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Abstract
Background  Clinical laboratories are vital in healthcare, influencing medical decisions. As the field moves toward 
precision medicine and digital tools, laboratories must innovate with automation and data analytics to provide 
accurate, timely insights for diagnosis and treatment. Future success depends on investing in technology, training, 
and system integration. This study assessed Rwandan clinical referral laboratory’s readiness to adopt innovative 
technologies, gathering views from physicians and clinical laboratory professionals, and highlighted challenges and 
key factors impacting their adoption in meeting healthcare expectations.

Methods  A qualitative design was used, collecting data from three sources: (1) observations, (2) key informant 
interviews (KIIs) with laboratory professionals, and (3) a survey of physicians on laboratory services. Data from the 
three sources were initially coded separately and merged to generate subthemes using an inductive reflexive 
thematic approach (Braun & Clarke). Subthemes across datasets were aligned and refined into two final themes.

Results  Two themes were generated: (1) Repackaging and reshaping laboratories for quality and future readiness. 
In this theme key challenges described to affect laboratory services in Rwanda included inadequate infrastructure, 
shortages of specialised personnel, and difficulties in retention of staff. (2) Reflecting and addressing healthcare 
expectations. In this theme participants described key challenges to include interruption of services due to stock-
outs, equipment breakdown, delays in test results, and the unavailability of certain diagnostic tests. These obstacles 
hinder the readiness of laboratories to adopt advanced technologies and meet healthcare expectations.

Conclusion  To optimize clinical laboratory services in Rwanda, key areas such as infrastructure, specialised 
professionals, equipment maintenance, and supply chain management need to be strengthened. Insights from 
multidisciplinary workforce that include laboratory specialists are essential to reshape services, enabling effective 
integration of advanced technologies and meeting evolving healthcare demands.
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Introduction
In the ever-evolving landscape of healthcare with prom-
ises of new technology, clinical laboratories stand at a 
pivotal juncture, poised to transform significantly with 
the new technologies [1–3]. These advancements prom-
ise to enhance diagnostic precision, improve patient out-
comes, and streamline healthcare delivery [2, 4, 5]. The 
fitness of clinical laboratories hinges on the integration of 
these advanced technologies and a robust adaptability to 
evolving healthcare needs [1, 2, 4, 5]. As the landscape of 
healthcare shifts towards preventive and precision medi-
cine, clinical laboratories must continuously innovate, 
embrace interdisciplinary collaboration, and invest in 
staff education and training to remain at the forefront of 
medical diagnostics [6–8].

To ensure the readiness of clinical laboratories for tech-
nological advancements, several critical factors must be 
addressed, including infrastructure, staff expertise, ade-
quate equipment, regulatory compliance, and financial 
resources [9–12]. The achievement of a good number of 
Sustainable Development Goals (SDGs), particularly the 
3rd goal and Universal Health Coverage, heavily depends 
on the capabilities and accuracy of clinical laborato-
ries [9]. Given this essential role, it is crucial to critically 
invest in the development of clinical laboratories on both 
national and global scales [9, 11]. This investment can 
improve health outcomes, support public health initia-
tives, and achieve broader health-related goals.

However, while more heavy investments are required 
to shift in the new technology era [6, 12], most of labo-
ratories in low- and middle-income countries (LMIC) 
are still struggling with compliance with quality regu-
lation standards. It will require much effort in terms of 
rethinking and financing for these laboratories to bridge 
the existing gaps, essentially in infrastructure, laboratory 
workforce, reliable supply chains, and visionally gover-
nance to change the paradigm [11, 13, 14].

Additionally, the limited access to advanced technology 
and equipment in LMICs laboratories further exacerbates 
the situation, hindering accurate diagnosis and timely 
treatment [14, 15]. Consequently, healthcare expectations 
remain unmet, with patients enduring prolonged waiting 
times and suboptimal care quality [9, 10, 13]. In contrast, 
envisioning a future where these laboratories overcome 
prevailing barriers presents a promising landscape [11]. 
By leveraging innovative solutions such as point-of-care 
testing devices, digitised health records, and telemedi-
cine platforms, LMICs can enhance diagnostic capabili-
ties and extend quality healthcare access to remote areas 
and underserved populations [14, 16]. Moreover, stra-
tegic partnerships with international organisations and 

technology transfer initiatives can facilitate knowledge 
exchange and resource mobilisation, fostering sustainable 
development of clinical laboratory infrastructure [17, 18]. 
By embracing a holistic approach that prioritises innova-
tion, collaboration, and equity, clinical laboratories can 
play a transformative role in advancing healthcare deliv-
ery, improving patient outcomes, and fostering resilience 
in the face of emerging health threats [19–21].

Rwanda, which shares the common healthcare chal-
lenges with other LMICs has seen a relative quality 
improvement in its clinical laboratories in recent years 
[22]. This improvement was driven by efforts to enhance 
healthcare services and diagnostic capabilities [22, 23]. 
Investments in modern equipment, training programs 
for laboratory personnel, and the establishment of qual-
ity management systems have all contributed to raising 
the standards of clinical laboratories across the country 
[23, 24]. With this effort, Rwanda aims to meet future 
healthcare expectations, becoming a regional medical 
hub, realise its healthcare goals, and provide compre-
hensive, high-quality diagnostic services to its popula-
tion [23, 25–28]. While this ambition is clear, the extent 
to which clinical laboratories in Rwanda are prepared to 
meet this ambition remains unclear. This study aimed to 
explore the readiness of clinical laboratories in Rwanda 
to adopt innovative technologies as a new model of ser-
vice delivery, based on observations and insights from 
physicians and laboratory professionals. It also examined 
the challenges and key factors influencing their adoption 
in meeting healthcare expectations.

Methodology
Settings
The study was conducted across four referral and teach-
ing hospitals as well as at National Reference Laboratory 
(NRL) that operates independently from any hospital. 
These facilities are at the highest level within the national 
healthcare referral system, providing tertiary-level health 
care. This level of healthcare follows the secondary-level 
services at district hospitals and the primary-level ser-
vices offered by health centres. These five laboratories are 
the only tertiary-level facilities in the country and super-
vise all other clinical laboratories. They were purposively 
selected because they are the most likely to introduce 
advanced diagnostic technologies and to facilitate their 
eventual adoption at district laboratory level.

Study design
A qualitative research design was used, with three 
sequential data sources: (1) Observations, (2) Key Infor-
mant Interviews (KIIs), and (3) a survey of physicians. 

Keywords  Rwanda, Medical laboratory, Quality healthcare, Healthcare expectation, Innovative technologies



Page 3 of 10Nzabahimana et al. BMC Health Services Research          (2026) 26:151 

Insights gained from each phase informed the design of 
the subsequent phase, progressing from the first to the 
third phase. The three phases generated data for a larger 
research project. In this paper, we analysed only the sub-
set of data that address the current research question. 
Combining data from the three phases, each offering a 
different perspective, provided a distinct advantage by 
capturing the dynamics of laboratory practice and offer-
ing insights into their potential readiness to adopt inno-
vative technologies.

Data generation process
Observations
Observations were conducted from April to August 
2017 and repeated in 2019 from April to November. All 
five laboratories participated in 2017 assessment, but in 
2019 the NRL was not included due to its ongoing ISO 
15,189 accreditation process with an international body. 
The Stepwise Laboratory Quality Improvement Process 
Towards Accreditation (SLIPTA) Checklist, second ver-
sion of 2015 was used in conducting the observations in 
the both periods [29]. This tool systematically assesses 
laboratory systems and includes a comments section for 
each assessed item. A team of three laboratory profes-
sionals, certified as SLIPTA assessors conducted these 
assessments during three days for each laboratory. These 
assessors were trainers-of-trainers and mentors in the 
Strengthening Laboratory Management Toward Accredi-
tation (SLMTA) programme. The same assessors par-
ticipated in both the 2017 and 2019 assessments, except 
in two laboratories, where one respective team member 
was replaced to avoid evaluating his own institution. The 
assessment consisted in reviewing laboratory documents, 
records, and processes, discussing observations with lab-
oratory professionals, asking questions, and taking notes. 
At each laboratory, a meeting was organised at the end 
of assessment to discuss preliminary findings and collect-
ing additional group perspectives. The qualitative data 
collected in this process are the ones considered for this 
paper.

Key informant interviews (KIIs)
The open-ended interview guide, shared in appen-
dix, was developed by the last author with insight from 
the initial assessments and observations from the 2017 
phase. Based on the findings from these assessments, 
the development of interview guide included some ques-
tions that further clarified the patterns identified. Sub-
sequently, it was reviewed and refined by the research 
team. It was then piloted in two district laboratories that 
were not part of the study, after which minor comprehen-
sive adjustments were made.

The research team purposively selected professional 
profiles and positions of key informants representing a 

range of professional roles across different levels of lab-
oratory services. These profiles were shared with each 
laboratory leadership, who identified individuals and 
provided their contact information. The last author then 
contacted each selected participant by phone for face-to-
face meeting to explain the study objectives and arrange 
interview. Participants also suggested additional eligible 
professionals. In total, 20 laboratory staff, 17 males and 
3 females, from the five laboratories, both leadership and 
operational personnel, were interviewed at their work-
places and after their consent. Their work experience 
ranged from 6 to 35 years, and their ages from 30 to 57 
years. The last author conducted the interviews in Eng-
lish between February and April 2018. The interviews 
were recorded, and transcribed verbatim.

Physician survey
Prior to data collection, the last author visited physicians 
at their respective hospitals in their departmental morn-
ing meetings to explain the study objectives and invited 
them to voluntarily participate in the survey. A total of 
507 eligible medical doctors from four referral and teach-
ing hospitals were invited and received the question-
naire via email. Physicians working in laboratories, other 
diagnostic departments, and hospital management were 
excluded to minimise bias. The overall response rate 
was 91% (462), and 135 respondents provided answers 
to the single open-ended question included in the ques-
tionnaire. This self-administered questionnaire was con-
ducted between March and July 2019. It consisted of 28 
questions that assessed the physicians’ satisfaction with 
the quality of laboratory services. The following was the 
one open-ended question “Please include additional 
comments regarding the above questions and any other 
comments you have regarding laboratory service at your 
hospital below” that elicited the physicians’ perspectives 
on the quality of laboratory services. For purposes of 
this study, only physician’s narrative responses from this 
open-ended question were considered.

Data analysis
The analysis used reflexive thematic approach (RTA) 
as described by Braun and Clarke [30, 31]. The analysis 
was inductive, grounded in a constructivist epistemol-
ogy, which views meaning and experience as socially pro-
duced and continually shaped through both individual 
and shared interpretations. Accordingly, the researchers 
recognised that knowledge is co-constructed through 
an interplay of subjective and intersubjective processes. 
The analysis followed RTA six recursive phases: famil-
iarisation with the data, generation of initial codes, 
searching for themes, reviewing themes, defining and 
naming themes, and producing the report. The three 
datasets were initially analysed separately. In the phase of 
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familiarisation with the data, the last author read the data 
transcripts several times. In the next phase, coding was 
conducted line-by-line manually with careful attention to 
the context and nuances of responses from all three data 
sets. Each code and data items were reviewed multiple 
times, with meaning units related to the study objectives, 
highlighted, and coded. Codes from each dataset were 
then combined to form subthemes. Next, subthemes 
were aligned and re-examined in relation to the original 
texts, also revisiting the initial codes. Subthemes were 
then revisited with entire analysis process to define and 
formulate two themes. The entire process from coding to 
final themes was initiated by VR, reviewed, and discussed 
with FN for consensus.

In line with Braun and Clarke’s reflexive thematic 
analysis approach, the analysis was guided by an inter-
pretative stance that acknowledges the active role of the 
researcher in theme development. The last author pri-
marily engaged with the data, rather than aiming for cod-
ing consensus or inter-rater reliability, the focus was on 
reflexivity, critically engaging with the data and reflecting 
on how the researchers’ perspectives shaped the analytic 
process. This approach aligns with the view that mean-
ing is co-constructed and context-dependent, rather than 
objectively discoverable.

Ethical considerations
The research proposal was reviewed and approved by 
Rwanda National Ethics Committee (RNEC) with refer-
ence No 0059/RNEC/2017: The Rwandan Ministry of 

Health authorised the research project with reference 
No 20/1346/DGPHFIS/2017.The Key informants were 
employees in different laboratories and informed consent 
was obtained before the interview. For medical doctors, 
it was an online self-administered questionnaire, and 
feedback was anonymous. For Key informant interviews 
(KIIs) and the physicians’ survey, the participation was 
voluntary, and participants were informed that they have 
the right to withdraw themselves from the study at any 
time.

Analysis
As highlighted in Table  1, the analysis revealed several 
key perspectives aiming to strengthening clinical labora-
tory performance. These include the quality of infrastruc-
ture and the level of digital integration, the capacity and 
continuous development of the workforce, the continuity 
and availability of laboratory services, and the holistic 
systems that would safeguard service quality. Together, 
these perspectives informed the development of two 
major themes. (1) Repackaging and reshaping laborato-
ries for quality enhancement and future fitness, and (2) 
Reflecting and addressing healthcare expectations.

Theme 1: Repackaging and reshaping laboratories for 
quality enhancement and future fitness
This theme highlights the need to strengthen both physi-
cal and digital infrastructure, along with building work-
force capacity and skills. Together, these elements are 

Table 1  Example of codes with sub-themes and themes
Codes Sub-themes Themes
Inadequate laboratory infrastructure impacting laboratory pathways. The enabling

Infrastructure
Repack-
aging 
and re-
shaping 
labora-
tories for 
quality 
enhance-
ment 
and 
future 
fitness.

Losing documents due to moving in and out following rehabilitation

Insufficient working space and squeezing of staff make laboratory infrastructure a pressing priority.

Lacking a system to store samples after analysis for other potential use such as research.

No digital system centralising test result data for future use.

Not having sufficient staff fitting the workload. Ensuring workforce 
capacity for optimal 
delivery

The turnover of leaders affects quality performance.

The turnover and low motivation of staff contributing to the decrease of quality management system (QMS).

Laboratory personnel and physicians noticing a lack of laboratory specialists and claiming for them.

Limited collaboration between laboratory technicians and clinicians.

Patients and clinicians not satisfied as they miss some services due to reagents stock out. Providing services that 
meet expectations

Reflect-
ing and 
ad-
dressing 
health-
care 
expecta-
tions

A need for improvement projects as way of continuous quality improvement.

Sending test results directly to clinicians without a second layer of check as quality assurance step.

Referring patients instead of samples in case stock-out of reagents or equipment failure.

Needing enough commitment from managers for quality improvement.

Leasing system as a solution of quality improvement when there is stock-outs and/or equipment failure. Reinforcing holistic 
systemsRequiring holistic approach from top hospital management to understanding QMS to act

toward quality improvement.

Recommending peer evaluation as mechanism of improving QMS.

Supply chain and procurement system contributing to reagents stock out.

Solving the problem of stock out and equipment maintenance by harmonising laboratory equipment.
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essential for improving service quality and positioning 
laboratory systems to meet future demands.

Sub-Theme 1: The enabling infrastructure
When discussing enhancing the quality of laborato-
ries, many participants considered the crucial role that 
laboratory services play within hospitals, particularly in 
supporting diagnostics across all other clinical services. 
The participants considered it critical to focus on these 
laboratories in terms of providing sufficient space and 
resources. Adequate space was considered essential to 
ensure seamless service delivery and operational effi-
ciency. Participants from various laboratories highlighted 
that this challenge hampered the organization and 
smooth functioning of diverse services. “The first chal-
lenge is a building; a new laboratory is needed because 
the infrastructure is not good. There is insufficient space 
for our laboratory. It is small. Which means that it is not 
meeting some requirements. Some activities are not going 
on well, not done in normal standards as required by the 
accreditation, we must build another lab”, P01.

As illustrated in the above quote infrastructure con-
straint was a common problem described by most of 
the study participants. The lack of appropriate infra-
structure was viewed as a major challenge, and it also 
reflected broader constraints, including limited space 
and the inability to meet required laboratory standards, 
issues that were likewise noted by the assessment team 
during their evaluations. Additionally, another related 
problematic area that was discussed was in relation to 
the fact that, as technology continues to advance, labo-
ratories were increasingly required to adopt new equip-
ment and services that are deemed essential to meet 
the evolving healthcare needs. However, the integra-
tion of this advanced equipment, along with the neces-
sary expansion of staff, is being carried out within the 
same confined spaces that were originally designed for 
smaller-scale operations. “My suggestion and thinking 
would be to be stable, but we have a small lab, and we 
shifted to another building to allow its rehabilitation, all 
documents, some materials, and some equipment were 
disturbed”, P02. “I can tell you, even if you compare the 
infrastructure, according to standards, this is an old lab, 
as you can see how many are we here? We are about five 
in this very small office”, P03. These limitations not only 
hinder current operations but also pose a challenge to 
future laboratory readiness, preventing them from ade-
quately meeting the growing demand for diagnostic ser-
vices. Given the current laboratory infrastructure and 
workflows, envisioning future readiness and the adoption 
of new technologies requires a comprehensive infrastruc-
ture plan that supports continued development.

Sub-Theme 2: Ensuring workforce capacity for optimal 
delivery
Beyond infrastructure, a competent and motivated labo-
ratory personnel with a continuous visionary leadership, 
was identified as essential for the critical development 
and realisation of a laboratory’s mission. The reten-
tion of competent workforce is a foundation and key to 
embracing the future potential of advanced healthcare 
and development. However, the workforce retention and 
motivation were found as a challenge. “We face an issue 
with staff turnover, particularly at leadership positions. 
This constant turnover disrupts our management. When a 
new head of department takes over, he is not familiar with 
the system and unsure of the proper procedures”, P04. This 
turnover and retention issue was identified as a major 
obstacle to improving the overall quality of laboratory 
services. “The problem is high turnover of the staff, you see 
if some staff are trained and shift to another site, you tend 
to go back from where you’ve been to backwards. I think it 
is all based on the high turnover of the staff”, P05.

While laboratories require a diverse skill set within 
their workforce, the existing personnel expertise rely on 
laboratory technicians, with a notable absence of medical 
specialists in different laboratory specialities. “We lack 
laboratory specialists, not having expert laboratory per-
sonnel is challenging (e.g. haematology…)”, P06. This lack 
of laboratory specialists creates a significant imbalance 
between clinicians and laboratory counterparts, which 
hinders effective discussions around diagnostic tests and 
patients’ management. As a result, collaboration between 
laboratories and clinical services remains insufficient, 
as expressed by participants.“…So, most of the time, the 
communication between clinicians and lab staff is still a 
challenge. Because now there is no meeting between lab 
staff and clinicians. We communicate just on phone, open 
clinic; but there are no meetings together for handling the 
problems that we have”, P07. “Another challenge, the lab 
technicians also do not feel confident with medical team. 
They stand aside and they look. Most of the time, there is 
marginalisation from themselves because they do not feel 
confident and they want to compare themselves to the 
nurses and others, they say ahh, for us we are behind. They 
respect nurses compared to us”, P08.

According to both the participants and the observa-
tion team, these laboratories suffer from a high turnover 
of personnel and a lack of specialists across various labo-
ratory domains. This issue needs to be addressed, with 
efforts focused on reshaping and repackaging the labo-
ratories as a precursor to enhance quality and preparing 
them for future advancements. A participant suggested 
what would be prioritised as follow, … “I will have to 
stabilise the staff, if you have experienced staff, you must 
keep them in the lab. then, you have also need to increase 
their numbers because if you sometimes have two staff 
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in the unit, while you must have four it sometimes has 
impact on quality, for example on document records, to 
record some activities done”, P09. Medical laboratory 
specialists are for high importance, first to supervise and 
validate the work of the technicians, but also to interact 
with clinicians for laboratory test request in case of need, 
update of the list of tests menu, and diagnosis as well as 
to guide the accommodation of the use of new technolo-
gies for laboratory services and diagnosis improvement 
in their specialities. For example, a problem of test results 
validation process was observed in four laboratories by 
assessors, where tests were processed and issued by one 
person without crosscheck for validation. Physicians also 
expressed a need of laboratory specialist expertise in 
their daily clinical work.

For instance, in four referral hospital-based laborato-
ries, in 2017, we recorded 90 personnel with bachelor’s 
degrees, 34 diploma holders, and only three medical doc-
tors, all of whom were histopathologists with notable 
missing of other laboratory field specialists. As of March 
2025, despite noticed improvement in laboratory staffing 
compared to 2017, medical laboratory specialists are still 
missing. In these four laboratories, the bachelor holder’s 
laboratory personnel increased to 138, 11 diploma hold-
ers, five masters, 17 medical histopathologists, and only 
one medical haematologist. This observed staffing com-
position in the referral and teaching hospital-based lab-
oratories presents a significant challenge that pointed 
to a critical shortage of specialists in other key labora-
tory fields such as microbiology, haematology, clinical 
chemistry, and molecular diagnostics among others. The 
absence of such expertise limited the laboratories’ abili-
ties to develop and provide certain diagnoses across a 
broad spectrum of conditions. Moreover, the overreli-
ance on a narrow range of professionals could lead to 
overburdening of the available professionals, reduced 
quality of services, and missed opportunities for innova-
tion and research. The participants noted that addressing 
this gap required strategic investment in human resource 
development, including targeted recruitment, special-
ised training programmes, and policies that support the 
retention of a multidisciplinary laboratory workforce.

Theme 2: Reflecting and addressing healthcare 
expectations
Regarding healthcare expectations, participants con-
trasted their expectations with the actual conditions 
within clinical laboratories, highlighting issues such 
as equipment maintenance, continuity and availability 
of service as well as proactive and dynamic initiatives 
undertaken to improving laboratory services.

Sub-Theme 1 providing services that meet expectations
The participants described a challenge of balancing own 
expectations against the actual realities in the clinical 
laboratories. The expectations of physicians and patients 
from laboratories, as expressed by physicians, are to 
avail and deliver timely accurate test results. Physicians 
also need expertise from laboratory specialists regarding 
some appropriate tests and the interpretation of some 
results, which are critical for diagnosis. Though, physi-
cians expressed their concerns on unavailability of some 
laboratory tests, they also noted some improvement, 
“Our laboratory improved its performance…, the main 
issue lies on availability of hormone tests”, P10.

“Generally, our laboratory has improved a lot, it should 
also bring in missing tests like those for virology, hormonal 
profile, troponin test, vitamin B12 levels etc.”, P11. This 
unavailability of certain laboratory tests was observed by 
the assessment team during the visits. Some tests, which 
are normally performed in these laboratories, were tem-
porarily unavailable due to reagent stock-outs or break-
down of equipment. While such situation created service 
gaps for patients, other tests that physicians would like 
to have access to, such as certain viral and hormone tests 
among others, are not performed in these laboratories at 
all.

Sub-Theme 2: Reinforcing holistic systems
The observation team noted that laboratories in Rwanda 
were relatively well-equipped for the service package that 
they were offering. However, the maintenance of equip-
ment and their related records presented a significant 
challenge. When equipment breaks down, repairs can 
take an extended period, delaying services for patients. 
Furthermore, laboratories lack backup equipment to 
continue essential testing during such breakdowns. This 
unavailability of critical equipment led also to a disrup-
tion in patient services, sometimes for prolonged peri-
ods. This problem was also expressed during KIIs. “There 
is a challenge in terms of maintenance which is very costly 
because all instruments should normally be on mainte-
nance contract, and here we meet again the problem of 
our customers, those who have the contracts for main-
tenance do not have the capacity. If there is a need for 
repair, you see that the company is not able. Some have 
a good capacity other do not have. So, maintenance is a 
challenge”, P12.

Additionally, assessors found that these laboratories 
do not have formal agreements with other laboratories 
for sample referrals when equipment is out of service. 
As a result, health services are delayed and patients are 
obliged to seek testing in private laboratories, which 
charge higher fees compared to public facilities, where 
most of patients have health insurance coverage. This 
situation creates a financial burden for patients, as they 
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must pay out-of-pocket costs at private facilities while 
awaiting the repair of public laboratory equipment.

“We do not respect the turnaround time, due to the 
equipment breakdown. In most cases we do not have back-
ups, and it is an issue when you have many tests”, P13. 
Physicians also have expressed the concerns regarding 
delays in receiving test results from these laboratories.

“The issue of turnaround time is very critical; we need 
the results for the monitoring of our patients, and the 
turnaround time is not respected on regular basis for even 
emergency tests”,P14. “…sometimes, they lack the impor-
tant reagents (e.g.: arterial blood gases at the emergency 
department)”, P15.

Laboratory personnel voiced such difficulty of adhering 
to the expected turnaround time for results though there 
was a comparative improvement.

“… even though we always have stock-outs, but this 
aspect of lack of reagents etc. has been addressed and 
there is, at least in our lab, less stock-outs than it used to 
be in previous years”, P16. They further attribute these 
delays to various challenges, including occasional stock 
out of reagents and equipment breakdown, which impact 
the continuity of services.

“Sometimes our patients are happy, but on the other 
hand our patients complain about the delay of our results 
due to reagents unavailability or equipment breakdown”, 
P17.

Despite the existing challenges facing clinical laborato-
ries in Rwanda, participants echoed the progress made in 
improving health care services, particularly in laboratory 
services. These improvements were attributed in part 
to training of laboratory professionals and the gradual 
provision of higher-performance equipment. To address 
recurrent equipment breakdowns and frequent stock-
outs, some hospitals implemented a public-private part-
nership model. According to participants, this approach 
has led to noticeable improvements. “We have tried to 
implement the leasing system where the supplier brings the 
machine, and we buy reagents. This system has allowed 
us to reduce the interruption of services which has some 
impact on patients”, P18. “…for our lab, we used to have a 
problem of machines due to the lack of maintenance, but 
now we have started using the leasing system, the problem 
has reduced because the responsibility is for the supplier. 
Our responsibility is to buy reagents”, P19. Nevertheless, 
some essential laboratory analyses are not yet available in 
the country, even though they are crucial for patient care 
as expressed by physicians. “Many important laboratory 
tests are not being done such as viral and fungal tests”, 
P20. This gap in laboratory services poses a significant 
challenge, especially when patients cannot afford to send 
these tests abroad. The lack of these services undermines 
healthcare expectations and can affect patient outcomes.

Discussion
Of the five referral laboratories assessed, three achieved 
certifications for compliance with ISO 15,189 stan-
dards between 2020 and 2024 [25, 32]. Certainly, this 
accreditation represents a significant laboratory quality 
improvement [25, 26, 28]. Additionally, Rwanda dem-
onstrated considerable commitment and investment in 
health infrastructure and workforce to improve quality of 
healthcare. Moreover, the country is committed for the 
adoption of advanced diagnostic technologies by estab-
lishing a robust policy framework conducive to the inte-
gration of emerging tools such as artificial intelligence, 
assisted diagnostics, and genomic analysis [27, 33, 34]. 
Nonetheless, structural and systemic limitations must be 
addressed to enable effective implementation. The chal-
lenges highlighted in the analysis, such as enabling infra-
structure, limited working space, specialised personnel 
and an imbalanced skill-mix, supply chain issues, and 
inadequate equipment maintenance, continue to bur-
den Rwanda’s laboratory system. Addressing these limit-
ing factors is scholarly underlined as prerequisite to the 
adoption of innovative technologies to meet and advance 
healthcare delivery [35].

Although Rwanda has demonstrated strong commit-
ment to prioritising healthcare delivery within its devel-
opment agenda and recognises advanced technologies 
as critical enablers of this goal, the country still faces 
substantial challenges in strengthening laboratory infra-
structure and ensuring adequate workspace, as reflected 
in these assessments. In addition, national data sys-
tems, while steadily improving, have not yet reached full 
interoperability. The integration of laboratory informa-
tion systems with electronic medical records and cen-
tralised data-governance platforms remains incomplete. 
These physical and digital infrastructure gaps signifi-
cantly constrain the health system’s capacity to support 
complex diagnostic technologies and advanced labora-
tory platforms [35, 36]. Consequently, the successful 
adoption and scale-up of innovative diagnostic tools, 
although clearly articulated in national policies and stra-
tegic frameworks [33, 34], will require targeted efforts to 
address laboratory infrastructure limitations, strengthen 
data-management ecosystems, and establish sustainable 
maintenance and quality-assurance mechanisms.

Participants, comprising physicians and laboratory per-
sonnel, consistently emphasised the critical importance 
of a well-trained and retained laboratory workforce, par-
ticularly specialists across key medical laboratory disci-
plines, for strengthening the diagnostic system. They also 
highlighted that workforce limitations are compounded 
by broader systemic challenges, including inconsistent 
supply of reagents and consumables, inadequate equip-
ment maintenance, and gaps in quality management sys-
tems, all of which undermine laboratory performance 
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and ultimately affect the quality of healthcare delivery. 
The persistence of these barriers continues to impede the 
system’s ability to meet clinical expectations [25, 26, 28]. 
Though Rwanda is making notable progress in develop-
ing its health workforce including laboratory personal, 
the shortage of laboratory specialists in almost all labo-
ratory disciplines remains a major obstacle to advancing 
diagnostic services [33]. Strengthening workforce skills is 
foundational to system improvement. Skilled profession-
als are essential not only for contributing to addressing 
existing infrastructural and operational deficiencies, but 
also for conceptualising, implementing, and sustaining 
innovations in diagnostics. The adoption of advanced 
technologies in laboratory medicine in Rwanda, though, 
highly committed to enable the achievement of country’s 
health priority targets, will therefore require not only 
expanded expertise within medical laboratory special-
ties, but also collaboration with multidisciplinary pro-
fessionals, including data scientists, bioinformaticians, 
engineers, and IT specialists, to ensure their effective 
integration and impact.

In this paper we argue on the vital role of clinical lab-
oratories in Rwanda healthcare settings which has the 
potential to be enhanced by innovative technologies, 
genomics and precision medicine to advance healthcare 
[35–37]. Findings of this study pointed out the need for a 
strategic and system approach thinking to repackage and 
reshape clinical laboratories in Rwanda in terms of work-
force skill and development, physical and technological 
infrastructure as well as a well performing laboratory 
system. Such repackage and reshape will aim to ensur-
ing they meet current healthcare demands and adoption 
of advanced technologies that pave the way for advanced 
and effective diagnostics, ultimately benefiting patients.

The findings of this study align with those of The Lancet 
series on Pathology and Laboratory Medicine (PALM) in 
low-and middle-income countries, which highlight inad-
equate infrastructure, laboratory workforce shortages, 
supply chain management issues, and weak supporting 
systems as major barriers to the quality of clinical labo-
ratory services [9–11]. To adopt the advanced technol-
ogy, which is increasingly becoming indispensable, and to 
which Rwandan healthcare system subscribed as strategy 
to provide advanced healthcare, it is essential to address 
these barriers, particularly starting with specialised lab-
oratory personnel who would lead the transformative 
laboratory system improvement. Doing so will not only 
facilitate the integration of modern innovations but also 
enhance the provision of quality of healthcare services, 
ultimately leading to better patient outcomes [11, 14].

The methodological approach, which integrated per-
spectives from both physicians and laboratory personnel 
based on their routine service delivery, along with obser-
vations from assessors that included two members of the 

research team, revealed a real gap in referral laborato-
ries in Rwanda. Though, the findings of this study closely 
mirror challenges faced by some other low- and middle-
income countries [9, 10], we ackwnoledge the limitation 
of their generalisability and use in other settings follow-
ing their context specificity.

In conclusion, clinical laboratories play a central role 
in healthcare delivery and in meeting healthcare expec-
tations. This paper highlights key aspects that must be 
addressed for meeting these expectations. These include 
strengthening physical and digital infrastructure, devel-
oping a specialised and skilled workforce, improv-
ing equipment maintenance, and reinforcing supply 
chain systems. Optimising these components requires 
a systems-level approach that draws on interdisciplin-
ary expertise to reshape and modernise the laboratory 
landscape. Rwanda’s development agenda demonstrates 
a strong commitment to invest in population’s health. 
This investment includes advancing diagnostic services 
such as laboratories through modern technologies. By 
addressing the highlighted challenges advanced tech-
nologies can be integrated more effectively, ultimately 
enhancing service quality, improving health outcomes, 
and better meeting patient expectations.
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