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Background:

Sustainability remains one of the most persistent challenges facing digital health interventions in
low- and middle-income countries (LMICs). OpenELIS (OE), a laboratory information system
introduced across Cote d’Ivoire’s public health laboratories with donor support, offers an
opportunity to examine how digital health systems evolve in resource-constrained settings and

what factors may shape their long-term adoption and institutionalization.

Methods:

This qualitative study analyzed stakeholder perspectives on the implementation and
sustainability of OE across 37 laboratories in Cote d’Ivoire. In-depth interviews were conducted
with laboratory personnel, information technology staff, and other stakeholders involved in OE
use. A hybrid inductive-deductive thematic analysis was performed using the Consolidated

Framework for Implementation Research (CFIR) and the Dynamic Sustainability Framework



(DSF) to guide coding and interpretation. Analytic memoing and reflexivity practices, including

a positionality statement, were used throughout the process to ensure rigor.

Results:

Findings were organized into four interconnected themes: (1) system readiness and
infrastructure; (2) leadership and workforce capacity; (3) system adaptation and workflow
alignment; and (4) perceptions of sustainability and donor dependency. Participants described
how inconsistent infrastructure, informal leadership structures, staff turnover, and limited
training disrupted OE implementation. However, adaptive transitions—such as the shift from OE
Basic to OE Classic—improved usability and trust. Concerns about future sustainability were
prevalent, especially in the absence of national transition plans and institutional ownership.
These findings map onto CFIR’s Outer and Inner Setting domains and DSF’s emphasis on the

dynamic interplay between intervention, setting, and broader ecological factors.

Conclusions:

The study highlights the complexity of sustaining donor-funded digital health tools in LMICs.
Implementation success does not guarantee long-term sustainability without adequate investment
in infrastructure, human capacity, and national ownership. Integrating implementation science
frameworks such as CFIR and DSF can support more context-responsive digital health strategies
that evolve with systems over time. Lessons from the OE experience in Cote d’Ivoire can inform

broader efforts to strengthen digital health sustainability in similar settings.



Introduction

Although global mortality rates from infectious diseases have declined in recent years,
conditions such as HIV, tuberculosis (TB), and malaria remain serious public health challenges
in the Western African region (1-3). Céte d'lvoire (CI), a francophone country in West Africa,
continues to grapple with a high infectious diseases burden particularly HIV and TB (4),
reporting 420,000 people living with HIV (PLHIV) and a TB incidence rate of 128 per 100,000
population (5,6). These burdens are compounded by the country’s historical legacy of French
colonization and ongoing political and economic instability (7-9).

In addition to these structural challenges, Cl's health system suffers from aging infrastructure,
inequitable access to care, and severe workforce shortages with approximately two physicians
per 10,000 people (10). The country’s rapidly growing population, which has doubled in the last
two decades, further exacerbates the strain on healthcare services (11,12). As a result, workforce
burnout, high attrition, and limited capacity for accurate diagnosis and laboratory testing hinder
progress toward universal health coverage and disease control (13-17). To address these
systemic weaknesses, there is a critical need for innovative, cost-effective health technologies
that can reduce provider burden and strengthen service delivery.

In response, the US President’s Emergency Plan for AIDS Relief (PEPFAR) Program has
prioritized HIV testing and counseling (HTC) interventions in Cl (17), aiming to support the
UNAIDS 95-95-95 targets: ensuring that 95% of people living with HIV (PLHIV) know their
status, 95% of those diagnosed receive antiretroviral therapy (ART), and 95% of those on
treatment achieve viral load suppression (18-20). However, standalone HIV testing services,
delivered without strong linkage to care, laboratory infrastructure, or long-term treatment follow-
up, proved insufficient to sustainably reduce the HIV burden. This gap highlighted the need for
broader structural solutions, including integrated laboratory systems and improved data
management tools to support continuity of care (21,22).

To address these structural gaps, PEPFAR and other global health stakeholders have invested
in modernizing laboratory infrastructure, particularly through the scale-up of viral load testing
and the implementation of electronic laboratory information systems (eLIS) (23). eLIS platforms
are designed to streamline laboratory data management, enhance interoperability with electronic
medical records (EMRs), and improve the quality and timeliness of clinical decision-making
(21,24-26). Their adoption represents a major advancement in health system responsiveness and
data-driven public health planning, particularly in settings transitioning away from paper-based
systems (26,27).

Until 2009, laboratories in Cote d’Ivoire relied exclusively on paper-based documents and
records, limiting evaluation access to facility and system-level laboratory services data (28). In
response, the Ministry of Health (MOH) launched the National Laboratory Strategic Policy and
Plan (2012—-2015), which prioritized strengthening the laboratory quality management systems
(LQMS) and enhancing electronic capabilities of laboratory information management systems in
HIV priority health service area (29). OpenELIS was the open source softwarre selected for
implementation at these laboratories (30). In 2016, the U.S. Centers for Disease Control and
Prevention (CDC), through PEPFAR funding, partnered with the International Training and



Education Center for Health (I-TECH) at the University of Washington to implement the
LABQUASI project. Over this five-year period, OpenELIS was deployed in 108 laboratories
nationwide, supporting greater access to data for HIV, TB, food safety, and routine laboratory
diagnostics.

Programmatic impact evaluations were conducted as part of LABQUASI to assess
OpenELIS's impact and sustainability. These studies aimed at 1) generating evidence on how OE
has influenced laboratory quality and public health service delivery, and 2) to identify facilitators
and barriers to its sustained use. In particular, this study focuses on sustainability, an often-
overlooked aspect in global health research and programming. Despite increasing attention to
sustainability in US government bi-lateral -funded programs, there remains a lack of
standardized frameworks and empirical guidance for sustaining eLIS platforms in low- and
middle-income countries (LMICs) (31-34). The literature on implementation sustainability in
laboratory systems remains sparse, especially from countries in francophone Africa (35).

This study seeks to fill a gap in our knowledge about sustainability factors by exploring how
OpenELIS has been adapted and sustained in Cote d’Ivoire. Using robust implementation
science frameworks, it aims to generate actionable recommendations for governments, donors,
and implementing partners to support long-term institutionalization of digital health systems in
LMICs.

Problem and Rationale

The U.S. President’s Emergency Plan for AIDS Relief (PEPFAR) emphasizes the importance
of supporting countries in implementing and sustaining health interventions through local
ownership to ensure long-term impact and autonomy (36). However, sustaining donor-funded
public health programs beyond their funding cycles—particularly during periods with limited
monitoring and evaluation (M&E)—remains a persistent challenge across low- and middle-
income countries (LMICs) (37,38). This concern is especially pressing in Cote d’Ivoire (CI),
where funding for the LABQUASI and LABQUASI Il projects are expected to end in 2026.

As these LABQUASI projects conclude, stakeholders have raised concerns that without
continued financial, technical, and human resource support, several negative outcomes may
emerge:

OpenELIS may no longer receive adequate technical and financial support.
The quality of laboratory services could decline.

e Training and retention of qualified laboratory personnel in OpenELIS use may be
interrupted.

e Adaptations required to maintain OpenELIS system alignment with evolving local needs
may go unassessed.

e Unresolved technical issues may lead to reduced use or complete discontinuation of
OpenELIS.

These risks underscore the need to assess and understand the conditions that support
sustainability and local ownership of digital health systems like OpenELIS.



General Objectives

Despite the increasing adoption of electronic laboratory information systems (eLIS) in LMICs,
there is a notable gap in the literature on best practices for their design, implementation, and
sustainability—particularly in francophone countries (39). Moreover, the application of
implementation science frameworks in the evaluation of national-scale digital health
interventions remains limited.

This study seeks to evaluate the OpenELIS intervention in CI by identifying the key resources,
strategies, and contextual factors that have enabled its successful implementation and continued
use. It also aims to explore the perceptions of stakeholders—including the Ministry of Health—
regarding their capacity to sustain the system beyond donor support. The evaluation ultimately
aspires to inform policy, improve laboratory information systems, and contribute to the country’s
progress toward achieving UNAIDS targets (40). Since this study was conducted, several papers
have now been published on OpenELIS in CI detailing best practices in planning,
implementation and utility (30).

To answer these questions, the study employs a qualitative design using in-depth interviews
(ID1s) with users, implementers, and stakeholders at clinical and reference laboratories across ClI.
The Dynamic Sustainability Framework (DSF) (41) will be applied to guide analysis and identify
both enablers and challenges to sustained implementation.

This study will result in a set of actionable recommendations for software developers,
implementing partners, donors, and the Ivorian Ministry of Health. These findings can inform the
sustainability of similar public health digital systems in Cl and other LMICs, while
demonstrating the value of implementation science in global health practice.

Specific Aims

1. To identify the adaptations laboratories have made to adopt and sustain OpenELIS over
time.

2. To explore laboratory personnel’s knowledge and perceptions regarding the
institutionalization of OpenELIS in the absence of donor support.

3. To develop concrete, evidence-informed recommendations for the Ivorian government
and relevant stakeholders (e.g., CDC, USAID, MOH) to support the long-term
sustainability of OpenELIS.

Methods
Study Design and Frameworks

This study employed a qualitative exploratory design to generate in-depth insights into the
implementation and sustainability potential of OpenELIS in Cote d’Ivoire. Individual in-depth

interviews (IDIs) were conducted in French by two Ivorian research associates. Data were
analyzed using a hybrid deductive-inductive approach in collaboration with a PhD candidate.



The study was guided by two implementation science frameworks: the Consolidated
Framework for Implementation Research (CFIR) (42) and the Dynamic Sustainability
Framework (DSF) (41). CFIR provides a structured lens to evaluate complex interventions
across five key domains: intervention characteristics, outer setting, inner setting, characteristics
of individuals, and implementation process. DSF, on the other hand, emphasizes the dynamic,
ongoing adaptation of interventions to ensure long-term sustainability across three nested levels:
the innovation itself, the practice setting (e.g., workflows, staff, infrastructure), and the broader

ecological system (e.g., national policy, donor environment).

These frameworks jointly informed the design of the interview guide, coding structure, and
thematic analysis. Figure 1 presents the conceptual model guiding the evaluation. By integrating
CFIR and DSF, the study captures a multi-level view of how OpenELIS is being implemented,
adapted, and perceived in Cote d’Ivoire, with the aim of identifying the contextual conditions
that support or hinder its sustained use in complex health system settings.

The study design was further guided by the Consolidated criteria for reporting qualitative
research (COREQ) checklist (43) to ensure adherence to qualitative research standards across

sampling, data collection, and reporting

Ecological System

Practice Setting

Intervention
Characteristics

—  Outer Setting
—— Inner Setting

| Characteristics of
individuals

Intervention

—  Process

Fig 1: Conceptual Framework Guiding the Evaluation of OpenELIS
Implementation and Sustainability Potential in Cote d’Ivoire




Study Population

The primary unit of analysis was laboratory personnel involved in OpenELIS implementation
at 37 public laboratories across Cote D’Ivoire. These facilities were purposefully selected to
reflect diversity in laboratory level, ownership, and geographic distribution. The sample included
national reference laboratories, laboratories based in regional and general hospitals, and district-
level laboratories, spanning urban, peri-urban, and rural areas. Eligible participants were
laboratory managers, deputy managers, and technicians with current or prior experience using
OpenELIS who consented to participate. No minimum threshold for duration of system use was
required.

Sampling Strategy

As of the evaluation period, OpenELIS had been implemented in 108 laboratories in Cote
d'lvoire, including 68 sites that use the system for HIV-related data. A purposive sample of 37
sites was selected for this study, representing different geographic regions and facility levels
(Table 1). Each site had actively implemented OpenELIS, and selected respondents had received
prior training on the system. Sites were contacted by telephone one week and again 48 hours
prior to the scheduled visits.

Within each facility, purposive sampling was used to identify staff members knowledgeable

about OpenELIS. This approach ensured inclusion of respondents with relevant experience in
using the system.

*Table 1: Characteristics and OpenELIS Start Dates of the Study Sites

# Site Name Region OE Start Date
1. | CHU Bouake Gheke 02-01-2015
2. | IPCI Adiopodoume | Abidjan | — Grands Ponts 07-01-2017
3. | CIRBA Abidjan Il 09-01-2018
4. | CHU Angre Abidjan Il 02-01-2020
5. | CEPREF Abidjan | - Grands Ponts 11-01-2014
6. | INSP Abidjan | - Grands Ponts 06-01-2016
7. | CHR San Pedro Gbokle-Nawa-San Pedro 10-01-2014
8. | CHR Abengourou Indenie-Djuablin 10-01-2013
9. | CHR Korhogo Poro Tchologo-Bagoue 10-01-2013
10. | HG Gagnoa Goh 07-01-2017
11. | HG Soubre Gbokle-Nawa-San Pedro 07-01-2017
12. | CHR Man Tonkpi 07-01-2015
13. | CHR Gagnoa Goh 09-01-2018
14. | CHR Daloa Haut Sassandra 08-01-2017
15. | CHR Guiglo Cavally-Guemon 09-01-2018
16. | CHR Katiola Hambol 08-01-2017
17. | CHR Divo Loh Djiboua 08-01-2017
18. | CHR Bouafle Marahoue 08-01-2017




19. | CHR Seguela Worodougou-Bere 08-01-2017
20. | CSU Guiberoua Goh 07-01-2019
21. | HG Bingerville Abidjan | — Grands Ponts 08-01-2018
22. | HG Bongouanou N’zi 09-01-2018
23. | HG Bocanda N’zi 09-01-2018
24. | HG Adzope La Me 08-01-2018
25. | HG Bangolo Cavally-Guemon 09-01-2018
26. | HG Tabou San Pedro 08-01-2018
27. | HG Daoukro Iffou 09-01-2018
28. | HG Duekoue Cavally-Guemon 09-01-2018
29. | HG Abobo Nord Abidjan Il 02-01-2020
30. | CMS el Rapha Abidjan Il 02-01-2020

*This table lists the 30 health facilities from the purposive sample for which complete demographic and implementation data were available. It
includes each site’s name, region, the date OpenELIS was introduced. Seven sites from the original sample were excluded due to missing or

unmatched records in the source dataset. Dates are formatted as MM-DD-YYYY.
Study Team and Roles

The project’s study team consisted primararily of four members, however working in the
context of a multinational project team based both in Abidjan and Seattle under the direction of
the UW based Principle Investigator (Perrone) and ITECH Cote d’Ivoire Country Director
(Abiola):

e The lead author, a public health graduate candidate at the University of Washington,
contributed to protocol development, data coding, and analysis. She brought prior
experience in qualitative research and donor-funded health projects.

e A PhD candidate (at the time), who is a doctoral-level implementation researcher served
as a mentor, providing methodological guidance and oversight. She also led a parallel
impact evaluation of OpenELIS in Cote d'lvoire.

e Two Cote d'lvoire-based data collectors, one with expertise in health information systems
and the other with a background in monitoring and evaluation and statistics, conducted all
in-country interviews and contributed to interpretation of findings.

e *The graduate candidate (myself) and the PhD candidate will be then referred to as the
analysis team.

The two lvorian team members (data collectors) had previously interacted with many of the
laboratory staff through training sessions or collaborative work on OpenELIS implementation,
which facilitated rapport-building during data collection.

Tool Development and Validation

Semi-structured interview guides were developed using CFIR constructs relevant to the
intervention, the implementation context, and evaluation goals (42). The guide was initially
drafted in English (Appendix 1) and reviewed by two public health experts and two social
scientists experienced in qualitative research. Revisions were made based on their feedback. For



example, the guide included questions such as: “How well does OpenELIS fit into your existing
laboratory workflows?”, “What kind of changes or adaptations have you made to make OE
useful in your setting?”, “Who led the implementation of OE and how were they selected?”,
“How does OE compare to other laboratory data tools in use?”, and “What is the probability that
OE will continue to be used in public health laboratories in Cote d’Ivoire?”

The guide was then translated into French (Appendix 2) and reviewed by the lvorian team,
who conducted a pilot test at two laboratories in January 2021. The pilot helped assess the
clarity, cultural relevance, and utility of the questions. Minor revisions were made following the
pilot.

Data Collection Procedures

Semi-structured in-depth interviews (IDIs) were conducted with laboratory staff to explore
their knowledge, attitudes, experiences, and perceptions related to OpenELIS sustainability. The
interviews aimed to identify facilitators and barriers to system use and long-term
institutionalization.

Participants were briefed on the study objectives and process and provided written informed
consent. They were informed of their right to skip questions, maintain confidentiality, and
withdraw at any time without consequence. Data were collected between January and March
2021.

The lvorian team conducted all interviews in French using the validated guide. They visited
each selected site and first met with facility leadership to explain the study and secure
permission. Interviews were conducted in private, safe spaces within the facilities and were
audio-recorded with participant consent. Written notes were also taken.

Interviewers used follow-up questions and non-verbal cues to elicit deeper responses. At the
end of each interview, participants were invited to share any additional thoughts not covered by
the interview guide.

Interviews continued until data saturation was achieved, defined as the point at which no new
information or themes emerged during three consecutive interviews (44). A total of 37 interviews
were conducted, each lasting an average of 29.5 minutes.

Transcription and Translation

Audio recordings, written notes, and scanned consent forms were uploaded to a secure,
restricted-access Google Drive folder hosted by the University of Washington. The PhD
candidate and two data consultants transcribed the notes and audio recordings into Word
documents.

The analysis team members, both with intermediate French language proficiency, used Google
Translate as a starting tool to translate transcripts into English. They listened to the recordings
for contextual understanding and manually verified the accuracy of translations. Each transcript



was transcribed to capture respondent meaning precisely. Transcripts were cross-checked
between the analysis team to ensure fidelity and consistency.

Rigor & Triangulation during coding

The analysis team started to individually code different patches of 5-6 transcripts and then
they revised each other’s coding, provided comments and highlighted changes made. They met
regularly to discuss and resolve iterations and disagreements of the codes. The team documented
reflections, positionality statements, and biases throughout the coding process using memos in
Atlas.ti.

The analysis team acknowledges that being non-Ivorian, having limited proficiency in French,
and the lack of previous experience working in LIS are crucial challenges and limitations.
Therefore, | chose a well experienced committee member who has valuable experiences in LIS,
Cl, and conducting qualitative research. Additionally, the team is still in close contact with the
Ivorian team who will be asked to review and provide feedback on the themes and results.

Data Analysis

A hybrid approach combining deductive and inductive thematic analysis was used. Deductive
codes were drawn from the CFIR and DSF frameworks, allowing the analysis to be grounded in
established implementation science constructs. At the same time, inductive coding enabled the
identification of emergent patterns that reflected the lived experiences of interviewees. This dual
strategy allowed for both theoretical alignment and contextual responsivness, an approach well
supported in qualitative research literature (45,46).The analysis team collaboratively developed
a preliminary codebook, which included code definitions grouped by framework domains.

In the first phase, both coders independently applied the codebook to 11 transcripts, followed
by three consensus meetings to reconcile differences and refine the codebook. Inductive codes
that emerged during analysis were integrated into the final version (Appendix 3).

Thematic Development and Synthesis

Coded data were summarized into key themes, each supported by representative quotes.
Thematic patterns were compared across facility levels and regions. Areas of convergence and
divergence across CFIR and DSF domains were analyzed and summarized in framework-based
matrices.

All coding and thematic analysis were conducted using ATLAS.ti version 8 (Windows)
through remote access via the University of Washington’s Center for Studies in Demography and
Ecology.

Ethical Considerations

Qualitative research studies impose ongoing ethical challenges as they highly involve human
interactions, observations, interpretations, and biases (47). Therefore, the research team has



followed the University of Washington IRB guidelines to ensure the confidentiality and safety of
participants at all stages of the research. All participants signed consent forms to participate in
this study and agreed to use the information they have provided during the interviews for
research and publication purposes. Identities (i.e., names) and contact information of the study
participants were anonymous through all research stages and were kept confidential. Moreover,
the authors' positionalities and reflections will be documented, revisited, and iterated through the
analysis process to eliminate biases and ensure the rigor of the qualitative findings.

In addition, colleagues from CI will take part in reviewing, editing, and authoring the
manuscript(s) to enrich the understanding of the context and setting and to collaborate with them
to formulate recommendations to enhance the laboratory information system in Cl and to inform
any future projects that will take place in CI. Ivorian colleagues had an essential role in the data
collection process, and their involvement in later stages of the research will ensure that they will
receive proper retribution for the time, effort, and knowledge they contributed to the project.

Results

The findings address the study’s three aims: (1) to identify how laboratories have adapted
OpenELIS over time; (2) to explore stakeholder perceptions regarding the institutionalization of
OpenELIS in the absence of donor support; and (3) to generate evidence-informed
recommendations for the Ministry of Health (MSHP), CDC, USAID, and other relevant
stakeholders.

Through thematic analysis, four interrelated themes were developed that reflect the technical,
organizational, and contextual factors shaping the implementation and sustainability of
OpenELIS. These include 1)System readiness and infrastructure, 2) Leadership and workforce
capacity, 3) System adaptation and workflow fit, and 3) Perceptions of sustainability and donor
dependency. Each theme is presented below and supported by illustrative quotes to highlight key
insights from the interviews.

1. System Readiness & Infrastructure

System readiness and infrastructural capacity emerged as foundational conditions influencing
the early implementation of OpenELIS across laboratories in Cote d’Ivoire. During analysis,
these were consistently identified as critical contextual barriers to sustainability, particularly in
facilities operating under significant resource constraints.

These findings align with the Outer Setting domain of the CFIR (42), which captures the role
of external policies, funding structures, and systemic support, as well as the Ecological System
layer of the DSF (41), which emphasizes how macro-level environmental factors influence long-
term adaptability and sustainability.

As documented in the global digital health literature, challenges such as unstable electricity,
unreliable internet connectivity, and lack of on-site technical support frequently compromise the
uptake and continued use of health information systems in LMICs (44,48). These vulnerabilities



are especially acute in health systems with decentralized infrastructure and uneven levels of
digital maturity.

The following interviewees responses illustrate the misalignment between national-level
implementation mandates and site-level preparedness, exposing significant gaps in coordination,
consultation, and infrastructure development across Cote d’Ivoire’s laboratory network. These
quotes are drawn directly from participants’ answers to the questions: “Were there financial or
other incentives that influenced the decision to use OpenELIS? If so, what were they?”” and
“What performance measures, policies, regulations, or guidelines influenced the decision to use
OpenELIS in your lab?” respectively.

“No, we have not received anything since it is public management, and we cannot oppose the
decision of the ministry.”
(Transcript_Local_CS)

“No knowledge of any other document other than the mandate of the MSHP.”
(Transcript_Local_H)

This disconnect between policy and practice highlights systemic challenges in implementation
planning. Laboratories were expected to adopt and operationalize OpenELIS without the
necessary technical foundation, such as internet connectivity, computer hardware, and stable
electricity. These constraints created a fragile baseline for sustainability, especially in rural and
peri-urban settings where digital readiness was highly variable. The theme highlights the
importance of aligning national digital health initiatives with localized capacity assessments and
phased rollouts, as emphasized in both DSF and CFIR frameworks.

2. Leadership & Workforce Capacity

Leadership dynamics and workforce capacity played a central role in shaping how OpenELIS
was adopted, operationalized, and maintained across laboratories. The analysis revealed wide
variability in how leadership roles were defined, ranging from formal appointments to voluntary,
informal responsibilities, and how staff turnover undermined institutional knowledge and
operational continuity.

This theme aligns with CFIR’s Inner Setting domain, particularly constructs such as
leadership engagement, implementation climate, and available resources. It also reflects the
Practice Setting layer of DSF, which highlights how sustainability is influenced by the
adaptability of institutional routines and the individuals embedded within them.

Prior research emphasizes that digital health interventions are often less effective without
clearly designated leadership roles and structured capacity-building systems (49). In LMIC
contexts, reliance on informal champions may support early implementation but cannot ensure
sustainability and scalability when those individuals leave or lose authority. These challenges are
not only operational but strategic, as they affect whether digital tools like OpenELIS can remain
effective beyond the donor funding cycle.



Across interview sites, interviewees described differing leadership structures. Some reported
formal appointments to implementation roles, while others noted that responsibilities were
assumed voluntarily. This inconsistency affected both the level of influence held by individuals
and the clarity of their responsibilities. The absence of standardized Terms of Reference (TORS)
and Standard Operating Procedures (SOPs) further contributed to varied leadership practices
across facilities. When asked, “How did this person come into this role? Appointed?
Volunteered?”, one interviewee explained:

“There is no written note for this, so it is voluntary... | follow up on all technical activities.”
(Transcript_Local_G)

In contrast, another interviewee, when asked, “Who led the implementation of OE at your
lab?”, responded:

“I was appointed by management... I don’t have much authority because it depends a lot on the
direction.”
(Transcript_Local_C)

Beyond leadership, several facilities reported persistent workforce challenges. Interviewees
highlighted staff turnover, insufficient onboarding, and a lack of structured refresher training,
leading to reliance on informal mentorship. These human resource gaps raise concerns about the
system’s long-term sustainability in the absence of continued donor support and investment in
capacity strengthening.

3. System Fit & Iterative Adaptation

The extent to which OpenELIS was adapted to fit existing workflows played a critical role in
its perceived value and usability across sites. Interviewees described the system’s evolution,
from the initial OE Basic version to the more advanced OE Classic, as a meaningful
improvement that addressed earlier design and functionality challenges. These experiences align
with CFIR’s Intervention Characteristics domain, particularly the construct of adaptability,
and with DSF’s emphasis on continuous fit between the innovation, the practice setting, and the
broader ecological environment.

Adaptability is widely recognized in digital health literature as a determinant of sustained
system use. Studies have shown that iterative improvements, especially those responsive to user
feedback, enhance both adoption and long-term integration into routine workflows (50,51).
Interviewees indicated that OE Classic resolved many limitations of its predecessor, particularly
those related to result formatting and data entry accuracy. However, they also noted that some
features from OE Basic, such as specific age categorization fields, were lost in the transition,
highlighting the importance of inclusive, user-informed upgrade processes.

When asked, “What kinds of changes or alterations have you and other lab staff made so OE
worked effectively in your lab? ”, one interviewee shared:



“Yes, at the beginning of the first OpenELIS Basic phase we complained... there is information
that was missing on the printing of the results, but when they came to install OE Classic it was
fixed. In the Classic there are things that are missing, there are things that were in the Basic that
were important that are missing in the Classic, e.g. the age groups.”

(Transcript_Local_S)

While detailed narratives of data use were limited, a few interviewees noted that OpenELIS
now includes dashboards and performance indicators, suggesting early signs of enhanced data
visibility and potential for supporting clinical decision-making. These developments, though still
emerging, indicate a shift toward more functional integration of digital systems into laboratory
operations, provided that ongoing adaptations remain responsive to user needs and system
constraints.

4. Sustainability Planning & Transition Risks

Perceptions of OpenELIS’s sustainability varied across interviewees, shaped by their facility’s
level of integration, available support, and expectations for the future. While some laboratories
had adopted OE into routine workflows, others raised serious concerns about what would happen
after donor support—particularly from PEPFAR—wanes. These perceptions highlight a critical
tension between routine system use and its long-term sustainment within a dynamic
implementation environment.

While laboratories may successfully integrate OpenELIS into daily operations, true
sustainability—as defined by the DSF, requires that the system continues to align with evolving
contextual factors such as policy shifts, resource availability, and user needs. Similarly, the
CFIR emphasizes that without adequate readiness, leadership engagement, and ongoing
organizational support, a system’s use may stagnate once external support is withdrawn.

When interviewees were asked:

“How likely do you think the labs in Céte d’Ivoire will continue using OE if I-TECH could
no longer support the system?”,

one responded:

“It became a daily step, we adopted it.”
(Transcript_Local_T)

Despite these signs of normalization, interviewees frequently expressed uncertainty about
post-PEPFAR sustainability, particularly in relation to technical support, government ownership,
and the training of new staff. These concerns are consistent with broader literature on digital
health in LMICs, which emphasizes that sustainability depends not only on technology and
workflows but also on institutional commitment and national stewardship (52,53).



The lack of a clear transition plan for continued support and internal capacity-building has left
many laboratories in an ambiguous position, functionally dependent on a system whose long-
term integration into national health infrastructure remains uncertain.

Discussion

This study explored interviewee perceptions and experiences of OpenELIS (OE)
implementation in Cote d’Ivoire, using the Dynamic Sustainability Framework (DSF) and
Consolidated Framework for Implementation Research (CFIR) as guiding lenses. The analysis
focused on four core themes derived from participant interviews: system readiness and
infrastructure, leadership and workforce capacity, system adaptation, and perceptions of
sustainability. These themes highlight both contextual barriers and opportunities to strengthen
the long-term viability of OE and similar digital health platforms in low- and middle-income
countries (LMICs).

System Readiness and Infrastructure Constraints

The results underscore how digital infrastructure gaps, such as unstable electricity, weak internet
connectivity, and lack of IT support, undermined OE implementation and usability at facility
level. These findings mirror broader evidence from LMICs where insufficient foundational
infrastructure has led to delays or underutilization of digital health systems (54). They align with
CFIR’s Outer Setting domain and DSF’s ecological layer, where contextual realities must inform
technology rollouts.

Leadership and Workforce Capacity

The reliance on informal champions and inconsistencies in leadership roles observed in this
study resonate with existing literature on digital health implementation. Studies from Kenya and
Zambia found that when leadership is not formalized, systems risk collapse due to turnover or
disengagement (55). These findings reinforce CFIR’s emphasis on implementation climate and
leadership engagement, and DSF’s recognition of the human element as a pillar of system
sustainability.

System Adaptation and Workflow Alignment

The evolution from OE Basic to OE Classic reflects the role of user-centered system adaptation
in fostering uptake and relevance. Rather than diminishing fidelity, adaptations addressed user
needs and improved print functionality, consistent with DSF’s principle that sustainability is a
dynamic process requiring continuous alignment. This also echoes CFIR’s Process construct,
emphasizing iterative refinement and responsiveness to feedback (56).

Perceptions of Sustainability and Donor Dependency

Interviewees expressed confidence in OE’s integration into daily workflows but also voiced
concerns about its future once external funding ends. Such tensions are well-documented in
donor-dependent digital health programs, where inadequate national transition planning can
jeopardize long-term continuity (53,57). These findings align with DSF’s emphasis on
sustainability through institutional ownership and integration, and CFIR’s focus on
organizational readiness.



While Céte d’Ivoire’s OE scale-up is promising, its sustainability will depend on deliberate and
coordinated actions in three critical areas:

e Institutionalization within Ministry of Health (MOH) planning and budgeting
« Development of in-country technical support and software maintenance capacity
o Creation of a sustainability roadmap jointly owned by MOH and implementation partners

Taken together, these findings underscore the complex interplay between technical
infrastructure, workforce capacity, and institutional ownership in shaping the ongoing
implementation of digital health systems like OpenELIS. By applying DSF and CFIR, this study
provides a nuanced understanding of how OE is functioning in real-world settings and what
conditions are necessary to support its future sustainability. As implementation continues,
integrating sustainability planning, through capacity building, system adaptation, and national
governance, will be essential to ensure that OE can transition from a donor-supported tool to a
fully embedded component of Cote d’Ivoire’s health information ecosystem.

Limitations

This study has several limitations that warrant consideration when interpreting the findings.

First, although initial code saturation appeared to be reached after the first three interviews,
continued data collection was necessary due to the diversity of facility types and geographic
regions across Cote d’Ivoire. Saturation was therefore confirmed iteratively to ensure diverse
perspectives were captured. Nonetheless, as is common in qualitative research, the prioritization
of depth over breadth means that some context-specific nuances may have been missed—
particularly from facility types or regions that were underrepresented.

Second, demographic characteristics of interviewees (such as professional role, years of
experience, or gender) were not systematically collected. This omission limited the ability to
explore how personal or professional background may have shaped responses and constrained
opportunities for subgroup comparisons.

Third, metadata describing facility characteristics was unavailable for 7 out of the 37 total
sites, making it difficult to fully assess variation across levels of the health system or regional
settings.

Fourth, while all interviews were conducted in person, several interviewees provided very
brief responses, limiting the depth of insight and contextual richness. This affected the
development of more detailed narrative accounts and contributed to the inclusion of shorter, less
descriptive quotes during analysis.

Fifth, the interview transcripts were translated from French to English using Google Translate
and then reviewed by team members with intermediate French proficiency. Although this
approach allowed for timely and resource-conscious analysis, it introduces a risk of minor
mistranslations or loss of linguistic nuance—an important consideration in qualitative research,
where meaning can be embedded in phrasing.



Sixth, the study was carried out by a lead researcher returning to academic work after a
prolonged pause in research activity. Although reflexive practices, such as analytic memoing,
document triangulation, and consultation with local collaborators, were used to support rigor,
this gap in recent field engagement may have subtly influenced the analytical process.

Finally, the research was conducted in collaboration with implementing and donor agencies,
which may have influenced how freely interviewees expressed critical views. Despite efforts to
ensure confidentiality and a neutral interview environment, the possibility of social desirability
bias remains.

Despite these limitations, the study offers meaningful insights into the long-term sustainability
of OpenELIS and contributes to the growing evidence base around digital health implementation
in francophone African contexts. The use of implementation science frameworks (DSF and
CFIR), the inclusion of perspectives from a wide range of laboratories, and a focus on
sustainability-oriented themes strengthen the relevance and practical value of the findings.

Recommendations

Based on the findings of this study, several actionable recommendations are proposed to
enhance the sustainability of OpenELIS in Cote d’Ivoire. These are organized by stakeholder
level and grounded in implementation science frameworks:

1. Ministry of Health (MOH)

e Institutionalize OpenELIS within national health policy, digital health strategy, and
budgetary frameworks to reduce reliance on external donors.

e Develop a national training curriculum and on-going training model to maintain
institutional memory and ensure consistent onboarding of newly-hired employees.

e Assign technical focal points at regional or district levels to serve as intermediaries for
local troubleshooting and support.

e Implement a top-down monitoring system to proactively identify gaps, needs, and
emerging challenges at the facility level.

e Develop and enforce standardized SOPs and TORs to ensure role clarity and
consistent implementation across sites.

e Conduct regular reevaluations of OpenELIS to assess alignment with evolving
workflows and facility needs.

These recommendations align with implementation science principles emphasizing
integration into health system governance, routine training, and continuous quality
improvement (58-60).

2. Health Facilities

e Appoint and empower local OpenELIS “champions” with formal roles and
responsibilities to lead system use and serve as peer trainers.



e Create feedback loops through regular review of dashboards and OpenELIS-generated
reports to inform local decision-making and improve data ownership.

e Establish a clear, multi-tiered reporting mechanism that enables structured
information flow from frontline users to facility administrators, through peripheral
directorates, and up to central Ministry of Health (MOH) leadership. This will enhance
oversight, accountability, and responsiveness in system implementation and sustainability
efforts.

These facility-level actions reflect best practices from the literature on system sustainability,
highlighting the importance of local ownership, peer leadership, and internal feedback
mechanisms (32,61)

3. Technical Partners & Donors (e.g., CDC, I-TECH, Global Fund)

e Work with MOH to conduct a thorough preliminary needs and preparedness assessment
at all facility levels.

e Support long-term capacity development by shifting focus from short-term
troubleshooting to institutional systems-building.

e Fund localized technical assistance ecosystems that include francophone software
developers and health informatics experts.

e Facilitate joint planning with MOH and facilities to co-develop sustainability plans,
clearly outlining roles, transition timelines, and accountability mechanisms.

These recommendations reflect the global evidence base on donor-supported digital health
programs, where sustainability depends on co-ownership, technical capacity transfer, and early
transition planning (62,63).
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Appendicies

Appendix 1: Interviews Guide (English)

Overview

This interview will provide valuable information for the impact evaluation of the OpenELIS
laboratory information system in Céte d'lvoire. The questions are about the adoption and
implementation process of OpenELIS at your laboratory. The information that you provide and
the findings of the evaluation project will help improve the OpenELIS program implementation.

The interview will take approximately one hour. The audio of the interview will be recorded to
help project members provide detailed information afterwards. The recordings and interview
notes will be strictly confidential. We may remove anything that might identify you and your
laboratory from the information that we present in reports and presentations. You can refuse to
participate or withdraw from the project at any time before October 1, 2021. Details will be
available in the informed consent form.

If you have any questions, please contact Mr. Yves-Rolland Kouabenan (M&E Specialist/Lead,
I-TECH Cébte d'lvoire) at rkouabenan@itech-cotedivoire.org.

Thank you for your collaboration!



. When was OpenELIS (OE) installed in your lab? When did you start using OE? What lab
tests do you use OE to record data for?

. Why is OE being installed and used in your lab? [Intervention Characteristics — intervention
source]

1. How was the decision made to start using OE? [Process - engaging]

. Who are the key influential individuals to get on board with implementing OE? [Engaging —
opinion leaders]

. What are influential individuals saying about OE? [Process — engaging — opinion leaders]

1. To what extent have they influenced others' use of OE?

. Who led the implementation of OE at your lab? [Process — engaging — formally appointed
internal implementation leaders]

1. How did this person come into this role? Appointed? Volunteered?

2. Does this person have sufficient authority to do what is necessary to implement OE?

. Who else is involved with leading the implementation? In or outside your lab. [Process —
engaging — champion; external change agents]

. What performance measures, policies, regulations, or guidelines influenced the decision to
use OE in your lab? (Prompt: Aside from the mandate from MSHP to use OE for viral load
and EID data, what other policies, regulations, performance measures, etc. that made you and
your lab think that it would be better to use OE?) [Outer Setting — external policies &
incentives]

. Were there financial or other incentives that influenced the decision to use OE? If so, what

were they? [Outer Setting — external policies & incentives]
1. How would using OE affect your lab’s ability to receive these incentives?
2. How would using OE affect payment or revenue for your lab?

What kinds of changes or alterations have you and other lab staff made so OE worked effectively
in your lab? [Intervention Characteristics — adaptability]



1. Do you think the changes were successfully carried out? Why or why not?

10. How do you think the infrastructure/characteristics of your lab (its level in the health
system, number of years in operation, number of staff, size, or physical layout) affects the
use of OE in your lab? [Inner Setting — structural characteristics]

1. How did the infrastructure/characteristics facilitate/hinder the use of OE?

2. How have you worked around structural challenges?

11. How well has OE fit within existing work processes and practices in your lab? [Inner
Setting — implementation climate - compatibility]

12. Can you describe how OE was first integrated into the workflow of the lab? [Inner
Setting — implementation climate - compatibility]

1. How did that integration go? Well or did it severely conflict with existing processes?
2. What issues or complications arose in the process of integration?

Do you think the use of OE has been effective in your lab? [Characteristics of Individuals —
knowledge & beliefs about the intervention]



1. Why or why not?
14. How have you felt about OE being used in your lab? [Characteristics of Individuals —
knowledge & beliefs about the intervention]
1. How do you feel about the process of implementing OE in your lab?
2. Did you have any feelings of anticipation? Stress? Enthusiasm? Why?
15.  What is the general level of receptivity by staff in your lab to using OE? [Inner Setting —
implementation climate]
1. The staff in my lab are generally towards using OE.
1. Strongly receptive
2. Receptive
3. Indifferent
4. Resistant
5. Strongly resistant
2. Why?
16. What stage of OE implementation is your lab at? [Characteristics of Individuals —
knowledge & beliefs about the intervention & maturity] (Prompt: a) still very new, a lot to
learn; b) we know the basics, but we still need a lot of help with specific issues; ¢) using OE
is part of the routine now, although we still have issues sometimes, we can troubleshoot some
issues on our own or we know how to get help.)
17. Have you received feedback reports about using OE? [Process — reflecting & evaluating]
What do they look like? Content, mode, form?
How helpful do you think they have been?
How could they be improved?
18. How have you assessed progress towards implementation goals? [Process — reflecting &
evaluating]
1. How have results of the evaluation been distributed to stakeholders?
What is your opinion of the software development and technical work done on OpenELIS (OE)?
[Intervention Characteristics — intervention source]

w N e



19. How complicated is the OE system? Please consider the following aspects of OE:
[Intervention Characteristics — complexity]
1. The amount of time spent learning to use OE
2. How different OE was from previous tools of collecting and reporting lab data
3. How difficult it has been to use OE? How many steps are usually involved?
20.  Other than OE, what are the main tools for data collection and recording in your lab?
(Prompt: paper registries, paper forms, notebooks; other electronic data collection tools such as
Excel spreadsheets, online data reporting platforms) [Intervention Characteristics — relative
advantage]
21. How does OE compare to other lab data tools in your lab? [Intervention Characteristics —
relative advantage]
1. What advantages does OE have compared to existing tools?
2. What disadvantages does OE have compared to existing tools?
23.  How likely do you think the labs in Cote d’Ivoire will continue using OE if -TECH
could no longer support the system? [Intervention Characteristics — perceived sustainability]
1. Under what circumstances would the lab system continue or stop using OE? E.g.,
changes in government policy/requirement, funding availability.
24, How likely do you think the usage of OE can be expanded in the health system in Cote
d’Ivoire? [Intervention Characteristics — perceived scalability]
1. Expanded to collect and report data on more types of lab tests?
2. Expanded to more labs? What kind of labs?
25. How do you think OE could be modified or optimized? [Intervention Characteristics —
perceived scalability]
26.  What are your expectations for the MSHP in terms of coaching and assistance for using
OE in the future?
27. Have you heard of the HIV viral load and early infant diagnosis dashboards?
a) Yes. (Go to Question 28.)
b) No. (Please briefly explain what the dashboards are to the participant or show them the website of
the dashboards. Then go to Question 36.)
28. Where or how have you heard of them?
29. Have you ever visited or used them?
a) Yes. (Go to Question 30.)
b) No. (Go to Question 36.)
30. Did anyone suggest you use them?
a) Yes. [1 Who?
b) No.
31. What do you use the dashboards for?
32. Do you think they are useful? Why or why not?
33. What is your perception of the appearance and quality of the dashboards?
34. What changes would you like to suggest for improving the dashboards? In terms of functions,

appearance, quality, etc.
35. Have you used similar data visualization tools?




35.1. If so, what are those tools? How do the dashboards compare with the other tools that you

have used?

36. What features are necessary to make the dashboards useful for you and your laboratory?

37. Do you know any other laboratories that use these dashboards?

37.1. How does knowing that there are some laboratories or no laboratories that use the dashboards
influence your decision to use the dashboards?
38. Do you think a policy, guideline, or program is necessary to promote the use of the dashboards?
38.1. If so, what kind of policies, guidelines, or programs?
38.2. If not, why not?



Appendix 2: Interview Guide (French)

Apercu

Cet entretien fournira des informations précieuses pour I'évaluation d'impact du systeme
d'information du laboratoire OpenELIS en Cote d'lvoire. Les questions portent sur le processus
d'adoption et de mise en ceuvre d'OpenELIS dans votre laboratoire. Les informations que vous
fournissez et les conclusions du projet d'évaluation aideront a améliorer la mise en ceuvre du
programme OpenELIS.

L'entrevue durera environ une heure. L'audio de I'entretien sera enregistré pour aider les

membres du projet a fournir des informations détaillées par la suite. Les enregistrements et les

notes d'entretien seront strictement confidentiels. Nous pouvons supprimer tout ce qui pourrait
vous identifier, vous et votre laboratoire, des informations que nous présentons dans les rapports
et présentations. VVous pouvez refuser de participer ou vous retirer du projet a tout moment avant
le ler octobre 2021. Les détails seront disponibles dans le formulaire de consentement éclairé.

Si vous avez des questions, veuillez contacter M. Kouabenan Yves-Rolland (Spécialiste S&E /

Responsable, I-TECH Céte d'Ivoire) a rkouabenan@itech-cotedivoire.org.

Merci pour votre collaboration !

1. Quand est-ce qu'OpenELIS (OE) a été installé dans votre laboratoire ? Quand est-ce que
vous-avez commencé a utiliser OE ? Pour quels tests de laboratoire est-ce que vous utilisez
OE pour enregistrer des données ?

2. Pourquoi est-ce qu'OE est installé et utilise dans votre laboratoire ? [Caractéristiques de
I'intervention — source d'intervention]

1. Comment est-ce que la décision de commencer a utiliser OE a été prise au sein du
laboratoire ?

3. Quelles sont les personnes influentes pour participer a la mise en ceuvre d'OE ? Par exemple,
quelqu'un du ministére, ou du PMO, ou vous-méme ? [Processus — engageant — leaders
d'opinion]

4. Que disent les personnes influentes a propos d'OE ? Par exemple, est-ce que quelqu'un a dit
qu'OE allait étre vraiment utile ou pas tres utile, etc. ? [Processus — engageant — leaders
d'opinion]

1. Dans quelle mesure est-ce qu'ils ont influencé I'utilisation des OE par d'autres ?

5. Qui a dirigé la mise en ceuvre d'OE dans votre laboratoire ? [Processus — engageant —

responsables internes de la mise en ceuvre officiellement nommés]

1. Comment est-ce que cette personne est entrée dans ce réle ? Nommé ? Bénévole ?

2. Est-ce que cette personne a suffisamment d'autorité pour faire ce qui est nécessaire pour
mettre en ceuvre OE ?

6. Qui d'autre est impliqué dans la direction de la mise en ceuvre ? Dans ou dehors de votre
labo. Par exemple, le directeur de I'hdpital, ou quelqu'un de I'équipe régionale de gestion de
la santé ou du PMO? [Processus — engageant — responsables internes de la mise en ccuvre
officiellement nommés]

7. Quel type de mesures de performance, de politiques ou de lignes directrices au niveau du
district, de la région ou du pays a influencé la décision d'utiliser OE ? (Répligue : mis a part
le mandat du MSHP d'utiliser OE pour les données de charge virale et d'EID, quelles autres
politiques, mesures de performance, etc. qui vous ont amené a penser qu'il serait préférable
d'utiliser OE ?) [Environnement extérieur — politiques et incitations externes]




8.

16.

Quel type d'incitation financiere ou autre a influencé la décision d'utiliser OE ?

[Environnement extérieur — politiques et incitations externes]

1. Comment est-ce que l'utilisation d'OE affecterait la capacité de votre laboratoire a
recevoir ces incitations ?

2. Comment est-ce que l'utilisation d'OE affecterait le paiement ou les revenus de votre
laboratoire ?

9. Quels types de changements ou de modifications est-ce que vous aviez effectués pour que

OE soit un logiciel complet et utile dans votre laboratoire ? Par exemple, les changements

dans l'organisation du personnel, le flux de travail, la configuration de I'équipement, I'ajout

ou le retrait d'équipement, etc. [Caractéristiques de l'intervention — adaptabilité]

1. Est-ce que vous pensez que les changements ont été effectués avec succes ? Pourquoi ou
pourquoi pas ?

10. Comment est-ce que les caractéristiques de votre laboratoire (niveau du systeme de santé,

age, nombre d'employés, taille ou disposition physique, les batiments) ont affecté I'utilisation

d'OE ? [Environnement intérieur — caractéristiques structurelles]

1. Comment est-ce que les caractéristiques ont facilité / empéché I'utilisation d'OE ?

2. Comment est-ce que vous avez contourné les défis structurels ?

11. Dans quelle mesure est-ce qu'OE s'intégre bien aux processus et pratiques de travail

existants dans votre laboratoire ? [Environnement intérieur — climat de mise en ceuvre —

compatibilité]

12. Est-ce que vous décririez comment OE a été intégré aux processus existants ?

[Environnement intérieur — climat de mise en ceuvre — compatibilité]

1. Comment est-ce qu'OE a interagi ou est-ce qu'il est en conflit avec les processus existants
2

2. Quels problemes ou complications sont survenus au cours du processus d'intégration ?

13. Est-ce que vous pensez que l'utilisation d'OE a été efficace dans votre laboratoire ?

[Caractéristiques des individus — connaissances et croyances sur l'intervention]

1. Pourquoi et pourquoi pas ?

14. Qu'est-ce que vous pensez de l'utilisation d'OE dans votre laboratoire ? [Caractéristiques

des individus — connaissances et croyances sur l'intervention]

1. Qu'est-ce que vous pensez du processus de mise en ceuvre d'OE dans votre laboratoire ?

2. Est-ce que vous avez eu des sentiments d'anticipation ? Stress ? Enthousiasme ? Pourquoi
?

15. Quel est le niveau géneral de réceptivité de votre laboratoire a l'utilisation d'OE ?

[Environnement intérieur — climat de mise en ceuvre]

1. Le personnel de mon laboratoire est généralement pour utiliser OE : a) trés
réceptif ; b) réceptif ; c) indifférent ; d) résistant ; e) tres résistant

2. Pourquoi ?
A quelle étape de la mise en ceuvre d'OE se trouve votre laboratoire ? [Caractéristiques

des individus — connaissances et croyances sur l'intervention]

Choisissiez : a) encore trés nouveau, beaucoup a apprendre

b) nous connaissons les bases, mais nous avons encore besoin de beaucoup d'aide
pour des problemes spécifiques

c) l'utilisation d'OE fait maintenant partie de la routine, méme si nous avons
encore des problemes parfois

d) autre : expliquez



27.

17. Est-ce que vous avez regu des rapports de commentaires sur l'utilisation d'OE ?
[Processus — reflexion et évaluation]

1. A quoi est-ce qu'ils ressemblent ? Contenu, mode, forme ?

2. Dans quelle mesure est-ce que vous pensez qu'ils ont été utiles ?

3. Comment est-ce qu'ils pourraient étre améliorés ?

18. Comment est-ce que vous avez €valué les progres vers les objectifs de mise en ceuvre ?

[Processus — réflexion et évaluation]

1. Comment est-ce que les résultats de I'évaluation ont été diffusés aux parties prenantes ?

19.  Quelle est votre opinion sur le développement logiciel et le travail technique effectue sur
OpenELIS (OE) ? [Caractéristiques de l'intervention — source d'intervention]

20.  Quelle est la complexité du systeme OE ? Veuillez considérer les aspects suivants :
[Caractéristiques de I'intervention — complexité]

1. Le temps passe a apprendre a utiliser OE

2. Ladifférence entre OE et les outils précédents de collecte et de rapport des données de
laboratoire

3. Le nombre d'étapes impliquées lors de I'utilisation d'OE.

21. A part OE, quels sont les principaux outils de collecte et d'enregistrement des données
dans votre labo ? (Réplique : registres papier, cahiers ; autres outils électroniques tels que des
feuilles de calcul Excel, des plateformes en ligne) [Caractéristiques de I'intervention — avantage
relatif]

22.  Comment est-ce qu'OE se compare aux autres outils de données de labo dans votre labo ?
[Caractéristiques de I'intervention — avantage relatif]

1. Quels sont les avantages d'OE par rapport aux outils existants ?

2. Quels sont les inconvénients d'OE par rapport aux outils existants ?

23. Selon vous, quelle est la probabilité pour que les laboratoires de santé publique de Cote

d’Ivoire continuent a utiliser OE ? [Caracteristiques de I'intervention — durabilité percue]

1. Dans quelles circonstances est-ce que le systeme de laboratoire continuerait ou cesserait
d'utiliser OE ? Par exemple, changements dans la politique / les exigences du
gouvernement, disponibilité du financement, etc.

24.  Selon vous, quelle est la probabilité pour que OE puisse étre étendue dans tout le systeme
de santé en Cote d’Ivoire ? [Caractéristiques de I'intervention — évolutivité pergue]

1. Etendu pour collecter des données sur plus de types de tests de labo ?

2. Etendu a plus de laboratoires ? Quels types de laboratoires ?

25.  Comment est-ce qu'OE doit étre modifié ou optimisé pour contribuer a son expansion

potentielle ? [Caractéristiques de I'intervention — évolutivité percue]

26.  Quelles sont vos attentes pour le MSHP en termes de coaching et d'assistance pour

l'utilisation d'OE a l'avenir ?

Avez-vous entendu parler des tableaux de bord de la charge virale VIH et de diagnostic précoce

chez le nourrisson (EID) ?
a) Oui. (Passez a la question 28.)

b) Non (Veuillez expliquer brievement ce que sont les tableaux de bord au participant ou montrez-

leur le site Web des tableaux de bord. Passez ensuite a la question 36.)
28. Ou et comment en avez-vous entendu parler ?
29. Les avez-vous déja visités ou utilisés ?

a) Oui. (Passez a la question 30.)

b) Non. (Passez a la question 36.)



30. Quelgu'un vous a-t-il suggéré de les utiliser ?
a) Oui. [1 Qui ?
b) Non.
31. Pourquoi utilisez-vous les tableaux de bord ?
32. Pensez-vous qu'ils sont utiles ? Pourquoi ou pourquoi pas ?
33. Quelle est votre perception de I'apparence et de la qualite des tableaux de bord ?
34. Quels changements souhaitez-vous suggérer pour améliorer les tableaux de bord ? En termes de
fonctions, d'apparence, de qualité, etc.
35. Avez-vous utilisé des outils de visualisation de données similaires ?
35.1. Si oui, quels sont ces outils ? Comment les tableaux de bord se comparent-ils aux autres
outils que vous avez utilisés ?
36. Quelles fonctionnalités sont nécessaires pour rendre les tableaux de bord utiles pour vous et votre
laboratoire ?
37. Connaissez-vous d'autres laboratoires qui utilisent ces tableaux de bord ?
37.1. Comment le fait de savoir qu'il existe des laboratoires ou pas de laboratoires qui utilisent les
tableaux de bord influence votre décision d'utiliser les tableaux de bord ?
38. Pensez-vous qu'une politique, une ligne directrice ou un programme soit nécessaire pour
promouvoir l'utilisation des tableaux de bord ?
38.1. Si oui, quel genre de politiques, de directives ou de programmes ?
38.2. Sinon, pourquoi pas ?




Appendix 3: Codebook



Code

Comment Code Group

01.A intervention source

Definition: Perception of key stakeholders about whether the intervention
decision to start using OpenELIS is externally or internally characteristics
developed.

Inclusion Criteria: Include statements about the source of the
OpenELIS project and the extent to which interviewees view
the change as internal to their lab/hospital, e.g., an internally
developed program, or external to the lab/hospital, e.g., a
program coming from the outside.

Exclusion Criteria: Exclude or double code statements related to
who participated in the decision process to implement the
innovation to Engaging, as an indication of early (or late)
engagement. Participation in decision-making is an effective
engagement strategy to help people feel ownership of the
intervention.

01.A.1 reason for For answers to question 2 intervention

installation characteristics

01.B relative advantage when there's actually a relative advantage of OpenELIS intervention
compared to other tools in terms of the characteristics and characteristics

technicalities. Must be double coded with Facilitator
Inclusion Criteria: Include statements that demonstrate
OpenELIS is better than existing programs.

Exclusion Criteria: Exclude statements that demonstrate a
strong need for OpenELIS and/or that the situation without
OpenELIS is untenable. Exclude statements that discuss the
need to change anything in the environment to accommodate
OpenELIS.

01.B relative disadvantage

when there's actually a disadvantage/flaw/issue of OpenELIS in  intervention
terms of the characteristics and technicalities. Must be double characteristics
coded with Barrier.

Inclusion Criteria: Include statements that demonstrate

OpenELIS is worse than existing tools.

Disadvantage Include statements about a disadvantage/flaw/issue of intervention
OpenELIS software, technology, or program implementation characteristics
when there is no explicit comparison to other tools.

01.C adaptability Definition: The degree to which OpenELIS can be adapted, intervention
tailored, refined, or reinvented to meet local needs.iteists, characteristics

_______

Inclusion Criteria: Include statements regarding the (in)ability
to adapt OpenELIS to their context, e.g., complaints about the
rigidity of the protocol and/or software. Suggestions for
improvement can be captured in this code but should not be
included in the rating process, unless it is clear that the
participant feels the change is needed but that the program
cannot be adapted. However, it may be possible to infer that a
large number of suggestions for improvement demonstrates lack
of compatibility, see exclusion criteria below.

re-

.......

OpenELIS did or did not need to be adapted to Compatibility.

01.D complexity

Definition: Perceived difficulty of OpenELIS, reflected by intervention
duration, scope, radicalness, disruptiveness, centrality, and characteristics




intricacy and number of steps required to implement.

R EE LT

skeisepiinclusion Criteria: Code statements regarding the

.......

complexity of OpenELIS itself.

re-wro-n
|

iseistrEXClusion Criteria: Exclude statements regarding the
complexity of implementation process (rather than using the
software itself) and code to the appropriate CFIR code, e.g.,
difficulties related to space are coded to Available Resources
and difficulties related to engaging participants in a new

program are coded to Engaging: Innovation Participants.

01.E perceived
sustainability

Definition: The perceived likelihood of continued use of
OpenELIS program components and activities for the continued
achievement of dessirable program outcomes.

Inclusion criteria: Include statements that capture perceptions of
sustainability of OpenELIS at a health systems level
throughout and after implementation.

Exclusion criteria: Exclude statements that capture current or
potential sustained behavior at an individual level.

intervention
characteristics

01.F perceived scalability

Definition: The perceived potential of OpenELIS
implementation expansion so that OpenELIS is available across
wider geographic or practice settings.

Inclusion criteria: Include statements that capture perceptions
regarding why OpenELIS could or could not scale, and how
implementation could be modified or optimized to enhance
replicability of core intervention components.

intervention
characteristics

01.G design quality

Definition: Perceived excellence in how OpenELIS software is
bundled, presented, and assembled.

Inclusion Criteria: Include statements regarding the quality of
the materials and packaging.

Exclusion Criteria: Exclude statements regarding the receipt of
materials/computers as an engagement strategy and code to
Engaging.

intervention
characteristics

02.A external policy &
incentives

Definition: A broad construct that includes external strategies to
spread OpenELIS including policy and regulations
(governmental or other central entity), external mandates,
recommendations and guidelines, pay-for-performance,

Fo-ara-

PEFER,

Inclusion Criteria: Include descriptions of external performance
measures from the system.

outer setting

03.A structural
characteristics

Definition: The social architecture (level in the health system,
service capacity [VL/EID/reference,hub lab/routine local lab]),
age, maturity (duration of lab services, OpenELIS use), and size
(# staff, # rooms/buildings) of an organization.

Also use this code to code the name of the health facility/lab at
the very top of each transcript.

inner setting

03.B implementation
climate

Definition: The absorptive capacity for change, shared
receptivity of involved individuals to OpenELIS, and the extent
to which use of OpenELIS will be rewarded, supported, and

expected within their lab/hospital stk

Inclusion Criteria: Include statements regarding the general
level of receptivity to implementing OpenELIS.

inner setting




.......
PEF

general level of receptivity that are captured in the sub-code
Compatibility

03.B.1 compatibility Definition: The degree of tangible fit between meaning and inner setting
values attached to OpenELIS by involved individuals, how
those align with individuals’ own norms, values, and perceived
risks and needs, and how OpenELIS fits with existing
Inclusion Criteria: Include statements that demonstrate the level
of compatibility OpenELIS has with organizational values and
work processes. Include statements that OpenELIS did or did
not need to be adapted as evidence of compatibility or lack of

compatibility.
04.A knowledge, attitudes Definition: Individuals’ attitudes toward and value placed on characteristics
& beliefs about the the OpenELIS project, as well as familiarity with facts, truths, of individuals
intervention and principles related to OpenELIS istpiste!
04.B self-efficacy Individual belief in their own capabilities to execute courses of  characteristics
action to achieve implementation goals. of individuals
05.A engaging Definition: Attracting and involving appropriate individuals in process

the implementation and use of OpenELIS through a combined
strategy of social marketing, education, role modeling, training,
and other similar activities.

R EE LT
'

iseeisepilnclusion Criteria: Include Answers to question 2.1, if
appropriate. Include statements related to engagement strategies
and outcomes, i.e., if and how staff and intervention participants
became engaged with the OpenELIS project and what their role
is in implementation. Note: Although both strategies and
outcomes are coded here, the outcome of engagement efforts
determines the rating (= double code with Facilitator or
Barrier). For example, if there are repeated attempts to engage
staff, but the efforts are unsuccessful, this construct should be
double coded with Barrier.

e

KteistrEXclusion Criteria: Exclude statements related to specific

.......
———————

sub constructs (code 5.A.1-5.A.4). steistrEXclude or double code
statements related to who participated in the decision process to
implement the intervention to Intervention Source, as an

indicator of internal or external intervention source.

05.A.1 opinion leaders Definition: Individuals in the lab/hospital that have formal or process
informal influence on the attitudes and beliefs of their
colleagues with respect to implementing OpenELIS.

-
.......

engagement strategies and outcomes, e.g., how the opinion
leader became engaged with the OpenELIS project and what
their role is in implementation. Note: Although both strategies
and outcomes are coded here, the outcome of efforts to engage
staff determines the rating (Facilitator or Barrier double
code). E.g., if there are repeated attempts to engage an opinion
leader that are unsuccessful, or if the opinion leader leaves the
organization and this role is vacant, the construct should be
double coded with Barrier.




05.A.2 formally appointed
internal implementation
leaders

Definition: Individuals from within the lab/hospital who have process
been formally appointed with responsibility for implementing

OpenELIS as coordinator, project manager, team leader, or

other similar role.

re-

[Rligt

engagement strategies and outcomes, e.g., how the formally
appointed internal implementation leader became engaged with
the OpenELIS project and what their role is in implementation.
Note: Although both strategies and outcomes are coded here,
the outcome of efforts to engage staff determines the rating
(Facilitator or Barrier double code), i.e., if there are repeated
attempts to engage an implementation leader that are
unsuccessful, or if the implementation leader leaves the
organization and this role is vacant, the construct receives a
negative rating.

05.A.3 champions

Definition: “Individuals who dedicate themselves to supporting, process
marketing, and ‘driving through’ an [implementation]”,
overcoming indifference or resistance that the intervention may

Fo-ara-a

provoke in an organization.iteisgeiinclusion Criteria: Include
statements related to engagement strategies and outcomes, e.g.,
how the champion became engaged with the intervention and
what their role is in implementation. Note: Although both
strategies and outcomes are coded here, the outcome of efforts
to engage staff determines the rating, i.e., if there are repeated
attempts to engage a champion that are unsuccessful, or if the
champion leaves the organization and this role is vacant, the
construct receives a negative rating. In addition, you may also
want to code the "quality” of the champion here - their
capabilities, motivation, and skills, i.e., how good they are at

[E

their job, and this data affects the rating as well istpiske!

el

05.A.4 external change
agents

Definition: Individuals who are affiliated with an outside entity  process
who formally influence or facilitate OpenELIS project decisions
in a desirable direction.

re-
.......

engagement strategies and outcomes, e.g., how the external
change agent (entities outside the lab/hospital that facilitate
change) became engaged with the OpenELIS project and what
their role is in implementation, e.g., how they supported
implementation efforts. Note: Although both strategies and
outcomes are coded here, the outcome of efforts to engage staff
determines the rating, i.e., if there are repeated attempts to
engage an external change agent that are unsuccessful, or if the
external change agent leaves their organization and this role is
vacant, the construct receives a negative rating (i.e., Barrier).

05.B reflecting & evaluating

Definition: Quantitative and qualitative feedback about the process
progress and quality of implementation accompanied with

o=

Rl

Inclusion Criteria: Include statements that refer to the
implementation team’s (lack of) assessment of the progress
toward and impact of implementation, as well as the




interpretation of outcomes related to implementation. Reflecting
and Evaluating is part of the implementation process; it likely
ends when implementation activities end. It does not require
goals be explicitly articulated; it can focus on descriptions of
the current state with real-time judgment, though there may be
an implied goal (e.g., we need to implement OpenELIS) when
the implementation team discusses feedback in terms of

.......

e,

06.1.1 facilitator

Definition: Any factor/construct/subconstruct that
facilitates/helps/enhances any attitude or action in the positive
direction along the implementation process (from being
approached to adopt to post-implementation)

re-

[l

inductively created factor codes

valence

06.1.2 barrier

Definition: Any factor that hinders/inhibits any attitude or
action in the negative direction along the implementation
process (from being approached to adopt to post-

implementatio n)sEP:sEP

Can be double coded with any CFIR construct or inductively
created factor codes

valence

06.1.3 present

Definition: Simply describe whether an implementation factor
is present, when there really is no information for us to infer
whether a factor helps or hinders implementation.

re-re

KteiskrEXclusion: If you can rate the factor as facilitator or

.......

barrier, do not use this code.

valence

07.1 maturity

Definition: Must be double coded with Knowledge & Beliefs
about the Intervention
For question 16

maturity

08 suggestions for
improving OE

Suggesting new changes to improve the OpenELIS software or
the program implementation/support/maintenance/monitoring
Exclude: complaints/descriptions of problems in the status quo
or in the past

suggestions

08 suggestions for MSHP

suggestions

08 general suggestions

Suggestions that are not related to OE software, OE program, or
specifically to MSHP. E.g., labs need training support in other
aspects of lab management.

suggestions

09.1 pitching Adoption or implementation has not begun. There was just this  timeline
idea of adopting OpenELIS. No concrete actions.

09.2 adoption Concrete action/decision to adopt OpenELIS. timeline

09.3 early implementation After adoption, concrete actions of actually starting to use timeline
OpenELIS and to try to routinize the use in the early/initial
period of implementation.

09.5 current implementation ~ Recent and current implementation timeline

10.1 changes in OpenELIS
to improve fit between
OpenELIS and practice
setting

The changes that were made on the intervention (OpenELIS)
after the implimentation process, based on feedback and M&E
to accomodate and improve the fit of OpenELIS in the practice
setting (staffing, info system, org. culture/climate, training,
supervision)

Inclusion criteria: any change that was made after the
implimentation process on one or more of the following:




Components, Practitioners, Outcomes, Delivery Platform
with the aim of improving the practice settings mentioned
above.

Exclusion criteria: changes that were made on OpenELIS before
the implimentation process, any change that was made to
accommodate or improve the fit with anything other than the
practice setting

10.2 changes in practice
setting to improve fit with
OpenELIS

The changes that were made on a practice setting level (staffing,
info system, org. culture/climate, training, supervision) to
accommodate the implementation of OpenELIS and leverage its
meaningful impact

10.3 changes in OpenELIS
to improve fit with eco
system

The changes that were made on the intervention (OpenELIS)
after the implimentation process, based on feedback and M&E
to accomodate and improve the fit of OpenELIS in the eco
system (policy, regulations, market forces, population
charachtersitics)

Inclusion criteria: any other practice setting other than the ones
mentioned in 10.1

10.4 changes in eco system
to improve fit with
OpenELIS

Any change that was made on an eco system level (policy,
regulations, population charachteristics, market force) to
accommodate and improve the fit of OpenELIS

10.5 changes in practice
setting that improve the fit
between OpenELIS and
eco system

The changes that were made on a practice setting level (staffing,
info system, org. culture/climate, training, supervision) to
facilitate the fitting between OpenELIS (intervention) and the
eco system.

10.6 any other changes Capture the change over time that is not captured by any of the
10.1-10.5 codes

Dashboard Any question and response related to the data dashboards

Quote Any direct quotes (in both French and English) that convey

strong meanings/emotions or are so well said that we as analysts
would not be able to summarize better than the original quotes.

Double check the translation

Inclusion criteria: For content whose translation is
unclear/confusing but seems the nuance is important enough for
our findings.

Autonomy

Statements about how the lab staff feel about their
autonomy/authority in the decision making or implementation
process of OpenELIS.

Functionality

Includes statements that describe any uses/functions/purposes of
OpenELIS. e.g. the lab tests that people use OpenELIS for;
other purposes such as data management, storage, reporting,
quality control, etc.

intervention
characteristics

Supervisors' role

Describe the roles/responsibilities/duties of the
supervisor/leader of the OpenELIS implemenation at a lab

Need context

For codes out of context and no clear meaning

Perceptions of future

Statements about perceptions of the future of the OpenELIS
software or program, except statements about perceptions of
sustainability or scalability which are captured by 01.E and 01.F

Q15 a. strongly receptive

Q15 b. receptive

Q15 c. indifferent




Q15 d. resistant

Q15 e. strongly resistant

Q16 a. still very new, a lot to
learn

Q16 b. we know the basics

Q16 c. using OE is part of
routine




Appendix 4: Positionality Statement

Positionality Statement

The analysis and interpretation presented in this thesis were shaped by my background as a
public health professional with over five years of experience working with donor-funded
programs. This experience has provided me with a strong understanding of health systems from
the perspective of funders and national-level implementation. At the same time, it may have
influenced how | approached the concept of sustainability, potentially prioritizing formal
structures over more localized, facility-level experiences.

| was not involved in designing the study or conducting the interviews. | joined the project
during the analysis phase and worked with transcripts and materials that had already been
developed. My lack of prior experience in digital health, particularly in laboratory information
systems, presented a learning curve and may have shaped what | initially paid attention to.
However, it also allowed me to engage with the data without rigid expectations or preexisting
assumptions.

This thesis was completed after a break from formal academic work. Returning to it after time
away gave me distance and perspective, but also required me to reconnect deeply with the
material and context. Importantly, | finalized this manuscript during a period of significant
political and funding shifts, including the dismantling of USAID programs and broader cuts to
U.S. global health funding. These developments may have sensitized me to issues of donor
dependency and influenced my interpretations of sustainability and local ownership.

Throughout the process, | remained aware of how my position, assumptions, and background
could influence interpretation. | used memoing, revisited documentation, and consulted with
colleagues to stay grounded in the original setting and maintain analytic integrity.
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