After Before After

All regions 21 34 53 24381 40040
Abidjan Il 3 35 68 4780 10453
Agneby-Tiassa-Me 1 48 61 2022 1756
Cavally-Guemon 3 45 39 2718 1177
Gbeke 1 8 70 306 3505
Gbokle-Nawa-San Pedro 3 27 65 2769 8383
Goh 1 39 23 538 218
Hambol? 1 14 31 401 303
Haut Sassandra 1 32 69 1105 582
Indenie-Djuablin 2 32 51 4015 6857
Loh Djiboua 1 35 64 1164 1741
N'zi-Iffou 2 46 30 2995 888
Poro-Tchologo-Bagoue 1 44 42 719 503
Tonkpi 1 14 69 849 3674

Note: All laboratories had data that could be included in the analyses on completeness and validity unless

otherwise noted.

@ The laboratory sampled in this region did not have data that could be included in the analysis on validity.
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Table 2. Estimated ratios comparing odds of achieving the quality outcomes of timeliness, completeness, or validity using
specifically CD4 testing data, each week to the counterfactual scenario where the clinical laboratories in Cote d'lvoire had
not adopted OpenELIS. The time period for this evaluation was 2014-2020.

Time period Pre-adoption weekly change in | Immediate level change during Post-adoption weekly change in

the slope of the outcome first week of OpenELIS slope of the outcome
implementation

Laboratory

data quality OR (95% Cl) p-Value OR (95% Cl) p-Value OR (95% Cl) p-Value

outcomes

Timeliness 1.03 (0.99, 1.07) 0.12 | 5.27 (4.33, 6.41) <0.001 | 1.01(0.99, 1.02) 0.49

Completeness 1.11(0.93, 1.32) 0.24 | 3.59 (2.40, 5.37) <0.001 | 1.03 (1.02, 1.05) <0.001

Validity 1.00 (0.99, 1.02) 0.76 | 1.34 (0.69, 2.60) 0.38 | 0.99 (0.97, 1.01) 0.55
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Figure 1. Data flow process for a typical clinical laboratory test in Céte d'lvoire before

(A) and after (B) adopting OpenELIS.
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Figure 2. The 13 health regions in Céte d'Ivoire where data were collected from paper
registries and OpenELIS for the evaluation of the effect of OpenELIS on data quality in
Céte d'Ivoire from 2014-2020.
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Figure 3. Laboratory test result timeliness, completeness, and validity from 48 weeks
before OpenELIS implementation to 72 weeks after at clinical laboratories in Cote
d’lvoire, adjusted for monthly seasonality
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B. Completeness — average proportion of testing results having complete
information for all required data fields
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The vertical dotted line represents the first week when a laboratory started using OpenELIS. The blue dots
represent the weekly grand means of the observed outcomes at all laboratories. The black solid line is the
estimated trend around the observed data points, representing the factual. The light gray area around the
solid black line represents the 95% prediction interval around the factual estimates. The red dashed line
represents the counterfactual estimates if there were no OpenELIS implementation.
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Supplementary Figure 1. Crude analysis of laboratory test result timeliness,

completeness, and validity from 48 weeks before OpenELIS implementation to 72

weeks after at clinical laboratories in Cote d’lvoire.
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B. Completeness — crude average proportion of testing results having complete
information for all required data fields
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The vertical dotted line represents the first week when a laboratory started using OpenELIS. The blue dots
represent the weekly grand means of the observed outcomes at all laboratories. The black solid line is the
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estimated trend around the observed data points, representing the factual. The light gray area around the
solid black line represents the 95% confidence interval around the factual estimates. The red dashed line
represents the counterfactual estimates if there were no OpenELIS implementation.
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Supplementary Figure 2. Laboratory test result data timeliness, completeness, and

validity at individual laboratories from 48 weeks before OpenELIS implementation to 72
weeks after at clinical laboratories in Céte d’lvoire.
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Proportion of test results

B. Completeness — average proportion of testing results having complete
information for all required data fields
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C. Validity — average proportion of testing results having valid results
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The vertical dotted line represents the first week when a laboratory started using OpenELIS. The blue dots
represent the weekly grand means of the observed outcomes at all laboratories. The black solid line is the
estimated trend around the observed data points, representing the factual. The light gray area around the
solid black line represents the 95% prediction interval around the factual estimates. The red dashed line
represents the counterfactual estimates if there were no OpenELIS implementation.
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Chapter 4. Determinants of implementation for electronic laboratory information
systems in routine settings in Cote d'lvoire: A mixed-methods study applying the
Consolidated Framework for Implementation Research (CFIR)

Authors: Yao He, Rahmeh AbuShweimeh, Yves-Rolland Kouabenan, Paul Henri Assoa,
Nancy Puttkammer, Stephen Gloyd, Bradley H. Wagenaar, Pascal Komena, N'zi Pierre
Fourier Kamelan, Casey liams-Hauser, Adama Pongathie, Alain Kouakou, Noah G.
Hoffman, Jan Flowers, Nadine Abiola, Natacha Kohemun, Koffi Jean-Bernard Amani,
Christiane Adje-Toure, Lucy A. Perrone

4.1 Abstract

Background: Electronic laboratory information systems (LIS) are critical for promoting
data quality and improving laboratory performance, but successful LIS implementation
and sustainment in resource-limited settings can be challenging. A collaboration
between the Ministry of Health (MOH) and HIV program implementing partners, the
OpenELIS project in Cote d'lvoire seeks to promote routine use of the OpenELIS
software at clinical laboratories for routine testing including hematology tests and
urinalysis for all patients, while providing necessary hardware, training, and
maintenance. This study assessed the sustainment of OpenELIS routine use at
laboratories, identified implementation facilitators and barriers, and explained how high-
sustainment laboratories differ from low-sustainment ones.

Methods: We conducted a convergent parallel mixed-methods study at 27 clinical
laboratories across 15 health regions in Cote d’lvoire. We collected de-identified routine
testing data from OpenELIS servers to describe the sustainment of OpenELIS routine
use at each laboratory by calculating the percentage of calendar days during the
implementation period when test results were recorded in OpenELIS. We conducted

interviews informed by the Consolidated Framework for Implementation Research with
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laboratory staff to identify implementation facilitators and barriers and to summarize
differences between laboratories of high- versus low-sustainment. We used deductive
and inductive approaches to code the interview data and conduct thematic analysis.
Results: OpenELIS routine use at the laboratories ranged from 9.0% to 99.3%; the
variation was not correlated with length of implementation or health system level. All
participants perceived OpenELIS as originating from external sources without mandates
or incentives. Facilitators included valuing positive comments about OpenELIS from
external high-level leaders and external partners; appreciating advantages of OpenELIS
relative to paper registries; and perceiving high accessibility of knowledge and
information. Barriers to routine use included low adaptability; power outages, server
failure, and space limitations; and printing costs. Participants of low-sustainment
laboratories reported lower motivation and capability in using OpenELIS, perceived more
complexity and lower design quality of the software, expressed more concerns about
staffing challenges for data entry, received fewer positive comments about OpenELIS
from internal leads, and had less reflection and feedback about implementation.
Discussion: Ensuring infrastructure stability may benefit all laboratories. Refresher
training, increased frequency of support visits, and staffing plans may help low-
sustainment laboratories. Further research is needed to identify determinants of

OpenELIS sustainability in the health system.

4.2 Background
Electronic laboratory information systems (LIS) are part of the health systems

building blocks and essential infrastructure for clinical laboratories that provide quality
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laboratory information to support decision-making for diagnosis and treatment.”8
Electronic LIS are a recommended implementation strategy by the World Health
Organization and the International Organization for Standardization that changes the
usually paper-based records systems in low- and middle-income countries (LMICs) to
improve service delivery and clinical outcomes.?7482 Routine use of LIS can help remove
obstacles to ensuring quality laboratory services, patient safety, and disease
surveillance.”?712

Sustainment of LIS use at clinical laboratories, defined as the continued use of
LIS within routine practice, is not only a desired implementation outcome,® but also a
determinant for sustaining the improvements in laboratory data quality and clinical
decision-making. Implementing effective strategies such as LIS in diverse practice
settings can be challenging, and sustaining them in real-world, resource-limited
contexts is even more difficult.®4 While there is evidence on explanations of how use of
electronic medical records could become routine in hospitals,?>8¢ little evidence exists
on the determinants of sustained implementation of LIS in clinical laboratories. This
evidence is crucial for informing LIS implementation program design in laboratory
settings of LMICs that aims to scale up LIS or ensures LIS sustainability beyond the
pilot phase, and this study aims to supply such evidence.

There are multiple models and frameworks that one could use to explain parts of
the implementation process of a health information system (HIS) including an LIS.8788
For example, the Performance of Routine Information System Management (PRISM)
framework identifies technical, behavioral, and organization determinants of HIS

implementation;3° a framework and a model explain HIS adoption;8%°° an evaluation
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design uses social network analysis to identify individual roles within an organization in
terms of HIS use;' a model evaluates the design quality of an HIS intervention;®? and a
framework analyzes the inner and outer context of HIS implementation in a LMIC.%3 An
evaluation framework for LIS is available for identifying factors of laboratory testing
errors.® Although these models and frameworks could be useful to explain specific
determinants or phases of an HIS implementation process, they do not offer a holistic
lens, and using a combination of them might be cumbersome and still lead to gaps in
findings.

The Consolidated Framework for Implementation Research (CFIR) is a meta-
theoretical framework that considers a comprehensive list of implementation
determinants including the ones mentioned above.36°° The CFIR is designed to explain
how a variety of implementation strategies such as LIS work where across different
contexts and to identify determinants of program implementation.36°% The CFIR uses
multidisciplinary theories, including those from sociology, psychology, and
organizational change, to determine innovation characteristics and contextual factors
for various levels of implementation performance across diverse settings.3%°> With a
systems approach, the CFIR illustrates aspects of both the intervention and the
implementation process that contribute to implementation success or failure and why.%®
Therefore, the CFIR has more nuanced constructs than the PRISM and other explanatory
frameworks for HIS implementation, especially under the domains of outer setting, inner
setting, individual, and implementation process. In addition, the CFIR offers validated
data collection tools and analysis guides which facilitate comparisons across different

implementation settings and with future studies that apply the CFIR to studying LIS
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implementation.®” The CFIR facilitates comparing across clinical laboratories with
different performances in data quality, service capacity, and organizational and
geographical characteristics. Such comparisons will highlight best practices and
challenges in LIS implementation and provide informative evidence for future planning.

The International Training and Education Center for Health (I-TECH) has
collaborated with the Ministry of Health, Public Hygiene, and Universal Health Coverage
(MOH) in Cote d'Ivoire since 2009 to deploy OpenELIS, an open-source LIS. The
nationwide software deployment at 108 clinical laboratories was part of a collaborative
program funded by the United States President’s Emergency Plan for AIDS Relief
(PEPFAR) that aims to establish a functional, accredited diagnostic and laboratory
network for effective HIV care and treatment. Although OpenELIS was originally
designed to manage HIV-related laboratory testing data only, the software has
expanded its scope to support testing of hematology, biochemistry, molecular biology,
serology, microbiology, pathology, and immunohistochemistry for all patients.”®

The LIS component of the laboratory strengthening program consists of the
OpenELIS software; necessary information and communication technologies (ICT)
infrastructure such as computers, local networks, and servers; installation support from
PEPFAR partners including I-TECH and other HIV program implementing partners and
the MOH informatics department; annual national training workshop of super users who
are staff members of clinical laboratories; and ongoing maintenance services from I-
TECH and remote support from the call center agents at the MOH informatics

department.
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This study aimed to answer three research questions: 1) What was the extent of
sustaining OpenELIS routine use at clinical laboratories in Cote d’lvoire? 2) What were
the facilitators and barriers to OpenELIS routine implementation at all sites? 3) What

implementation determinants differentiated high- versus low-sustainment sites?

4.3 Methods

This was a mixed-methods study with a convergent parallel design with a post-
hoc extreme case sampling during qualitative data analysis. The convergent parallel
design involves simultaneous collection of complementary qualitative and quantitative
data and subsequently merges and compares the multiple data sources to build
evidence and theory around the central question.®® Both quantitative and qualitative
data collection occurred from January-March 2021 at 27 clinical laboratories across 15
health regions that were purposefully sampled from 62 sites that used OpenELIS to
manage routine testing data in Cote d’lvoire at the time of data collection. The
purposive sampling considered adequate representation in geography, level in the
health system, and feasibility of data collection. The quantitative data collection and
analysis aimed to assess the sustainment of routine use of OpenELIS at clinical
laboratories as part of public hospitals in Coéte d’lvoire to manage data on routine
testing including hematology tests and urinalysis. The qualitative data collection aimed
to identify facilitators and barriers to the implementation process; the thematic analysis
with a post-hoc extreme case sampling of five high-sustainment sites and five low-

sustainment sites aimed to distill differences between the two sustainment groups.
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3.3.1 Quantitative data collection and analysis

For the quantitative assessment of OpenELIS routine use, we conducted a
descriptive analysis of the routine use score, namely the percentage of calendar days
during the implementation period when routine test results were recorded in OpenELIS.
The routine use score was the focus of this analysis because frequent and routine use
of OpenELIS was an implementation outcome that the OpenELIS project aimed to

achieve.

) # calendar days when any routine test result was recorded in OpenELIS
Routine use score = - - - X 100%
# calendar days of OpenELIS implementation period

We collected de-identified routine testing data from OpenELIS servers at the
laboratories. Routine testing at the time of data collection included hematology tests
and urinalysis. The period of the extracted data started when a laboratory began using
OpenELIS and ended on December 31, 2020. After calculating the routine use score
from OpenELIS data for each laboratory, we ranked the laboratories and categorized the
five laboratories with the highest routine use scores as high-sustainment; the five
laboratories with the lowest routine use scores as low-sustainment; and the remaining

17 laboratories as medium-sustainment.

3.3.2 Qualitative data collection and analysis

We conducted one semi-structured in-depth interview (IDI) at each of the
sampled laboratories. The laboratories received a notice for the data collection site visit
at least twice, once at one week before the visit and another at one day prior. The

person who oversaw OpenELIS implementation at a given laboratory was invited to
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participate in the interview. If this person was absent, we interviewed a staff member
who used OpenELIS instead.

During the interviews we asked a question on the maturity level of OpenELIS use
at the laboratories, with the following response options: a) OpenELIS is still very new to
us, we have a lot to learn; b) we know the basics, but we still need a lot of help with
specific problems; c) the use of OpenELIS is now part of the routine, although we still
have issues sometimes, we can troubleshoot some on our own; d) other, please specify.
We intended to use the responses to this question to validate and triangulate with the
quantitative assessment of OpenELIS routine use described above.

Adapting validated tools of the 2009 version of the Consolidated Framework for
Implementation Research (CFIR),%>°° we developed the rest of the questions in the
semi-structured interview guide. The chosen constructs are compatible to the LMIC
context (i.e., more emphasis on factors of health systems and organizations rather than
individuals) and relevant to the intervention, the implementation program, and the
evaluation questions (Table 1).7% YH developed the interview guide in English and then
translated it to French. PHA and YRK, native French speakers, reviewed and revised the
French interview guide and piloted it at two laboratories. YH, PHA, and YRK discussed
feedback from the pilot visits and revised the interview guides in English and French to
remove repetition and clarify confusing terms.

PHA visited 14 sites, YRK visited 10 sites, and an Ivoirian data collection
consultant visited three sites from the sample and conducted interviews in French.
Interviews were conducted in person in an office at the laboratory, mostly with only the

interviewer and interviewee, but on a few occasions other laboratory staff were present.
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No repeat interviews were conducted. Interviews were audio-recorded, and detailed
notes were taken on paper during the interviews. The average length of the IDIs were 29
minutes. Data were analyzed concurrently with data collection to ensure that a priori
thematic saturation was reached, i.e., the degree to which chosen CFIR constructs were
exemplified in the data.’’

After each interview, PHA, YRK, and the consultant uploaded photos of informed
consent forms, detailed notes, and audio recordings to a shared drive on the University
of Washington Google Drive with restricted access. The recordings were transcribed
verbatim in French and translated by YH, PHA, and YRK into English. The detailed notes
were added to the transcripts to supply additional details.

The analysis team consisted of four members. YH, female and Chinese, is a
Doctor of Philosophy student in global health implementation science at a university in
the United States, with three years of experience in qualitative research and five years of
experience working with health information systems in Cote d’lvoire. RA, female,
Palestinian and Jordanian, is a Master of Public Health student in global health at a
university in the United States. PHA, male and Ivoirian, is the health information system
specialist of the OpenELIS project and trained in informatics. YRK, male and Ivoirian, is
the monitoring and evaluation specialist of the OpenELIS project and has a Master of
Science degree in statistics. Some of the interviewees at the sampled laboratories had
worked with PHA and YRK on previous activities related to OpenELIS implementation.

A combination of deductive (namely using the 2009 version of the CFIR)3® and
inductive approaches were used to analyze the data. Codes were created using the CFIR

constructs as well as derived from the data that the CFIR constructs did not pertain to.
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YH and RA were the primary coders of the interview transcripts. We first chose five
transcripts randomly to code them with the initial codebook consisting of the CFIR
codes only and to create new concept codes and valence codes to capture facilitating
or hindering influences on perceptions or decisions regarding OpenELIS
implementation. After coding the transcripts and writing memos that documented our
thought processes and reasonings individually, we discussed the codes and
approaches, recognized similarities, and resolved differences to reach consensus and
update the codebook. We then each coded 11 of the remaining transcripts as the
primary coder, reviewed the other person’s coding and memos, and discussed and
resolved key differences. Any changes in the codebook or coding approach were
applied to transcripts that we had coded previously. We conducted the coding and
thematic analysis in ATLAS.ti Window (Version 8.4.26.0).7°2

After finishing the coding process, we summarized the quotes for each code and
selected representative quotes from the transcripts to illustrate the summaries. We
characterized the CFIR construct codes as converging when we interpreted similarities
in the quotes across the three sustainment groups. To illustrate differences between
high- versus low-sustainment sites, we conducted a post-hoc extreme case sampling of
the five high-sustainment sites and five low-sustainment sites and characterized the
CFIR construct codes as diverging based on our interpretations. Differences between
the high- and low-sustainment groups were organized into a table adapted from a joint
display of a convergent design based on a theoretical framework.’® PHA and YRK
reviewed and provided their feedback on the findings, and all feedback was

incorporated in the results and interpretation.
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Damschroder et al. updated the CFIR in 2022 after we finished the late-stage
thematic analysis.3® As we recognized the value of the updates and wanted to ensure
longitudinal consistency of our results interpretation, we mapped the 2009 CFIR
constructs that we chose a priori for qualitative data collection and analysis to the
corresponding 2022 CFIR constructs (Table 1), and presented the results and
discussion with the 2022 constructs.

This study was determined to be non-human subjects research by the University
of Washington Institutional Review Board and the U.S. Centers for Disease Control and
Prevention (CDC), and was approved by Cote d'lvoire Comité National d'Ethique des
Sciences de la Vie et de la Santé (CNESVS, Ivorian Institutional Review Board; reference
number 006-21/MSHP/CNESVS-km). The U.S. CDC has reviewed and authorized this

publication but had no role in study design, data collection, analysis, and interpretation.

4.4 Results

Among the 27 clinical laboratories in the sample, 19 (70.4%) were not referral
laboratories that processed referral samples of HIV viral load testing and early infant
diagnosis, and 16 (59.3%) were laboratories based in district hospitals that only treated
patients within their respective health districts (Table 2). The median OpenELIS
implementation duration was 1,068 days or 35 months (interquartile range [IQR] 354
days).

The median routine use score in percentage across all sites was 52.3 (IQR 33.1).
After ranking the 27 sites from the highest to lowest routine use score, we categorized

the sites into three groups of high-, medium-, and low-sustainment (Supplementary
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Table 1). On average, the laboratories in the three sustainment groups had similar
implementation durations; a higher percentage of high-sustainment and low-
sustainment sites were regional laboratories (Table 2). The five high-sustainment
laboratories had a median routine use score of 98.1 (IQR 10.8); the 17 medium-
sustainment laboratories had a median score of 52.3 (IQR 16.9); and the 5 low-
sustainment laboratories had a median score of 26.2 (IQR 5.5).

Most interview participants were male (85.2%), and half of the participants held
positions of leadership at the laboratory (Table 2; Supplementary Table 1). The gender
distribution was similar across the three sustainment groups; all five interview
participants at the high-sustainment site were laboratory heads or deputy heads, which
was a higher proportion than at medium- or low-sustainment sites (Table 2).

After triangulating the quantitative assessment of routine implementation with
the responses to the OpenELIS maturity question in the interviews, we were able to
validate the routine use scores. Three of the five high-sustainment sites (60.0%) and
seven of the 17 medium-sustainment sites (41.2%) reported routine use of OpenELIS
and knowing how to troubleshoot common issues independently, whereas three of the
five low-sustainment sites (60.0%) expressed that OpenELIS was very new to them or
that they only understood the fundamentals of use and needed more help.

We drew the following three sections of findings about implementation
determinants by integrating quantitative and qualitative data. The first two sections
(3.4.1 and 3.4.2) illustrate the CFIR constructs which all laboratories converged on
(Table 3), while the third section (3.4.3) illustrate the CFIR constructs which the high-

and low-sustainment sites diverged on (Tables 3 and 4). All a priori CFIR constructs
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were reflected in the findings. The two CFIR constructs that emerged during coding and
thematic analysis were local conditions of power outages and available resources for

printing materials and equipment under Section 3.4.2.2.

3.4.1 High- and low-sustainment sites commonly experienced no policy mandates or
incentives for OpenELIS implementation and perceived OpenELIS as originating from
an external source

Policies and law; financing

Participants from all laboratories, regardless of the extent of OpenELIS routine
use, perceived the MOH and PEPFAR implementing partners including I-TECH and other
non-governmental organizations as the source of the OpenELIS project (“this is a choice
that was made by the Ministry and implementing partner on a certain number of
hospitals” — medium-sustainment site 1).

All participants shared that they were not aware of any mandatory policies or
financial incentives for implementing OpenELIS, although the participants of two sites
shared that the regional health directors communicated about the importance of using
OpenELIS (“The director of the health region had a meeting with the main actors to
inform them about the importance of the use of this software.” — low-sustainment site
4).

Innovation source

Two participants thought that their hospital management teams were also part

of the intervention source. The participant of a high-sustainment site said, although the
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staff were not aware of any explicit mandate, they felt resistant towards OpenELIS due
to defiance towards the hospital management monitoring laboratory activities:

My lab staff is usually very resistant to use OpenELIS. Because some technicians

think that the management has imposed the software on us for the purpose of

monitoring laboratory activities. (high-sustainment site 4)

Participants of all but one site thought that OpenELIS had no financial
implications on laboratory revenues (“The fact that patients come or not is not related
to OpenELIS because they come according to their state of health.” — low-sustainment
site 4).

All laboratories, regardless of the extent of OpenELIS sustainment, converged on
the perceptions of an external intervention source, no mandate or incentive, and no
financial implications. These perceptions did not seem to have facilitated or hindered

the laboratories’ decisions to adopt and continuously implement OpenELIS.

3.4.2 All laboratories converged on a set of facilitators and barriers for adoption and
implementation of OpenELIS.

Facilitators that all laboratories shared were valuing positive comments about
OpenELIS from external high-level leaders and implementation facilitators, recognizing
the advantages of OpenELIS, and having ready access to knowledge and information
about OpenELIS. The shared barriers included low adaptability of OpenELIS, power

outages, server failures, space limitations, and printing costs.

76



3.4.2.1 Shared facilitators

High-level leaders; implementation facilitators

Positive comments about the usefulness of OpenELIS or motivating messages
from high-level leaders and implementation facilitators were helpful for laboratories to
adopt OpenELIS. Twenty-one participants (77.8%) shared that the people who were
influential to OpenELIS adoption included external high-level leaders such as MOH
officials at the national level or regional or district health management teams, as well as
external implementation facilitators who were staff members of PEPFAR implementing
partners.

The National Public Health Laboratory sent agents to train us. They are people

who are influential because they have motivated us to use the OpenELIS tool.

(medium-sustainment site 2)

The HIV implementing partner encouraged us to computerize our laboratory data

management system. (low-sustainment site 2)

Innovation relative advantages

The various relative advantages of OpenELIS compared to paper registries
contributed strongly to adopting and implementing OpenELIS. At adoption, all
participants recognized the reason for adopting OpenELIS was that it would improve
laboratory data management and quality of service.

During implementation all participants appreciated that OpenELIS improved data
archive and prevention of data loss; enhanced data quality by improving data availability,
completeness, and validity; and facilitated data use in patient follow-up, reports, and
analyses by enabling searchability, traceability, and faster retrieval of patient records to

easier and better data reporting.
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On improved data retainment and availability: The use of OE is very efficient in our
laboratory because it allows us to save our data and reprint it at any time. We
have no data loss. (medium-sustainment site 7)

On improved data completeness and validity: There are certain parameters on
OpenELIS which are mandatory, so if the doctors did not fill out [the test request
form], we cannot record it on OpenELIS. In that case we ask the doctors to
provide all the information of the patient, and at meetings they are reminded to
fill in the fields. [..] There are no reference values in the registries. You write the
values, but you don't know if it is high or not. On OpenELIS it will tell you if the
parameter is too low or high. (low-sustainment site 5)

On improved data use: Before we have our paper registers with which we need to
count [the records] one by one. Now OpenELIS facilitates us in our reports and
stores our results well. Using data in OpenELIS is quick and easy because the
papers are very cumbersome. The fact that we can save our data electronically is
a great advantage, and it made searching easy, and the doctors have appreciated
the results. (medium-sustainment site 2)

Access to knowledge and information

All but one participant shared that they had access to useful knowledge and
information for OpenELIS implementation through training workshops, on-the-job
coaching, and remote support. The workshops trained select laboratory staff members
as super users. The super users conducted cascade training and on-the-job coaching
for other staff members in the laboratory (“Not everyone went to the central training -
only people who were appointed went, but when we came back, we shared the training
with others, since the objective is that everyone uses OpenELIS.” — medium-sustainment
site 10). The call center or I- TECH provided remote support regularly or as needed (“The
call center agents call regularly to inquire about software difficulties, so we think the
program is going very well.” — low-sustainment site 2).

The participant from low-sustainment site 5 shared that all current staff

members at the laboratory had not participated in any training or coaching in OpenELIS
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due to staff turnover (“All those who have been trained have practically left, and those
who are here have not had any retraining.” — low-sustainment site 5). The degree to
which the training and coaching strategies occurred during implementation was directly
associated with the structural characteristic of staffing, influencing OpenELIS routine
use. We explain how staffing was more likely to be a barrier to routine implementation at

low-sustainment sites under section 3.4.3.

3.4.2.2 Shared barriers

Innovation adaptability

Eighteen participants (66.7%) shared that, as OpenELIS use continued at their
laboratories, staff members started wanting to use it for recording all laboratory tests
rather than only those for HIV clients and a few other routine tests for non-HIV clients.
However, the software was not easily configurable or adaptable by laboratory personnel
to enable additional modules. Laboratories had to adapt to the software configurations
provided and contact I-TECH so that software developers could incorporate
suggestions in the next software update.

Initially [OpenELIS] was for a number of tests specifically related to people living

with HIV. We in the use of this software realized that it could be useful for the

routine examination. We asked [an I-TECH staff member] so that he can insert
the other exams except micro-bio which has not yet been taken into account. The

changes so far have been done successfully. (medium-sustainment site 1)

OpenELIS can be expanded to collect and report data on more types of laboratory

tests, but also it must be connected to the analyzers to be able to pull the forms
directly. (low-sustainment site 1)
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Four participants also suggested that OpenELIS should improve the reporting
function so that they can directly generate a monthly report with MOH-required format
and information but also have options to edit the report (“the software is very good, but
we want OpenELIS to output our reports directly to make things easier for us.” -
medium-sustainment site 7).

Local conditions; physical infrastructure; information technology infrastructure

A key barrier to OpenELIS implementation that all participants mentioned was
unstable electricity and server network performance. These common issues that all
laboratories experienced in information technology infrastructure were a source of
inconvenience or stress sometimes.

| [feel] stress when there is a network problem because you are validating [the

test results] and you press the save button, you see that it has not happened!

(medium-sustainment site 11)

Physical infrastructure also posed challenges to implementation. Ten
participants (37.0%) shared that the space in their laboratories was already too small to
accommodate more equipment or workstations, but the laboratory staff found solutions
eventually.

Our laboratory is not spacious enough, so already to deploy the equipment we

had space concerns. That's why we had to put the server high up. (medium-
sustainment site 2)

Materials and equipment

The participants shared that the cost of the printer, ink, and paper for printing test

result forms produced from OpenELIS was a disadvantage of the software compared to
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paper registries (“A disadvantage to OpenELIS compared to registries is the lack of ink
and paper” — medium-sustainment site 9). Since neither the MOH nor the PEPFAR
implementing partners provided earmarked resources to support the printing function,
the laboratories had to find their own resources. At a laboratory where the team could
not afford a printer, the staff had to revert to the traditional way of writing down test
results manually (“There is no printer, so we had to write the result on a form. This

slowed us down. This is a hindrance.” — medium-sustainment site 12).

3.4.3 Low-sustainment sites experienced more implementation barriers than high-
sustainment sites.

The five high- and five low-sustainment laboratories diverged on the following
seven CFIR constructs: OpenELIS complexity, OpenELIS design, work infrastructure,
compatibility, motivation, capability, implementation leads, and reflecting and evaluating
(Table 3). More participants at low-sustainment sites mentioned these eight constructs
as barriers to routine implementation of OpenELIS. Table 4 provides detailed summaries
and supporting quotations for the contrasts between the two sustainment groups in
each of the seven constructs.

Innovation complexity

Four participants at high-sustainment laboratories found OpenELIS easy to learn
and use routinely, while three at low-sustainment laboratories perceived slightly higher
complexity and needed more time to learn and more training to refresh their knowledge

of OpenELIS use. According to the participants at two low-sustainment laboratories, a
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reason why they needed more time to learn was that they had to first acquire basic
knowledge of using computers.

Innovation design

While four participants at high-sustainment sites were satisfied with the design
quality of the OpenELIS software except for the low adaptability as discussed under
section 3.4.2.2, three participants at low-sustainment sites complained more about
software bugs and malfunctions. All laboratories used the same versions of OpenELIS
and received the same updates when they became available. Therefore, the difference
in the perception of design quality might correspond to maturity and capability of
OpenELIS use.

Work infrastructure; compatibility

When asked about potential barriers to OpenELIS implementation that were
related to work infrastructure and compatibility, four participants at low-sustainment
laboratories mentioned challenges in dedicating staff to data entry or incorporating data
entry duties into the existing workflow. The challenges stemmed from lack of personnel
in general so that it was difficult to add data entry to any existing staff member’s
responsibilities and workload, as well as high staff turnover so that staff members who
knew how to use OpenELIS left before new members joined and received coaching on
OpenELIS. In contrast, no participant at high-sustainment laboratories mentioned
staffing challenges, even if the laboratories in both high- and low-sustainment groups
were at similar levels of the health system and thus had similar sizes of staff (Table 2).

Three low-sustainment laboratories tried the same strategy to mitigate the

staffing issues, namely rotating data entry responsibilities.
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There is a person dedicated to entering results and all. Everything is going well as
if nothing had happened. And that person is changed every day. (low-
sustainment site 5)

Although participants thought these strategies successfully solved the data entry
issue and helped OpenELIS integrate with their workflows, we did not observe high
OpenELIS sustainment according to the quantitative analysis.

Motivation

Four participants at high-sustainment laboratories expressed high enthusiasm
towards OpenELIS except for moments of power or server outages, reflecting high
motivation to use OpenELIS. However, participants at low-sustainment laboratories
expressed lower motivation, more stress, and distrust towards OpenELIS. The quote
from the participant at a low-sustainment site exemplifies the lack of motivation and
necessity to direct staff to use OpenELIS:

There is still the “whip” to put behind people because you have to be there to

know who uses OpenELIS and motion people to use OpenELIS. (low-sustainment

site 5)

The participant at low-sustainment site 1 said OpenELIS created distrust among
some staff due to its novelty, deterring implementation (“There is just distrust at the
level of some laboratory staff members due to the fact that [OpenELIS] is a new tool and
method of work.”).

Capability
All participants at high-sustainment laboratories showed high confidence in their

capabilities of using OpenELIS and coaching someone new to start using OpenELIS,
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while three participants at low-sustainment laboratories showed low confidence. This
corresponds well to the quantitative findings of routine use as well as the maturity
levels of OpenELIS use described above.

Implementation leads

All participants reported that their laboratories had internal leaders of OpenELIS
implementation. Most of the leaders were appointed because of their higher status in
laboratory management (e.g., laboratory head, deputy head) or their participation in
central training workshops on OpenELIS. When asked about what internal
implementation leads said about OpenELIS that could have influenced implementation,
the participants at high-sustainment laboratories recalled that their implementation
leads shared positive comments about OpenELIS, especially at the time of adoption.
However, these comments seemed to be absent at low-sustainment laboratories where
the participants did not recall any comment from their implementation leads about
OpenELIS.

Reflecting and evaluating

Regardless of the extent of sustainment, no site conducted regular internal
reflections or assessments of the software or implementation process. Three
participants at high-sustainment sites received ad hoc feedback reports from PEPFAR
implementing partners through supervision visits and internal actors such as laboratory
staff and doctors, whereas only one participant at a low-sustainment site received an ad
hoc evaluation from the PEPFAR implementing partner.

An evaluation carried out by the implementing partner to verify the conformity

between data entered into OpenELIS and data on paper. The comparison turned
out to be fair. (low-sustainment site 3)
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4.5 Discussion

Sustainment of routine OpenELIS use varied widely across the 27 sampled
clinical laboratories in Céte d’lvoire, ranging from the highest-sustainment site recording
routine testing results in OpenELIS during 99.3% of the implementation period to the
lowest-sustainment site with 9.0%. Regardless of sustainment, OpenELIS
implementation facilitators shared by all sites included positive comments from
external leaders or partners, advantages over paper registries, and accessibility of
knowledge. Shared barriers included low adaptability, ICT infrastructure issues, and
printing costs. Compared with high-sustainment sites, low-sustainment sites
experienced barriers in lower motivation, capability, perceived complexity of the
software, staffing challenges, and less reflection and feedback.

To our knowledge, this is the first study to examine the sustainment of LIS
implementation in routine settings and apply the CFIR, an implementation science
framework, to identify implementation determinants. Implementation of comprehensive
laboratory information systems (LIS) at a national level is uncommon in LMICs. Our
rapid literature review identified six countries, including Ethiopia,'® Malawi,2%2!
Namibia,’® South Africa,’® Peru,'’~197679 and Vietnam,'* that have implemented various
LIS at a national or subnational scale. Among these, the LIS in South Africa stood out as
the only system capable of recording data on all laboratory testing services across all
clinical laboratories in the country,’® but there is no published research on
implementation determinants. The LIS in Ethiopia,'® the one in Malawi,?%?" and the one
in Peru were pilot projects at fewer than 15 clinical laboratories;'” there is no published

evidence on how sustained the LIS implementation has been since the pilots ended.
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Our study contributes to the evidence by quantifying the sustainment of LIS
implementation in routine settings beyond the pilot or initial intensive period of
implementation; determining implementation facilitators and barriers shared by all sites;
and identifying implementation determinants that distinguish high- and low-
sustainment sites. The findings provide critical information for policy makers, investors,
implementers, and researchers in LIS when considering software and real-world factors

that affect LIS adoption, sustainability, and other implementation outcomes.

3.5.1 Convergent implementation determinants

All participants perceived OpenELIS as originating from the MOH and PEPFAR
partners. Although the participants did not share whether this perception facilitated or
hindered adoption and implementation of OpenELIS, the influence might have been
positive. Other research in low-resource settings suggests that an external source has
the potential to showcase the value of the intervention and enhance the chances of
future local buy-in.1%4

The extent of OpenELIS sustainment might have been even greater if there were
explicit policies and laws that formally institutionalize OpenELIS use in the operational
processes of clinical laboratories in Céte d'Ivoire. External policies, regulations,
mandates, guidelines, or directives from the government or other external entity with
legitimacy facilitate implementation directly.105-111

The lack of financing to support individual laboratory staff members to use
OpenELIS might not have hindered implementation, and monetary incentives from

outside the laboratories that might facilitate implementation in other scenarios might

86



not be helpful or sustainable.’'? Business planning to identify total cost of ownership
and, eventually, a government budget for sustaining OpenELIS beyond PEPFAR
commitments would be crucial for ensuring OpenELIS sustainability and addressing the
barriers of power instability, ICT and physical infrastructure, and printing materials and
equipment.’’3

The participants’ strong perception of the various relative advantages of
OpenELIS compared to paper registries contributed positively to adoption and
implementation. For successful implementation, it is crucial that all users recognize and
acknowledge the relative advantage of an innovation. The relative advantage is an
essential prerequisite for adoption and implementation.™#

The perceived high accessibility of relevant knowledge was helpful for the
OpenELIS users to implement successfully.''41"> The central training workshops
transmitted digestible information the super users and allowed them to practice while
following the live demonstration, helping them become committed to the
software.12114116-118 The |aboratory-level on-the-job coaching from the super users to
fellow staff also facilitated implementation.’™*

Positive remarks about OpenELIS from external high-level leaders and
implementation facilitators were helpful. In this study we defined high-level leaders as
regional or district health directors from the MOH and implementation facilitators as
program staff from I-TECH and other PEPFAR implementing partners. Exhibits of active
interest from high-level leaders strengthen the implementation climate which
contributes to greater implementation effectiveness.’'®117.119 Implementation

facilitators are individuals with subject matter expertise who can play a critical role in
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supporting and guiding implementation efforts, influencing decision-making and aiding
the Implementation Leads or Teams throughout the process.120-122

Over two-thirds of the participants shared that the staff members at their
laboratories wished OpenELIS could be more flexible and expand its use case from viral
load and routine testing (e.g., CD4 cell count) for HIV clients only to all laboratory tests
for all patients. This need for higher adaptability demonstrated that the users
recognized the usefulness of the software beyond its original scope and were willing to
incorporate this tool into routine workflow completely. The software developers in Céte
d’lvoire and the U.S. have in fact learned of these evolving needs over the past 13 years
of OpenELIS implementation, and the scope of the software has evolved from just HIV-
related testing to testing of hematology, biochemistry, molecular biology, serology,
microbiology, pathology, and immunohistochemistry for all patients as of 2023.7°> While
the software still has a core that users cannot change, incorporating user-centered
design principles, adapting testing modules to the users’ needs, and allowing more
flexible configurations by users would improve the fit between the software and the
implementation setting and positively influence implementation.83123-126

The barriers that all laboratories experienced were in local conditions of unstable
power supply, underperforming infrastructure, and insufficient printing materials and
equipment, which is a common phenomenon in LMICs.1%%127 The use of OpenELIS relies
on the outer setting to provide stable electricity to sustain normal use of the computers
and servers. Power fluctuation damages servers and other electronics which are
required for OpenELIS and thus important for successful implementation.’28

Inconvenient layout or configuration of space could hinder functional performance of
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the laboratory.’2° Provision of necessary materials and equipment is positively linked
with implementation. 108115129130 Therefore, working with the MOH to ensure a
functioning enabling environment in and outside clinical laboratories would support

sustainment of OpenELIS us and benefit all laboratories.’?’

3.5.2 Implementation barriers for low-sustainment sites

The co-occurrence of higher complexity, worse design, and lower capability was
high among participants at low-sustainment sites, but capability might be the more
underlying determinant among the three. OpenELIS might need to be simplified, since
simple innovations tend to be more successful as they enhance user satisfaction and
help users gain capability of using the innovations,''4117.123 The software design might
also need to be improved to fix all bugs, since low design quality and reliability impacts
satisfaction and use negatively."’®'7 However, participants at high-sustainment sites
who used the same version of the software for almost the same amount of time did not
find OpenELIS complex or experience numerous bugs and reported high capability.
Therefore, the more targeted strategy might be providing more refresher training and on-
the-job coaching to low-sustainment sites to increase their capability which would
contribute to higher quality and sustainability of implementation.12° This is
particularly important for the low-sustainment sites with staff members who lacked
basic computer knowledge, since existing knowledge or familiarity with the innovation
helps build capability.’

Issues in work infrastructure and perceptions of incompatibility were also highly

correlated in our findings about the low-sustainment sites. Inadequate staff or high
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turnover at the low-sustainment sites might be the precursor to incompatibility, since
deficiencies in work infrastructure made it challenging to allocate data entry tasks and
incorporate them into existing workflows."'" Higher likelihood of implementation
success is associated with stable teams where there is low turnover and members
remain in the team for a sufficient duration.’? Once the team is stable, the tangible fit
between the software and existing workflows would be improved, driving sustained
outcomes.83114133-135 Working with the MOH to conduct staffing needs assessments
and develop budgeted staffing plans that the MOH owns might address work
infrastructure issues and facilitate routine OpenELIS implementation.

Lower motivation and more stress and distrust at low-sustainment sites might
have impacted how committed individual staff members were to using OpenELIS."1512°
Opinions from internal implementation leads may have contributed to lower motivation,
since we observed high co-occurrence of low motivation and lack of encouraging
comments about OpenELIS from internal leads at low-sustainment sites. While positive
opinions shared by internal leads and peers about the innovation could create
enthusiasm,’3® negative opinions could generate resistance.37.138

Internal implementation leads of OpenELIS not only influenced the motivation
and attitudes of others towards OpenELIS,"'4 but may also have facilitated or hindered
the implementation directly through their project management, critical thinking, and
leadership style.’140 According to the study participants, most of the implementation
leads were formally appointed, but team members who volunteer to lead may be more
successful than those who received a top-down assignment.’3° A potential strategy

during future scale-up of OpenELIS could be to identify and equip internal leads who are
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committed to supporting, promoting, and driving the implementation forward,
overcoming any indifference or resistance that may arise within the laboratory towards
OpenELIS.8247 For sites that already have implementation leads, engaging the leads
more might be useful for understanding and addressing their needs and concerns.

The lack of effective reflecting and evaluating at low-sustainment sites about
OpenELIS implementation, even its issues or failures, at low-sustainment sites did not
facilitate shared learning and improvements.’'”132 To foster a learning climate around
OpenELIS implementation, I-TECH and the MOH could collaborate to increase the
frequency of support visits to low-sustainment sites to facilitate internal audits and
provide timely feedback.821"% Providing feedback on progress is an important behavior
change strategy in various theories and models of individual behavior change,'#2'43 also
facilitating organizational-level changes.*

Since we did not sample the study participants based on representativeness, the
generalizability of specific findings to other clinical laboratories in Cote d’lvoire and
other LMICs requires additional research for confirmation. However, the methods of
assessing software sustainment quantitatively and using interviews and the CFIR to
identify implementation determinants and explain high- versus low-sustainment may be

useful for studying implementation of health informatics in other LMICs.

Limitations
The interviews were conducted by I-TECH staff who also facilitated the OpenELIS
implementation at these sites, which may reduce the reporting of barriers or issues in

implementation due to social desirability bias. However, we also observed unreserved
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expressions of negative emotions and constructive suggestions from some
participants. This reflected that some participants had a familiar working relationship
with the interviewers because they collaborated on laboratory strengthening projects for
multiple years. Other limitations may be due to poor recall or misunderstanding of the
questions. These limitations were partially mitigated by providing necessary prompts
and explanations of the interview questions and triangulating interview responses with

the quantitative analysis.

4.6 Conclusion

This study provides novel insights into the sustained, routine use of OpenELIS, a
laboratory information system, in clinical laboratories in Cote d'lvoire. We observed
varied sustainment rates among sampled laboratories, highlighting shared facilitators
such as advantages of OpenELIS compared to paper registries, and barriers including
adaptability challenges and infrastructure issues. Our research contributes to the field
by quantifying the long-term implementation of comprehensive laboratory information
systems beyond pilot phases, identifying determinants for successful implementation,
and shedding light on factors that distinguish high- from low-sustainment sites. These
findings offer crucial guidance for creating appropriate implementation strategies for

further supporting implementation facilitators and overcoming implementation barriers.
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4.7 Tables and Figures

Table 1. The constructs of interest from the Consolidated Framework for
Implementation Research (CFIR), mapped between the 2009 and 2022 versions, and
example questions from the interview guide used in the qualitative data collection at 27
clinical laboratories in Céte d'lvoire in 2021

2009 CFIR constructs 2022 CFIR constructs Example questions from the interview guide
1. Intervention characteristics | 1. Innovation e Why is OpenELIS being installed and used
Intervention source Innovation source in your lab? How was the decision made
Relative advantage Innovation relative advantage to start using OpenELIS?
Adaptability Innovation adaptability e What advantages and disadvantages does
Complexity Innovation complexity OpenELIS have compared to other data
Design quality Innovation design tools in your laboratory?
2. Outer setting 2. Outer setting e Were there financial or other incentives
External policies and Policies and laws that influenced the decision to use
incentives Financing OpenELIS? If so, what were they?
Local conditions*
3. Inner setting 3. Inner setting e How do you think the
Structural characteristics Structural characteristics infrastructure/characteristics of your lab
- Physical infrastructure (level in the health system, number of
- Information technology years in operation, number of staff, size,
infrastructure or physical layout) affects the use of
- Work infrastructure OpenELIS?
Implementation climate
- Compatibility Compatibility e How well has OpenELIS fit within existing
Readiness of implementation work processes and practices in your lab?
- Available resources* Available resources
- Materials and
equipment*
- Access to knowledge and | Access to knowledge and
information information
4. Characteristics of 4. Individuals
individuals
Knowledge and beliefs about Motivation e How did you feel about the OpenELIS
OpenELIS implementation in your lab? Any
Self-efficacy Capability enthusiasm or stress?
5. Process
Engaging .
- Opinion leaders High-level Iea{ders 3 e Who are the key influential individuals to
- Formally appointed Implementat{onfaalltators get on board with implementing
internal implementation Implementation leads OpenELIS?
leaders
- Champions
- External change agents
5. Implementation process e How have you assessed progress towards
Reflecting and evaluating Reflecting and evaluating implementation goals?

Note: Text in italics and bold indicates new constructs in the 2022 version of the CFIR3®
* These constructs were not selected a priori for data collection and emerged during thematic analysis.

93



Table 2. Characteristics, routine OpenELIS implementation scores, and interview
characteristics of the 27 clinical laboratories in Cote d’'lvoire in 2021

High Medium Low
Overall . . .
sustainment sustainment sustainment
Number (%) of laboratories 27 (100.0) 5(18.5) 17 (63.0) 5(18.5)
Number (%) of referral laboratories
Yes 8(29.6) 2 (40.0) 5(29.4) 1(20.0)
No 19 (70.4) 3 (60.0) 12 (70.6) 4 (80.0)
Number (%) of laboratories at different health system levels
Regional 11 (40.7) 2 (40.0) 6 (35.3) 3 (60.0)
District 16 (59.3) 3 (60.0) 11 (64.7) 2 (40.0)
Median (IQR) number of days 1,068 (354) 1,067 (334) 1,170 (503) 1,068 (237)
[months] of OpenELIS
. . [35] [35] [38] [35]
implementation = A
Median (IQR) number of days
[months] during the 511 (576) 1,031 (331) 511 (368) 254 (152)
implementation period with [17] [34] [17] [8]
results recorded in OpenELIS = B
Routine score in percentage = % X 100%
Median (IQR) 52.3(33.1) 98.1(10.8) 52.3(16.9) 26.2 (5.5)
Mean 54.5 94.1 51.7 24.5
Interview characteristics
Number (%) of female 4(14.8) 1(20.0) 2 (11.8) 1(20.0)
participants
Number (%) of participants who
were laboratory heads or 13 (48.1) 5(100.0) 6 (35.3) 2 (40.0)
deputy heads
Mean recording length (mm:ss) 29:01 23:57 28:45 34:01

IQR: interquartile range
mm: minutes; ss: seconds
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Table 3. Convergence and divergence on the constructs from the Consolidated
Framework for Implementation Research (CFIR) as implementation determinants based
on interviews with representatives at 27 clinical laboratories in Cote d'lvoire in 2021

Divergence in perceptions of a construct as
Convergence . .
a facilitator or barrier?

2022 CFIR constructs

Neither a
facilitator
nor a barrier

Facilitator

Barrier

High-sustainment
sites

Low-sustainment
sites

l. Innovation

Innovation source

v

Innovation relative
advantage

Innovation adaptability

Innovation complexity

OOMONNZ

MM

Innovation design

PN -

o 2 2 2

Il. Outer setting

Policies and laws

Financing

Local conditions

lll. Inner setting

Physical infrastructure

IT infrastructure

Work infrastructure

2 2 2 4

Compatibility

2 22 4

Materials and
equipment

Access to knowledge
and information

IV. Individuals

Motivation

MMM

AN —

Capability

OO

e 2 2 2

High-level leaders

Implementation
facilitators

Implementation leads

PP ——

V. Implementation
process

Reflecting and
evaluating

PN ——

IN222%

IT: information technology
@ For constructs which the high- and low-sustainment sites diverge on, the arrow or dash icons represent
the perception of each site. Blue upward arrows denote facilitators; red downward arrows denote barriers;
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and black dashes denote that a site did not comment whether a given construct was a facilitator or
barrier.
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Table 4. Comparisons and supporting quotations for the constructs that had high
distinguishment between high- and low-sustainment laboratories

Summary Quote

INNOVATION

Innovation complexity

High-sustainment site participants found OpenELIS easy to learn and use, while low-sustainment site
participants perceived it as more complex and required additional time and training, partly due to the need to
acquire basic computer skills.

High- Little time was spent on learning The operation is simple. The number of steps involved in using
sustainment OpenELIS; it was easy to use. OpenELIS is reasonable. All technicians use and master the
laboratories OpenELIS software. (high-sustainment site 2)

Low- Slightly higher complexity with A little difficult and long [to learn] because it requires a minimum
sustainment the learning process and use; [knowledge] of basic informatics. (low-sustainment site 4)
laboratories some participants shared that

lack of basic computer
knowledge might be a barrier.

Innovation design

High-sustainment site participants were generally satisfied with the design quality of the OpenELIS software,
whereas low-sustainment site participants complained more about software bugs and malfunctions. All sites have
been using the same versions of the software.

High- Mostly satisfied with the design The software development and technical work done on OpenELIS
sustainment of OpenELIS, except for its low is good. It’s a software that makes it easier for us. (high-
laboratories adaptability. sustainment site 1)

Low- Perceived more bugs and We found some bugs. For example, we have results parameters
sustainment malfunctions in the software. that are in panels where they should not be. Sometimes when you

click to generate the lab code, it does not come automatically,
and once you click again, several codes are generated at the same
time. (low-sustainment site 3)

laboratories

INNER SETTING

Work infrastructure and compatibility
More participants at low-sustainment sites expressed concerns over staffing challenges that affect data entry,
namely lack of personnel, difficulty with assigning existing personnel to data entry, and high staff turnover.

High- Lack of personnel was rarely OpenELIS has integrated well because it has become a key
sustainment reported; when it was, the element for all laboratory examinations. No complications,
laboratories laboratory seems to have OpenELIS did not conflict with our existing process. (high-

overcome the challenges with sustainment site 3)

high motivation.

Low- Lack of personnel and difficulty There was no one to take care of data entry because we did not
sustainment adding data entry to any existing  have enough staff, and everyone had a role already to
laboratories staff member’s responsibilities accomplish. (low-sustainment site 2)

and workload.
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High staff turnover makes
training new staff on OpenELIS
challenging.

I (the lab manager) was trained [here] on site, and it is because |
wanted to learn, otherwise | did not receive training... All those
who have been trained have practically left, and those who are
here have not had any retraining, we are practically all new. It’d
be better if there were more training and coaching from time to
time so that the elders can recall and the new ones to retrain.
(low-sustainment site 5)

INDIVIDUALS

Motivation

Participants at high-sustainment sites showed enthusiasm and motivation towards using OpenELIS, while
participants at low-sustainment sites expressed lower motivation, more stress, and distrust.

High-
sustainment
laboratories

Low-
sustainment
laboratories

Generally motivated and
enthusiastic to use OpenELIS due
to its advantages, except for
instances of power or server
issues.

Lower motivation, more stress,
and distrust towards OpenELIS

It improved the reporting management and data quality. We
usually have enthusiasm, [but] sometimes stressed during power
outage problems. (high-sustainment site 3)

There is still the “whip” to put behind people because you have to
be there to know who uses OpenELIS and motion people to use
OpenELIS. (low-sustainment site 5)

There is just distrust at the level of some laboratory staff
members due to the fact that [OpenELIS] is a new tool and
method of work. (low-sustainment site 1)

Capability

Participants at high-sustainment laboratories were confident in using and coaching others on OpenELIS,
whereas low-sustainment site participants lacked confidence.

High-
sustainment
laboratories

Low-
sustainment
laboratories

High confidence in their
capability to use OpenELIS and
teach someone new to start
using OpenELIS quickly.

Self-perceived low capability of
using OpenELIS and need for
help.

OpenELIS is part of our routine. It’s an integral part of laboratory
information management. We have good command of computer
tools. (high-sustainment site 3)

Sometimes there are certain difficulties, for example [...] there are
still certain parameters that we cannot fully identify or determine.
It was difficult so | have one of my brothers to show me how to
use it. (low-sustainment site 5)

Implementation leads
High-sustainment participants remembered positive comments from their implementation leads about
OpenELIS, while low-sustainment participants did not recall any specific messages from their implementation

leads.
High-
sustainment
laboratories

Low-
sustainment
laboratories

After returning from the central
training, implementation leads
shared positive comments about
OpenELIS and expressed support,
positively influencing the
attitudes of laboratory staff.

The participants did not recall
any comments from
implementation leads about
OpenELIS. In a few cases, leads
felt they did not have sufficient
authority.

We are very receptive to the use of OpenELIS. After the training, |
(the laboratory head) had an internal meeting in the lab. The
decision [to use OpenELIS] was made unanimously by all the
laboratory staff. (high-sustainment site 1)

| was appointed by [the hospital] management. [...] | don't have
much authority because it depends a lot on the management.
(low-sustainment site 13)
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IMPLEMENTATION PROCESS

Reflecting and evaluating
High-sustainment laboratories received ad hoc feedback reports from HIV program implementing partners

and internal stakeholders, while low-sustainment sites lacked feedback or reflection about the software or

implementation process.

High-
sustainment
laboratories

Low-
sustainment
laboratories

Participants at some high-
sustainment sites received ad hoc
feedback through verbal
communication from laboratory
colleagues, physicians,
implementing partners.

No participants reported that
they had received ad hoc verbal
feedback from laboratory
colleagues.

We have received verbal comments from lab staff. They were
useful for improving OpenELIS. We communicated the comments
to I-TECH to make the improvements. (high-sustainment site 5)

No, no report received from my colleagues so far, no feedback
from the implementing partner. (low-sustainment site 1)
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Supplementary Table 1. OpenELIS implementation duration, routine use score, and characteristics of the interviews at the
sampled 27 clinical laboratories in Cote d’lvoire

OpenELIS implementation timeline Interviews
B = Number of
Level in the A = Number of days during the | Routine use Participant

Laboratory Referral . v & . . . p i

. health Year of days of implementation | score = Participant | job position Recording
Identifier laboratory R ) A R . .

system adoption implementation | period® with B/A*100% gender in the length (mm:ss)
period? results laboratory
recorded

High-sustainment .
ite 1 Yes Regional 2018 1067 1060 99.3 | Female Head 21:54
site
High-sustainment L
ite 2 Yes District 2017 1228 1211 98.6 | Male Head N/AP
site
High-sustainment L
ite 3 No District 2019 528 518 98.1 | Male Deputy head 27:57
site
High-sustainment .
e No Regional 2017 1174 1031 87.8 | Male Head 19:16
site
High-sustainment L
ite 5 No District 2018 840 729 86.8 | Male Head 26:40
site
Medium- . .

. . Yes Regional 2015 1862 1380 74.1 | Male Major 39:55
sustainment site 1
Medium- -

. . No District 2019 532 391 73.5 | Male Head 48:06
sustainment site 2
Medium- .

. . No Regional 2018 828 511 61.7 | Female Other staff 16:13
sustainment site 3
Medium- L .

. X No District 2017 1172 719 61.3 | Male Major 26:20
sustainment site 4
Medium- .

. . Yes Regional 2015 1913 1130 59.1 | Male Other staff 25:15
sustainment site 5
Medium- -

. . No District 2017 1170 682 58.3 | Male Head 22:39
sustainment site 6
Medium- -

. . No District 2018 834 481 57.7 | Male Other staff 30:07
sustainment site 7
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Medium-

site 5

) . Yes Regional 2015 2108 1166 55.3 | Male Deputy head 29:44
sustainment site 8
Medium- L
. . No District 2017 1172 613 52.3 | Male Other staff N/AP
sustainment site 9
Medium- .
. . Yes Regional 2014 2523 1318 52.2 | Female Head 36:06
sustainment site 10
Medium- . .
) . No Regional 2017 1194 594 49.7 | Male Major 28:29
sustainment site 11
Medium- o .
. . No District 2019 531 227 42.7 | Male Major 24:55
sustainment site 12
Medium- L
. . No District 2018 833 351 42.1 | Male Other staff 30:28
sustainment site 13
Medium- -
. . No District 2018 835 309 37.0 | Male Head 20:02
sustainment site 14
Medium- . .
) . No Regional 2019 529 185 35.0 | Male Major 27:35
sustainment site 15
Medium- -
. . Yes District 2017 1331 452 34.0 | Male Deputy head 33:04
sustainment site 16
Medium- -
. . No District 2019 526 171 32.5 | Male Other staff 20:58
sustainment site 17
Low-sustainment .
it 1 Yes Regional 2018 1068 340 31.8 | Male Other staff 28:17
site
Low-sustainment L.
te 2 No District 2018 834 254 30.5 | Male Head 41:04
site
Low-sustainment L
te 3 No District 2017 1144 300 26.2 | Male Other staff 47:32
site
Low-sustainment i i
ite 4 No Regional 2019 592 148 25.0 | Male Major 30:13
site
Low-sustainment .
No Regional 2018 1071 96 9.0 | Female Head 22:59

2 Implementation period is from when a laboratory first started using OpenELIS for recording routine test results until December 31, 2020.

b Recording lengths were not available (N/A) at two sites because the interview participants consented to the interviews but refused to be recorded.

Major: usually the third highest ranking staff member after the head and deputy head in a clinical laboratory in Cote d’Ivoire
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Chapter 5. Perceptions and experiences of data-driven decision-making and data
dashboard for HIV viral load testing and early infant diagnosis in Cote d'lvoire

Authors: Yao He, Yves-Rolland Kouabenan, Paul Henri Assoa, Nancy Puttkammer,
Stephen Gloyd, Noah G. Hoffman, Bradley H. Wagenaar, Pascal Komena, N’zi Pierre
Fourier Kamelan, Casey liams-Hauser, Adama Pongathie, Alain Kouakou, Jan Flowers,
Nadine Abiola, Natacha Kohemun, Koffi Jean-Bernard Amani, Christiane Adje-Toure,
Lucy A. Perrone

5.1 Abstract

Background: Data dashboards are popular tools for supporting routine monitoring and
decision-making in public health. Per the request from the Céte d'lvoire Ministry of
Health (MOH) and the U.S. President’s Emergency Plan for AIDS Relief (PEPFAR), a data
dashboard has been developed since 2017 for monitoring performance of HIV viral load
(VL) testing and early infant diagnosis (EID). This study assessed the values, attitudes,
and experiences regarding data-driven decision-making and the VL and EID dashboard
among existing and potential dashboard users in Cote d'lvoire.

Methods: We conducted a qualitative study including two focus group discussions
(FGDs) and 12 in-depth interviews (IDIs) with 22 unique existing and potential users of
the VL and EID dashboard. The Conceptual Framework for the Use of Health Data in
Decision Making guided the FGDs, and the Consolidated Framework for Implementation
Research informed the IDIs. We used deductive and inductive approaches to code and
analyze the interview data.

Results: The 22 unique participants were from 17 organizations; 10 (45.5%) were
female. The study found that data-driven decision-making was valued by participants

and that leaders exhibited concrete behaviors of using data. The VL and EID data
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dashboard were considered useful tools for monitoring performances and making
decisions for HIV service delivery and HIV-related laboratory operations. Existing users
used the dashboard regularly, while potential users expressed interest in their speed and
ability to track progress. The participants considered the dashboard simple and
straightforward compared to other analytical tools. Participants suggested improving
the dashboard by updating data more frequently, adding additional useful information,
and enhancing the interface design.

Discussion: The study highlighted the importance of a supportive data culture,
especially among leaders, and the potential of dashboards to promote data use.
However, challenges such as data quality and equipment limitations for potential users

need to be addressed.

5.2 Background

Progress around HIV/AIDS prevention and treatment has stagnated around the
world,** and the fight against the HIV epidemic needs to be reinvigorated to achieve the
95-95-95 goals set by the Joint United Nations Programme on HIV/AIDS (UNAIDS).”?
HIV viral load (VL) suppression and early infant diagnosis (EID) are important health and
service delivery outcomes to monitor for ensuring timely and effective treatment,
preventing transmissions, and assessing prevention of mother-to-child transmission
(PMTCT). In Cote d’lvoire, 62% of people living with HIV (PLHIV) were estimated to have
suppressed viral load, 53% of HIV-exposed children were estimated to have been tested
for HIV by two months of age in 2022, and prompt improvements are necessary.'* The

national online data dashboard for VL and EID in Cote d’lvoire intended to provide
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relevant, up-to-date information that supports decision-making in HIV-related services
and programs.

Using data and evidence strengthens the decision-making capacity of country
leadership and contributes to successful HIV responses ultimately.#® Timely, high-
quality data are critical to guide decision-making in public health, e.g., setting priorities,
planning and budgeting, allocating and utilizing health resources effectively, and
implementing and enhancing service delivery and policymaking to increase healthcare
utilization and improve health outcomes.3814/

Understanding the context, culture, and behavior around data demand and use is
important to ensure effectiveness of interventions or tools that aim to support data-
driven decision-making, especially in low- and middle-income countries (LMICs).
According to a 2023 literature review, the main barriers to data-driven decision-making
in LMICs include insufficient data use competencies; low data quality; inadequate data
availability; lack of systems design and user-centered design; disconnect between data
producers and users; unsupportive leaders of data-driven decision-making; absence of
organizational supports; misalignment in data needs between donors and local
stakeholders; weak data use culture; and low individual motivation.3® Evidence is limited
on whether and how these barriers influence data-driven decision-making in HIV
responses in Cote d’lvoire, and such evidence will provide useful context for
understanding the successes and issues with the VL and EID dashboard.

The Conceptual Framework for the Use of Health Data in Decision Making,38
building on the literature review mentioned above and the Performance of Routine

Information System Management (PRISM) framework,3° highlights key factors that
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most directly influence data demand and use. We will use this conceptual framework to
assess the values, attitudes, and experiences of using data in decision-making among
the existing and potential users of the VL and EID data dashboard in Cote d'Ivoire.

Data dashboards are tools designed to support data-driven decision-making by
visualizing quantitative data and supplying audit and feedback to decision makers and
service providers.82148 Applications of data dashboards are ubiquitous in public health,
and the purposes range from disease surveillance,’*°~>" monitoring of quality and
efficiency,’5271%6 clinical decision support,’>’~160 to stock management and more."61.162
Articles that describe dashboards that display HIV-related data including VL and PMTCT
are also not uncommon. 1637169

To respond to the need for a tool that consolidates and presents VL data in an
accessible format, the International Teaching and Education Center for Health (I-TECH)
collaborated in October 2017 with the Cote d’lvoire MOH, PEPFAR, the United States
Centers for Disease Control and Prevention (CDC, the United States Agency for
International Development, Clinton Health Access Initiative, and the Kenyan MOH to
develop the VL online data dashboard

(https://chargevirale.openelisci.org/vl_dashboard/).%%179 |-TECH obtained the software

source code for the Kenyan VL dashboard (https://viralload.nascop.org/) and adapted it

for the Ivorian context to visualize monthly aggregate VL data from OpenELIS, the
electronic laboratory information system in Cote d'lvoire.”>171

The use case is to provide analyzed, critical information for monitoring program
performance and progress towards achieving the goals for viral load testing and

suppression and EID. The target users are the U.S. CDC, and the PEPFAR implementing
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partners, policymakers at different levels of the MOH in Cote d'Ivoire, and clinical and
laboratory service providers.

Data visualizations of the VL dashboard include stacked bar chart of the national
average turnaround time of tests by sample type (i.e., dry blood spot [DBS] or
EDTA/plasma); stacked bar chart of the number of test samples by sample type; pie
chart of the number of clients by viral load (undetectable, <1,000 copies/ml, >=1,000
copies/ml, invalid result); stacked bar chart of the number of clients by viral load
suppression (suppressed, unsuppressed) and the following disaggregation: gender
(female, male), age group in years (<2, 2-9, 10-14, 15-19, 20-24, >25), and region. All but
the charts on the national average turnaround time can be disaggregated by
specification of month, region, district, health facility or clinical laboratory, PEPFAR
implementing partners. Users can access the disaggregated visualizations through the
navigation tabs at the top of the data dashboard webpage. A dedicated tab shows
charts about viral suppression by gender (female, male, no data), age group (infants
[<10 years], adolescents [10-19 years], adults [>20 years], no data), reason for the test
request, and treatment regimen. All data visualizations are globally accessible and
available for download as four different formats of image files, and the source datasets
are available for download as comma separated values files and Microsoft Excel files. A
data dashboard user guide document is available for download through a navigation

tab. In 2020 the EID dashboard (https://chargevirale.openelisci.org/eid_dashboard/fr/)

was created based on the VL one to display monthly aggregate EID data from
OpenELIS."”2 The types of visualizations and functions are similar to those described

above for the VL dashboard. More details about the development process, information
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visualized, and types of visualizations of the VL and EID dashboard were described
elsewhere.>®

Despite the proliferation of data dashboards in public health, studies that
assessed data needs and user experience of dashboard users are limited. After
reviewing 1,191 papers, the authors of a systematic review on public health dashboards
identified only 18 user studies, while most of the remaining papers reviewed were only
about the design and technical development process of a specific dashboard.3? Only a
few of the 18 user studies considered data demands and self-efficacy in dashboard
user experiences,?? highlighting a notable gap in research that other reviews already
identified previously.3334

This study aimed to fill the research gaps described above by answering the
following questions:

1) What were the values, attitudes, and experiences of existing and potential

dashboard users on data-driven decision-making in their organizations?

2) What were the participants’ impressions of the VL and EID data dashboard?

5.3 Methods

We conducted a qualitative study including two focus group discussions (FGDs)
to answer the first research question and 12 semi-structured in-depth interviews (IDIs)
to answer the second research question (Table 1). The FGDs intended to gather general
perspectives which the group members converged or diverged on about data-driven
decision-making and the VL and EID data dashboard. The IDIs intended to draw detailed

responses about data-driven decision-making and the dashboard from individual
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participants based on the perspectives of themselves and their organizations. Data
collection took place from September 2021 to April 2022 through in-person or online
meetings.

The study population was existing and potential users of the VL and EID
dashboard. Existing users were staff members of the MOH, the U.S. Centers for Disease
Control and Prevention (CDC) office in Cote d’lvoire, PEPFAR implementing partners, and
national and regional clinical laboratories. Potential users were from MOH divisions and
clinical laboratories which the I-TECH project team and existing users thought would
find the dashboard useful but had not used them.

To collect data from existing users, we purposefully sampled individuals who we
knew were already using the dashboard to participate in the first FGD and subsequent
IDIs. Nine participants from six organizations participated in FGD1, including two from
the U.S. CDC and seven from the PEPFAR implementing partners (e.g., clinical program
manager or strategic information director) in Cote d'Ivoire. We then used snowball
sampling to ask FGD1 participants to introduce us to other existing users from
additional organizations to participate in the IDIs. Seven existing users from national
and regional referral laboratories as well as PEPFAR implementing partners participated
in the IDIs (Supplementary Table 1).

To collect data from potential users through the second FGD (FGD2) and IDIs, we
purposefully sampled a staff member of the Programme National de Lutte contre le
Sida (PNLS; National AIDS Control Program) who had not used the dashboard and had a
convenience sample of five individuals who had not used the dashboard and were

heads or deputy heads of the regional clinical laboratories in Céte d’lvoire. We
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purposefully chose PNLS because, as the national technical group created by the MOH
to guide the national response to fight the HIV epidemic, PNLS knew of the dashboard
but did not routinely use them. Regional laboratories might also be interested in the
dashboard because they are referral sites that process all VL and EID samples referred
from other laboratories in the region. Five potential users participated in FGD2, and five
different potential users participated in the IDIs (Supplementary Table 1).

The Conceptual Framework for the Use of Health Data in Decision Making
informed the interview guides for the two FGDs,384% and the relevant CFIR constructs
informed the interview guides for the IDIs (Table 1).3%3¢ The Conceptual Framework for
the Use of Health Data in Decision Making builds on the Performance of Routine
Information System Management (PRISM) framework created by the MEASURE
Evaluation group.®8-%° This conceptual framework highlights key activities that most
directly influence data demand and use and subsequently influence the building blocks
in the health system and ultimately health outcomes. We chose to focus on the
activities that would influence data demand and use to see if and how they were
reflected in the participants’ responses. The CFIR is a meta-theoretical framework
designed to explain how innovations such as the data dashboard work across different
contexts.353¢

The interview guides were initially developed in English by YH and later translated
into French. PHA and YRK, native French speakers, reviewed and edited the French
interview guides for grammar, word choice, and logical coherence. The FGDs and IDIs

were conducted online in French using Zoom by YRK, PHA, and YH. The sessions were
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recorded, and comprehensive notes were taken. On average, the FGDs lasted 59
minutes, while the IDIs lasted 32 minutes. No additional sessions were held.

After each session, YRK, PHA, and YH uploaded photos or electronic copies of
informed consent forms that were signed by the participants, detailed notes, and audio
recordings to a shared drive on the University of Washington Google Drive with
restricted access. The recordings were transcribed verbatim in French and translated by
YH, PHA, and YRK into English. The detailed notes were added to the transcripts to
supply additional details.

YH conducted the analysis described below. YH was female and a Chinese
Doctor of Philosophy student in global health implementation science at a university in
the United States, with three years of experience in qualitative research and five years of
experience working with health information systems in Cote d’'lvoire.

A combination of deductive (namely using the two conceptual frameworks
mentioned above) and inductive approaches were used to analyze the data. Codes were
created using the activities that influence data demand and use from the Conceptual
Framework for the Use of Health Data in Decision Making, the CFIR constructs, as well
as derived from the data that the two frameworks did not pertain to. YH was the primary
coder of the transcripts. YH first chose one FGD transcript and one IDI transcript to code
with the initial codebook that consisted of the deductive codes. After adding inductive
codes to the codebook, YH revised the coding in the first three transcripts and
continued coding the rest of the transcripts. Any subsequent changes in the codebook
or coding approach were applied to transcripts that had been coded previously. The

coding and thematic analysis were conducted in ATLAS.ti 8 Windows.
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After finishing the coding process, we summarized the themes that correspond
to the research questions and selected corresponding quotes when the participants’
own words conveyed the information more effectively than a summary. The two
frameworks served as the basis for the themes, with additional themes derived from the
data that did not fit the components or constructs of the two frameworks. We mapped
the 2009 CFIR constructs that we chose a priori for qualitative data collection and
analysis to the corresponding 2022 CFIR constructs (Table 1),%¢ and presented the
results and discussion with the 2022 constructs.

This study was determined to be non-human subjects research by the University
of Washington Institutional Review Board and has been approved by Céte d'lvoire
Comité National d'Ethique des Sciences de la Vie et de la Santé (CNESVS, Ivorian
Institutional Review Board; reference number 006-21/MSHP/CNESVS-km). The U.S. CDC
reviewed the paper but had no role in study design, data collection, analysis, and

interpretation.

5.4 Results

We conducted one FGD (FGD1) with nine existing users from six different
organizations; a second FGD (FGD2) with five potential users from five organizations;
seven IDIs with existing users from six organizations; and five IDIs with potential users
from four organizations (Table 2). The number of unique participants was 22; 10
(45.5%) were female; 17 unique organizations were represented. The FGD1 participants
were two CDC officers in clinical and laboratory programs and PEPFAR implementing

partner staff in clinical programs and strategic information. The FGD2 participants were
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one CDC officer in EID and prevention of mother-to-child transmission programs and
heads and deputy heads of national and regional referral laboratories. The IDIs with
existing and potential users included one staff member of PNLS, two PEPFAR
implementing partner staff, and nine heads and deputy heads of national and regional

referral laboratories (Supplementary Table 1).

4.4.1 Data-driven decision-making

Data use context

According to all the participants in the FGDs and IDls, their organizations used
data in decision-making. The participants of both FGDs converged on the importance of
data-driven decision-making. Not only would the leaders use data in decision-making,
but different units and levels within each organization also used data in their work, even
if some units or levels were not seen as decision makers. Data were used routinely to
monitor performances as well as ad hoc under special circumstances to assess the
situation, identify problems or needs, and make decisions to solve problems or make
improvements. The most common areas where the participants used data to monitor
were laboratory operational processes (e.g., non-conformity of samples, sample flows,
turnaround time) and lost-to-follow-up clients for HIV viral load testing.

Data is our essence, we use the data [in our decision-making process]. There's

technical data, validation data, operational data; so everyone at their level uses

their data, and we centralize everything as a technique to know the number of
samples has arrived, what is out, what is the reason for the delay, and after the
operational data we share not only for our decision-making but at the same time

we share with the [MOH], the partner, the PNLS. (IDI with existing user 3)

When we took the decision regarding the contingency plan in relation to the
COVID-19 crisis, we looked a little in terms of the data on stock availability.
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Starting from the quantification of the needs, it was on the basis of factual data
that we took decisions. (IDI with potential user 1)

Data use context: attitude of leaders and staff members towards using data

When asked specifically about the attitude of the leaders versus staff members
towards using data in decision-making, all IDI participants shared that the leaders in
their organizations were supportive and exhibited concrete behaviors of using data in

decision-making.

Our leader is very committed to using data for improvement and decision-making
in the lab because we are an accredited lab, so we value data-driven decision-
making at the highest quality. (IDI with existing user 4)

The leadership monitor the performance of technicians by analyzing data on the
lab process, suggest changes to improve the performance; the same with
monitoring the equipment. We discuss data analyses at meetings to find
solutions. (IDI with potential user 5)

In fact, the whole team of staff members, not just the leaders shared the same attitude

and data use behavior.

Everyone is absolutely interested and motivated to use data. | think that at this
lab there are 2 levels of interest. The first level is for biologists, data managers,
and managerial staff, for top management use, data for the programming is very
important, for the follow-up of the patient. Now those who are at the technical
level are more interested in data management to see the activity and the flow of
samples so that there are not too many samples waiting. (IDI with existing user
2)

The whole team, not just the leaders, uses data to inform their decisions.
Because even outside the monthly meeting [with the hospital management],
there is a small group that also meets to be able to see what difficulties we are
having especially with patients, and we try to discuss. (IDI with potential user 4)
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Data use context: external pressure

The participants from PEPFAR implementing partners and the Retro-Cl laboratory
established and directly funded by the U.S. CDC shared that how they used data in
decision-making was heavily influenced by PEPFAR and the MOH. The rest of the
participants from the other laboratories shared that their data use behavior was only
influenced by external donors and partners in the areas that external funding supported,
e.g., HIV viral load testing, donated equipment. An existing user stated:

No, external donors and other organizations don’t really influence how we use

data in decision-making. [...] Our center here is supported by PEPFAR via [an

implementing partner], to which we report the data every month, but it's really not
them who influence our activity. We also have standards internally in terms of

turnaround times, all that, but it generally falls within their objectives as well. (IDI
with existing user 2)

Data demand and use infrastructure, data users and data producers

The FGD with existing users revealed convergence among PEPFAR implementing
partners in demands for data, data use infrastructure, and internal processes that
engaged data users and producers (Tables 3, 4). PEPFAR implementing partners, not
directly providing services, used both laboratory and clinical data to monitor laboratory
operational processes and progress of HIV program implementation. Laboratory data
were from OpenELIS and clinical data were exported from the electronic health record
for HIV clients into Microsoft Excel spreadsheets. These organizations had data
management units that compiled and validated the data collected from the clinical
laboratories in the implementing districts. The programmatic units then received the

processed data and conducted data analyses to monitor or evaluate progress
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achievements and shortfalls. The analyses informed leaders in deciding how their
organizations could support the clinical laboratories to address areas of improvement.
While three referral laboratories used data to inform laboratory operations as well
as participate in clinical decision-making, four other laboratories used data only for
laboratory operations (Tables 3, 4). Three participants from two national referral
laboratories and one regional referral laboratory shared that they not only used
operational data from OpenELIS to monitor non-conformities and improve sample flows
and result validation, but they also actively contributed to clinical decision-making by
examining data on testing results and whether a client was on time for a test. The
participants from the rest of the referral laboratories were only interested in laboratory
operational data and viewed themselves as suppliers of data to the clinicians for
making decisions (“It's the clinician who prescribes, we give him his result so it's a chain

of which we play a part in.” = IDI with existing user 1).

Data quality

When asked how data quality issues affect how often they used data for
decision-making, the participants shared that data timeliness had a more direct impact
on the frequency of data use. All existing users that participated in the first FGD shared
that they had internal processes to ensure data quality. Four participants from the
second FGD with potential users shared that, since they had technical validations, the
data quality should be fine. However, one participant disagreed that, despite the
processes and units that intended to ensure data quality, there were still missing data or

poorly documented data on paper forms that decreased data quality.
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4.4.2 VL and EID data dashboard

We present the summaries for two non-CFIR constructs that emerged from the
FGD and IDIs with existing users, namely the frequency and reasons for using the
dashboard. We then present the summaries for the CFIR constructs and finally a non-
CFIR construct on suggestions for improving the dashboard.

Frequency of using the dashboard

Three existing users shared that they used the dashboard monthly; two said
quarterly; and one said every six months because they were most interested in stock
shortages, but they said that the dashboard was not up to date on stock. One existing
user said they did not use the dashboard in a systematic way because the dashboard
was not updated as frequently as they preferred.

Reason for using the dashboard

The general impression that the existing users had on the dashboard was that
they were good tools to consult themselves and show to others about performance,
useful for identifying and raising awareness of problems and deciding on solutions.

The dashboard has the advantage of presenting us with the results collected on

the sites, so it is an element that is very present in our daily lives, and allows us

to have the reality of the results available for our area to be able to make
decisions and solve certain problems. It is a very effective element that allows all

parties to agree. (IDI with existing user 5)

Two existing users reported that they used the dashboard as important

references to communicate with other laboratories that they worked with. An existing

user from a national referral laboratory felt excited and relieved that the dashboard was
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available because they provided direct evidence of laboratory performances, and there
was no need to guess how the performances had been:

| will say excitement and relief [about the dashboard], because when we visit the

sites inside the country, we don't have to talk too much, we go to the dashboard

and show them what they are doing in the laboratory, they are happy to see the

work they are doing, the dashboard is a relief. [IDI existing user 4])

An existing user at a PEPFAR implementing partner agency was interested in the
performances of other similar organizations which the dashboard showed so that they
could cross compare.

The dashboard shows us the work that is done on laboratories that we don't have

access to, for example on other partners’ laboratories. They show us how the

activity takes place throughout the national territory, what the volume of activities
is at other laboratories. So we can see how we can boost our platforms to work

more. (IDI with existing user 6)

This person also mentioned that they trusted the quality of the data presented in the
dashboard because they knew the data had been processed and checked. They felt
comfortable and motivated to use this quality information in decision-making (“I tell
myself that this information has been processed, it is quality information, this is what
led me to use.” — IDI with existing user 6)

After examining the dashboard briefly during the FGD and IDls, potential users
shared the reasons that would motivate them to use the dashboard were serving as a
model to other peers, accessing information quickly for decision-making, and

monitoring progress towards targets.
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A potential user at a regional referral laboratory shared their motivation and
enthusiasm for using the dashboard stemmed from the potential for being a model that
others would want to copy:

The dashboard will be useful not only to ourselves and to other units. We can

show the dashboard to the hospital director and even the heads of units so that

the people outside the laboratory can copy us and seek to get in touch with us to
see how we have achieved this. We can be a model. | think | know an innovation.”

(IDI with potential user 5)

A potential user mentioned in the FGD that they were interested in using the
dashboard because of the speed of accessing information and making decisions
subsequently (“When we want to see our performance and see if there are any
problems, we will look and very quickly we know where it gets stuck and what quick
decision to take.” — FGD potential user 5).

Two potential users thought that the dashboard would be helpful in tracking
progress towards meeting quality standards or achieving targets set by the national
directives. (“[The dashboard] is useful for the work, in terms of the implementation of
the national directive for the biological monitoring of PLHIV, it is true that the directives

have been drawn up, but it is also good to know that we have feedback from the

implementation of the guidelines.” — IDI with potential user 1).

Capacity — facilitator

All existing users were confident that they themselves and the colleagues who

used the dashboard routinely in work were capable of using the dashboard.
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Innovation source — facilitator

Two existing users shared that the need for the VL and EID data dashboard was
common across the PEPFAR implementing partners and the U.S. CDC, so the dashboard

in Kenya were adapted for Cote d’lvoire.

Innovation relative advantage — facilitator

The existing and potential users shared that the relative advantages of the
dashboard compared to other data analysis and visualization tools such as Microsoft
Excel or Microsoft Power Bl were simplicity and straightforwardness. Compared to
static data spreadsheets, the visualizations on the dashboard showed a lot more
information in an interactive way.

In terms of simplicity and straightforwardness, three existing users perceived the
dashboard as useful for data visualization and supporting decision-making and problem
solving for specific laboratories or areas. The participants explained that, since the
configurations and structures of the interface were predefined, accessing specific
information was faster and easier for people who monitor performances routinely. One
potential user at a regional referral laboratory thought that, compared to Excel which
could also visualize data, the dashboard was faster and more straightforward, and it
was also a direct way to convey information to others who wanted to learn about the VL
and EID activities of the laboratory or the region.

One potential user and one existing user found it useful to have an interactive
tool that can quickly provide information that they were interested in, e.g., meaningful

disaggregation by population groups, whereas Excel spreadsheets were static.

119



It's a little livelier, we have the possibility of being able to search for the
information we want with a simple click, for example on the desired period, the
desired laboratory, and then we have all the information that appears at the same
time for a given laboratory. It is an advantage over having a static Excel file which
will give us in a tab the number of viral load tests. We instead have a graphic
visual [in the dashboard], it is good to have a graph, a diagram allows us to have
an idea at the same time of what we are looking for, we do not need to go and
redo the calculations again to be able to assess the information, | think that is the
advantage that the Excel file does not have. (IDI with potential user 1)

Although one existing user perceived Excel and Power Bl as more versatile in
analyzing data exported from OpenELIS, she acknowledged that the dashboard was
“accessible” (IDI with existing user 4). Sometimes if she “had not finished analyzing
[data exported from OpenELIS], [she] will take the information from the dashboard,”

indicating that the dashboard provided faster access to analyzed information that was

useful for decision-making.

Innovation design — facilitator

The FGD participants converged within each group that the design of the
dashboard was fine, the colors were beautiful and distinct, and the layout was clear and

easily readable.

Market pressure — facilitator

The existing users converged during the first FGD that they were aware of other
organizations, especially PEPFAR implementing partners, that were using the

dashboard. In the subsequent IDI an existing user shared that “generally all the partners
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in Cote d’lvoire use the dashboard, | exchange with colleagues in other organizations,
and everyone refers to the dashboard” (IDI with existing user 5).

All but one potential user did not know of any organization that used the
dashboard. The only participant who had prior knowledge came from PNLS which
oversees all HIV-related activities in the country:

| know organizations such as PEPFAR implementing partners and Retro-Cl

practically use the dashboard, and even providers are supposed to be used

because they were told about it during the demand optimization sessions for
viral load testing. (IDI with potential user 1)

Materials and equipment — potential barrier

Three existing users shared that, although they were able to use the dashboard
without difficulty, they were concerned that new users might need Internet connection

and computers or tablets to access these online dashboard.

Access to knowledge and information — potential barrier

Both existing and potential users would like to have more information and
training or coaching on using the dashboard (“Perhaps if there are resources [that
provide more information], it will allow us to optimize the use of dashboard and
therefore decision-making at the level of our organization.” — IDI with existing user 6).
One existing user thought that training or coaching would be useful for new users to
orient themselves around the layout and functions of the dashboard (“As we have
already used the dashboard, it is easy for us. But for people who are discovering this for
the first time, they may be impressed, but the use will be difficult, they need

explanations and coaching.” — IDI with existing user 4).
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Suggestions for improving the data dashboard

The suggestions for improving the data dashboard were in three categories,
namely updating the data more frequently, adding more useful information, and
improving the interface design to improve user friendliness.

The most mentioned suggestion was updating the data displayed in the
dashboard more frequently. Four existing users and three potential users suggested
updating at least every other week and the more near real-time the better. One potential
user cautioned the others during the FGD about having an ideal world with near real-
time data updates, since there was a natural trade-off between the speed of posting
data and the necessary biological and technical validations in the laboratory operational
process. Therefore, weekly updates might be the most ideal scenario that the
dashboard could realistically achieve (FGD potential user 5).

The participants also suggested various information to add to the dashboard so
they can meet the needs of the organizations better. Three existing users and two
potential users would like to have more indicators about the laboratory operational
process and service quality, e.g., the volume of samples received, number of non-
compliant samples, number of rejected samples, testing validity, and number of tests
completed within deadlines. Information on when and why major disruptions in
laboratory services happened was highly requested by all but two existing users to
display next to the charts and provide context to changes in the trends. One existing
user from a PEPFAR implementing partner would like the VL dashboard to disaggregate

data by key populations to support programs for sex workers, men who have sex with
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men, etc. The potential user from PNLS would like the dashboard to extend to all
laboratory testing related to people living with HIV rather than just VL and EID.

A reason why a potential user would like to see more information displayed was
that they preferred using a comprehensive platform to consulting many different tools
and databases (“If we have too many tools, it will be complicated to use them. Apart
from the dashboard we have other databases and data visualizations. If [the dashboard]
is a tool that is detailed, it's better than having several tools.” — FGD potential user 1).

Two existing users suggested during the FGD that the dashboard should display
individual level data to enable more precise and timelier follow-up with individual
clients. A third existing user dissented that this publicly accessible platform would not
be the appropriate place to display any individual level data due to potential privacy and
confidentiality issues.

The most common suggestion regarding the design of the dashboard was to
tailor the information shown more specifically to what a user chose to see. Four existing
users shared that, after choosing a specific time period, some charts on the dashboard
did not seem to change in response to the time period selection, leading to confusion.

The users suggested making all charts change according to the user’s specification.

5.5 Discussion

This study explored the values, attitudes, and experiences related to data-driven
decision-making and the usage of HIV VL testing and EID data dashboard among
existing and potential dashboard users in Céte d'lvoire. We found that the participants

valued data-driven decision-making and perceived utility of the VL and EID dashboard in
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monitoring performances and informing decisions. Future iterations of the dashboard
can benefit from the suggestions from the participants.

The findings contributed to the literature by providing a better understanding of
the values and attitudes towards data-driven decision-making among HIV programmatic
staff and service providers in Cote d’lvoire, specifically in data use context, data demand
and use infrastructure, data users and producers, and data quality.

The participants not only recognized the importance of data but also reported
concrete behaviors of using data in decision-making. The recognition and behaviors
were shared by both leaders and other staff members in an organization. This data
culture, especially among leadership, seemed to be more supportive than some LMIC
settings reported in other studies.’”®'74 However, the study sample was biased towards
valuing data, since more than half of the participants were existing dashboard users
and had monitoring and evaluation as one of their key job functions.

As the supportive data culture would promote data use, the dashboard displaying
data across all clinical laboratories in Cote d'lvoire that processed VL and EID samples
would further promote a data use culture, creating a virtuous cycle. MOH supervisors
can use the dashboard to provide regular feedback and comparative results to health
facilities and laboratories, showcasing how the submitted data were used and
enhancing the value of data collection and use.’”>177

The participants at clinical laboratories shared that they submitted data to
PEPFAR implementing partners monthly in addition to the routine data collection and
use process. This indicates parallel data systems due to donors’ data demands which

may have been burdensome and led service providers to view themselves only as data
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producers.38178 Having access to useful tool such as the VL and EID dashboard that
visualize the data that the laboratories submitted might motivate them to assume the
role of data users.?”?

All participants reported that their organizations had processes to validate data
or ensure data quality, which seemed to give them confidence in the quality of the data
they collected, reported, and used. However, as one study participant and various
existing evidence suggested, quality issues were not rare in data reported from frontline
health facilities, since health workers often lacked time and motivation to ensure data
quality.’”3 Therefore, more targeted research is necessary to assess data quality, users’
confidence in the quality, and actual data use behaviors.

The findings about how the study participants viewed the data dashboard
conformed with what other studies reported, but the multilevel explorations of user
perceptions informed by the CFIR were an addition to the evidence. The reasons for
existing and potential users to the VL and EID dashboard align with those identified
through a systematic review about public health data dashboards.®? The strongest
advantages of the dashboard relative to other data visualization tools were higher user-
friendliness, which the study participants defined as simplicity and straightforwardness,
and faster speed of accessing digested information. Ease of use was one of the most
assessed dashboard characteristics.3? Indeed, simple innovations have a higher
likelihood of effectiveness, due to their ability to enhance user satisfaction and shorten
the learning curve.'4117.123 For data dashboards that intend to simplify the data
synthesis and analysis process for users, low complexity is an important determinant to

effectiveness. Most participants mentioned that they were satisfied with the colors in
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the dashboard, which corresponds to the findings from other dashboard user
studies.32180

The market pressure from peer organizations may have motivated existing users
to use the dashboard, and it would be interesting to explore if the same would apply
when some potential users start using the dashboard while others do not. Late
adopters often face significant pressure to implement innovations, especially when
competitors or colleagues have already adopted them; when others in the field are using
an innovation, individuals and organizations may feel compelled to follow suit.™®
However, if potential users of the dashboard do not see other users as competition,’'*
mobilization strategies that exert market pressure might not be effective.

Although the existing dashboard users reported that they had the necessary
materials and equipment as well as knowledge and capability to use the dashboard with
ease, concerns were raised for potential users. The existing users, all based in Abidjan
or other urban areas, were concerned that potential users in other regions of the country
might not have the necessary equipment or Internet connection to access the online
dashboard and that they might need training to learn to use the dashboard. It is
important to ensure the precondition of necessary equipment is met for achieving the
outcome of increased user pool in the future.’® Providing training or a support hotline
might also be useful strategies to engage potential users.83

Furthermore, participants offered valuable feedback for improving the
dashboard. They emphasized the need for more frequent data updates, echoing what
another dashboard user study found.'® Additionally, participants suggested

incorporating more indicators related to laboratory operational processes and service
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quality to further improve the dashboard and support the data demands for decision-

making.

Limitations

The FGDs and IDIs were carried out by I-TECH personnel who were involved in the
development and implementation process of the data dashboard, potentially leading to
social desirability bias in reporting barriers or issues. However, since we explained to
the participants that the study was formative rather than evaluative, the social
desirability bias might not have manifested to a great extent. Other limitations include
potential difficulties in recall or misunderstanding of the questions. To partially address
these limitations, we provided necessary prompts and explanations of the interview
questions.

Future research could explore data demands and dashboard user experiences in
other LMICs with the Conceptual Framework for the Use of Health Data in Decision
Making and the CFIR to compare with our findings and identify cross-contextual

patterns.

5.6 Conclusion

This study demonstrated that decision makers and program staff in Céte
d’lvoire’s fight against HIV valued data-driven decision-making. They recognized the
utility of the HIV viral load and EID data dashboard in monitoring performance and

guiding decisions. The findings offered insights into data demand and use culture and
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infrastructure in the HIV work in Céte d'lvoire. These insights contribute to the broader

understanding of effective data use and dashboard design.
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5.7 Tables and Figures

Table 1. The a priori components of interest from the conceptual framework for the use
of health data in decision-making and the Consolidated Framework for Implementation

Research (CFIR)

Data collection
method

Conceptual framework for
the use of health data in
decision-making

2019 CFIR constructs

2022 CFIR constructs

FGD1: existing
dashboard users

FGD2: potential
dashboard users

e Data use context
e Data demand and use
infrastructure

None.

None.

IDIs with
individual existing
or potential
dashboard users

e Data use context

e Data demand and use
infrastructure

e Data users and data
producers

e Data quality

e |ntervention
characteristics
o Relative advantage
o Adaptability
o Design quality and
packaging

e Quter setting
o Peer pressure
o External policy and
incentives

e Individual characteristics
o Self-efficacy

e |nnovation

o Relative advantage
o Adaptability
o Design

e |nner setting

o Access to knowledge
and information

e Quter setting

o External pressure —
market pressure

o Policies and laws

o Financing

e [ndividuals

o Capability

FGD, focus group discussion; IDI, in-depth interview.
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Table 2. Characteristics of the study participants who were existing or potential users of
the HIV viral load and early infant diagnosis data dashboard in Cote d’lvoire in 2021-

2022.

Overall

FGD1 with
existing users

FGD2 with
potential users

IDIs with
existing users

IDIs with
potential users

Number of unique

in minutes

.. 22 9 5 5 3
participants
Number of
participant-times from 26 9 5 7 5
each type of
organization
U.S. CDC 3 2 1 0 0
PEPFAR IP 9 7 0 2 0
PNLS 1 0 0 0 1
National referral 6 0 1 4 1
laboratory
Regional referral 7 0 3 1 3
laboratory
Number of
organizations 17 6 5 6 5
represented?
Number of female 10 (45.5%) 3(33.3%) 2 (40.0%) 2 (28.6%) 4 (80.0%)
participant-times
Mean recording length 36 70 48 36 2%

FGD, focus group discussion; IDI, in-depth interview; U.S. CDC, United States Centers for Disease Control
and Prevention; PEPFAR, United States President’s Emergency Plan for AIDS Relief; IP, implementing
partner; PNLS, Programme National de Lutte contre le Sida (National AIDS Control Program)

a Two participants of the IDIs with existing users and two of the IDIs with potential users already
participated in the FGDs. Therefore, the number of unique organizations represented was 17.
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Table 3. Data demanded, uses of data demanded, and data use infrastructure at two
types of organizations where most participants of this study worked in Céte d’lvoire in

2021-2022.

CDC, PEPFAR implementing partners

Referral laboratories

Data demanded

Lab data on VL, EID
Clinical data on active client case
Pharmacy data on filled prescriptions

Data on lab operational process

Understand or
address what
with data

Identify districts or labs with
performance issues

Track lost-to-follow-up clients for VL
testing or treatment

Identify clients with unsuppressed VL

Bottlenecks in sample flow
Non-conforming samples
Turnaround time

Workload

Create what
strategies with
data

Follow-up with specific districts, labs, or
clients

Improve workflow
Follow-up with satellite labs
about non-conforming samples

Data use
infrastructure

OpenELIS

Clinical records (electronic health
records for HIV clients; Excel
spreadsheets)

OpenELIS

PEPFAR: U.S. President’s Emergency Plan for AIDS Relief; VL: viral load; EID: early infant diagnosis
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Table 4. Details about the data demand, data use infrastructure, and internal data processes involving data users and
producers at different organizations of participants of this study in Céte d’lvoire in 2021-2022.

| Data demand

| Data use infrastructure

| Internal data process involving data users and data producers

PEPFAR implementing partners used both laboratory and clinical data to monitor program implementation and identify areas of improvement.

FGD1 existing users 3,
4,8,9

e Active client cases

e Viral load data for appointment
reminder and scheduling, tracking
loss-to-follow-up, identifying
clients with unsuppressed viral
load

e OpenELIS

o Clinical records of HIV
clients in electronic
format (e.g., online
database, Excel
spreadsheet)

e VLand EID data
dashboard

1. IT unit and evaluation unit validate and consolidate the data from
implementing sites, and supply the data to programmatic units.

2. Programmatic units produce analyses in three areas: 1) laboratory
operational process (e.g., non-conformities, stocks, logistics); 2) program
level M&E (e.g., for general population, key populations); 3) information
for service providers to make clinical decisions.

3. Analyses are submitted to organization leaders for decision-making and
assigning tasks to various units.

Some referral laboratories used data to inform laboratory operations and contribute to clinical

decision-making.

IDI existing user 2
(national referral
laboratory 3)

e Laboratory operational data for
monitoring sample flows, non-
conformities, result validation,
turnaround time

e Data on testing result and

IDI existing user 4
(national referral
laboratory 4)

behavior (on-time or delayed
testing)

IDI potential user 4
(regional referral
laboratory 1)

e OpenELIS

e VLand EID data
dashboard for the existing
users

1. Technical staff were responsible for data entry and management; more
interested in laboratory operational data.

2. The biologists and people in laboratory management were downstream in
the data process; more interested in data that guide patient follow-up and
inform clinical decision-making

Request other referral laboratories to supply data, analyze data, determine
areas and strategies of improvement.

1. Technicians do technical validation; the biologist or laboratory head do
biological validation. Share results with clinicians.

2. Clinical departments including this laboratory supply the data (not just on
VL and EID); the data manager and team for the whole hospital compile
the data and make presentations based on the data for the monthly
hospital-wide meetings; the department representatives discuss and make
decisions based on the presentations. The laboratory and HIV-related
services use the 90-90-90 targets as benchmarks.

Other referral laboratories used data only to inform laboratory

operations.

IDI existing user 1
(national referral
laboratory 2)

e Laboratory operational data for
monitoring sample flows, non-

e OpenkELIS

Enter data into OpenELIS, review quality of raw data, supply validated data
to clinicians to make clinical decisions.

“It's the clinician who prescribes, we give him his result so it's a chain of
which we play a part in.”
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IDI potential user 2
(national referral
laboratory 5)

IDI potential user 3
(regional referral
laboratory 5)

IDI potential user 5
(regional referral
laboratory 2)

conformities, result validation,
turnaround time

Export data from OpenELIS, analyze, and use analysis in decision-making
about improving the laboratory operational process.

Consult the database, assess the laboratory operational process, and identify
tasks to prioritize.

The laboratory head and deputy head could make decisions on their own or
also discuss with technicians who would propose plans based on data
analysis.

OpenELIS, open enterprise-level laboratory information system; VL, viral load; EID, early infant diagnosis
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Supplementary Table 1. Characteristics of the study participants and their
organizations in Cote d'lvoire

Recording
Participant Identifier Organization Role Gender length
(minutes)
FGD1 with existing VL and EID data dashboard users
Participant 1 CcDC Officer, clinical programs Female
Participant 2 CDC Officer, laboratory branch Male
Participant 3 PEPFARIP 1 Staff, strategic information Male
Participant 4 PEPFARIP 2 Lead, clinical programs Female
Participant 5 PEPFARIP 2 Staff, strategic information Male 70
Participant 6 PEPFAR IP 2 Staff, clinical programs Male
Participant 7 PEPFARIP 3 Lead, clinical programs Female
Participant 8 PEPFARIP 4 Staff, strategic information Male
Participant 9 PEPFARIP 5 Staff, strategic information Male
FGD2 with potential data dashboard users
Participant 1 CDC Officer, EID and PMTCT programs Female
Participant 2 Regional referral laboratory 1 Head Female
Participant 3 Regional referral laboratory 2 Head Male 48
Participant 4 Regional referral laboratory 3 Deputy head Male
Participant 5 National referral laboratory 1 Deputy head Male
IDIs with existing users
Participant 1 National referral laboratory 2 Deputy head Female 44
Participant 2 National referral laboratory 3 Head Male 26
Participant 3 National referral laboratory 3 Deputy head Male 36
Participant 4 National referral laboratory 4 Deputy head Female 55
Participant 5 PEPFARIP 1 Staff, strategic information Male 34
Participant 6 PEPFARIP 4 Lead, clinical programs Male 50
Participant 7 Regional referral laboratory 4 Head Male 8
IDIs with potential users
Participant 1 PNLS Staff Female 44
Participant 2 National referral laboratory 5 Head Female 20
Participant 3 Regional referral laboratory 5 Deputy head Female 28
Participant 4 Regional referral laboratory 1 Head Female 23
Participant 5 Regional referral laboratory 2 Deputy head Male 15

FGD: focus group discussion

VL: viral load

EID: early infant diagnosis
CDC: United States Centers for Disease Control and Prevention
PEPFAR: United States President’s Emergency Plan for AIDS Relief

IP: implementing partner

IDI: in-depth interview

PMTCT: prevention of mother to child transmission
PNLS: Programme National de Lutte contre le Sida (National AIDS Control Program)
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Chapter 6. Conclusion

This dissertation contributes to the literature by applying implementation science
methods to understanding the implementation effectiveness and determinants of
digital health strategies such as electronic laboratory information systems and data
dashboards.

Aim 1 quantifies the immediate and sustained impact of an electronic laboratory
information system (OpenELIS) on data quality in clinical laboratories in Céte d’lvoire.
The implementation of OpenELIS led to a remarkable five-fold increase in data
timeliness and a 3.6-fold increase in data completeness, which remained close to 100%
throughout the study period. Notably, data validity was consistently high both before
and after OpenELIS adoption. The study contributes valuable evidence on the
effectiveness of a scaled, multi-site laboratory information system in sub-Saharan
Africa, offering critical information for policymakers and digital health implementers
and researchers in LMICs. By filling this research gap, the findings underscore the
potential impact of laboratory information digitalization in LMICs to improve data
quality, clinical care, patient safety, and disease surveillance.

Aim 2 examines the sustainment of OpenELIS in routine settings in Cote d’lvoire.
Sustainment varied across 27 clinical laboratories, with some sites achieving high
routine use while others struggled. The study identified shared facilitators (positive
feedback from external leaders, advantages over paper registries, accessibility of
knowledge) and barriers (low adaptability, ICT infrastructure issues, printing costs).
Low-sustainment sites faced additional challenges, including lower motivation,

capability, staff turnover, and lack of reflection and evaluation. This is the first study to
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use the CFIR to identify determinants of LIS implementation. The findings provide
valuable insights for policymakers, implementers, and researchers to improve LIS
adoption and sustainability in LMICs, addressing key factors affecting implementation
outcomes.

Aim 3 explores the values, attitudes, and experiences related to data-driven
decision-making and the usage of data dashboard for HIV VL testing and EID in Cote
d'lvoire. The participants valued data-driven decision-making and found the dashboard
useful for monitoring performances and informing decisions. The study provided
insights into potential barriers to data-driven decision-making, including parallel data
systems due to donor demands, concerns about data quality, and the need for more
frequent data updates. Existing users appreciated the user-friendliness of the
dashboard but also raised concerns for potential users about the lack of necessary
equipment and training supporting dashboard use. The findings contribute to the
understanding of data culture, data use, and the potential impact of data dashboards in
Céte d'lvoire, offering valuable suggestions for improving the dashboard to meet user
needs.

Future research could explore a few different directions. Studies on the
association between LIS implementation and clinical service delivery outcomes or
health outcomes would be great contributions to the evidence base. Designing and
testing strategies that amplify implementation facilitators and overcome barriers would
be useful. More targeted research would be necessary to assess the relationship among

data quality, data users’ confidence in data quality, and actual data use behaviors.

136



Bibliography

1.

10.

11.

12.

13.

14.

Wilson ML, Fleming KA, Kuti MA, Looi LM, Lago N, Ru K. Access to pathology and
laboratory medicine services: a crucial gap. The Lancet. 2018;391(10133):1927-
1938. doi:10.1016/S0140-6736(18)30458-6

Carter JY, Lema OE, Wangai MW, Munafu CG, Rees PH, Nyamongo JA. Laboratory
testing improves diagnosis and treatment outcomes in primary health care
facilities. Afr J Lab Med. 2011;1(1). doi:10.4102/ajlm.v1i1.8

Petti CA, Polage CR, Quinn TC, Ronald AR, Sande MA. Laboratory medicine in
Africa: A barrier to effective health care. Clinical Infectious Diseases.
2006;42(3):377-382. doi:10.1086/499363

Alemniji G, Fonjungo P, Van Der Pol B, Peter T, Kantor R, Nkengasong J. The
centrality of laboratory services in the HIV treatment and prevention cascade: The
need for effective linkages and referrals in resource-limited settings. AIDS Patient
Care STDS. 2014;28(5):268-273. d0i:10.1089/apc.2013.0356

Kilmarx PH, Mutasa-Apollo T. Patching a leaky pipe. Curr Opin HIV AIDS.
2012;8(1):1. doi:10.1097/COH.0b013e32835b806e

Nkengasong JN, Yao K, Onyebujoh P. Laboratory medicine in low-income and
middle-income countries: progress and challenges. The Lancet.
2018;391(10133):1873-1875. doi:10.1016/S0140-6736(18)30308-8

Sayed S, Cherniak W, Lawler M, et al. Improving pathology and laboratory
medicine in low-income and middle-income countries: roadmap to solutions. The
Lancet. 2018;391(10133):1939-1952. doi:10.1016/S0140-6736(18)30459-8

WHO Regional Office for Africa. Stepwise Laboratory Quality Improvement Process
Towards Accreditation (SLIPTA) Checklist.; 2015. Accessed February 28, 2021.
https://www.afro.who.int/sites/default/files/2017-06/slipta-checkist0711.pdf
Womack LS, Alpren C, Martineau F, et al. Quality of age data in the Sierra Leone
Ebola database. Pan African Medical Journal. 2020;35.
doi:10.11604/pam;j.2020.35.104.20348

Rachlis B, Bakoyannis G, Easterbrook P, et al. Facility-Level Factors Influencing
Retention of Patients in HIV Care in East Africa. PLoS One. 2016;11(8):e0159994.
doi:10.1371/journal.pone.0159994

Moyo K, Porter C, Chilima B, et al. Use of laboratory test results in patient
management by clinicians in Malawi. Afr J Lab Med. 2015;4(1).
doi:10.4102/ajlm.v4i1.277

Mpimbaza A, Miles M, Sserwanga A, et al. Short Report: Comparison of routine
health management information system versus enhanced inpatient malaria
surveillance for estimating the burden of malaria among children admitted to four
hospitals in Uganda. American Journal of Tropical Medicine and Hygiene.
2015;92(1):18-21. doi:10.4269/ajtmh.14-0284

National Health Laboratory Service of South Africa. Annual Report 2018-2019.;
2020. Accessed February 20, 2021. https://www.nhls.ac.za/wp-
content/uploads/2020/05/NHLS_Annual_Report_2019_Revised_00000004.pdf
Landgraf KM, Kakkar R, Meigs M, et al. Open-source LIMS in Vietnam: The path
toward sustainability and host country ownership. Int J Med Inform. 2016;93:92-
102. doi:10.1016/j.ijmedinf.2016.06.010

137



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Namibia Institute of Pathology Limited. Annual Report 2017-2018.; 2019.
Accessed February 20, 2021. https://nip.com.na/wp-
content/uploads/2019/11/NIP-Annual-Report-2018_updated-6-3.pdf

Abera WS. Data Exchange Interoperability Framework for Laboratory Information
System (LIS) and Electronic Health Record (EHR) of Two Hospitals in Addis Ababa.;
2013. Accessed February 20, 2021.
http://etd.aau.edu.et/bitstream/handle/123456789/14825/Wondwosen%20Shifer
aw.pdf?sequence=1&isAllowed=y

Blaya JA, Shin SS, Yagui MJA, et al. A web-based laboratory information system to
improve quality of care of tuberculosis patients in Peru: Functional requirements,
implementation and usage statistics. BMC Med Inform Decis Mak. 2007;7.
doi:10.1186/1472-6947-7-33

Blaya JA, Shin SS, Yagui M, et al. Reducing communication delays and improving
quality of care with a tuberculosis laboratory information system in resource poor
environments: A cluster randomized controlled trial. PLoS One. 2014;9(4).
doi:10.1371/journal.pone.0090110

Garcia PJ, Vargas JH, Caballero N P, Calle V J, Bayer AM. An e-health driven
laboratory information system to support HIV treatment in Peru: E-quity for
laboratory personnel, health providers and people living with HIV. BMC Med Inform
Decis Mak. 2009;9(1):50. doi:10.1186/1472-6947-9-50

Minchella PA, Chipungu G, Kim AA, et al. Specimen origin, type and testing
laboratory are linked to longer turnaround times for HIV viral load testing in
Malawi. PLoS One. 2017;12(2):e0173009. doi:10.1371/journal.pone.0173009
Mtonga TM, Choonara FE, Espino JU, et al. Design and implementation of a
clinical laboratory information system in a low-resource setting. Afr J Lab Med.
2019;8(1). doi:10.4102/ajlm.v8i1.841

Sherman G, Lilian R, Bhardwaj S, Candy S, Barron P. Laboratory information
system data demonstrate successful implementation of the prevention of mother-
to-child transmission programme in South Africa. S Afr Med J. 2014;104(3).
Accessed February 20, 2021.
http://www.scielo.org.za/scielo.php?script=sci_arttext&pid=S0256-
95742014000300034

Nyasulu PS, Murray J, Perovic O, Koornhof H. Laboratory information system for
reporting antimicrobial resistant isolates from academic hospitals, South Africa. J
Infect Dev Ctries. 2017;11(9):705-718. doi:10.3855/jidc.7159

Vaughan J, Perner Y, Mayne E, Wiggill T. Plasmablastic lymphoma in
Johannesburg, South Africa, in the era of widescale antiretroviral therapy use. HIV
Med. Published online 2020. doi:10.1111/hiv.12965

Maphayi MR, Cassim N, Bello B, George JA. Mining laboratory data to describe
prostate specific antigen testing and prostate cancer in Johannesburg, South
Africa. Pan African Medical Journal. 2020;35.
doi:10.11604/pam;j.2020.35.61.21331

Fenna K, Erasmus RT, Zemlin AE. Hospital-acquired acute kidney injury prevalence
in in adults at a south african tertiary hospital. Afr Health Sci. 2019;19(2):2189-
2197. doi:10.4314/ahs.v19i2.44

138



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Vaughan JL, Wiggill TM, Alli N, Hodkinson K. The prevalence of HIV seropositivity
and associated cytopenias in full blood counts processed at an academic
laboratory in Soweto, South Africa. South African Medical Journal.
2017;107(3):264-269. doi:10.7196/SAMJ.2017.v107i3.11206

Scott L, David A, Noble L, et al. Performance of the abbott realtime MTB and MTB
RIF/INH assays in a setting of high tuberculosis and HIV coinfection in South
Africa. J Clin Microbiol. 2017;55(8):2491-2501. doi:10.1128/JCM.00289-17
Mazanderani AH, Moyo F, Sherman GG. Missed diagnostic opportunities within
South Africa’s early infant diagnosis program, 2010-2015. PLoS One. 2017;12(5).
doi:10.1371/journal.pone.0177173

Moodley P, Parboosing R, Moodley D. Reduction in Perinatal HIV Infections in
KwaZulu-Natal, South Africa, in the Era of More Effective Prevention of Mother to
Child Transmission Interventions (2004-2012). JAIDS Journal of Acquired Immune
Deficiency Syndromes. 2013;63(3):410-415. doi:10.1097/QAI.0b013e3182926931
Leon N, Balakrishna Y, Hohlfeld A, et al. Routine Health Information System (RHIS)
improvements for strengthened health system management. Cochrane Database
of Systematic Reviews. 2020;2020(8). doi:10.1002/14651858.CD012012.pub2
Schulze A, Brand F, Geppert J, Bol GF. Digital dashboards visualizing public health
data: a systematic review. Front Public Health. 2023;11.
doi:10.3389/fpubh.2023.999958

Budd J, Miller BS, Manning EM, et al. Digital technologies in the public-health
response to COVID-19. Nat Med. 2020;26(8):1183-1192. doi:10.1038/s41591-020-
1011-4

Murphy DR, Savoy A, Satterly T, Sittig DF, Singh H. Dashboards for visual display of
patient safety data: a systematic review. BMJ Health Care Inform.
2021;28(1):e100437. doi:10.1136/bmjhci-2021-100437

Damschroder LJ, Aron DC, Keith RE, Kirsh SR, Alexander JA, Lowery JC. Fostering
implementation of health services research findings into practice: A consolidated
framework for advancing implementation science. Implementation Science.
2009;4(1). doi:10.1186/1748-5908-4-50

Damschroder LJ, Reardon CM, Widerquist MAO, Lowery J. The updated
Consolidated Framework for Implementation Research based on user feedback.
Implementation Science. 2022;17(1):75. doi:10.1186/s13012-022-01245-0
Damschroder LJ, Hagedorn HJ. A guiding framework and approach for
implementation research in substance use disorders treatment. Psychology of
Addictive Behaviors. 2011;25(2):194-205. doi:10.1037/a0022284

MEASURE Evaluation. Barriers to Use of Health Data in Low- and Middle-Income
Countries: A Review of the Literature.; 2018. Accessed July 19, 2023. Barriers to
use of health data in low- and middle-income countries: A review of the literature
Aqil A, Lippeveld T, Hozumi D. PRISM framework: a paradigm shift for designing,
strengthening and evaluating routine health information systems. Health Policy
Plan. 2009;24(3):217-228. doi:10.1093/heapol/czp010

Nutley T, Reynolds HeidiW. Improving the use of health data for health system
strengthening. Glob Health Action. 2013;6(1):20001. doi:10.3402/gha.v6i0.20001

139



41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

o1.

52.

53.

Al Knawy B, McKillop MM, Abduljawad J, et al. Successfully Implementing Digital
Health to Ensure Future Global Health Security During Pandemics. JAMA Netw
Open. 2022;5(2):€220214. doi:10.1001/jamanetworkopen.2022.0214

Pyrko |, Dorfler V, Eden C. Thinking together: What makes Communities of
Practice work? Human Relations. 2017;70(4):389-409.
doi:10.1177/0018726716661040

Syzdykova A, Malta A, Zolfo M, Diro E, Oliveira JL. Open-Source Electronic Health
Record Systems for Low-Resource Settings: Systematic Review. JMIR Med Inform.
2017;5(4):e44. doi:10.2196/medinform.8131

Flowers J. Open Source Lab Information Systems and Tools - OpenHIE. Published
2021. Accessed May 22, 2022.
https://wiki.ohie.org/display/SUB/Open+Source+Lab+Information+Systems+and+
Tools

McKay MM, Sensoy Bahar O, Ssewamala FM. Implementation science in global
health settings: Collaborating with governmental & community partners in
Uganda. Psychiatry Research. 2020;283:112585.
doi:10.1016/J.PSYCHRES.2019.112585

Abimbola S, Asthana S, Cortes CM, et al. Addressing power asymmetries in global
health: Imperatives in the wake of the COVID-19 pandemic. PLOS Medicine.
2021;18(4):e1003604. doi:10.1371/JOURNAL.PMED.1003604

Kaplan B, Maxwell JA. Qualitative Research Methods for Evaluating Computer
Information Systems. In: Evaluating the Organizational Impact of Healthcare
Information Systems. Springer, New York, NY; 2005:30-55. doi:10.1007/0-387-
30329-4_2

MEASURE Evaluation. Health Information System Stages of Continuous
Improvement Toolkit: User Guide. Published 2019. Accessed May 22, 2022.
https://www.measureevaluation.org/resources/publications/ms-19-158.html
MEASURE Evaluation. Mapping a Path to Improve Uganda’s Health Information
System Using the Stages of Continuous Improvement Toolkit - Workshop Report.;
2019. Accessed May 22, 2022.
https://www.measureevaluation.org/resources/publications/ws-19-52.html
Republic of Cameroon Ministry of Public Health. Plan Stratégique National de
Santé Numeérique 2020 - 2024.; 2019. Accessed May 22, 2022.
https://www.minsante.cm/site/?q=en/content/plan-strat%C3%A9gique-national-
de-sant%C3%A9-num%C3%A9rique-2020-2024

Flott K, Callahan R, Darzi A, Mayer E. A Patient-Centered Framework for Evaluating
Digital Maturity of Health Services: A Systematic Review. J Med Internet Res
2016;18(4):e75 https://www.jmir.org/2016/4/e75. 2016;18(4):e5047.
doi:10.2196/JMIR.5047

Gomes J, Romao M. Information System Maturity Models in Healthcare. Journal
of Medical Systems 2018 42:12. 2018;42(12):1-14. doi:10.1007/S10916-018-1097-
0

Carvalho JV, Rocha A, Abreu A. Maturity Models of Healthcare Information
Systems and Technologies: a Literature Review. Journal of Medical Systems 2016
40:6. 2016;40(6):1-10. doi:10.1007/S10916-016-0486-5

140



54.

59.

56.

o7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67/.

68.

69.

LIMSWiki. OpenELIS. Published 2022. Accessed May 22, 2022.
https://www.limswiki.org/index.php/OpenELIS

Open Medical Record System (OpenMRS). OpenMRS.org. Accessed May 22,
2022. https://openmrs.org/

Dingseyr T, Nerur S, Balijepally V, Moe NB. A decade of agile methodologies:
Towards explaining agile software development. Journal of Systems and Software.
2012;85(6):1213-1221. doi:10.1016/J.JSS.2012.02.033

liams-Hauser C. OpenELIS Software Release Roadmap. Published 2022.
Accessed May 22, 2022. http://openelis-global.org/tools/roadmap/

Cote d'lvoire Ministere de la Santé et de I'Hygiene Publique. Plan Stratégique
National Pour Le Développement Des Laboratoires de Biologie Médicale 2017-2020.;
2017.

Kirk M, Assoa PH, liams-Hauser C, et al. Adaptation of an electronic dashboard to
monitor HIV viral load testing in Céte d'lvoire. Afr J Lab Med. 2021;10(1).
doi:10.4102/ajlm.v10i1.1284

Digital Square. Digital Square Investments in Global Goods:Approved Global
Goods. Published 2021. Accessed May 22, 2022.
https://wiki.digitalsquare.io/index.php/Digital_Square_Investments_in_Global_Go
ods:Approved_Global_Goods#0penELIS

Nowogrodzki A. How to support open-source software and stay sane. Nature.
2019;571(7763):133-134. doi:10.1038/D41586-019-02046-0

Ekie J, Gueye B, Ekie T, Niang |. An Evidence-Based Approach on Public Health
Decisions in Low-Middle Income Countries: Use Case of Senegal at the Verge of
COVID-19. Proceedings - 2021 International Conference on Digital Age and
Technological Advances for Sustainable Development, ICDATA 2021. Published
online June 1,2021:193-200. doi:10.1109/ICDATA52997.2021.00046

OpenLMIS. Funder. Accessed May 22, 2022. https://openlmis.org/get-
started/partner/

Community Health Toolkit. Accessed May 22, 2022.
https://communityhealthtoolkit.org/

OpenHIE Wiki. Lab Information Systems Community. Published 2021. Accessed
May 22, 2022.
https://wiki.ohie.org/display/SUB/Lab+Information+Systems+Community
Yamey G. What are the barriers to scaling up health interventions in low and
middle income countries? A qualitative study of academic leaders in
implementation science. Globalization and Health. 2012;8(1):1-11.
doi:10.1186/1744-8603-8-11/FIGURES/1

Olusanya JO, Ubogu Ol, Njokanma FO, Olusanya BO. Transforming global health
through equity-driven funding. Nature Medicine 2021 27:7. 2021;27(7):1136-1138.
doi:10.1038/s41591-021-01422-6

Menéndez-Caravaca E, Bueno S, Gallego MD. Exploring the link between free and
open source software and the collaborative economy: A Delphi-based scenario for
the year 2025. Technological Forecasting and Social Change. 2021;173:121087.
doi:10.1016/J. TECHFORE.2021.121087

Abimbola S. The foreign gaze: authorship in academic global health. BMJ Global
Health. 2019;4(5):€002068. doi:10.1136/BMJGH-2019-002068

141



70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Glasgow RE, Harden SM, Gaglio B, et al. RE-AIM planning and evaluation
framework: Adapting to new science and practice with a 20-year review. Front
Public Health. 2019;7(MAR). doi:10.3389/fpubh.2019.00064

United Nations. The 17 goals. Published 2015. Accessed May 18, 2023.
https://sdgs.un.org/goals

Joint United Nations Programme on HIV/AIDS (UNAIDS). Understanding Fast-
Track: Accelerating Action to End the AIDS Epidemic by 2030.; 2015. Accessed July
19,2023.
https://www.unaids.org/sites/default/files/media_asset/201506_JC2743_Unders
tanding_FastTrack_en.pdf

Rice B, Boulle A, Schwarcz S, Shroufi A, Rutherford G, Hargreaves J. The
continuing value of CD4 cell count monitoring for differential HIV care and
surveillance. JMIR Public Health Surveill. 2019;5(1):e11136. doi:10.2196/11136
International Organization for Standardization. ISO 715189:2022 Medical
Laboratories — Requirements for Quality and Competence.; 2022.

He Y, liams-Hauser C, Henri Assoa P, et al. Development and national scale
implementation of an open-source electronic laboratory information system
(OpenELIS) in Cote d’Ivoire: Sustainability lessons from the first 13 years. Int J
Med Inform. 2023;170:104977. doi:10.1016/j.ijmedinf.2022.104977

Blaya JA, Shin S, Contreras C, et al. Full impact of laboratory information system
requires direct use by clinical staff: Cluster randomized controlled trial. Journal of
the American Medical Informatics Association. 2011;18(1):11-16.
doi:10.1136/jamia.2010.005280

Xiao H, Augusto O, Wagenaar BH. Reflection on modern methods: a common error
in the segmented regression parameterization of interrupted time-series analyses.
Int J Epidemiol. 2021;50(3):1011-1015. doi:10.1093/ije/dyaa148

Lopez Bernal J, Soumerai S, Gasparrini A. A methodological framework for model
selection in interrupted time series studies. J Clin Epidemiol. 2018;103:82-91.
doi:10.1016/j.jclinepi.2018.05.026

Fraser HS, Thomas D, Tomaylla J, et al. Adaptation of a web-based, open source
electronic medical record system platform to support a large study of
tuberculosis epidemiology. BMC Med Inform Decis Mak. 2012;12(1).
doi:10.1186/1472-6947-12-125

National Health Laboratory Service of South Africa. National Health Laboratory
Service Strategic Plan 2020-2025.; 2020. Accessed February 21, 2021.
https://www.nhls.ac.za/wp-
content/uploads/2020/11/NHLS_Strategic_Plan_202025_with_ministers_sign_26
0320.pdf

World Health Organization. Monitoring the Building Blocks of Health Systems: A
Handbook of Indicators and Their Measurement Strategies.; 2010. Accessed July
19, 2023.
https://apps.who.int/iris/bitstream/handle/10665/258734/9789241564052-
eng.pdf

Powell BJ, Waltz TJ, Chinman MJ, et al. A refined compilation of implementation
strategies: results from the Expert Recommendations for Implementing Change

142



83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

(ERIC) project. Implementation Science. 2015;10(1):21. doi:10.1186/s13012-015-
0209-1

Chambers DA, Glasgow RE, Stange KC. The dynamic sustainability framework:
addressing the paradox of sustainment amid ongoing change. Implementation
Science. 2013;8(1):117. doi:10.1186/1748-5908-8-117

Glasgow RE, Vinson C, Chambers D, Khoury MJ, Kaplan RM, Hunter C. National
Institutes of Health Approaches to Dissemination and Implementation Science:
Current and Future Directions. Am J Public Health. 2012;102(7):1274-1281.
doi:10.2105/AJPH.2012.300755

Gandhavalla N, George A. Role of information systems for management in
multispeciality hospitals to improve performance: A conceptual framework.
Theoretical and Applied Economics. 2023;2(635):139-148. Accessed July 19, 2023.
http://store.ectap.ro/articole/1666.pdf

Goh JM, Gao G (Gordon), Agarwal R. Evolving Work Routines: Adaptive
Routinization of Information Technology in Healthcare. Information Systems
Research. 2011;22(3):565-585. doi:10.1287/isre.1110.0365

Babigumira J, Dolan S, Fraser H, et al. Practical Toolkit for Health Information
System Evaluation.; 2017. Accessed July 19, 2023. https://www.goZ2itech.org/wp-
content/uploads/2021/06/I-TECH_HIS-Evaluation-Toolkit.pdf

Andargoli AE, Scheepers H, Rajendran D, Sohal A. Health information systems
evaluation frameworks: A systematic review. Int J Med Inform. 2017;97:195-209.
doi:10.1016/j.ijmedinf.2016.10.008

Ammenwerth E, lller C, Mahler C. IT-adoption and the interaction of task,
technology and individuals: a fit framework and a case study. BMC Med Inform
Decis Mak. 2006;6(1):3. doi:10.1186/1472-6947-6-3

Dixon DR. The behavioral side of information technology. Int J Med Inform.
1999;56(1-3):117-123. doi:10.1016/S1386-5056(99)00037-4

Anderson JG. Evaluation in health informatics: social network analysis. Comput
Biol Med. 2002;32(3):179-193. doi:10.1016/S0010-4825(02)00014-8

Delone WH, McLean ER. The DeLone and McLean Model of Information Systems
Success: A Ten-Year Update. Journal of Management Information Systems.
2003;19(4):9-30. doi:10.1080/07421222.2003.11045748

Jayasuriya R. Managing information systems for health services in a developing
country: a case study using a contextualist framework. Int J Inf Manage.
1999;19(5):335-349. doi:10.1016/S0268-4012(99)00031-6

Yusof MM, Arifin A. Towards an evaluation framework for Laboratory Information
Systems. J Infect Public Health. 2016;9(6):766-773.
doi:10.1016/j.jiph.2016.08.014

Damschroder LJ, Reardon CM, Opra Widerquist MA, Lowery J. Conceptualizing
outcomes for use with the Consolidated Framework for Implementation Research
(CFIR): the CFIR Outcomes Addendum. Implementation Science. 2022;17(1):7.
doi:10.1186/s13012-021-01181-5

llott I, Gerrish K, Booth A, Field B. Testing the Consolidated Framework for
Implementation Research on health care innovations from South Yorkshire. J Eval
Clin Pract. Published online August 2012:n/a-n/a. doi:10.1111/j.1365-
2753.2012.01876.x

143



97.

98.

99

106.

101.

102.

103.
104.

105.

106.

107.

108.

109.

110.

Tools - The Consolidated Framework for Implementation Research. Accessed July
19, 2023. https://cfirguide.org/tools/

Edmonds WA, Kennedy TD. An Applied Guide to Research Designs: Quantitative,
Qualitative, and Mixed Methods. SAGE Publications, Inc; 2017.
doi:10.4135/9781071802779

CFIR Guide. Accessed July 19, 2023. https://cfirguide.org/guide/app/#/

Means AR, Kemp CG, Gwayi-Chore MC, et al. Evaluating and optimizing the
consolidated framework for implementation research (CFIR) for use in low- And
middle-income countries: A systematic review. Implementation Science.
2020;15(1):17. doi:10.1186/s13012-020-0977-0

Saunders B, Sim J, Kingstone T, et al. Saturation in qualitative research: exploring
its conceptualization and operationalization. Qual Quant. 2018;52(4):1893-1907.
doi:10.1007/s11135-017-0574-8

ATLAS. ti Scientific Software Development GmbH. [ATLAS.ti 8 Windows].
Published online 2019. Accessed July 19, 2023. https://atlasti.com

Guetterman TC, Fetters MD, Creswell JW. Integrating quantitative and qualitative
results in health science mixed methods research through joint displays. Ann Fam
Med. 2015;13(6):554-561. doi:10.1370/afm.1865

Ho M, Livingston P, Bould MD, et al. Barriers and facilitators to implementing a
regional anesthesia service in a low-income country: a qualitative study. Pan
African Medical Journal. 2019;32. doi:10.11604/pam;|.2019.32.152.17246

Aarons GA, Hurlburt M, Horwitz SM. Advancing a Conceptual Model of Evidence-
Based Practice Implementation in Public Service Sectors. Administration and
Policy in Mental Health and Mental Health Services Research. 2011;38(1):4-23.
doi:10.1007/s10488-010-0327-7

Flottorp SA, Oxman AD, Krause J, et al. A checklist for identifying determinants of
practice: A systematic review and synthesis of frameworks and taxonomies of
factors that prevent or enable improvements in healthcare professional practice.
Implementation Science. 2013;8(1):35. doi:10.1186/1748-5908-8-35

Greenhalgh T, Wherton J, Papoutsi C, et al. Beyond Adoption: A New Framework
for Theorizing and Evaluating Nonadoption, Abandonment, and Challenges to the
Scale-Up, Spread, and Sustainability of Health and Care Technologies. J Med
Internet Res. 2017;19(11):e367. doi:10.2196/jmir.8775

Leeman J, Baquero B, Bender M, et al. Advancing the use of organization theory in
implementation science. Prev Med (Baltim). 2019;129:105832.
doi:10.1016/j.ypmed.2019.105832

Mendel P, Meredith LS, Schoenbaum M, Sherbourne CD, Wells KB. Interventions in
Organizational and Community Context: A Framework for Building Evidence on
Dissemination and Implementation in Health Services Research. Administration
and Policy in Mental Health and Mental Health Services Research. 2008;35(1-2):21-
37.doi:10.1007/s10488-007-0144-9

Nilsen P, Bernhardsson S. Context matters in implementation science: a scoping
review of determinant frameworks that describe contextual determinants for
implementation outcomes. BMC Health Serv Res. 2019;19(1):189.
doi:10.1186/s12913-019-4015-3

144



111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.
125.

Squires JE, Aloisio LD, Grimshaw JM, et al. Attributes of context relevant to
healthcare professionals’ use of research evidence in clinical practice: a multi-
study analysis. Implementation Science. 2019;14(1):52. doi:10.1186/s13012-019-
0900-8

GROL RPTM, BOSCH MC, HULSCHER MEJL, ECCLES MP, WENSING M. Planning
and Studying Improvement in Patient Care: The Use of Theoretical Perspectives.
Milbank Quarterly. 2007;85(1):93-138. doi:10.1111/j.1468-0009.2007.00478.x
deRiel E, Puttkammer N, Hyppolite N, et al. Success factors for implementing and
sustaining a mature electronic medical record in a low-resource setting: a case
study of iSanté in Haiti. Health Policy Plan. 2018;33(2):237-246.
doi:10.1093/heapol/czx171

GREENHALGH T, ROBERT G, MACFARLANE F, BATE P, KYRIAKIDOU 0. Diffusion of
Innovations in Service Organizations: Systematic Review and Recommendations.
Milbank Q. 2004;82(4):581-629. doi:10.1111/j.0887-378X.2004.00325.x

Dy SM, Ashok M, Wines RC, Rojas Smith L. A Framework to Guide Implementation
Research for Care Transitions Interventions. Journal for Healthcare Quality.
2015;37(1):41-54. doi:10.1097/01.JHQ.0000460121.06309.f9

Helfrich CD, Weiner BJ, McKinney MM, Minasian L. Determinants of
Implementation Effectiveness. Medical Care Research and Review.
2007;64(3):279-303. doi:10.1177/1077558707299887

Klein KJ, Conn AB, Sorra JS. Implementing computerized technology: An
organizational analysis. Journal of Applied Psychology. 2001;86(5):811-824.
doi:10.1037/0021-9010.86.5.811

Wallin L, Estabrooks CA, Midodzi WK, Cummings GG. Development and Validation
of a Derived Measure of Research Utilization by Nurses. Nurs Res. 2006;55(3):149-
160. doi:10.1097/00006199-200605000-00001

Repenning NP. A Simulation-Based Approach to Understanding the Dynamics of
Innovation Implementation. Organization Science. 2002;13(2):109-127.
doi:10.1287/0rsc.13.2.109.535

Smith SN, Liebrecht CM, Bauer MS, Kilbourne AM. Comparative effectiveness of
external vs blended facilitation on collaborative care model implementation in
slow-implementer community practices. Health Serv Res. 2020;55(6):954-965.
doi:10.1111/1475-6773.13583

Ritchie MJ, Parker LE, Kirchner JE. From novice to expert: a qualitative study of
implementation facilitation skills. Implement Sci Commun. 2020;1(1):25.
doi:10.1186/s43058-020-00006-8

Solberg LI, Kuzel A, Parchman ML, et al. A Taxonomy for External Support for
Practice Transformation. The Journal of the American Board of

Family Medicine. 2021;34(1):32-39. d0i:10.3122/jabfm.2021.01.200225
Gustafson DH, Sainfort F, Eichler M, Adams L, Bisognano M, Steudel H. Developing
and Testing a Model to Predict Outcomes of Organizational Change. Health Serv
Res. 2003;38(2):751-776. doi:10.1111/1475-6773.00143

Rogers EM. Diffusion of Innovation. 5th ed.; 2003.

Dopp AR, Parisi KE, Munson SA, Lyon AR. A glossary of user-centered design
strategies for implementation experts. Trans/ Behav Med. 2019;9(6):1057-1064.
doi:10.1093/tbm/iby119

145



126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

GREENHALGH T, JACKSON C, SHAW S, JANAMIAN T. Achieving Research Impact
Through Co-creation in Community-Based Health Services: Literature Review and
Case Study. Milbank Q. 2016;94(2):392-429. doi:10.1111/1468-0009.12197
Kang'a SG, Muthee VM, Liku N, Too D, Puttkammer N. People, Process and
Technology: Strategies for Assuring Sustainable Implementation of EMRs at
Public-Sector Health Facilities in Kenya. AMIA Annu Symp Proc. 2016;2016:677-
685.

Universal Electrical Services Inc. Power surge scenarios for data centers.
Published 2022. Accessed July 19, 2023. https://yourpowerpro.com/data-center-
power-surge-solutions/

Ashok M, Hung D, Rojas-Smith L, Halpern MT, Harrison M. Framework for
Research on Implementation of Process Redesigns. Qual Manag Health Care.
2018;27(1):17-23. doi:10.1097/QMH.0000000000000158

Leeman J, Baernholdt M, Sandelowski M. Developing a theory-based taxonomy of
methods for implementing change in practice. J Adv Nurs. 2007;58(2):191-200.
doi:10.1111/j.1365-2648.2006.04207 .x

King ES, Moore CJ, Wilson HK, Harden SM, Davis M, Berg AC. Mixed methods
evaluation of implementation and outcomes in a community-based cancer
prevention intervention. BMC Public Health. 2019;19(1):1051.
doi:10.1186/s12889-019-7315-y

Edmondson AC, Bohmer RM, Pisano GP. Disrupted Routines: Team Learning and
New Technology Implementation in Hospitals. Adm Sci Q. 2001;46(4):685-716.
doi:10.2307/3094828

Aubert BA, Hamel G. Adoption of smart cards in the medical sector: Soc Sci Med.
2001;53(7):879-894. doi:10.1016/S0277-9536(00)00388-9

Lennox L, Maher L, Reed J. Navigating the sustainability landscape: a systematic
review of sustainability approaches in healthcare. Implementation Science.
2018;13(1):27. doi:10.1186/s13012-017-0707-4

von Thiele Schwarz U, Aarons GA, Hasson H. The Value Equation: Three
complementary propositions for reconciling fidelity and adaptation in evidence-
based practice implementation. BMC Health Serv Res. 2019;19(1):868.
doi:10.1186/s12913-019-4668-y

Pronovost PJ, Berenholtz SM, Goeschel CA, et al. Creating High Reliability in
Health Care Organizations. Health Serv Res. 2006;41(4p2):1599-1617.
doi:10.1111/j.1475-6773.2006.00567.x

Meyers PW, Sivakumar K, Nakata C. Implementation of Industrial Process
Innovations: Factors, Effects, and Marketing Implications. Journal of Product
Innovation Management. 1999;16(3):295-311. doi:10.1111/1540-5885.1630295
Saint S, Kowalski CP, Banaszak-Holl J, Forman J, Damschroder L, Krein SL. How
Active Resisters and Organizational Constipators Affect Health Care—Acquired
Infection Prevention Efforts. The Joint Commission Journal on Quality and Patient
Safety. 2009;35(5):239-246. doi:10.1016/S1553-7250(09)35032-1

Bonawitz K, Wetmore M, Heisler M, et al. Champions in context: which attributes
matter for change efforts in healthcare? Implementation Science. 2020;15(1):62.
doi:10.1186/s13012-020-01024-9

146



140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

Miiller R, Turner R. Leadership competency profiles of successful project
managers. International Journal of Project Management. 2010;28(5):437-448.
doi:10.1016/j.ijproman.2009.09.003

Waltz TJ, Powell BJ, Fernandez ME, Abadie B, Damschroder LJ. Choosing
implementation strategies to address contextual barriers: diversity in
recommendations and future directions. Implementation Science. 2019;14(1):42.
doi:10.1186/s13012-019-0892-4

Carey RN, Connell LE, Johnston M, et al. Behavior Change Techniques and Their
Mechanisms of Action: A Synthesis of Links Described in Published Intervention
Literature. Annals of Behavioral Medicine. Published online October 10, 2018.
doi:10.1093/abm/kay078

US DHHS-National Cancer Institute. Theory at a Glance: A Guide for Health
Promotion Practice 2nd Edition.; 2005. Accessed July 19, 2023.
https://cancercontrol.cancer.gov/sites/default/files/2020-06/theory.pdf

Joint United Nations Programme on HIV/AIDS (UNAIDS). In Danger: UNAIDS
Global AIDS Update 2022.; 2022. Accessed July 19, 2023.
https://www.unaids.org/sites/default/files/media_asset/2022-global-aids-
update_en.pdf

Joint United Nations Programme on HIV/AIDS (UNAIDS). Céte d’Ivoire | UNAIDS.
Accessed July 19, 2023.
https://www.unaids.org/en/regionscountries/countries/ctedivoire

Joint United Nations Programme on HIV/AIDS (UNAIDS). The Path That Ends
AIDS: UNAIDS Global AIDS Update 2023.; 2023. Accessed July 19, 2023.
https://www.unaids.org/sites/default/files/media_asset/2023-unaids-global-aids-
update_en.pdf

AbouZahr C, Boerma T. Health information systems: the foundations of public
health. Bull World Health Organ. 2005;83(8):578-583.

Dasgupta N, Kapadia F. The Future of the Public Health Data Dashboard. Am J
Public Health. 2022;112(6):886-888. d0i:10.2105/AJPH.2022.306871

Grange ES, Neil EJ, Stoffel M, et al. Responding to COVID-19: The UW Medicine
Information Technology Services Experience. App! Clin Inform. 2020;11(02):265-
275. doi:10.1055/s-0040-1709715

Lourencgo C, Tatem AJ, Atkinson PM, et al. Strengthening surveillance systems for
malaria elimination: a global landscaping of system performance, 2015-2017.
Malar J. 2019;18(1):315. doi:10.1186/s12936-019-2960-2

Cheng CK, Ip DK, Cowling BJ, Ho LM, Leung GM, Lau EH. Digital Dashboard Design
Using Multiple Data Streams for Disease Surveillance With Influenza Surveillance
as an Example. J Med Internet Res. 2011;13(4):e85. doi:10.2196/jmir.1658
Cassim N, Tepper ME, Coetzee LM, Glencross DK. Timely delivery of laboratory
efficiency information, Part I: Developing an interactive turnaround time
dashboard at a high-volume laboratory. Afr J Lab Med. 2020;9(2).
doi:10.4102/ajlm.v9i2.947

Woo J, Suslow P, Thorsen R, et al. Development and implementation of real-time
web-based dashboards in a multisite transfusion service. J Pathol Inform.
2019;10(1):3. doi:10.4103/jpi.jpi_36_18

147



154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

Austin J, Barras M, Sullivan C. Interventions designed to improve the safety and
quality of therapeutic anticoagulation in an inpatient electronic medical record. Int
J Med Inform. 2020;135:104066. doi:10.1016/j.ijmedinf.2019.104066

Waller RG, Wright MC, Segall N, et al. Novel displays of patient information in
critical care settings: a systematic review. Journal of the American Medical
Informatics Association. 2019;26(5):479-489. doi:10.1093/jamia/ocy193

Crofts J, Moyo J, Ndebele W, Mhlanga S, Draycott T, Sibanda T. Adaptation and
implementation of local maternity dashboards in a Zimbabwean hospital to drive
clinical improvement. Bull World Health Organ. 2014;92(2):146-152.
doi:10.2471/BLT.13.124347

Van Dort BA, Zheng WY, Sundar V, Baysari MT. Optimizing clinical decision support
alerts in electronic medical records: a systematic review of reported strategies
adopted by hospitals. Journal of the American Medical Informatics Association.
2021;28(1):177-183. doi:10.1093/jamia/ocaa279

Dowding D, Randell R, Gardner P, et al. Dashboards for improving patient care:
Review of the literature. Int J Med Inform. 2015;84(2):87-100.
doi:10.1016/j.ijmedinf.2014.10.001

Khairat SS, Dukkipati A, Lauria HA, Bice T, Travers D, Carson SS. The Impact of
Visualization Dashboards on Quality of Care and Clinician Satisfaction: Integrative
Literature Review. JMIR Hum Factors. 2018;5(2):e22.
doi:10.2196/humanfactors.9328

Micallef C, Chaudhry NT, Holmes AH, Hopkins S, Benn J, Franklin BD. Secondary
use of data from hospital electronic prescribing and pharmacy systems to
support the quality and safety of antimicrobial use: a systematic review. Journal
of Antimicrobial Chemotherapy. 2017;72(7):1880-1885. doi:10.1093/jac/dkx082
Agarwal S, Glenton C, Henschke N, et al. Tracking health commodity inventory and
notifying stock levels via mobile devices: a mixed methods systematic review.
Cochrane Database of Systematic Reviews. 2020;2020(10).
doi:10.1002/14651858.CD012907.pub2

Mabirizi D, Phulu B, Churfo W, et al. Implementing an Integrated Pharmaceutical
Management Information System for Antiretrovirals and Other Medicines:
Lessons From Namibia. Glob Health Sci Pract. 2018;6(4):723-735.
doi:10.9745/GHSP-D-18-00157

Braunstein SL, Coeytaux K, Sabharwal CJ, et al. New York City HIV Care
Continuum Dashboards: Using Surveillance Data to Improve HIV Care Among
People Living With HIV in New York City. JMIR Public Health Surveill.
2019;5(2):e13086. doi:10.2196/13086

Jwanle P, Ibiloye O, Obaje M, et al. Accelerating HIV epidemic control in Benue
state, Nigeria, 2019-2021: the APIN program experience. Ther Adv Infect Dis.
2023;10:204993612311535. doi:10.1177/20499361231153549

Lahuerta M, Syowai M, Vakil S, et al. Monitoring the transition to new antiretroviral
treatment regimens through an enhanced data system in Kenya. PLoS One.
2020;15(4):e0232104. doi:10.1371/journal.pone.0232104

Metz M, Smith R, Mitchell R, et al. Data Architecture to Support Real-Time Data
Analytics for the Population-Based HIV Impact Assessments. JAIDS Journal of

148



167.

168.

169.

170.

171.
172.

173.

174.

175.

176.

177.

178.

179.

180.

Acquired Immune Deficiency Syndromes. 2021;87(1):S28-S35.
doi:10.1097/QAI.0000000000002703

Michael S, Gompels M, Sabin C, Curtis H, May MT. Benchmarked performance
charts using principal components analysis to improve the effectiveness of
feedback for audit data in HIV care. BMC Health Serv Res. 2017;17(1):506.
doi:10.1186/s12913-017-2426-6

Radin AK, Abutu AA, Okwero MA, et al. Confronting Challenges in Monitoring and
Evaluation: Innovation in the Context of the Global Plan Towards the Elimination
of New HIV Infections Among Children by 2015 and Keeping Their Mothers Alive.
JAIDS Journal of Acquired Immune Deficiency Syndromes. 2017;75(1):S66-S75.
doi:10.1097/QAI.0000000000001313

Vrazo AC, Sullivan D, Ryan Phelps B. Eliminating Mother-to-Child Transmission of
HIV by 2030: 5 Strategies to Ensure Continued Progress. Glob Health Sci Pract.
2018;6(2):249-256. doi:10.9745/GHSP-D-17-00097

Tableau de bord CV. Accessed July 19, 2023.
https://chargevirale.openelisci.org/vl_dashboard/

Dashboard. Accessed July 19, 2023. https://viralload.nascop.org/

Tableau de bord EID. Accessed July 19, 2023.
https://chargevirale.openelisci.org/eid_dashboard/fr/

Akhlag A, McKinstry B, Muhammad K Bin, Sheikh A. Barriers and facilitators to
health information exchange in low- and middle-income country settings: a
systematic review. Health Policy Plan. 2016;31(9):1310-1325.
doi:10.1093/heapol/czw056

Mate KS, Bennett B, Mphatswe W, Barker P, Rollins N. Challenges for Routine
Health System Data Management in a Large Public Programme to Prevent
Mother-to-Child HIV Transmission in South Africa. PLoS One. 2009;4(5):e5483.
doi:10.1371/journal.pone.0005483

Rendell N, Lokuge K, Rosewell A, Field E. Factors That Influence Data Use to
Improve Health Service Delivery in Low- and Middle-Income Countries. Glob Health
Sci Pract. 2020;8(3):566-581. doi:10.9745/GHSP-D-19-00388

Harrison T, Nutley T. A Review of Constraints to Using Data for Decision Making:
Recommendations to Inform the Design of Interventions.; 2010. Accessed July 19,
2023. https://www.measureevaluation.org/resources/publications/tr-10-
77/at_download/document

Qazi MS, Ali M. Health Management Information System utilization in Pakistan:
Challenges, pitfalls and the way forward. Biosci Trends. 2011;5(6):245-254.
doi:10.5582/bst.2011.v5.6.245

Ikamari L, Adewuyi A, Akinlo A. Decision Maker Perceptions in Kenya and Nigeria:
An Assessment of Data Use Constraints.; 2007. Accessed July 19, 2023.
https://www.measureevaluation.org/resources/publications/tr-07-
44/at_download/document

Kim D, Sarker M, Vyas P. Role of spatial tools in public health policymaking of
Bangladesh: opportunities and challenges. J Health Popul Nutr. 2016;35(1):8.
doi:10.1186/s41043-016-0045-1

Bernard J, Sessler D, Kohlhammer J, Ruddle RA. Using Dashboard Networks to
Visualize Multiple Patient Histories: A Design Study on Post-Operative Prostate

149



181.

182.

183.

184.

Cancer. IEEE Trans Vis Comput Graph. 2019;25(3):1615-1628.
doi:10.1109/TVCG.2018.2803829

Walston SL, Kimberly JR, Burns LR. Institutional and Economic Influences on the
Adoption and Extensiveness of Managerial Innovation in Hospitals: The Case of
Reengineering. Medical Care Research and Review. 2001;58(2):194-228.
doi:10.1177/107755870105800203

Lewis CC, Klasnja P, Powell BJ, et al. From Classification to Causality: Advancing
Understanding of Mechanisms of Change in Implementation Science. Front Public
Health. 2018;6. doi:10.3389/fpubh.2018.00136

Hamoy GL, Amoranto AJP, Evangelista-Sanchez AMA, et al. Real-time Regular
Routine Reporting for Health (R4Health): Lessons from the Implementation of a
Large Scale Mobile Health System for Routine Health Services in the Philippines.
Acta Med Philipp. 2016;50(4). doi:10.47895/amp.v50i4.775

Thorve S, Wilson ML, Lewis BL, Swarup S, Vullikanti AKS, Marathe M V. EpiViewer:
an epidemiological application for exploring time series data. BMC Bioinformatics.
2018;19(1):449. doi:10.1186/s12859-018-2439-0

150



	Acknowledgment
	Chapter 1. Introduction
	Chapter 2. Development and national scale implementation of an open-source electronic laboratory information system (OpenELIS) in Côte d’Ivoire: Sustainability lessons from the first 13 years
	2.1 Abstract
	2.2 Background
	2.3 Methods
	2.4 Results
	2.5 Discussion
	2.6 Conclusion
	2.7 Tables and Figures

	Chapter 3. Laboratory data timeliness and completeness improves following implementation of an electronic laboratory information system in Côte d’Ivoire: An interrupted time series analysis on 21 clinical laboratories from 2014-2020
	3.1 Abstract
	3.2 Background
	3.3 Methods
	3.4 Results
	3.5 Discussion
	3.6 Conclusion
	3.7 Tables and Figures

	Chapter 4. Determinants of implementation for electronic laboratory information systems in routine settings in Côte d'Ivoire: A mixed-methods study applying the Consolidated Framework for Implementation Research (CFIR)
	4.1 Abstract
	4.2 Background
	4.3 Methods
	4.4 Results
	4.5 Discussion
	4.6 Conclusion
	4.7 Tables and Figures

	Chapter 5. Perceptions and experiences of data-driven decision-making and data dashboard for HIV viral load testing and early infant diagnosis in Côte d'Ivoire
	5.1 Abstract
	5.2 Background
	5.3 Methods
	5.4 Results
	5.5 Discussion
	5.6 Conclusion
	5.7 Tables and Figures

	Chapter 6. Conclusion
	Bibliography

