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Abstract: Background: Globally, point of care (POC) tests are being rapidly developed for
SARS-CoV-2. To ensure equitable availability and accessibility of these tests, efficient sup-
ply chain management (SCM) systems are essential. Here we outline a protocol for a scop-
ing review aimed at mapping evidence on SCM for POC diagnostic services in resource-
limited settings. Methodology: The proposed scoping review will be guided by an
adapted version of the Arksey and O’Malley methodological framework. We will search
for published literature on multiple electronic databases and government websites for
studies presenting evidence of SCM for POC diagnostics services. We will include articles
reporting evidence published since inception. Language restrictions will not be applied.
Discussion: The proposed scoping review will map relevant evidence on SCM systems
for POC diagnostic services globally. We anticipate finding relevant literature that can be
synthesized to help guide both future research and provide evidence to guide implemen-
tation of sustainable SCM for SARS-CoV-2 POC diagnostic services in resource-limited
settings.
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Background

The World Health Organisation (WHO) recommends using reverse transcription polymerase chain
reaction (RT-PCR) tests for detecting severe acute respiratory syndrome coronavirus type 2 (SARS-
CoV-2) as a gold standard for diagnosing coronavirus disease-2019 (COVID-19) [1-3]. SARS-CoV-2
RT-PCR tests are available for use at point-of-care (POC) and they have been shown to produce
reliable results at primary healthcare level [4]. Despite the high performance and reliability of RT-
PCR, the availability and public health impact of these tests in resource-limited settings is con-
strained by availability of testing capacity, shortages of reagents/supplies, lack of skilled laboratory
personnel, and costs [5-7]. In resource-limited settings this has resulted in a large backlog when test-
ing patient samples suspected of SARS-CoV-2 [8]. In this study, we define resource-limited settings
as settings characterized with having limited access to laboratory infrastructure and limited capa-
bility to provide care for life-threatening illness and limited basic critical care resources. Alternative
diagnostic methods such as point of care (POC) testing may ease the burden on healthcare facilities
and laboratory services in these settings [1,2]. POC testing refers to diagnostic testing that uses inno-
vative medical technologies that enable near patient disease diagnosis to inform clinical decisions
[6]. Acceptable POC tests for resource-limited settings are expected to have the following character-
istics: affordability, easy to perform, produce rapid results and can be used at site of triage and
outside health care facilities to guide disease management [1,6]. Low cost SARS-CoV-2 tests such as
the cepheid xpert xpress SARS-CoV-2 antigen rapid tests are currently for use in resource limited
settings [9].

POC tests deliver prompt results, therefore, they are of importance in containing highly infectious
diseases such as SARS-CoV-2 [6]. The WHO recommended scaling up testing programmes for
SARS-CoV-2 by testing all suspected cases [10]. This recommendation was prompted by a resur-
gence of COVID-19 and the continuum of limited access to diagnostic services in 47% of the global
population [11,12]. The COVID-19 pandemic has emphasised the critical role of diagnostics in health
care and that without access to diagnostics, delivery of universal health coverage and pandemic
preparedness cannot be achieved because for the efficient control and management of COVID-19,
POC tests are required on a large scale [12,13]. Globally, POC tests are being rapidly developed for
SARS-CoV-2 [14]. To ensure 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
[15,16]. Optimal SCM of SARS-CoV-2 POC tests will ensure that health care professionals have the
available resources to perform tests for patients [6]. An ineffective SCM may limit the availability
and accessibility of POC tests and negatively impact health outcomes [16,17]. Evidence on supply
chain systems for POC diagnostics is not clear. The purpose of this study is to map evidence of SCM
systems of all existing POC diagnostic services in order to reveal gaps that can guide literature and
to present evidence that can add to the body of knowledge as well as guide implementers on imple-
menting sustainable SCM for POC diagnostics in order to help improve SARS CoV-2 testing capac-
ity in resource-limited settings.
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Methodology

The proposed scoping review will be conducted as a first phase of a multi-phase PhD study that is
aimed at developing a novel approach for improving supply chain management for SARS-CoV-2
point of care diagnostic services in resource-limited settings. The proposed scoping review will be
aimed at mapping evidence on SCM systems for POC diagnostic services. We propose to conduct a
scoping review with guidance from the Arksey and O’Malley [18] framework and further advanced
by Levac et al. [19]. This framework entails following 6 steps namely; identification of the research
question, identification of relevant articles, selection of eligible articles, charting the data, collating,
summarising and reporting of result, and an optional consultation with key stakeholders. This scop-
ing review will not engage in consultation with key stakeholders.

Identification of the research question

Our research question is: What is the evidence on SCM systems for POC diagnostics services, glob-
ally? We used the Population, Concept and Context (PCC) framework to determine the eligibility
of our research question for the scoping review (Table 1).

Table S1: Determining the eligibility of the research question using Population, Concept and Con-
text (PCC) framework
Population Point of Care (POC) diagnostics services

Diagnostic services that use innovative medical technologies that
enable near patient disease diagnosis to guide clinical decision

[6].

Concept Supply Chain Management (SCM) systems

Resources and processes needed to deliver goods and services to
consumers with complete satisfaction in a cost-optimized manner
[15,16].

Context Globally

Identification of relevant articles

A comprehensive literature search will be conducted in the following electronic databases: Medline
Ovid, Medline Elton B. Stephens Company (EBSCO), Scopus, PubMed, PsycInfo, Web of Science
and EBSCOHost. In addition, we will search for gray literature in the form of dissertations/theses,
conference proceedings, websites of international organisations such as WHO and government re-
ports. Reference lists of the included articles will also be searched.
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To ensure that all relevant articles are included, the comprehensive search strategy will be devel-
oped by the Principal Investigator (PI) with the assistance of a subject specialist and university li-
brarian. The search strategy will include the following keywords: 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” 3) “SARS-CoV-2" or
“COVID-19” or “Coronavirus”. Boolean terms (AND and OR) will be used to separate the keywords.
Medical Subject Heading (MeSH) terms will also be used in the electronic database search. Date and
language will not be applied. The keywords and MeSH terms will be refined to suit each electronic
database search. The results from each electronic database search will be documented in detail,
showing the keywords, Boolean terms, MeSH terms, date of search, name of electronic database and
number of retrieved articles. We piloted the search strategy on one of the electronic databases and
the results of the search are tabulated in table 2.

Table S2: Results of pilot search in PubMed

Date of | Electronic | Keywords and MeSH terms Number of
search Database retrieved
studies

25/10/2021 | PubMed | (("point-of-care testing"[MeSH Terms] OR |467
"point-of-care systems"[MeSH Terms] OR "point
of care testing" OR "Point-of-Care Systems" OR
"Point-of-care Testing" OR "Diagnostic Test" OR
"Point Of Care System" OR "Point Of Care" OR
POCT) AND ("Supply Chain Management" OR
"Supply Chains" OR "Supply Chain" OR Logis-
tics OR "Supply Chain Management (SCM)" OR
"Sustainable Supply Chains" OR "SCM" OR "Sus-
tainable Supply Chain Management" OR "Sup-
ply Chain Management System" OR "Supply-
chain Management" OR "Chain Management"
OR "Supply Chain Management Practices” OR
"Logistics And Supply Chain Management"))
AND (("COVID-19 Testing"[Mesh]) AND
( "COVID-19 Serological Testing"[Mesh] OR
"COVID-19 Nucleic Acid Testing"[Mesh] OR
"COVID-19"[Mesh] OR "SARS-CoV-2"[Mesh] )
OR "COVID-19" OR "Coronavirus Disease 2019"
OR "SARS-CoV-2" OR "Severe Acute Respiratory
Syndrome Coronavirus 2" OR Coronavirus
"Covid-19" OR "SARS Coronavirus")

We will optimise our search strategy by adopting the search summary table (SST) outlined by Bethel
et al [20]. The SST will be used to improve and report on the effectiveness of the search strategy to
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ensure the retrieval of high-quality, relevant and scientifically sound articles. The search strategy
will continuously be improved. An update search (re-run) is essential because SARS-CoV-2 is a
novel virus and new research is published frequently.

Selection of eligible articles
Selection criteria were developed to ensure that relevant articles on SCM for POC diagnostic ser-
vices will be included.
Inclusion criteria
Articles will be included in the scoping review if they have the following characteristics:
e Reporting evidence on SCM systems of all diseases

e Reporting evidence of SCM systems for all POC diagnostic services at all levels of the
healthcare continuum

e Reporting evidence of primary studies conducted in LMICs

e Reviews providing evidence of SCM systems for all POC diagnostic services

e Published since inception

Exclusion criteria
Articles will be excluded from the scoping review if they have the following characteristics:
e Lack evidence on SCM systems for all POC diagnostics services

e Reporting SCM systems of laboratory based POC diagnosis

e Reporting evidence of primary studies conducted in high income countries

Following the database search, articles with relevant titles will be exported to an Endnote 20 library
and duplicates will be removed. A screening tool will be created using Google form and piloted
prior to screening. Screening will be done in two stages by two independent reviewers. Firstly, we
will screen for abstracts. Disagreements at this stage will be resolved through discussions until a
consensus is reached. Secondly, we will screen the full texts of the articles that made it past the
abstract screening stage. Disagreements at this stage will be resolved by inviting a third reviewer.

To determine the inter-rater level of agreement between the two reviewers, the Cohen's kappa sta-
tistic will be calculated. The kappa statistic will be interpreted as follows: < 0.1 will represent no
agreement and 0.10-0.20 will represent none to slight agreement, 0.21-0.40 will represent fair agree-
ment, 0.41-0.60 will represent moderate agreement, 0.61-0.80 will represent substantial agreement,
and 0.81-1.00 will represent almost perfect agreement. The process of study selection will be re-
ported using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension
for scoping review (PRISMA-ScR) flow chart as depicted in figure 1, and will be updated once the
review process is completed [19].
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Figure S1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for scop-
ing review (PRISMA-ScR) flow chart

Charting the data

A data charting form was developed to extract relevant data from each eligible article (Table 3). Two
independent reviewers will pilot the data charting form using a random sample of 5 included stud-
ies for consistency. We will modify the data charting form as required based on feedback from the
two reviewers. We will constantly update the data charting form throughout the duration of the
scoping review.

Table S3: Data charting form
Author & 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
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Main findings

Other significant findings

Collating, summarizing and reporting the results

The results will be described in the form of a table and graphs. We will include a map showing the
countries where the studies were conducted. Key findings will be presented in themes. A thematic
summary will describe how the findings from the included studies relate to the research question.

Quality appraisal

The mixed method appraisal tool (MMAT) version 2018 will be adopted to assess the quality of the
included primary studies [21]. The MMAT tool will enable us to appraise a variety of study methods,
i.e. qualitative, quantitative or mixed methods studies [21]. In this quality appraisal, we will explore
the following domains: aim of the study, clarity of the research question, appropriate methodology,
study design, data sources, sampling technique, data collection procedures and participant recruit-
ment. Quality appraisal involves judgement making therefore, two independent reviewers will
carry out the quality appraisal process. An overall percentage quality score will be allocated for each
included study. The percentage quality score will be graded ranging from <50% which will repre-
sent low quality evidence; 51-75% which will represent average quality evidence and 76-100%
which will represent high quality evidence.

Ethical considerations
This scoping review involves synthesis of current evidence therefore ethical approval is not required.

Discussion

To control the spread of SARS-CoV-2, governing bodies across the globe enforced travel restrictions
to limit the movement of people and as a result it negatively impacted the SCM systems globally
[22]. The activities of the SCM systems are interconnected hence an interruption in one of the func-
tions leads to a ripple effect encompassing other functions [23]. The lockdowns enforced by govern-
ments restricted the movement of vehicles therefore preventing timely delivery of products to the
consumers. Manufacturers source material from all around the globe therefore the sudden closure
of international suppliers caused supply disruption for manufacturers [23]. The WHO has encour-
aged all countries to scale up SARS-CoV-2 testing services leading to an increase in demand for
SARS-CoV-2 POC tests. The production capacity was disrupted due to reduced working hours and
employees having to alternate working hours in order to maintain social distancing. The SCM sys-
tem could not respond effectively to the demand resulting in shortages of POC tests [24]. The pan-
demic caused a shift from physical operations to fully online operations. Many entities are strug-
gling to implement logistical solutions to meet the new demand [23]. The limited social interaction
among supply chain partners makes it harder for them to implement collaborative approaches.

The SCM disruptions affected mostly resource-limited setting therefore policymakers have been
working around the clock to ensure that supplies of essential medical equipment remain uninter-
rupted in these settings [22]. To optimise the supply of essential medical equipment, efficient SCM
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operations are needed to ensure accessibility and availability of POC tests, especially since the WHO
has encouraged all countries to scale up SARS-CoV-2 testing services. To ensure that all countries
have enough supplies of SARS-CoV-2 POC tests, the WHO established the COVID-19 supply chain
system (CSCS) that provides essential SARS-CoV-2 supplies to all countries [25]. The CSCS coordi-
nates multiple-channel procurement and distribution through the identification of demand, de-
mand aggregation, forecasting, certification, market scanning, sourcing, allocation and delivery of
essential supplies to where they are needed most at national and subnational level [25].

The proposed scoping review will collate global evidence on SCM systems of POC diagnostics ser-
vices published since inception. The scoping review will include all literature published presenting
evidence on SCM and POC diagnostics published in any language. Despite attempts to be as com-
prehensive as possible, other published and gray literature may be missed during the literature
search because COVID-19 is a novel virus and new research is published frequently. Managing
SARS-CoV-2 requires accurate laboratory diagnosis and POC testing can supplement laboratory
testing to boost testing capacity in resource-limited settings with poor laboratory infrastructure. In
this scoping review, we will exclude all articles reporting SCM systems of laboratory diagnosis and
focus solely on POC testing to provide a clear overview of the available research evidence.

We anticipate that the results of the proposed scoping review will provide a comprehensive insight
on the evidence of SCM systems of POC diagnostics services globally and reveal research gaps. Our
review will also guide implementation of SARS-CoV-2 POC diagnostics in resource-limited settings.
The results will be published in a scientific journal, presented at relevant conferences and form part
of workshops with key stakeholders involved in SCM systems for POC diagnostic services.

Availability of data and materials
All data generated or analysed during this study will be included in the scoping review article.
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RT-PCR: Reverse transcription polymerase chain reaction

COVID-19: Coronavirus 19

WHO: World Health Organisation
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scoping review

MMAT: Mixed method appraisal tool
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