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Executive summary

Introduction: In settings with limited access to laboratory diagnostic services, point-
of-care (POC) testing offers a suitable alternative for diagnosing COVID-19. We
conducted a scoping review to guide the objectives of this study. The scoping review
highlighted the importance of equitable access to diagnostic tests at POC through
well-coordinated supply chain management (SCM) systems, particularly for settings
with limited access to diagnostic laboratory services. It also revealed a research gap
on SCM of POC diagnostic services in low- and middle-income countries (LMICs).
Guided by the scoping review results, the overarching aim of this thesis is to
contribute knowledge to inform development of a novel approach for improving SCM
for COVID-19 POC diagnostic services in resource-limited settings with poor access
to laboratory diagnostic services, using Mopani District in Limpopo Province, South

Africa, as a study setting.

Methods: This multiphase mixed methods study consisted of four phases, starting
with the scoping review that guided the thesis objectives. Phase 2 involved a
geospatial analysis to assess the spatial distribution of COVID-19 POC testing
services in the Mopani District. Phase 3 involved an audit of primary healthcare
(PHC) clinics providing COVID-19 POC diagnostic services to evaluate the impact of
SCM on accessibility and identify barriers and enablers. Based on the findings from
the initial phases, Phase 4 employed a nominal group technique (NGT) to
collaborate with key stakeholders in co-creating a novel approach for improving SCM
systems for COVID-19 POC diagnostic services. Finally, we synthesised results from
the above phases to inform development of an evidence-informed context specific
framework for improving POC diagnostics services SCM.

Results: The geospatial analysis indicated that the majority of the population
(78.2%) had adequate accessibility to COVID-19 diagnostic services, assuming they
utilized the nearest healthcare facility. However, an uneven distribution of services
within the region was identified. The audit revealed non-compliance with SCM
practices in PHC clinics in the Mopani District, particularly in inventory management,
distribution, and human resource capacity. However, compliance was observed in
procurement, redistribution, and quality assurance. Through collaboration with key

stakeholders we were able to identify key priority areas that needed to be addressed
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to improve SCM systems for POC diagnostic services in the Mopani District. The
following areas were identified to be a priority: availability of testing kits, monitoring
of stock levels, unknown demand, information on SCM during a pandemic, demand
planning and standardisation of procurement policies. Informed by the above results,
we proposed an intersectoral POC diagnostics SCM framework for resource-limited
settings.

Conclusion: This thesis has successfully guided the development of a novel
approach to improving SCM of SARS-CoV-2 POC diagnostic services in resource-
limited settings, using Mopani District in Limpopo Province, South Africa, as a study
setting. This thesis offers guidance on achieving increased accessibility,
responsiveness, optimal inventory management, quality assurance, standardization,
and data-driven decision-making. These advantages can contribute to more effective
healthcare delivery, improved patient outcomes, and enhanced management of
public health. Additionally, this thesis proposes implementing an intersectoral
framework for improvement of SCM for POC diagnostics in resource-limited settings.
The findings of this thesis have significant implications for policymakers and
implementers involved in POC diagnostics in resource-constrained settings. Further
research is necessary to determine the feasibility of implementing the intersectoral
framework for improving SCM for POC diagnostics in resource-limited settings.

Keywords: COVID-19; point-of-care diagnostics; resource-limited settings; supply

chain management, primary healthcare
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Definition of terms

Supply chain management- In general, supply chain management refers to the
regulation of the flow of medical goods and services from the manufacturer to the
patient. It involves obtaining resources, managing supplies, and delivering goods
and services to providers and patients in a timely and cost-effective manner (1). In
this study, we define supply chain management in a context of accessibility of point-
of-care diagnostics. It is the coordination and optimization of processes, logistics,
and resources to ensure timely availability, efficient distribution, and proper utilization

of these tests at the point-of-care.

Coronavirus Disease -2019 (COVID-19)- A highly infectious acute respiratory
disease caused by SARS-CoV-2 virus (2).

SARS-CoV-2- Severe Acute Respiratory Syndrome Corona-Virus-2 is a highly
transmissible and pathogenic virus that emerged in late 2019 and has caused a

pandemic of acute respiratory disease, COVID-19 (3).

RT-PCR- Reverse transcription polymerase chain reaction is a nuclear-derived
method for detecting the presence of specific genetic material in any pathogen,
including a virus. It is one of the most widely used laboratory methods for detecting
the COVID-19 virus (4).

Point-of-care diagnostic services- In this study, we define point-of-care
diagnostics as healthcare services that provide diagnostic testing and analysis at or
near the location where the patient is receiving care, allowing for rapid and
convenient diagnosis, monitoring, and treatment decision-making (5). This study

focused on COVID-19 POC diagnostic services.

Rapid diagnostic test- Innovative medical technologies used to detect the presence
of viral protein (antigens) in a blood sample. This technology provides rapid results to

enable fast clinical diagnosis (6).

Primary Healthcare Clinic (PHC)- In this study, we refer to healthcare facilities
located in the Mopani District of Limpopo Province, South Africa, which serve as the

initial point of contact for individuals seeking basic medical care, preventive services,
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and initial diagnosis and treatment of common illnesses. These clinics provide
essential healthcare services, including primary care consultations, vaccinations,
health promotion, family planning, and management of chronic diseases at the
community level. They are typically staffed by general practitioners, nurses, and
other healthcare professionals, and they play a crucial role in delivering primary
healthcare services to the local population.

Resource-limited setting- In this study we refer to a resource-limited setting as an
environment where there are constraints in terms of infrastructure, financial
resources, trained personnel, and access to diagnostic technologies. These settings
often face challenges such as limited laboratory capacity, inadequate healthcare
facilities, constrained budgets, and a lack of trained personnel, making it difficult to

implement and sustain comprehensive diagnostic services.

Key stakeholders- In this study we define key stakeholders as individuals,
organizations, or groups that have a significant interest or influence in the
development, deployment, and utilization of point-of-care diagnostic technologies
and services. These stakeholders play crucial roles in shaping policies, standards,
and practices related to point-of-care diagnostics and contribute to improving

healthcare outcomes for patients.
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Acronyms and abbreviations

SARS-CoV-2

RT-PCR

COVID-19

WHO

POC

SCM

RDT

SDG

NDP

MDM

PHC

NHLS

LMIS

DHIS

SVS

GIS

NICD

LMIC

NDoH

NGT

SAHPRA

Severe acute respiratory syndrome coronavirus type Il
Reverse transcription polymerase chain reaction
Coronavirus disease 2019

World Health Organisation

Point-of-care

Supply chain management

Rapid Diagnostic Test

Sustainable Development Goal

National Development Plan

Mopani District Municipality

Primary Health Care

National Health Laboratory Service

Logistic Management Information System
District Health Information System

Stock Visibility System

Geographic Information System

National Institute for Communicable Diseases
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National Department of Health
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Chapter 1: Introduction
Chapter 1 presents the introduction to the thesis, providing a concise background
and explaining the rationale behind the research study. It includes a clear problem

statement, research aim, and objectives.

1. Thesis introduction
Coronavirus disease 2019 (COVID-19) is a highly infectious respiratory disease
caused by the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) (7,
8). The virus was first identified and reported in December 2019, in Wuhan, Hubei
Province, China (9, 10). It spread globally in a short period of time and was declared
a global pandemic by the World Health Organization (WHO) in March 2020 (11, 12).
Thus far, the world has lost many lives due to the pandemic hence the WHO worked
closely with global experts to come up with strategies to limit the spread of the virus
(13, 14). One of the strategies was scaling up of COVID-19 POC diagnostics
particularly in resource-limited settings where there is poor access to laboratory

diagnostic services (15).

POC tests offer valuable advantages in resource-limited settings despite having
certain limitations in sensitivity (75-90%) and specificity (95-100%) compared to PCR
testing with both sensitivity and specificity exceeding 95% (16). While PCR is
considered the gold standard for diagnosing various infectious diseases due to its
high sensitivity and specificity, it often requires sophisticated laboratory
infrastructure, skilled personnel, and longer turnaround times for results (17). In
contrast, POC tests are designed for rapid on-site diagnosis, providing real-time
results without the need for complex laboratory equipment or extensive processing
(16, 17). Although POC tests may exhibit slightly lower sensitivity and specificity,
they still offer crucial benefits in resource-limited settings, where access to timely
and accurate diagnoses is essential. These tests enable early detection and timely
intervention, improving patient management and containment of disease outbreaks
in areas with limited healthcare resources and infrastructure. Thus, despite their
limitations, POC tests remain a valuable tool for enhancing healthcare outcomes in
resource-limited settings (18). Effective SCM of POC diagnostics is essential for

ensuring that healthcare providers have access to reliable, high-quality diagnostic



tools when and where they need them (19). This, in turn, can improve patient

outcomes by enabling early and accurate diagnosis of diseases and conditions (20).

The availability of COVID-19 rapid tests in resource-limited settings has been
challenging due to supply chain disruptions, high costs, and limited availability (21,
22). Efforts have been made to improve access, including collaborations between
the WHO and manufacturers to increase production and distribution of affordable
tests in low- and middle-income countries (23, 24). International organizations,
governments, and NGOs have provided support by donating tests, subsidizing costs,
improving distribution networks, and offering training to healthcare workers (25, 26).
Despite these efforts, challenges remain in reaching resource-limited settings,
including SCM issues and regulatory barriers (27, 28, 29, 30). However, ongoing
efforts are crucial to control the spread of COVID-19 and improve health outcomes in
vulnerable populations (31). This calls for evidence-informed interventions for
improving SCM for COVID-19 POC diagnostic services in resource-limited settings
with poor access to laboratory diagnostic services.

2. Thesis background
Although the South African healthcare system is well-developed compared to other
African countries, the pandemic had a significant impact on the country (2). As of
February 2023, South Africa reported 4 055 656 confirmed cases of COVID-19 and
102 595 deaths due to COVID-19 (32). The National Institute for Communicable
Diseases (NICD), which serves as the reference laboratory for the diagnosis and
surveillance of communicable diseases in South Africa, was the driver for all COVID-
19 polymerase chain reaction (PCR) testing (33). In resource-limited settings with
poor access to laboratory diagnostic services, testing of all suspected cases of
COVID-19 was delayed because laboratory diagnostic services are located at district
hospitals causing a delay in the timely diagnosis of COVID-19 (34, 35).

South Africa introduced COVID-19 rapid testing as an alternative to PCR testing in
May 2020 after the South African Health Products Regulatory Authority (SAHPRA)
approved the use of rapid antigen tests for COVID-19, including the Abbott PanBio
COVID-19 antigen rapid test device (44). COVID-19 rapid testing provides instant
results and enables early treatment and implementation of control measures (36,

37). Since then, several types of rapid antigen tests have become available in South
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Africa, and they are used in various settings such as clinics, hospitals, and testing
centres to support the rapid identification and isolation of COVID-19 cases.

The supply chain of COVID-19 rapid tests in South Africa has been affected by
various factors since the onset of the pandemic. Initially, the country experienced a
shortage of rapid diagnostic tests due to global demand and supply chain disruptions
caused by COVID-19 restrictions (38). In addition, there were issues with the quality
of some of the rapid tests that were imported into the country, which led to concerns
about their accuracy and reliability (39). This resulted in SAHPRA tightening

regulations for the importation and use of rapid diagnostic tests (40, 41).

Furthermore, logistical challenges have also affected the supply chain of rapid tests
in South Africa, particularly settings with limited laboratory infrastructure such as
Mopani District. The country has a large and complex healthcare system with
multiple distribution points, including hospitals, clinics, and laboratories (42, 43).
These distribution points are often located in remote or hard-to-reach areas, which
can make it difficult to transport and distribute rapid tests to most rural and resource-
limited settings with limited laboratory infrastructure (44). The aim of this thesis was
to present evidence for the development of an improved SCM for SARS-CoV-2 POC
diagnostic services in resource-limited settings, using Mopani District in Limpopo
Province, South Africa, as a study setting. It is anticipated that the results of this
thesis will guide development of a tailored POC diagnostic services SCM for
resource-limited settings and contribute to improving the accessibility of diagnostics

to all who need them.

3. Problem statement
Reverse transcription polymerase chain reaction (RT-PCR) testing is considered the
most accurate method for detecting the presence of the SARS-CoV-2 virus (3).
However, its widespread implementation is hindered in resource-limited settings due
to the lack of sophisticated laboratory equipment required for PCR testing (4, 45).
This limitation poses challenges for fast and accurate detection of SARS-CoV-2 in
these settings. The COVID-19 pandemic has exposed weaknesses in healthcare
services, particularly in terms of limited accessibility to diagnostic services, especially
in resource-limited settings where laboratory infrastructure is lacking such as Mopani
District in Limpopo province. In such contexts, alternative diagnostic methods like



POC testing offer a viable solution to alleviate the burden on healthcare facilities and
laboratory services (3, 46).

Since the onset of the pandemic, the availability and accessibility of COVID-19 rapid
tests in resource-limited settings have been a significant challenge. Factors related
to poor SCM are likely to have caused the limited availability of an uneven
distribution of testing services such as POC diagnostics (47) (Figure 1). This
situation has made it difficult for individuals, particularly those residing in high-
prevalence areas, to access testing services. Efforts towards optimising SCM is
crucial to ensure sustainable accessibility and availability of diagnostics at POC, to

reach all who need the services.

Inaccurate and Increased health Waste of
unreliable test care burden resources
results
3 A
A
Insufficient Loss of public Inequitable Delays in reporting Disruption of
availably of trust distribution of and data testing services
SARS-CoV-2 SARS-CoV-2 management y
point-of-care tests diagnostic services
r'y r 3
A

Poor supply chain management systems

for SARS-CoV-2
diagnostics services

L A J v A 4 v
Lack of Limited Inaccurate Regulatory Quality control
coordination and infrastructure and demand challenges issues
collaboration resources forecasting
A4 Y A 4 Y
Financial Inadequate Lack Limited
constraints inventory of training
management standardisation & education

Figure 1: Problem analysis diagram




4. Purpose of the study
POC diagnostic services play a crucial role in the control and management of
COVID-19. It is essential to enhance COVID-19 testing services by ensuring that all
suspected cases are tested, while also considering the importance of achieving
Sustainable Development Goal (SDG) 3, which aims to promote good health and
well-being for all by 2030 (48). In the context of South Africa, the extensive roll-out of
COVID-19 POC testing aligns with the goals outlined in the National Development
Plan (NDP), which seeks to prevent and reduce the disease burden while promoting
good health (49). As COVID-19 testing is scaled up, it is vital to ensure that POC
tests are accessible and available to those who require them. This requires
optimizing SCM to guarantee the continual delivery of high-quality POC testing

services, especially during a pandemic.

To date, there is limited research on the SCM of POC diagnostics for resource-
limited settings (50). Conducting primary studies addressing SCM for POC
diagnostics in this context is urgently needed to identify research barriers and
enablers. The findings of such research can help inform future research on SCM
POC diagnostics. The results also have potential to provide valuable insights to
guide implementers of POC diagnostics to improve management of epidemics and

pandemics in resource-limited settings.

5. Aims and objectives
5.1. Aim
The overarching aim of the study was to guide the development of a novel approach
to improving SCM of SARS-CoV-2 POC diagnostic services in resource-limited
settings, using Mopani District in Limpopo Province, South Africa, as a study setting.

5.2. Objectives

The objectives of the study were to:

1. To investigate the spatial distribution of COVID-19 testing services in Mopani
District.
2. To evaluate the effect of SCM on accessibility of SARS-CoV-2 POC

diagnostics services in Mopani District.



. Toreveal SCM barriers and enablers of accessibility of SARS-CoV-2 POC
diagnostic services in Mopani District.

. To collaborate with key stakeholders in co-creation of a novel approach for
improving SCM for SARS-CoV-2 POC diagnostic services.



Chapter 2: Literature review

Chapter 2 presents the literature review that was conducted as a scoping review that
aimed to map the evidence on SCM systems for POC diagnostic services in low- and
middle-income countries (LMICs). It provides an overview of the literature by
synthesizing existing evidence obtained from searches of online databases. The
focus of the review was on SCM systems for POC diagnostic services in LMICs

globally.

The findings of this scoping review have been published in the MDPI Diagnostics
Journal under the title: "A Scoping Review of Supply Chain Management Systems
for Point of Care Diagnostic Services: Optimizing COVID-19 Testing Capacity in

Resource-Limited Settings."
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Abstract: Background: Point of care (POC) testing has enabled rapid coronavirus disease 2019
(COVID-19) diagnosis in resource-limited settings with limited laboratory infrastructure and high
disease burden. However, the accessibility of the tests is not optimal in these settings. This scoping
review mapped evidence on supply chain management (SCM) systems for POC diagnhostic services
to reveal evidence that can help guide future research and inform the improved implementation of
SARS-CoV-2 POC diagnostics in resource-limited settings. Methodology: This scoping review was
guided by an adapted version of the Arksey and O’Malley methodological framework. We searched
the following electronic databases: Medline Ovid, Medline EBSCO, Scopus, PubMed, Psychinfo,
Web of Science and EBSCOHost. We also searched grey literature in the form of dissertations/theses,
conference proceedings, websites of international organisations such as the World Health Organi-
sation and government reports. A search summary table was used to test the efficacy of the search
strategy. The quality of the included studies was appraised using the mixed method appraisal
tool (MMAT) version 2018. Results: We retrieved 1206 articles (databases n = 1192, grey literature
n = 14). Of these, 31 articles were included following abstract and full-text screening, Fifteen were
primary studies conducted in LMICs, and 16 were reviews. The following themes emerged from
the included articles: availability and accessibility of POC diagnostic services; reasons for stockouts
of POC diagnostic tests (procurement, storage, distribution, inventory management and quality
assurance) and human resources capacity in POC diagnostic services. Of the 31 eligible articles,
15 underwent methodological quality appraisal with scores between 90% and 100%. Conclusions:
Our findings revealed limited published research on SCM systems for POC diagnostic services
globally. We recommend primary studies aimed at investigating the barriers and enablers of SCM
systems for POC diagnostic services for highly infectious pathogens such SARS-CoV-2 in high
disease-burdened settings with limited laboratory infrastructures.

Keywords: point of care diagnostic services; supply chain management; COVID-19; resource-

limited settings

1. Background

The primary goal of severe acute respiratory syndrome coronavirus type 2 (SARS-
CoV-2) testing is to reduce the spread of coronavirus disease 2019 (COVID-19) [1,2]. Due to
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the highly infectious nature of SARS-CoV-2, there is an urgent need for a fast turnaround
of results to institute preventative measures such as the isolation of confirmed cases and
contact tracing [1,3]. Currently, reverse transcription polymerase chain reaction (RT-PCR)
tests are the gold standard for diagnosing COVID-19 [4-6]. The laboratory equipment
required to perform RT-PCR is often lacking in resource-limited settings, hindering the fast
and accurate detection of SARS-CoV-2 [7,8].

To ease the burden on health facilities and laboratory services, alternative diagnostic
methods such as point of care (POC) testing may improve the disease diagnosis [7,8]. POC
testing refers to diagnostic testing that enables near-patient discase diagnosis to inform
clinical decisions [9]. The benefits of POC tests are numerous, including affordability, ease
of use and able to be deployed both at the site of triage and outside healthcare facilities to
guide disease management [4,10]. ’OC tests deliver prompt results; therefore, they are of
utmost importance in containing highly infectious diseases such as COVID-19 [10].

The WHO recommended scaling up testing programmes for SARS-CoV-2 by test-
ing all suspected cases [1,10]. This recommendation was prompted by a resurgence of
COVID-19 and the limited testing capacity in settings that have poor access to laboratory
infrastructures [11]. The use of POC testing would significantly increase the testing capacity
and allow for more accurate reporting and management of SARS-CoV-2. Rapid antigen
tests also allow for the decentralisation of SARS-CoV-2 testing, thus increasing testing
coverage, which may allow policymakers to institute effective adaptive policy responses [1].
To ensure the equitable availability and accessibility of POC tests, efficient supply chain
management (SCM) is necessary. Supply chain refers to resources and processes needed to
deliver goods and services to consumers with complete satisfaction in a cost-optimized
manner [12,13]. SCM is a multifaceted system that involves production, selection, quantifi-
cation, procurement, storage, distribution, redistribution, quality assurance and inventory
management [10,14].

Evidence in supply chain systems for POC diagnostics is not clear nor readily available.
This scoping review is aimed at mapping the evidence of SCM systems of all existing POC
diagnostic services in order to reveal gaps to guide future research. Itis also anticipated that
the results of this review will help guide POC diagnostics implementers in implementing
sustainable SCM for POC diagnostics to help manage highly infectious pathogens such as
SARS CoV-2 in resource-limited settings. For the purposes of this study, resource-limited
settings are defined as settings characterised with having limited access to laboratory
infrastructures and limited capability to provide care for life-threatening illness and limited
basic critical care resources.

2. Methodology

This scoping review was conducted as part of a multi-phase PhD study aimed at
developing a novel approach for improving the SCM of SARS-CoV-2 POC diagnostic
services in resource-limited settings. This scoping review protocol was registered with the
Open Science Framework (OSF) under the title: A Scoping Review Protocol for supply
chain management systems for point of care diagnostics services: Optimising COVID-19
testing capacity in resource-limited settings” (File S1). The published methodology was
made available on 19 September 2021 for public comments via the link below: https:
/ /doi.org/10.17605 /OSF10/RHGEF.

This review was guided by the methodological framework proposed by Arksey and
O'Malley 2005 [15] and further advanced by Levac et al., 2010 [16]. According to this
framework, we conducted the review in the following five stages: (i) identify the research
question; (ii) identify relevant studies; (iii) select eligible studies; (iv) charting the data and
(v) collating, summarising and reporting the results. Arksey and O’Malley 2005 proposed
a sixth optional stage comprising consultations with key stakeholders to provide insights
beyond those found in the literature [15]. This scoping review did not include consultations
with stakeholders.
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The results of the scoping review were presented according to the Preferred Reporting
Ttems for Systematic Reviews and Meta-Analysis Extension for Scoping Reviews (PRISMA-
ScR) [17].

2.1. Identification of the Research Question

The research question for this study was: What is the evidence in SCM systems for POC
diagnostics services globally? To determine the eligibility of the proposed research question
for a scoping review, we used the Population, Concept and Context (PCC) framework, as
depicted in Table 1.

Table 1. PCC framework for determining the eligibility of the research question.

Point of Care (POC) diagnostic services:
Population Diagnostic services that use innovative medical technologies that enable
near-patient disease diagnosis [10].

Supply Chain Management (SCM) systems:
Concept Resources and processes needed to deliver goods and services to
consumers with complete satisfaction in a cost-optimized manner [13,18].

Context Globally

2.2. Identification of Relevant Studies

We conducted a comprehensive and reproducible literature search using the following
electronic databases: Medline Ovid, Medline Elton B. Stephens Company (EBSCO), Scopus,
PubMed, Psychlnfo, Web of Science and EBSCOHost. We also searched for grey literature,
including dissertations/theses, conference proceedings, websites of international organi-
sations such as WHO and government reports. We identified additional relevant studies
by manually searching all references cited in the included studies to identify studies not
indexed in electronic databases. Language restrictions were not applied to minimise the
risk of excluding relevant studies.

This comprehensive search strategy was codeveloped by the principal investigator (PT),
subject specialist and university librarian to ensure the correct use of indexing terminology
and Medical Subject Headings (MeSH) terms. The following keywords or MeSH terms were
used: (1) “supply chain management” or “supply chain” or “supply chain flow” or “supply
chain systems”, (2) “point of care” or “point of care testing” or “point of care diagnosis” or
"“point of care diagnostic services” and (3) “SARS-CoV-2" or “COVID-19" or “Coronavirus”.
The keywords were refined to suit cach database. Each scarch was documented in detail,
showing the keywords /MeSH terms, date of search, electronic database and number of
retrieved studies, and the results of the search were tabulated in File S2.

The search strategy was optimised by adopting the search summary table (55T)
outlined by Bethel et al. [19] as a guide. The SST was used to improve and report on the
effectiveness of the search strategy.

2.3. Selection of Eligible Articles

This scoping review was guided by inclusion and exclusion criteria to ensure the
correct identification and selection of relevant articles.

2.3.1. Inclusion Criteria
The included articles met the following criteria:

Articles reporting evidence on SCM systems of all diseases

Articles reporting evidence of SCM systems for all POC diagnostics services at all
levels of the healthcare continuum

Articles reporting evidence of primary studies conducted in LMICs

All reviews providing evidence of SCM systems for all POC diagnostic services
Articles published since inception
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2.3.2. Exclusion Criteria
Articles were excluded from the scoping review if they had the following characteristics:

e Articles that lacked evidence on SCM systems for all POC diagnostics services
e Articles reporting SCM systems of laboratory-based POC diagnoses
e Articles reporting evidence of primary studies conducted in high-income countries

2.4. Selection of Sources of Evidence

The articles were screened in three stages, namely title, abstract and full-article screen-
ing. Reviewers used a screening tool (File 53) developed by the PI and pilot tested by the
reviewers. The eligible articles were exported to an Endnote 20 library, and the duplicates
were removed. The Pl screened abstracts in parallel with the co-reviewer (EM). After
screening the abstracts, the reviewers discussed any discrepancies in the selected articles
until a consensus was reached. Two reviewers (KM and EM) then screened the full texts of
articles selected during the first stage. A third screener (TD) resolved any discrepancies in
the selected articles after full-text screening. Both abstract and full-article screening were
guided by the screening tool that factored all aspects of the inclusion/exclusion criteria
and the PCC elements.

The level of agreement between screeners” results after screening the abstracts and
full articles was determined by calculating Cohen’s kappa statistics. The kappa statistics
were interpreted as follows: values <0.1 indicate no agreement and 0.10-0.20 indicate none
to slight, 0.21-0.40 as fair, 0.41-0.60 as moderate, 0.61-0.80 as substantial and 0.81-1.00 as
almost perfect agreement.

2.5. Charting the Data

Data were captured from each included article using a data charting form. Two
independent reviewers (KM and TD) piloted the data charting form and recommended
modifications that were implemented. The following data were extracted from the included
articles: author and year of publication, title of study, aim of study, country, study design,
study setting, study population, type of point-of-care test investigated, stage of SCM
investigated, main findings and other significant findings.

2.6. Collating, Summarizing and Reporting the Results

We thematically analysed the data extracted from the included articles. The themes
were narratively summarised. The following themes emerged from the data: availability
and accessibility of POC diagnostic services; reasons for stockouts of POC diagnostic tests
(procurement, storage, distribution, inventory management and quality assurance) and
human resources capacity in POC diagnostic services.

2.7. Quality Appraisal

We used the mixed method appraisal tool (MMAT) version 2018 to evaluate the quality
of the included articles [20]. Using MMAT, we appraised the methodological quality of five
categories of research: qualitative research, randomised controlled trials, nonrandomised
studies, quantitative descriptive studies and mixed methods studies [20]. Two independent
reviewers (KM and TD) carried out the quality appraisal process. The following percentage
scores were used to grade the quality of evidence: (i) <50% represented low-quality
evidence, (ii) 51-75% represented average-quality evidence and (iii) 76-100% represented
high-quality evidence.

2.8. Ethical Considerations

This scoping review relied on a synthesis of the existing literature, and therefore,
ethical approval was not required.
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3. Results
3.1. Screening Results

Our screening search involved title screening and returned a total of 882 results,
which consisted of 868 articles and 14 articles from grey literature (Figure 1). Following
the removal of 735 duplicate articles, 147 remained. The 147 articles were included in
abstract screening. During abstract screening, 47 articles met the inclusion criteria for
full-article screening, and 100 were excluded. Of these 47 articles that were included in
full-article screening, 22 did not meet the inclusion criteria, and they were excluded. The
data were extracted from the remaining 25 articles. The reasons for excluding the 22 articles
included were as follows: 12 articles focused on laboratory-based POC diagnostic services,
3 articles did not discuss any aspect of the SCM system, 4 articles focused on the SCM
of health systems and 3 articles focused on pharmaceutical and hospital pharmacy SCM.
An additional search was performed on 28 October 2021, and it returned 324 articles. Based
on the title screening, 29 articles were found eligible and screened for abstracts. After
abstract screening, we excluded 14 articles, and 15 articles met the inclusion criteria for
full-article screening. Of these, we excluded 9 articles. Additional data were extracted
from the remaining six articles. The reasons for excluding the nine articles included: three
articles focused on laboratory-based POC tests, and six articles focused on evaluating
the performances of the POC tests. After full-text screening, there was a high agreement
of 96.77% vs. 50% expected by chance (Kappa statistics = 0.93, p < 0.05). In addition,
McNamar’s chi-square statistics suggested no significant differences in the proportions of
yes/no answers by the reviewers (p > 0.05) (File 54). The search strategy was continuously
improved. An updated search (rerun) was essential, because SARS-CoV-2 is a novel virus,
and new research is published frequently (File S5).

Artlclefsrc\)t:.(‘e:ntifled Articles identified from: Addltl::fle.sze‘ta)rches
s Databases (n = 868) Grey literature (n = 14)
: l | |
s
5
= Articles identified
Articles identified to be eligible through title eligible through title
e screening (n = 882) screening &
screened for
abstract (n = 29)
! !
Duplicates removed Articles excluded (7
= (n=735) =14)
£
: |
; l [
Articles screened for Articles excluded Full-text articles
abstract (n = 147) (n=100) assessed (n = 15)
—
Full-text articles Articles excluded (n Articles excluded (n
E assessed for =22): =9)
=2 eligibility Laboratory based
= (n =47) POC testing (n = 12) Laboratory based
w Supply chain POC tests (n = 3)
management in
— healthcare systems Performance of
(n=4) POC test (n = 6)
Focus on POC
— testing without SCM
(n=3
Pharmaceutical and
hospital pharmacy
B SCM (n= 3)
b=}
=
= Total articles included in review Total articles
(n=25) included in review
(n =86)
—

Figure 1. PRISMA-ScR flow chart showing the literature search and selection of articles.
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3.2. Characteristics of the Included Articles

The characteristics of the included articles are summarised in Table 2. The eligible stud-
ies were published between 2011 and 2021. The 31 articles included 15 reviews [10,12,21-32],
1 website of an international organisation [33], 2 randomised controlled trials [34,35],
1 cross-sectional study [36], 1 case study [37], 1 cohort study [38] and 10 studies that used
mixed method approaches ranging from focus group discussions to interviews to direct
observations [39-48]. The included articles presented evidence of research conducted in
the following countries: Mozambique [34,36,44], Zimbabwe [49], Ghana [12,21,22,40,45,48],
Malawi [42], Namibia [41], India [43], Sierra Leone [37], Burkina Faso [38], The Philip-
pines [38], Senegal [38,47], Ethiopia [38], Uganda [39,46], Brazil [39], Peru [39], China [39],
Tanzania [39] and Zambia [35,39]. Figure 2 shows the distribution of eligible articles by
country. Peru, Brazil, China, Namibia, The Philippines and India are middle-income coun-
tries, and Mozambique, Ghana, Malawi, Sierra Leone, Burkina Faso, Senegal, Ethiopia,
Uganda, Tanzania, Zimbabwe and Zambia are low-income countries. Two articles were
conducted in more than one study setting. A cohort study by Albertini et al. was con-
ducted in Senegal, Burkina Faso, Ethiopia and The Philippines [38]. A mixed methods
qualitative study by Mabey et al. was conducted in Peru, Brazil, China, Uganda, Zambia
and Tanzania [39].

Number of studies
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Figure 2. World map showing the distribution of the articles included in the scoping review on supply chain management
systems for point-of-care diagnostic services.
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Table 2. Characteristics and findings of the studies included in the scoping review.

Author and
. . Study Study Study Type of POC Test Stage of SCM PR
:f.flggfatiun Title of Study Aim of Study Country Design Setting Popuilation Investigated Investigated Main Findings
Improving the . .
Accessibility and The review provides Accessibility and ] )
Efficiency of impact of POC availability of POC tests, Barriers to SUVPP]Y Eha‘{“ Irregular S“PP|Y1
. Point-of-Care diagnostics on Low and HIV, Syphilis and Test production, poor fore.cashng, selection of appropriate
Kuupiel et al., Diagnostics Services & , . . General T . selection, quantification, diagnostics, unclear procurement systems,
healthecare outcomes Global Review middle . Malaria rapid S ;
2017 [10] in Low and . population . 3 procurement, storage, delay distribution systems, poor maintenance
. and factors that income diagnostic test o ! . Ny ! . .
Middle-Income contribute to the distribution, quality of quality assurance, and inadequate stock
Countries: Lean and accessibility of POC assurance, inventory affect existing diagnostics
.le[gﬂc Supply Chain diagnostics in LMICs management
anagement
Challenges reported: weak procurement,
inventory and stock management, and human
resource capacity for SCM resulted in test
. ) . stockouts as well as, declined use of POC
Supply chain The &'m.d} aimed to Malaria, Syphilis, Awvailability of tests tests. Availability of adequate quality POC
management and map evidence on 1 OYP Y L : - Y eq quanty
« ol | accessibility to SCM of and accessi- Low and BIVi_Dlgbete:_;, Stockouts, Quanti- diagnostic tests increases access to POC
l-luPlE1 etal, point-of-care testing bility to POC testing Global Review middle Geneml_ yslipidaemia, ﬁc:‘nhon, Forecasting, testing and unprg\‘gd ‘healthcare. Neefl to
2019[12] : L b - : population RST and Hepatitis  Inventory manage- strengthen quantification and forecasting,
ce-limited focusing on availa- income : AT 5 que &
mtiesourme n;u i b'l't-r gd i B virus rapid ment, Distribution procurement, inventory management,
;SO‘TEQ‘IZ‘?SWE"“E e P‘IC)Ié tz::ts xi[h"ﬂCG diagnostic tests and Storage distribution systems, quality management
ping - systems, and human resource capacity to
prevent test stockouts, sustain POC testing
services, and maximize the benefits of imple-
menting POC testing programmes in LMICs.
SCM challenges reported: poor inventory
management, clinic managers mostly do not
have the autonomy to purchase medical
consumables or supplies such as POC tests on
PP
Empirical their own, clinic managers mostly request
Framework for The aim of the POC tests either from centralised
Point-of-Care review is to describe regional / provincial medical stores or from
Diagnostics Supply the significance of Stackouts, Distri their respective district health directorates,
Kuupieletal,  Chain Management  supply chain Ghana Review Low General Not specified I:;Liﬁn:uéiaralbénfnvcn- and the timely supply of tests is mostly
2019 [21] for Accessibility and ~ management in e income population 5P ‘ 82 dependent on availability of the test. Even

Sustainability of

Diagnostic Services
in Ghana's Primary
Health Care Clinics

relation to POC
diagnostic tests in
rural PHC clinics.

tory management

when the POC tests are made available at
various medical stores, supply chain
management challenges arise: storage,
transportation, quality management,
inventory management challenges, and
human resource capacity for POC testing may
be weak and could threaten the sustainability
of the service at the PHC level.
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Table 2. Cont.

Author and
Year of Title of Study Aim of Study Country ]S)tuqy glud_y lS’tud)i . ;l'ype of POE Test ftage of SCdM Main Findings
Publication esign etting 'opulation nvestigates nvestigates
Inventory management: responsibility of the
The aim of the study clinic supervisor/manager within the clinic.
Poor supply chain is to audit the supply Test selection: responsibility of higher
management and chain management Haemoglobin, authorities at the District, Regional, and
stockouts of for POC diagnostic HIV, Syphilis, ) National levels (ASSURED guidelines).
Kuupiel etal,  point-of-care tests in rural Upper Ghana Review Low General Hepatitis B, Blood ér;}::t:;y gzﬁﬁﬁit’ Distribution: responsibility of the health
2019 [22] diagnostic tests in East Region’s (UER) income population lucose, Malaria, Stock levels 4 authorities at the Regional medical store and
Upper East Regions  ppe clinics, Ghana rine pregnancy District Health Directorate upon request by
primary healthcare to determine the and Urine protein the PHC clinics. Stockouts: due to inadequate
clinics, Ghana reasons for POC inventory management and test stockout at
tests deficiencies the Regional Medical Store /District
Health Directorates
Diacnostics in a Enablers of SCM: Real-time data monitoring
digi%al age: an b Re-examine the via electronic readers to improve coordination.
P Achilles heel and . Data on stocks, device usage and condition
Peeling 2015 Stprf::f;lt:i‘:\ljlf\lglth explore the promises Global Review Global G‘?”CTG'» gﬁijﬁﬁ?gﬁpfdﬁ]ld Access to testing, Quality  can be uploaded via Wi-Fi or cellular
[23] <vsterms and and challenges of coverage  population d:iagnostic tests Assurance, Stockouts networks and transmitted to central
ir)n rove health diagnostics in a databases. By linking the data to SCM
ﬂufmm o digital age. software, stockouts can be avoided, health
system efficiency improved.
The aim of the study
Feasibility of HIV ':ht;fls:i:l:eand
>y - H e . : N . 3 s
2014 [24] settings: challenges m{:}leme:tatlon of income population diagnostic test and Quality Assurance regulations
and solutions tos _point ot care
ests in resource-
limited settings
This article
highlights some of
the challenges being
faced during
HIV testing in decentralization of Enablers of SCM: efficient procurement,
Alemnji et al develo-Pingg testing facilities in Low and General HIV rapid Procurement, Inventory reagent inventory and stock maintenance,
2011 [25] countries: What developing Global Review :’Ir]létéi!; population diagnostic test management ! culCE(‘hﬂ}n an.d establishment .of equipment
is required? countries and some 3 sgr\lue wntract§ to engure unmterrupted,
thoughtful timely and quality testing.
considerations for
improving
infrastructure and

quality systems
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Table 2. Cont.
Yoarst " Title of Stud Aim of Stud Count Study — Study - Study Type of POC Stage of SCM Main Findin
Publication Y y Ty Design Setting Population Test Investigated Investigated &
Reviewing the set of
- l‘é‘:‘:ﬁ}:;o;ﬁr the The d‘ﬂﬂ)f :halleng‘es that con?munly limit the
Building and effective use of both fu.nctlonmg of testing centres: reagent
Sustaining POC-based an stockouts, inadequate quality assurance and
Optimized laboratory-based waste management. Moving from laboratory
Alemnji et al., Diagnostic technologies in o " Global General HIV rapid to POC testing does not reduce these
2020 [26] Networks to large-scale VL and Global Review coverage  population diagnostic test Procurement challenges, many of which are associated with
Scale-up HIV Viral EID testing procurement and supply chain systems.
Load and Early programs among Instead, they may be exacerbated because of
Infant Diagnosis fl;)l‘;)’;etl;::;\mg the need to manage a larger number
of testing sites.
partners,
and donors.
Stakeholders injecting funds to speed up the
To analyse the development of rapid and widely accessible
f”ﬁ”“ﬁ state ?f 1’t<13C COVID-19 testing. Stakeholders to increase
echnologies tor the the testing capacity at the POC th
COVID-19 diagnosis and Availability of POC wieth se:'glg(jﬁ;i;lg’rqanc;eanﬁ fegl;:IZVic(:-_‘Te
Valera etal., Point-of-Care monitoring of - A Global General COVID-19 Accessibility of POC - 8 -
uk - . 5 . Global Review N ” A authorized for OTC, at-home testing, the
2021 [27] Diagnostics: Present  cOVID-19 infection coverage  population rapid test Procurement hall ill be & d b L
and Future and discuss future Quality assurance challenges will be lo ensure adequate sample
challenges in - collection (to ensure the quality of the test),
COVID&f’lg correct collection technique (to avoid patient
diagnostics harm), and a price that allows continuous
& access to available tests.
Despite commendable efforts, the pandemic
o ) continues to rattle several parts of the world,
Qur objective here is especially the low- and middle-income
fo review lg{e a households where testing sites are
commercialized inaccessible and test kits are cost-prohibitive
COVID-19 Testing ltrs\t;l;—n(jrill?(ggsfic or in limited supply. Conventional
A - N ‘s ratesios for S _CoV-
and Diagnostics: A ;01 o (SARS-CoV-2, Accessibility and test-trace-isolate strategies for SARS-CoV-2
Bendaet al., Review of Commer- primarily focusing Global Review Global General COVID-19 availability of may eventually be replaced by at-home,
2021 [28] cialized Technologies coverage  population rapid test iy ol low-cost, self-testing based on personal

for Cost, Convenience
and Quality of Tests

on tests granted
Emergency Use
Authorization (EUA)
by the U.S. Food and
Drug Adminis-
tration (FDA).

POC Selection

preferences. This requires making COVID-19
testing resources easily accessible, affordable,
scalable, quicker, and convenient for the
general population. At present, itis
paramount to ramp up population-scale
testing in low and middle-income countries
by building a sustainable supply chain logistics.
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Table 2. Conl.

Author and

. . Stud, Stud Stud Type of POC Stage of SCM P
}”iaglz)cfati on Title of Study Aim of Study Country Desi;n Setﬁxg Popu)iation Tz& Investigated Invgestigated Main Findings
Lower-income countries reported a lower
proportion in the availability of rapid tests,
but HIV and hepatitis testing were available
in greater proportions. HIV and Hepatitis are
. prevalent in LMICs and are given high
How are rapid The study aims to priority. The cost of each test is likely to also
diagnostic tests for a:ﬁ'i::;i’s f:;;“nt be a factor in the difference of availability,
infectious diseases I;mun d the world Influenza, HIV, with_multiplexed assays ggnem].ly being»
Poole et al, used in clinical identify issues for ) Global  General Hepatitis B, Availability considerably more expensive and requiring
2021 [29] practice: a global successful Global Review coverage  population Hepatitis C Quality control more complex logistical support. Methods for
survey by the Inter- implementation and and Meningitis ¥ reducing the costs of many RDTs are lacking,
national Society of suggest best practice rapid tests which limit their availability in low-income
Antimicrobial Chemo- .’Ld%"?CE-‘ on l‘\of’v to settings. There are several existing
therapy (ISAC) introduce new tests. international regulatory processes for drugs
and medications, providing safeguards for
their safety and efficacy, they are often lacking
for RDTs. As a result, diagnostic tests are
often sold and used without any evidence
of effectiveness.
The review focuses
on practical
Aspects of scenarios associated The major concern for POC testing is to
Point-of-Care with n]mmtg rized . N Dengue, TB.’. achl‘ev.a the m‘|prnve‘ment |n‘nccu racy and
Kumar etal, Diagnostics for analytical diagnostic . \ Review Global General HIV, Hepatitis B Human re- precision of diagnosis at various stages. To
2021 [30] & devices at POC N coverage  population and COVID-19 source capacity prevent wastages of POC tests appropriate

Personalized
Health Wellness

application for
targeted disease
diagnostics smartly
and efficiently.

rapid tests

sample handling approaches are required to
re-duce errors during sampling and measurement.
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Table 2. Cont.

Author and
. . Stud Stud Stud Type of POC Stage of SCM P
;fl?;lﬂ:{‘.lﬁ on Title of Study Aim of Study Country Design Seﬂiﬁg Popu){alion T{.Et Investigated Inv%stigated Main Findings
Forty-seven percent of the global population
has little to no access to diagnostics.
Diagnostics are central and fundamental to
quality health care. This notion is under
recognised, leading to underfunding and
In this Commission, inadequate resources at all levels.
we analyse the The level of primary health care is the
current status of diagnostic so-called last mile and particularly
diagnostics with the affects poor, rural, and marginalised
use of the six WHO communities globally; appropriate access is
building blocks essential for equity and social justice. The
of health systems, COVID-19 pandemic has emphasised the
gh(‘ Lancet namely health Diabetes, Hyper- crucial role of diagnostics in health care and
B . X ommission on service delivery, tension, HIV, TB, o ccilnili that without access to diagnostics, delivery of
;[IJ;T'['}‘%E[ al., diagnastic_s: health workfor}c_e, Global Review gﬁsﬁ;ge g‘fgﬁfﬁinn Hepntit[s B, Syphi- S;i?:;’:l:ﬁmme universal health coverage%nantﬁnicmbial
rmn_sformg access health information lis, COVID-19 resistance mitigation, and pandemic
to diagnostics systems, access to rapid tests preparedness cannot be achieved.
diagnostics Innovations within the past 15 years in many
(analogous to_ . areas (e.g., in financing, technology, and
essential medicines), workforce) can reduce the diagnostic gap,
ﬁ““‘“ﬂ“i}f and improve access, and democratise diagnostics
Ica&;lershlp and to empower patients. As an example of the
%hovim_nnce, as potential impact, 1.1 million premature deaths
© basts. in low-income and middle-income countries
could be avoided annually by reducing the
diagnostic gap for six priority conditions:
diabetes, hypertension, HIV, and tuberculosis
in the overall population, and hepatitis B
virus infection and syphilis for pregnant women.
The objective of this Decentralisation of testing using POC tests
paper is to assess can result in increased case finding and
recent performance treatment for those who need it. The
data, summarize the introduction of syphilis rapid tests increased
latest developments the proportion of antenatal care attendees
A review of recent in rapid, point-of screened for syphilis to over 90% in all
Bristow etal,  advances in rapid care syphilis testing ) Global Antenatal Syphilis rapid Accessibility, quali regions that had previously had some testing.
2015 [32] point-of-care isF;ts technology and Global Review coverage care clinics d‘i:};mustic ltpest assurance ty, quality WHO helps to make rapid tests available in

for syphilis

discuss strategies
and future directions
in the implemen-
tation and use of this
technology for the
prevention and
control of syphilis.

the places that they are needed through their
prequalification program and bulk
procurement system. For point-of-care rapid
tests to be effective, training on the use and
interpretation of tests must be properly
provided, and supply chains must be able to
sustain access to tests and effective treatment.
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Low- and middle-income countries, as well as
some high-income small island developing
states, have continued to experience
restrictions in test access due to competition
for limited volumes with high-income
countries. Manufacturers have also faced
This document aims challenges scaling up manufacturing to meet
COVID-19 Supply to bring clarity on all testing needs. Prices for diagnostic
Chain System the process of Low and P sment products remain high and some national
WHO 2021 Procurement requesting and Global Website n{':g d?g General COVID-19 S:‘?::ﬁré;m“ governments continue to face restricted access
[33 Considerations for receiving globally TR > income population rapid test Availability of POC to tests. To access POC tests, purchasers may
COVID-19 sourced COVID-19 Y place orders directly with the companies or
Diagnostics critical diagnos- utilize one of the available multilateral
tics supplies procurement channels. The funded demand
and requests are being followed closely to
determine whether these tests may be
constrained in volume availability. If they
become constrained, an allocation model
using the same principles as above will be
implemented to ensure equitable distribution.
Limitations of the health system: packaging of
Provision of medical ~ The formative all required supplies and timely delivery of
supply kits to improve  research component Rando Proteinuria the,&le kits at the clinics;ddreslsed weakne;ses
quality of antenatal of the study assessed . 1 . i P . Procurement, in the procurement and supply systems. Poor
E;;T;Fa f]t al., care in Mozambique:  factors affecting the I\b/i[:];:.:m— ::‘l::!rc; ] I;vat;me ?11:;93?:‘?; ﬁ?@fg&‘];‘hh’}?g;a Distribution, procurement process at higher levels. Scaling
i a stepped-wedge implementation of lled trial i diagm:‘stic test accessibility up and sustainability were important
cluster rando- evidence-based considerations. Scaling up means assessing
mised trial antenatal care service the cost effectiveness and ensuring
accessibility /availability of the POC test.
. To assess the quality
Quality and safety of - and safety of having Enablers of SCM: transparency provided by
integrated community health well-organized record keeping by CHWSs and
community case workers (CHWs) in Rando- th t of stud Hisors b
management of Tiral Zambia use mised ) ) e engagement of study supervisors to
Hameretal.,, malaria using rapid rapid diagnostic Zambia con- Low Child clinic Malaria rapid Inventory management ensure adequate supplies. To strengthen stock
2012 [35] diagnostic leé:ti apn d tepls (RD'::I,' yand < trolled income diagnostic test Human resource management, daily registers and periodic
8 - S 5) an trial reconciliation of stocks was performed to

pneumonia by
community health
workers

provide integrated
management of
malaria and
pneumonia.

assess commodity use and ensure that none
have passed their expiration dates.

19



Diaggnostics 2021, 11, 2299

13 of 29

Table 2. Cont.
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Pog 4 y Y Design Setting Population Test Investigated Investigated 85
Publication
The aim of was to
evaluate the
inventory levels of
BV bt Disprtesn Invenlory vl were eported
agnos in Zambeézi N 5 3 dis . s Lo y :
Wahlfeld etal., Inventoriesin ;or;ovai:‘nc:zm Mozam- Cross- Low ﬁg‘ﬁﬂglﬁe HIV rapid ]Ijm;ull;e Tent,lst?ratge, insufficient access to, and communication
2019 [36] Zambézia Province, Mozamb‘ique by bique sectional  income Facilitios diagnostic test mfnal : nizﬁil nventory with, the provincial warehouse to be able to
Moznmblque: ATale identifying patterns ‘ 8 avoid the high levels of stockouts that were
of 2 Test Kits of threatened reported.
inventory levels
and /or stockouts of
the RDTs.
Ehutenﬁnllqu;lity control problems throughout
e supply chain
The articl Hines (1) original equipment manufacturer:
th::;;}'lw; Ieailel}n ll?; ’ manufacturing standards
Analysis of Failure the Ukweli Tost (2) Boat tl.rar\sport: hurﬂl(hty and ternpe;atum
Modes: Case study Strips venture to G 1 UTTand g?)}:;fl;::::: storage: human error an
Ekambaram of Ruggedizing a ensure the quality of ~ Sierra Case Low enera Preeclampsia . . -
etal, 2019 [37]  low-cost Screening the UTI and Leone study income ?aec‘}}itﬂes urinalysis Quality assurance (4)C;F§uck‘§rf1r?5;{§rt. humidity, temperature
Technology in preeclampsia - screening strips (65')‘ DI;Z}I/EL{ sllkf:rz;;: human error and storage issues
Sub-Saharan Africa :l{;r;l}ﬁlglz;ienmg (6) Motorcycle transport: humidil}c
Leone. temperature and storage issues
(7) Clinics and community health care
workers: humidity, light, temperature, human
error and storage issues
This study aimed to
gather data on actual
Malasi " temperatures and
dig ga“r(li tn:e:ptz " gﬁgii:‘?,clﬁ:nealzcm Eu.rkmﬂ Stomge ;ort\ditictmsi: .l:igh teTPi'rta'm-[‘es were
Albertini et al., t.1;ansp ort andilﬁ S f{%";:' to WIE.Ch ted 5:?_‘(;_’8“'/ Cohort E:Jis’digd General Malaria rapid Storage, Distribution Zzzi:t:ize; cssgiifona.s(i:aefi u:;;;it;r?aﬁ?;
2012 [38] ;Orlise Cl(")n ons n hh are subjecte: Philip- study income population diagnostic test B many of the RDTs on the market and
S:nre;;? ;t;&)épia ::Itmfzhr?]‘:: : ppl pines and frequently exceeded common pharmaceutical
2gal, supply Cthiopia
and the Philippines chains that typically Ethiopia storage standards.

serve
malaria-endemic
countries.
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. . Study Study Study Type of POC Stage of SCM R
;fﬂ;lﬁ:fati on Title of Study Aim of Study Country Design Setting Population Test Investigated Investigated Main Findings
Our goal was to For quality assurance, supervisors were
fdele_tiquline t?e i pruvlided with pr(Jﬁ'cit—:rlc)liJ panels prepared by
Point-of-Care Tests i::; (;‘Eym; POCTs B;;‘Z‘ll a reference health care facility. Syphilis POCTs
ir U, 3 - PN
Mabey et al., to Strengthen Health into differct Tanzamia,  Mixed Lowand 4000 Syphilis rapid Quality assurance, wete provided to h_ealth fac_llmgs through the
2012 [39] Systems and Save settings in countries Uganda, methods middle care clinics diagnostic test availability of POC normal supply chain (training in stock
. Newborn Lives: The ith Zijifferent health Cﬁi.na and income & Y management, record keeping, and quality
Case of Syphilis ::!ste:ns S cultural  Zambia control) to allow the Pls to monitor supply
and socio-economic chain problems and provide sustainable
contexts. solutions in case of stockouts.
This study utilises
qualitative
interviews to
Improving the identify the current Barriers of SCM: lack of consis!e_\ncy in the
efffcliven‘gﬁ'a < practice of POCT ;suplp:y of bfot}:lmRDTs ar;d HLbklo the .
¢ S ta use, to explore the Interviews healthcare facilities, regular stockouts o
PUH“ ,Uf cag; tests for enablers ﬂlj'ld and Malaria and mRDTs, HCS was unavailable in all three
Palmer et al., T{:ﬂgfrff'(]‘ barriers to effective  hana Focus Low Pregnant Anaemia rapid Stockouts, Human facilities (they were available and consistently
2020 [40] T implementation of Group income women X . resource capacity supplied only during the trial period),
qualitative study P is diagnostic test
across three POCT, and to Discus- ° concerns about procurement and regular
‘Ghanaian antenatal determine how sions supply of HCS kits (after the trial period).
clinics relationships Health workers reported often having to
betlzvierl\ deach of the resort to purchasing mRDTs privately.
stakeholder groups :
may impact on
POCT use.
Four th f the study.
Fucoreaocaed. Thissuy focun Fou s s o ety
Magesa et al., with stack out of its atlent{c‘m on e Mixed Middle General Malaria rapid Stockouts, Distribution, Medicine policy and decision makers
malaria test kit in factors associates Namibia hod: - health . " S Th 3: Sh £ knowled: .
2020 [41] Oshana region, with stockout of methods income facilities diagnostic test Storage eme 3: St orfage.o owledge/training in
Namibia mRDT supply chain logistics.
Theme 4: Delays in transportation.
; This evaluation
é\tziislfg?gcr explores stakeholder Perceived reasons for HIV and syphilis test kit
y tions of a stockouts: low baseline supply of tests given
perceptions of the pex?ep Stakeholders L A ) .
acceptability and novel, dual | o imvolved in HIV and Syphilis limited funding, expired test kits or staff
Maddox et al., L HIV /syphilis rapid . . Low s A i . unwillingness to conduct the tests because
y feasibility of - & Malawi Interviews provision of  rapid diagnostic Stockouts, Procurement o s e
2017 [42] national scale-up for diagnostic test and income antenatal test they have not received training. Syphilis test
¢ P potential barriers to care kits were stocked out because they were

a dual HIV/syphilis
rapid diagnostic test
in Malawi

national scale-up of
the dual test in
Malawi.

expired, and people wanted to be trained to
use the test kits
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Quthorand e of Stud Aim of Stud Count Study Study Study Type of POC Stage of SCM Main Findi
Pﬁ:l?cati on itle of Study im of Study ountry Design Setting Population Test Investigated Investigated ain Hindings
The study attempted Readiness was assessed in terms of the
to evaluate the availability of trained human resources, drugs
system readiness to General and diagnostics. Despite a high level of
Public health system  deploy RDTs and }‘Ei{_t:!mfe knowledge about how best to diagnose and
Hussain etal,  readiness to treat ACT for malaria India Mixed Middle q‘;c ¥ Zt‘;’f@_ Malaria rapid Stockouts treat malaria, the ability of the peripheral
2013 [43] malaria in Odisha control across the methods  income holders in diagnostic test health workers to optimize fever management
State of India State through health malaria and malaria diagnosis was compromised by a
facility surveys and control failure of the supply chain (poor availability
interviews with of POC tests due to poor
community workers. communication/procurement system)
SCM challenges: procurement for tests was
. donor supported and requisition-based
Rapid diagnostic test ~ Lhe aim of the study supply chain has been associated with supply
o is to estimate N .
supply chain and malaria RDT stock dysfunction (stockouts followed by periods of
consumption study shortages and the excessive stock). Supply chains need to
Hasselback in Cabo ]:_)elgado, percentage of overall . Mixed Low General Malaria rapid respn_md to timgly con.surr_\ption data to ensure
etal,, 2014 [44] Mo.zam.blque: need met by the Mozambique methods income heql_ﬂ'} diagnostic test Procurement, stockouts that inventory is appropriately stocked with
! estimating stock existing stock in the facilities respect to demand.
shortages and Cabo Delgado Stockouts: poor data control and
identifying drivers province of consumption tracking, system responded to
of stockouts Mozambique an underestimate of the true demand thereby
positioning lower inventory than needed in
the supply chain.
The aim of the study
is to present the
. perspective of Interruptions in the supply of syphilis POCTs
Rollout of rapid healthcare providers and penicillin: lack of clear communication
point of (I:are tﬁsltq for —in Plflbhc,hedlth channels and poor monitoring and
Dassah et al., antcna.m Syphihis facl_llhes n Selecte_d Gh Mixed Low Antenatal Syphilis rapid Stockouts supervision adversely affected
2018 [45] screening in Ghana: regions of Chana in ana methods income care clinics diagnostic test tockou implementation of the programme, expired

healthcare provider
perspectives and
experiences

relation to their
experiences and
challenges following
a national rollout of
rapid syphilis
POCTs in Ghana.

tests kits and failure to replenish stocks,
healthcare providers and programme
coordinators blamed each other for stockouts.
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. : Study Study Study Type of POC Stage of SCM i e oar
Year .Of . Title of Study Aim of Study Country Design Setting Population Test Investigated Investigated Main Findings
Publication
Barriers to The study evaluates
community case Czﬁnﬁﬁﬁ)f anew Stockouts were reported: attributed to
Blanas et al., management of Ix::)om.m}unity ca;e Senesal Mixed Low General Malaria rapid Awvailability, Stockouts, inaccurate record-keeping and ignored supply
2013 [47] malaria in Saraya, management of Seneg; methods income population diagnostic test human resource capacity  requests, procurement system failures and
Senegal: trdi.nin:g, malaria programme inadequate central stores.
and supply-chains in Senegal
RDT supplies from the district health
directorate to their facilities were often
insufficient and sporadic. This challenge was
more pronounced at remote facilities solely
dependent on government supplies and a
The aim of the study major hindrance to routine malaria testing at
Challenges with was to determine X all facilities. At the time of the study four
implemgnﬁ_ng which factors }“k‘r\"mws' facilities had limited RDTs while two had
malaria rapid influenced RDT ocus Pri St it none. Stockouts were common, sometimes
Boadu etal. diagnostic tests at implementation for group Low rimary Malaria rapid orage, Qua oy lasting several months, making providers
. g @ . - Ghana discus- health care . . Assurance, Distribution f - : .
2016 [48] primary care routine malaria . income S diagnostic test LI hesitant to use limited quantities when
facilities in a management at S b facilities Accessibility available. Malaria testing at public facilities
Ghanaian district: a primary care servation dependent on government RDT supplies was
qualitative study fjﬂ(‘l-lltles in the study interrupted due to frequent and prolonged
istrict. RDT stock outs. Some private providers
mentioned purchasing RDTs from
independent sources when available. Others
abandoned RDT use altogether, citing the
economic and technical advantages of
microscopy over RDTs.
This study and other Test selection: Given the predominance of I
Early experiences on  operational research falciparum as the cause of malaria in this
the feasibility, were conceived and setting, it was decided to use a histidine rich
acceptability, and carried out to protein-2 (HRP2) type of mRDT. In deciding
use of malaria rapid ~ facilitate P . i the mRDT brand to use, a basic assessment of
Asiimweetal.,  diagnostic tests a}: evidence-based Ugand guahtame Low E"]‘Eﬁal Malaria rapid Selection, Quality ease of- use was carried out on four brands
2012 [46] arinheral health policy formulation ganda ross- income eath diagnostic test A::;surénce and Safe amongst nine health workers at a health
B en and high-quality sectional facilities Disposal centre not involved in this study. The brand
centres in y- @
Uganda-insights implementation of was chosen on the basis of packaging and
into some barriers mRDT’lC‘d/ labelling, ease of performance, readability of
and facilitators parasite-based the results, cost, heat stability data, and
diagnosis. reported sensitivity and specificity.

23



Diagnostics 2021, 11, 2299

17 0f 29

Table 2. Cont.

Author and

. . Study Study Study Type of POC Stage of SCM PR
}’{iab:l;’cfa ton Title of Study Aim of Study Country Design Setting Population Test Investigated Investigated Main Findings
The aim of the study
is to address
Ch"_”_c“g(‘s mn X Connectivity has shown that it is possible for
training andhqu“‘hty Ministries of Health to have up-to-the-hour
at: ivity: assurance when informati testi d test results across
Cheng et al., g?;i.:lotr:;ﬁcfg: A Embecld.in,g in th Zimbabwe  Review Low E’:ﬂriﬁ:al HIV rapid Quality assurance, It;"leo :;LL:-?; ({_FIE:: ;;ftgl:\s c?n ::s b:am'f‘“
2016 [49] external quality connectivity in their income Facilitios diagnostic test Stockouts twinned to supply chain management

assessment

new POC diagnostic
instruments or
providing some
form of channel for
electronic result
exchange.

software to monitor supplies at each site,
providing an automated system for alerts to
avoid stockouts.
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Evidence on the following POC diagnostic tests were provided: COVID-19 [27,
28,33]; HIV [10,12,22-26,34,36,42,49]; malaria [10,12,22,23,34,35,38,40,41,43,44,46-48]; syp-
hilis [10,12,23,32,34,39,42,45]; tuberculosis [30,31] and others comprising of anaemia [34,40],
UTI [37], diabetes [12,31], blood glucose [22], preeclampsia urinalysis [37], urine preg-
nancy [22], urine protein [22,34], haemoglobin [22], dyslipidaemia [12], dengue [30], menin-
gitis [29], hepatitis C [29] and hepatitis B [12,22,29-31]. Figure 3 shows the types of POC
diagnostic tests in the included articles. Malaria POC diagnostic tests were investigated
in 14 articles, HIV POC diagnostic tests in 11 articles, syphilis POC diagnostic tests in 8
articles, COVID-19 POC tests in 3 articles, TB POC tests in 2 articles and the other POC
diagnostic tests were investigated in 12 articles.

12, 24%

u Malaria

mHIV

8,16%

= COVID-19

2,4%
uTB
3, 6%

= Syphilis

H Others

Figure 3. Distribution of the types of POC diagnostic tests in the articles included in the scoping
review of supply chain management systems for point-of-care diagnostic services.

The eligible studies provided evidence on at least one aspect of the SCM system. The
aspects of the SCM systems covered were procurement and stockouts [10,12,21,24-26,33,
34,36,41-45,47,49], quality assurance [10,23,24,27,29,31,32,37,46,48 49], safe disposal [46],
inventory management [10,12,21,25,35,36], selection [10,22,28,33,46], distribution [12,21,
22,34,38,41,48], quantification [12], storage [12,21,38,41,48], human resource capacity [30,35,
40,47] and the availability and accessibility of POC diagnostic services [10,12,23,32,39,47,48].
Figure 4 shows the aspects of the SCM systems described in the included articles.

Distribution of the various aspects of the SCM
systems in eligible articles

: l
- W
S & > o N & o & & S &
N o 5 & & o & i & & &
& & & & & F & s
& o S & & o & & & &
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m Aspect of SCM sytem

Figure 4. Aspects of supply chain management systems in the articles included in the scoping review
on supply chain management systems for point-of-care diagnostic services.
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3.3. Quality of Evidence

From the 31 included articles, 15 primary studies were appraised for methodological
quality using MMAT version 2018 [20]. The remaining 10 articles were excluded because
they were not primary studies [10,12,21-26,32,49]. After categorising each study, we rated
the criteria of the chosen categories to establish whether the criteria for each study design
had been met. The 15 studies that were appraised for methodological quality scored
between 90% and 100%, which showed high methodological quality. Twelve studies
scored the highest quality score of 100% [34-36,39-45,47,48]. One study scored 95% [38].
The remaining two studies scored 90% and 92% [37,46] (File S6).

3.4. Main Findings

All the included articles presented evidence of at least one aspect of SCM of POC
diagnostic services globally. The following themes emerged from the included articles:
availability and accessibility of POC diagnostic services, reasons for stockouts of POC
diagnostic tests (procurement, storage, distribution, inventory management and quality
assurance) and human resources capacity in POC diagnostic services.

3.4.1. Accessibility and Availability of POC Diagnostics Services

Eight articles reported evidence on the availability and accessibility of POC diagnostic
services [10,12,23,27,34,39,47,48]. These articles showed that the accessibility and availabil-
ity of POC diagnostic services in resource-limited PHC clinics contributed to improved
health outcomes [12]. A review conducted by Peeling [23] showed that, in Peru, it would
take five to six visits spread over 27 days to screen and treat pregnant women for syphilis.
With the introduction of rapid diagnostic tests (RDTs), the testing and treatment of in-
fected mothers was done on the same day [23]. A randomised controlled trial conducted
in Mozambique found that introducing POC diagnostic testing for pregnant women im-
proved antenatal care [34]. A significant improvement in the accessibility of antenatal POC
diagnostic tests was reported in all implementation sites. In the first visits, 5519 (14.6%) out
of 37,826 women were screened for anaemia compared to 30,057 (97.7%) out of 30,772 in
the intervention, 3739 (9.9%) out of 37,826 women were screened for proteinuria during the
control period compared with 29,874 (97.1%) out of 30,772 in the intervention period and
17,926 (51.4%) out of 34,842 received mebendazole during the control period compared
with 24,960 (88.2%) out of 28,294 during the intervention period [34].

In a survey conducted by Poole et al., 2021 highlighting the current state of RDTs
globally, most of the respondents reported 24/7 availability of tests [29]. High-income
countries reported a higher availability of the rapid influenza test compared to low-income
countries [29]. Low-income countries reported a high availability of HIV and hepatitis
rapid tests. The reason given for this pattern is that hepatitis and HIV are more prevalent in
developing countries, where public health interventions are less likely to identify and treat
patients carly during illness [29]. Another reason is that the priorities for treatment are dif-
ferent: influenza management in secondary care is a less-pressing need in resource-limited
settings where patient isolation facilities are less readily available [29]. Additionally, the
cost of identifying an influenza case is less than HIV or hepatitis, where early identification
and treatment make a greater difference. The cost of each test is likely to also be a factor in
the difference of availability, with multiplexed assays generally being considerably more
expensive and requiring more complex logistical support. Methods for reducing the costs
of many RDTs are lacking, which limits their availability in low-income settings [29].

Decentralisation was an important factor promoting the accessibility and availability
of POC diagnostic services. The decentralisation of POC diagnostic services increased
detection, patient management and prompt treatment initiation when necessary [23,32,39].
Mabey et al., 2012 reported on the introduction of POC testing for syphilis in various urban
(China and Peru) and rural settings (villages in East Africa). The proportion of antenatal
care attendees increased by more 90% in areas that previously had some testing [39].
In areas where syphilis POC diagnostic testing had previously not been available, the
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