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ABSTRACT

Introduction Recent evidence shows that point-of-care
(POC) testing is a more feasible alternative for diagnosis of
COVID-19 in settings that have poor access to laboratory
diagnostic services. Equitable access to POC testing

can be optimised through well-established supply chain
management (SCM) systems. The proposed study aims to
develop 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 and analysis This study was guided by

results of the scoping review. Following the scoping
review, we propose a mixed-methods study, which will

be implemented in three phases. First, we will perform a
geospatial analysis to investigate the spatial distribution
of COVID-19 testing services. Second, we will perform an
audit of POC diagnostic services including its supply chain
to evaluate the effect of SCM on accessibility of COVID-19
POC diagnostic services and reveal SCM barriers and
enablers of accessibility of COVID-19 POC diagnostic
services. Third, we will perform a nominal group technique
to collaborate with key stakeholders in co-creation of a
novel approach for improving SCM systems for COVID-19
POC diagnostic services. For the geospatial analysis,

we will employ the ArcGIS Software. For the analysis of
quantitative and qualitative data that will be generated
from the audit and nominal group discussion, we will
employ Stata software and NVivo software, respectively.
Ethics and dissemination This study has been

ethically reviewed and approved by two institutional
review boards: University of Pretoria Faculty of Health
Sciences Research Ethics Committee (approval number
655/2021) and Limpopo Department of Health Research
Ethics Committee (approval number LP-2021-12-007).
The results of this study will be disseminated through
national and international presentations and peer-reviewed
publications.

,! Alfred Musekiwa,' Tivani Phosa Mashamba-Thompson?

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study was informed by results of a scoping
review, which found limited published research
on supply chain management (SCM) of COVID-19
point-of-care (POC) diagnostic services in resource-
limited settings.

= It is a multiphase mixed-methods study to improve
SCM for COVID-19 POC diagnostic services in
resource-limited settings.

= Geographical information system will be used to
visualise the spatial distribution of COVID-19 diag-
nostic services.

= A nominal group technique will be used to collabo-
rate with key stakeholders in co-creation of a novel
SCM approach for improving COVID-19 POC diag-
nostic services.

= Data will be collected from key stakeholders in-
volved in SCM of COVID-19 POC diagnostic services.

INTRODUCTION

Although sub-Saharan Africa (SSA) was
the last continent to be hit by COVID-19
pandemic, it has experienced the most
devastating effects. According to the global
coronavirus surveillance data, among SSA
countries, South Africa was the most affected
country with over 3.6million COVID-19
confirmed cases as at 28 February 2022." Poor
health infrastructure has been reported as
one of the major hurdles in the control of
COVID-19 pandemic.” In Limpopo Province,
South Africa, the control of COVID-19 has
been negatively impacted by limited labora-
tory infrastructure. The available laboratory
services were overwhelmed due to the expo-
nential rise in COVID-19 cases and resulted
in a backlog that caused a delay in receiving
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the results.” Resource-limited settings, such as Limpopo
Province, which are characterised by limited access to
hospitals and diagnostic laboratories, rapid point-of-care
(POCQC) tests, are beneficial to help improve access to
diseases diagnosis, monitoring as well as help prevent the
spread of infectious diseases.” In this study, POC tests are
defined as rapid diagnostic tests that are performed near
or close to the patient with instant availability of results
to guide immediate informed clinical decisions about
disease management and patient care.’

COVID-19 is a highly transmissible disease; therefore, rapid
and timely diagnosis is important in the control and manage-
ment of the virus.” The healthcare system must remain unin-
terrupted to ensure availability and accessibility of POC tests
that are needed on a large scale for efficient control and
management of COVID-19.” The availability and accessibility
of POC tests are dependent on numerous factors including
an efficient supply chain management (SCM) system.” SCM
is a vehicle that ensures that POC tests reach the end-user
on time.”® The SCM of POC diagnostic services is a complex
and fragmented process that is controlled by four main links,
namely, producers, purchasers, providers and patients, who
contribute to creating costeffective opportunities across
the healthcare sector.” SCM involves obtaining resources,
managing supplies, and delivering goods and services to
providers and patients. For an effective and complete SCM
system, it is essential to accurately forecast and prevent stock-
outs of POC test in order to improve the health outcomes."

Diagnosis is key to surveillance and management of
pandemics such as COVID-19. POC testing has been shown
to help improve access to disease diagnosis in settings that
have poor access to laboratory infrastructure.'’ Based on the
critical role that SCM has on the availability and accessibility
of POC tests, there is an urgent need to develop a tailored
novel approach to improve the SCM systems for COVID-19
POC diagnostic services, particularly in settings that have
poor access to laboratory services such as Limpopo Prov-
ince, South Africa. The main aim of this study is to develop
a novel approach to improve the SCM systems for COVID-19
POC diagnostic services for resource-limited settings, using
Mopani District in Limpopo Province as a study setting. We
anticipate that the findings of the study will guide future
research on SCM for POC diagnostic testing and provide
useful information to guide implementers of POC diagnos-
tics in resource-limited settings. The study findings are likely
to provide sustainable solutions to improve SCM systems
for POC diagnostic services not only in Mopani District in
Limpopo province, South Africa but also in similar resource-
limited settings with poor access to laboratory diagnostic
services.

METHODS

Study design

This study was guided by results of a scoping review.
Following the scoping review, we propose a multiphase
mixed-method study, which will be implemented in three
phases. The results of the scoping review revealed that
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for the continuum of POC diagnostic services, POC diag-
nostic tests must be available and accessible to all who
need them through a sustainable SCM system which is a
multi-faceted system influenced by several factors.'* The
scoping review also revealed that there is limited published
research on SCM of POC diagnostic services in resource-
limited settings and that there are currently no primary
studies on the SCM systems of COVID-19 POC diagnostic
services.'? In phase 1, we will perform a geospatial anal-
ysis to investigate the spatial distribution of COVID-19
testing services. In phase 2, we will perform an audit of
POC diagnostic services including its supply chain to eval-
uate the effect of SCM on accessibility of COVID-19 POC
diagnostics services and reveal SCM barriers and enablers
of accessibility of COVID-19 POC diagnostic services. In
phase 3, we will perform a nominal group technique to
collaborate with key stakeholders in co-creation of a novel
approach for improving SCM systems for COVID-19 POC
diagnostic services.

Conceptual framework

This proposed study will be guided by the lean and agile
SCM framework, a hybrid framework that has the poten-
tial to provide efficient SCM solutions when implemented
simultaneously."”” The lean and agile framework will be
enhanced by the World Health Organisation (WHO)
manual for procurement of diagnostics and related
laboratory items and equipment (figure 1)."*'® This
manual aims to provide information on the procurement
processes of diagnostics and related items or equipment
that are considered essential to ensure high-quality testing
services.'* The building blocks for this manual include
production and prequalification, selection, quantifica-
tion, procurement and storage, quality assurance, distri-
bution and redistribution, and inventory management.”'*
These building blocks work concurrently to ensure acces-
sibility and availability POC diagnostic services.'”

The agile component of the framework emphasises on
how rapid the health system must respond to the increase
in demand for POC diagnostic testing by ensuring
adequate supplies of POC tests."”” The demand in POC
testing can fluctuate based on seasonal variations since
the pandemic is still evolving.'"* New COVID-19 strains
may be discovered causing further COVID-19 waves.

SCM is controlled by various factors such as procure-
ment, quality assurance, storage, distribution and human
resource capacity. The procurement process needs to be
thorough to ensure value for money while not compro-
mising on the quality of POC tests procured.'” Once the
POC tests are procured, they need to undergo rigorous
quality assurance tests to validate if they meet the quality
assurance guidelines. The temperature at the storage
facilities must be appropriate to contain the POC tests
without compromising the quality of the POC test. Timely
distribution of POC tests and inventory management
must constantly be monitored to prevent stockouts.

For the purpose of this study, we will include an addi-
tional building block, human resource capacity. The

2

Maluleke K, et al. BMJ Open 2022;12:€062509. doi:10.1136/bmjopen-2022-062509

1ybuAdoo
Ag pa199101d "el01aid Jo AlSIanIUN T8 €202 ‘Sz |Mdy uo jwod’[wqg uadolwg//:dny woly papeojumoq "2z0z JaquBAoN g U0 605290-2202-uadolwag/9eTT 0T Se paysignd isay :uado NG


http://bmjopen.bmj.com/

Lean Framework

Overproduction
Producing greater, faster or sooner than required

Waiting
Patients and information idle time, patients waiting
for diagnostics

Using costly equipment, excessive treatment time by
difficulty in establishing standard procedures,

Inappropiriate processing
excessive corrections and inspections

WHO manual for procurement of diagnostics
and related laborratory items and equipment

s A

Agile Framework

Production & Prequalification Production
ey | INCre@se development of POC diagnostic tests due to  pmw Ability to produce POC tests and provide POC
demand; rapid evaluation of POC tests diagnostic services as quick as possible based on the
demand
' A
Producition selection
Determine specific required products in accordance
with national guidekines; perfom needs analysis )
4 )
Product qualification
Qauntify required products; forecast consumption
based on several variations
\ J s ~
( Marketing

Procurement & storage
Follow national procurement processs; evaluate
supplier performance; adequate storage facilities

e 3
Quality assurance

||

test consignments before distribution; put in place

quality assurance mechanisms )

Customer enriching, individualised combinations of
POC tests and diagnostic services

Design
Holistic methodology intergrating suppliers, business
processes, customer and products use and disposal
J

Unnecessary patient or material movement,
re-stocking un-used POC tests

——
Ensure POC tests meet qualtiy assurance quidelines;| ¢e——
—l

Distribution and resdistribution
Consider needs and consumption; put a simple
requisition and resupply mechanism; redistribute
excess POC tests to prevent expiration

{ A
Organisation
Ability to implement new diagnostic methods across
the health continuum

tests where stored

r 3\

Inventory
Information, market, or patients in que or in stock,
patients waiting in examination room

Material movement ] (

Inventory management
Monitor stock level and stock control systems

N\ Management
Put together a strong management team, emphasis

Underutilization

Motioin
Any unnecessary staff movement looking for POC
[ Underutilized human talent and ability

L

Figure 1
items and equipment.

lean SCM framework is an approach that does more with
less and at the same time offer customers exactly what
they want.'” This means using less human effort, equip-
ment, time and space to increase the value and minimise
waste simultaneously.'” ' The agile SCM framework is
an approach designed to create the ability to respond
rapidly and cost-effectively to unpredictable changes in
the health system such as in a case of a pandemic like
COVID-19."° The lean and agile frameworks both strive to
reduce costs but in different ways."” The lean framework
addresses the economies of scale (economy in relation to
each product), while the agile framework addresses the
economies of scope, thatis the economy in relation to the
organisation as a whole."” While the lean strategy focuses
on eliminating non-value adding activities to achieve
high levels of efficiency, profitability and flexibility within
the value stream in the supply chain, the agile strategy
focuses on market sensitiveness, using market knowledge
to respond to real demand.'®

Study setting

The study will use Mopani District as a study setting, one
of the five districts in Limpopo Province, South Africa.
The district is confronted by service delivery challenges
recording lower averages than the national averages
with regards to the provision of basic services."” Mopani
comprises five subdistricts/local municipalities as
depicted in figure 2*’; namely, Greater Giyani, Ba-Phal-
aborwa, Greater Letaba, Greater Tzaneen and Maruleng.

on leadership, support, motivation and trust
L J/
J People
For sustainability, employ knowlegeable, skilled and
innovative employees

Lean and agile frameworks enhanced by the WHO manual for procurement of diagnostics and related laboratory

The seat of Mopani is Giyani. Mopani District covers an
area of 20 011km?* and is made up of 16 urban areas
(towns and townships) and 354 villages (rural settle-
ments)."” It has a population of 1 167 598 as of the 2016
community survey.”’

The study population includes primary healthcare
clinics (PHC) involved in the management of COVID-19.
The district has a total of 97 clinics as shown in table 1; 26
in Greater Giyani, 9 in Ba-Phalaborwa, 11 in Maruleng, 31
in Greater Tzaneen and 20 in Greater Letaba.”’ According
to an area-specific live geographical information system
(GIS) vulnerability mapping conducted by the Council
for Science and Industrial Research (CSIR) in 2020, it
showed that the areas that show higher vulnerability to
COVID-19 are those that are more densely populated and
with higher poverty."” These are the areas surrounding
Greater Giyani, Greater Letaba, Greater Tzaneen and the
mining areas in Ba-Phalaborwa. "

Phase 1: geospatial analysis

Objective

To investigate the spatial distribution of COVID-19 testing
services.

Design

A cross-sectional study will be used and a GIS will be used
for mapping the spatial distribution of COVID-19 diag-
nostic services. Geospatial analysis is pivotal in public
health because it allows us to use geographical techniques
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Figure 2 Map showing the five subdistricts in Mopani district municipality.

such as mapping to establish the impact of a person’s
surroundings on their health outcome.” Geospatial
analysis will help us establish the proximity of COVID-19
diagnostic services to the population. We will employ GIS
mapping to estimate the geographical distribution of
COVID-19 diagnostic services to the population density.
We will show and demonstrate access to COVID-19 diag-
nostic services. We will also identify areas with large popu-
lations but poor availability of diagnostic services.

Data source
A list of all PHC clinics in Mopani District Municipality.

Analysis

To determine the spatial distribution or the distance from
the place of residence to nearest PHC clinic, a Moran’s
Index (MI) will be run on the ArcMap software. The MI,
z-scores and p values for the distance between the place
of residence and the PHC clinic will be reported. The MI
values will be interpreted as follows: An MI>0will be inter-
preted as spatially clustered, an MI<Owill be interpreted

as spatially dispersed and an MI=0will be interpreted as
spatial random distribution. The estimated distances will
be computed in Microsoft Excel and imported to Stata
Software for analysis. Means, SD and 95% CI will be
generated for the distances.

Outcome measures

The primary outcome of geospatial analysis is the acces-
sibility of COVID-19 diagnostic services from the place of
residence. In this study, accessibility to COVID-19 diag-
nostic services will be measured as the distance travelled
from the place of residence to the nearest PHC clinic.
A <5km will be interpreted as high accessibility, 5-10km
will be interpreted as moderate accessibility and >10km
will be interpreted as poor accessibility based on the CSIR
guidelines for the provision of social facilities in South
Africa.”> Another outcome for geospatial analysis is to
map PHC clinics that serve a large population but have
poor accessibility of COVID-19 diagnostic services.

Table 1 Vulnerability to COVID-19 per subdistrict

No of PHC Least Slightly Highly Extremely
Subdistrict Population clinics vulnerable vulnerable Vulnerable vulnerable vulnerable
Overall 1167 598 97 12.51% 20.18% 37.99% 29.21% 0.12%
Ba-Phalaborwa 149 463 9 40.61% 36.78% 18.85% 3.73% 0.04%
Greater Giyani 281 667 26 8.24% 13.01% 44.46% 33.93% 0.36%
Greater Letaba 226 558 20 5.54% 20.48% 39.06% 34.79% 0.13%
Greater Tzaneen 404 375 31 9.43% 17.81% 39.05% 33.7% -
Maruleng 105 535 11 10.85% 24.2% 41.48% 23.47% -

PHC, primary healthcare clinic.
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Phase 2: an audit of PHC providing POC diagnostic services

Objectives

» To evaluate the effect of SCM on accessibility of
COVID-19 POC diagnostics services in Mopani
District.

» To reveal SCM barriers and enablers of accessibility of
COVID-19 POC diagnostic services in Mopani District.

Design

A cross-sectional mixed-methods study will be utilised,
and data will be collected using an audit. Purposive
sampling will be used to sample the largest PHC clinics
with COVID-19 diagnostic services and sample large PHC
clinics without COVID-19 diagnostic services. The number
of PHC clinics sampled will be guided by the results of
the geospatial analysis conducted to address objective 1,
investigate the spatial distribution of COVID-19 testing
services. We will conduct an audit on the sampled clinics.
We have put together an adopted audit tool (online
supplemental material 1) guided by the WHO guidelines
for improving the quality of POC testing and the Manage-
ment Science for Health (MSH) laboratory diagnostic
supply chain guideline.24 To perform the audits, we will
visit the PHC clinics sampled and ask the set of ques-
tions prepared. The audit tool will be piloted in five non-
participating PHC clinics prior to data collection and the
audit tool will be adjusted based on the assessor’s feed-
back. The participants of the audit will be briefed about
the purpose of the audit and given information on how to
complete the questionnaire.

Recruitment strategy

We will write to the PHC clinic managers and request for
their participation in the study. On approval from the
PHC clinic manager, we will request participation from all
the PHC clinic staff who are involved in the SCM system
to complete the audit tool.

Data source

An audit tool consisting of questions aimed at assessing
aspects of the supply chain namely: selection, quantifi-
cation, storage, procurement, quality assurance, distri-
bution and redistribution, inventory management and
human resource capacity.

Analysis

The data collected will be captured into an excel file,
cleaned, validated and exported to Stata statistical soft-
ware for analysis. Descriptive statistics, such as frequen-
cies and percentages for categorical data and means (SD)
or medians for numerical data, will be used to summarise
audit scores. The Pearson correlation coefficient will be
used to show the relationship between numerical vari-
ables. Linear regression will be used to model the relation-
ship between the correlates. The results will be statistically
significant at p<0.05. The main themes that will arise
from probing further the causes of non-compliance from
the individual interviews will be analysed as themes.

Outcome measures
To evaluate the effect of SCM on accessibility of COVID-19
POC diagnostic services, we will summarise the audit
scores. The audit scores will be summarised through
rating the audit scores. We will sum of the scores for each
component to obtain the overall percentage rating. To
measure SCM a point will be allocated for each question.
The overall percentage score will be calculated from each
audit questionnaire. Compliance to SCM will be inter-
preted as follows: ratings between 90% and 100% will
indicate compliant SCM and ratings <90% will indicate
non-compliant SCM. These ratings are based on the stip-
ulated WHO guidelines for improving the quality of POC
testing and MSH diagnostic laboratory diagnostic supply
chain guidf:line.24

To reveal SCM barriers and enablers of accessibility
of COVID-19 POC diagnostic services, the sections
deemed compliant after the audit will be the enablers of
accessibility of COVID-19 POC diagnostic services and
sections deemed non-compliant will be the barriers of
accessibility of COVID-19 POC diagnostic services. We
will discuss the causes of the non-compliance with the
participants in order to ascertain the causes for this
non-compliance.

Phase 3: nominal group discussion

Objective

To collaborate with key stakeholders in cocreation of a
novel approach for improving SCM systems of COVID-19
POC diagnostic services.

Design

A mixed-methods approach will be used, and a nominal

group technique will be used to collect the data. Purpo-

sive sampling will be used to obtain a representative

sample of relevant key stakeholders who will help to

develop a novel approach for improving SCM systems for

COVID-19 POC diagnostic services. We intend to conduct

one online nominal group discussion using Zoom plat-

form. We will ensure that the nominal group discussion

consists of at least one participant from the identified key

stakeholders from each of the five sub-districts in Mopani

District municipality.

The following key stakeholders have been identified:

» PHC district manager; oversees all the five subdistricts.

» PHC subdistrict managers; oversee the subdistrict.

» Pharmaceutical depot manager; distribution of POC
tests to the districts from the provincial office.

» SCM, procurement of POC tests at provincial and
district levels.

» Pharmacy assistants; inventory management at PHC
clinics.

» Clinic managers, oversee the PHC clinic.

Professional nurses; use the POC tests to test patients.

» Drivers; transport POC tests from district hospitals to
PHC clinics.

v
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Phase 1:
1. Intoductions by participants
2. Purpose of the workshop by PI

3. PI poses the main question

Phase 3:
1. Group reconvenes

2. Discuss and note down
emerging themes

3. Remove duplicate themes

>

Phase 2:
1. Break away from groups

2. Silent brainstorming by each
participant

Phase 4:

1. Ranking of ideas individually

2. Collate and analyse results

Figure 3 Process to be followed for the nominal group technique.

Recruitment strategy
We will write to the identified key stakeholders and request
for their participation in the nominal group technique.

Data source
We will use a nominal group technique to collaborate with
key stakeholders in co-creation of a novel SCM approach
for improving COVID-POC diagnostic services. This data
collection method was selected to promote group partic-
ipation in the decision-making processes. It will involve
a collaboration of a small group of relevant people to
reach a consensus on the identification of key issues in
the supply chain process.25

The principal investigator (PI), with the help of a
research assistant, will facilitate the online nominal group
discussion. The identified participants will be invited to
participate in the stakeholder engagement. The invita-
tion will include a summary of the purpose of creating
a platform for key stakeholders to discuss innovative
approaches to improving SCM of COVID-19 POC diag-
nostic services.

Data collection

The nominal group technique will be conducted in four

phases, as illustrated in figure 3.

Phase 1 activities:

» Introduction of participants and purpose of the
workshop (15-30min): The discussion will start with
brief introductions by the participants. The PI will
give a background of the workshop and share the
programme of the day. The participants will be asked
to complete and sign the consent form.

» Creating of groups (10min): The participants will
be divided into two or three groups. Each group will
consist of at least one participant from each of the
stakeholders represented.

» Silent brainstorming by each participant and noting
down relevant ideas (15-20min): A question will be
posed to initiate the discussion: What are the chal-
lenges faced in the supply chain of COVID-19 POC
diagnostic services in Mopani District? A follow-up

question will be asked: What are the possible strategies
that can be implemented to address these barriers?
There will be a break-away session where each partici-
pant will be given some time for silent brainstorming
and to write down all the ideas that come to mind.
This process will allow key stakeholders to reflect
on the barriers that prevent a seamless supply chain
system. Discussions will not be allowed at this stage
however participants will be able to seek clarity from
the facilitators.

Phase 2 activities:

» Groups reconvene and share ideas (30—45min): The
groups will reconvene, and the participants will be
given an opportunity to share their main ideas with
the other group members before grouping them
according to themes on a flip chart. There will be
no debate about items at this stage and participants
are encouraged to write down any new ideas that may
arise from what others share. This process will ensure
that all participants get an opportunity to make an
equal contribution and provide a written record of all
ideas generated by the group.

» Group discussion (20-30min): Participants will be
given an opportunity to probe further and seek
clarity about any of the ideas that their fellow group
members have discussed. The PI will ensure that each
person can contribute, and that discussion of all ideas
is thorough without spending too much time on one
idea. We will ensure that the process is as neutral as
possible, avoiding judgement and criticism. The group
may suggest new items for discussion and combine
items into categories, but no ideas will be discarded.

Phase 3 activities:

» Presentations to the whole team and removal of dupli-
cates (45-60min): Each team will be asked to present
their group ideas to the workshop participants.
Following the discussion, questions and discussions
will be encouraged. As the participants are presenting,
the facilitators will write down the emerging themes
on a chart sheet. After the discussion, the facilitators
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will group similar themes and duplicate themes will
be removed. The results of the discussion will be
presented by the facilitators to the group as priority
areas to be ranked during the next phase.

Phase 4 activities:

» Ranking of ideas (45-60min): This phase involves
ranking of ideas, assigning a value to an idea according
to its priority. A Google form will be used. The top
five priority themes will be ranked using a Likert scale
of 1-5, with 1 representing a very low priority and 5
representing the highest priority. The participants will
complete the Google form independently.

» Collate and analyse results (45—60 min): The results
will be collated and analysed by the facilitators. All
recorded data and written information recorded in
flip charts will be collected and saved securely for
further analysis.

Analysis

Two types of data, quantitative and qualitative, will be
collected from the nominal group discussions. The qual-
itative data will be recorded using a voice recorder and
a chart sheet during the nominal group discussion for
analysis at a later stage. Quantitative data will be obtained
from the ranking tool created on Google form. The use
of a ranking tool allows facilitators to provide feedback of
the results during the workshop and probe further on the
ranking data presented.

Data analysis will start with consolidating all the ideas
raised by the participants of the nominal group discussion
during the silent brainstorming stage. A similar group of
ideas will be grouped together according to the emerging
themes.

Quantitative data analysis

The quantitative data will be analysed by summing the
votes allocated to each idea to determine the overall
priority score. The participants will rank the ideas on a
scale of 1-5 on Google form and the overall priority score
will be calculated. The results of the summation of scores
will be shared with the group.

Stata statistical software will be used for analysis. We
will calculate the descriptive statistics, means and distri-
butions. We will further preform a Friedman test, which is
used to analyse ranked data. We will conclude the analysis
by performing a post hoc test, Bonferroni Correction.

Qualitative data analysis

We will conduct a qualitative thematic analysis of the top
five overall priority scores. Qualitative research analysis
software NVivo will be used to conduct a conceptual anal-
ysis and code the interviews by grouping common topics
and issues and categorising them under labels which
represent themes that will emerge. A relational analysis
will then be conducted using NVivo to examine relation-
ships between the themes that will be derived from the
data.

Outcome measures: To establish the challenges faced
in the supply chain of COVID-19 POC diagnostic services
in Mopani District Municipality and come up with sustain-
able solutions to overcome these challenges.

Patient and public involvement
No patients or members of the public were involved in
the design or conduct of this study.

Data security

The study will be conducted in accordance with the
protection of personal information act.** The study will
abide by the national COVID-19 regulations, guidelines
and protocols in order to protect the health of the inves-
tigators and participants throughout the duration of the
study. The participants will be briefed about the purpose
of the study, issues around confidentiality of their infor-
mation and written informed consent will be sought prior
to participation. The participants will be provided with
a copy of the signed informed consent for future refer-
ence. All the data that will be collected from the partic-
ipants, both written and voice recorded, will be handled
with strict confidentiality. All the data will be stored in a
password protected server with access limited only to the
members of the internal research team. Backup data will
be saved on a password protected Google cloud storage.
Transfer of data between members of the research team
will be through a secure file transfer. Data collected
during the study will be kept confidential in a storage
for a maximum 2 years poststudy. The PI will deidentify
the records in a way that will prevent reconstruction after
the 2-year period. No personal identifiers will be shared
with the public during the dissemination of results. It will
be the responsibility of the PI and the research team to
ensure that the source is unidentifiable, and the source
cannot be linked to any statements made or discussed
during data collection.

DISCUSSION

The aim of this study is to develop a novel approach for
improving SCM for COVID-19 POC diagnostic services
in resource-limited settings. To the best of our knowl-
edge, this study is the first to assess and reveal barriers
and enablers of SCM for COVID-19 diagnostic services
in resource-limited settings. This study is in line with the
WHO recommendation for scaling up testing programmes
for COVID-19 by testing all suspected cases.”” This recom-
mendation led to an increased demand for POC diag-
nostic services, especially in high-burden areas where
there is poor access to healthcare facilities and laboratory
services.

To ensure equitable accessibility and availability of POC
tests, it is important that COVID-19 testing is optimised
through well-established SCM systems. Currently, the
Foundation for Innovative New Diagnostics in collabo-
ration with WHO and other organisations, are playing a
pivotal role in scaling up the development and delivery
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of COVID-19 tests through its Access to COVID-19 Tools
Accelerator and provide sustainable solutions beyond
the COVID-19 pandemic.”® To provide sustainable solu-
tions in providing POC diagnostic tests and to avoid past
uncoordinated procurement issues, various stakeholders
have joined forces to speed up the end of the pandemic
by supporting the development and equitable distribu-
tion of tests, treatments and vaccines the world needs to
reduce mortality and severe disease, restoring full societal
and economic activity globally in the near term, and facil-
itating high-level control of COVID-19 in the medium
term.” The collaboration supports coordinated, uninter-
rupted provision of timely, high-quality diagnostic tests in
resource limited settings.”” The collaboration serves as a
platform for information exchange as well as alignment
on procurement principles, planning and addressing key
SCM issues.” They also ensure that there are adequate
funds to purchase projected POC diagnostic tests to make
them available for use at the POC in a timeous manner.

An insufficient SCM prevents a rapid and specific diag-
nostic approach that is essential in identifying COVID-19
cases not only at an individual patient management level
but at a population level as a public health measure to
control the pandemic.”” Therefore, this study aims to
investigate COVID-19 POC tests SCM in order to reveal
barriers and enablers of SCM systems for COVID-19
POC diagnostic services in settings that have poor access
to laboratory diagnostic services. The study also aims to
provide sustainable and evidence-based solutions for poli-
cymakers and implementers of POC diagnostic services.

There are several anticipated limitations for this study.
Geospatial analysis uses secondary data and it may be
difficult to obtain information specific to the objective.
We have applied for ethical approval from the Limpopo
Department of Health which will allow us access to the
District Health Information System where essential data
for health services is stored. The audit and the nominal
group technique will be carried out at the PHC facilities,
which is the place of work for the participants. There is
a high possibility that this can affect the daily operations
and duties at the health facility. To mitigate this limita-
tion, the research team will prepare the participants well
in advance. We will inform them of the estimated time to
complete the questionnaire and to engage in the focus
group discussions. The research team will ensure that the
time limits are adhered to and if exceeded for any reason,
the participants will be allowed to terminate completion
of the questionnaire and participation in the focus group
discussion so that they can go back and resume their daily
duties.

Ethical considerations

This study has been ethically reviewed and approved by
two institutional review boards: University of Pretoria
Faculty of Health Sciences Research Ethics Committee
(approval number 655/2021) and Limpopo Department
of Health Research Ethics Committee (approval number
LP-2021-12-007). All participants will sign an informed

consent form (online supplemental material 2) prior to
participation in the study.

Acknowledgements The authors would like to extend their appreciation to the
School of Health Systems and Public Health, University of Pretoria for supporting the
development of this research study.

Contributors KM conceptualised and wrote the draft manuscript under the
supervision of TPM-T and AM. TPM-T and AM critically reviewed and provided input
to revise the manuscript. All authors have read and agreed to the published version
of the manuscript.

Funding The research study is partially funded by the National Research
Foundation (NRF) (grant number: MND210419595800) & Ninety-One SA (Pty) (grant
number: A1D350) through scholarships granted to the PI.

Map disclaimer The inclusion of any map (including the depiction of any
boundaries therein), or of any geographic or locational reference, does not imply
the expression of any opinion whatsoever on the part of BMJ concerning the legal
status of any country, territory, jurisdiction or area or of its authorities. Any such
expression remains solely that of the relevant source and is not endorsed by BMJ.
Maps are provided without any warranty of any kind, either express or implied.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Kuhlula Maluleke http://orcid.org/0000-0003-0002-4697

REFERENCES

1 National Institute for Communicable Diseases. Alerts. NICD.
Available: https://www.nicd.ac.za/media/alerts/ [Accessed 19 May
2021].

2 Dzinamarira T, Dzobo M, Chitungo I. COVID-19: a perspective on
Africa's capacity and response. J Med Virol 2020;92:2465-72.

3 Bong C-L, Brasher C, Chikumba E, et al. The COVID-19 pandemic:
effects on low- and middle-income countries. Anesth Analg
2020;131:86-92.

4 Baniamin HM, Rahman M, Hasan MT. The COVID-19 pandemic: why
are some countries coping more successfully than others? Asia Pac
J Public Adm 2020;42:153-69.

5 Kuupiel D, Bawontuo V, Mashamba-Thompson TP. Improving the
accessibility and efficiency of point-of-care diagnostics services
in low- and middle-income countries: lean and Agile supply chain
management. Diagnostics 2017;7. doi:10.3390/diagnostics7040058.
[Epub ahead of print: 29 11 2017].

6 Tahamtan A, Ardebili A. Real-time RT-PCR in COVID-19 detection:
issues affecting the results. Expert Rev Mol Diagn 2020;20:453-4.

7 Peeling RW, Wedderburn CJ, Garcia PJ, et al. Serology testing in the
COVID-19 pandemic response. Lancet Infect Dis 2020;20:245-9.

8 Pinna R, Carrus PP, Marras F. Emerging Trends in Healthcare Supply
Chain Management — An ltalian Experience. In: Applications of
contemporary management approaches in supply chains. London,
UK: IntechOpen, 2015.

8

Maluleke K, et al. BMJ Open 2022;12:€062509. doi:10.1136/bmjopen-2022-062509

1ybuAdoo
Ag pa199101d "el01aid Jo AlSIanIUN T8 €202 ‘Sz |Mdy uo jwod’[wqg uadolwg//:dny woly papeojumoq "2z0z JaquBAoN g U0 605290-2202-uadolwag/9eTT 0T Se paysignd isay :uado NG


https://dx.doi.org/10.1136/bmjopen-2022-062509
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-0002-4697
https://www.nicd.ac.za/media/alerts/
http://dx.doi.org/10.1002/jmv.26159
http://dx.doi.org/10.1213/ANE.0000000000004846
http://dx.doi.org/10.1080/23276665.2020.1784769
http://dx.doi.org/10.1080/23276665.2020.1784769
http://dx.doi.org/10.3390/diagnostics7040058
http://dx.doi.org/10.1080/14737159.2020.1757437
http://dx.doi.org/10.1016/S1473-3099(20)30517-X
http://bmjopen.bmj.com/

9

10

11

12

13

14

15

Polater A, Bektas C, Demirdogen S. An investigation of government
and private hospitals' supply chain management. 2074 International
Conference on Advanced Logistics and Transport (ICALT) 2014.
doi:10.1109/ICAdLT.2014.6864097

Khorasani ST, Cross J, Maghazei O. Lean supply chain management
in healthcare: a systematic review and meta-study. IJLSS
2020;11:1-34.

Ricco M, Ferraro P, Gualerzi G, et al. Point-of-care diagnostic tests
for detecting SARS-CoV-2 antibodies: a systematic review and
meta-analysis of real-world data. J Clin Med 2020;9. doi:10.3390/
jcm9051515. [Epub ahead of print: 18 05 2020].

Maluleke K, Musekiwa A, Kgarosi K, et al. A scoping review of supply
chain management systems for point of care diagnostic services:
optimising COVID-19 testing capacity in resource-limited settings.
Diagnostics 2021;11:2299.

Tolf S, Nystrédm ME, Tishelman C, et al. Agile, a guiding principle

for health care improvement? Int J Health Care Qual Assur
2015;28:468-93.

World Health Organisation. Manual for procurement of diagnostics
and related laboratory items and equipment. Available: https://apps.
who.int/iris/handle/10665/255568 [Accessed 27 May 2021].
Machado CML, Scavarda A, Vaccaro G. Lean healthcare supply
chain management: minimizing waste and costs. Ind Jour Man &
Prod 2014;5.

Alzoubi HM, Yanamandra R. Investigating the mediating role of
information sharing strategy on agile supply chain. Uncertain Supply
Chain Management 2020;8:273-84.

Kuupiel D, Bawontuo V, Donkoh A, et al. Empirical framework for
point-of-care diagnostics supply chain management for accessibility
and sustainability of diagnostic services in Ghana’s primary health
care clinics. Point Care 2019;18:72-5.

Towill D, Christopher M. The supply chain strategy conundrum:

to be lean or Agile or to be lean and Agile? Int J Logist Res Appl
2002;5:299-309.

Goverance C, Affiars T. Profile: Mopani district Municipality.
Available: https://www.cogta.gov.za/ddm/wp-content/uploads/2020/
11/Mopani-October-2020.pdf [Accessed 30 Aug 2021].

20

21

22

23

24

25

26

27

28

29

30

Baiyegunhi LJS, Oppong BB, Senyolo GM. Mopane worm (Imbrasia
belina) and rural household food security in Limpopo Province, South
Africa. Food Secur 2016;8:153-65.

Statistics South Africa. Provincial profile Limpopo. Available: http://
www.statssa.gov.za/publications/Report-03-01-78/Report-03-01-
782011.pdf [Accessed 30 Aug 2021].

Croner CM. Public health, GIS, and the Internet. Annu Rev Public
Health 2003;24:57-82.

Council for Scientific and Industrial Research. CSIR guidelines for
the provision of social facilities in South African. Available: https://
www.csir.co.za/sites/default/files/Documents/CSIR%20Guidelines_
revised_reprintNov2015.pdf [Accessed 18 Jan 2022].

Management Sciences for Health. Supply chain management system
| management sciences for health. Available: https://www.msh.org/
our-work/projects/supply-chain-management-system [Accessed 30
Aug 2021].

Sendergaard E, Ertmann RK, Reventlow S, et al. Using a modified
nominal group technique to develop general practice. BMC Fam
Pract 2018;19.

Protection of Personal Information Act. Protection of personal
information act (POPI Act). POPIA. Available: https://popia.co.za/
[Accessed 30 Aug 2021].

National Institute for Communicable Diseases. The use of antigen
testing for diagnosis of SARS-CoV-2 in South Africa. Available:
https://www.nicd.ac.za/wp-content/uploads/2020/12/COVID-19-
Antigen-Testing-Guidelines.pdf [Accessed 18 May 2021].
Foundation for Innovative New Diagnostics. Diagnosis for all.
Available: https://www.finddx.org/ [Accessed 30 Oct 2021].

Alemniji G, Peter T, Vojnov L, et al. Building and sustaining
optimized diagnostic networks to scale-up HIV viral load and early
infant diagnosis. J Acquir Immune Defic Syndr 2020;84 Suppl
1:556-62.

National Department of Health. COVID-19 antigen testing
guidelines. Available: https://www.nicd.ac.za/wp-content/uploads/
2020/12/COVID-19-Antigen-Testing-Guidelines.pdf [Accessed 18
May 2021].

Maluleke K, et al. BMJ Open 2022;12:€062509. doi:10.1136/bmjopen-2022-062509

1ybuAdoo
Ag pa199101d "el01aid Jo AlSIanIUN T8 €202 ‘Sz |Mdy uo jwod’[wqg uadolwg//:dny woly papeojumoq "2z0z JaquBAoN g U0 605290-2202-uadolwag/9eTT 0T Se paysignd isay :uado NG


http://dx.doi.org/10.1109/ICAdLT.2014.6864097
http://dx.doi.org/10.1109/ICAdLT.2014.6864097
http://dx.doi.org/10.1108/IJLSS-07-2018-0069
http://dx.doi.org/10.3390/jcm9051515
http://dx.doi.org/10.3390/diagnostics11122299
http://dx.doi.org/10.1108/IJHCQA-04-2014-0044
https://apps.who.int/iris/handle/10665/255568
https://apps.who.int/iris/handle/10665/255568
http://dx.doi.org/10.14807/ijmp.v5i4.245
http://dx.doi.org/10.14807/ijmp.v5i4.245
http://dx.doi.org/10.5267/j.uscm.2019.12.004
http://dx.doi.org/10.5267/j.uscm.2019.12.004
http://dx.doi.org/10.1097/POC.0000000000000186
http://dx.doi.org/10.1080/1367556021000026736
https://www.cogta.gov.za/ddm/wp-content/uploads/2020/11/Mopani-October-2020.pdf
https://www.cogta.gov.za/ddm/wp-content/uploads/2020/11/Mopani-October-2020.pdf
http://dx.doi.org/10.1007/s12571-015-0536-8
http://www.statssa.gov.za/publications/Report-03-01-78/Report-03-01-782011.pdf
http://www.statssa.gov.za/publications/Report-03-01-78/Report-03-01-782011.pdf
http://www.statssa.gov.za/publications/Report-03-01-78/Report-03-01-782011.pdf
http://dx.doi.org/10.1146/annurev.publhealth.24.012902.140835
http://dx.doi.org/10.1146/annurev.publhealth.24.012902.140835
https://www.csir.co.za/sites/default/files/Documents/CSIR%20Guidelines_revised_reprintNov2015.pdf
https://www.csir.co.za/sites/default/files/Documents/CSIR%20Guidelines_revised_reprintNov2015.pdf
https://www.csir.co.za/sites/default/files/Documents/CSIR%20Guidelines_revised_reprintNov2015.pdf
https://www.msh.org/our-work/projects/supply-chain-management-system
https://www.msh.org/our-work/projects/supply-chain-management-system
http://dx.doi.org/10.1186/s12875-018-0811-9
http://dx.doi.org/10.1186/s12875-018-0811-9
https://popia.co.za/
https://www.nicd.ac.za/wp-content/uploads/2020/12/COVID-19-Antigen-Testing-Guidelines.pdf
https://www.nicd.ac.za/wp-content/uploads/2020/12/COVID-19-Antigen-Testing-Guidelines.pdf
https://www.finddx.org/
http://dx.doi.org/10.1097/QAI.0000000000002367
https://www.nicd.ac.za/wp-content/uploads/2020/12/COVID-19-Antigen-Testing-Guidelines.pdf
https://www.nicd.ac.za/wp-content/uploads/2020/12/COVID-19-Antigen-Testing-Guidelines.pdf
http://bmjopen.bmj.com/

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s)

BMJ Open

Supply chain management audit tool

~&—

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
v YUNIBESITHI YA PRETORIA

Developing a novel approach for improving supply chain management for
SARS-CoV-2 point of care diagnostic services in resource-limited settings: A
case study of Mopani District Municipality in Limpopo province, South Africa.

Name of clinic

Name of Sub-district

Occupation of assessor

Role of assessor in SCM

Date

Selection Yes | No | N/A | Comment

1. Are managers/relevant persons
responsible for SARS-CoV-2 POC
diagnostic selection for the facility?

2. Are existing SARS-CoV-2 POC
diagnostics affordable?

3. Are these diagnostics sensitive with very

few false negatives?

4. Are these diagnostics specific with

very few false positives?

5. Are existing SARS-CoV-2 POC
diagnostics user —friendly (simple to

perform and requiring minimal training)?

6. Do existing SARS-CoV-2 POC
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diagnostics enable rapid testing and
treatment rapid at first visit?

7. Are these diagnostics robust, for example
not requiring refrigerated storage

8. Are existing SARS-CoV-2 POC
diagnostics equipment-free?

9. Are these SARS-CoV-2 POC diagnostics
delivered to those who need it?

Quantification

yes

No

N/A

Comment

10.Do managers/relevant persons forecast
by predicting demand based on seasonal

variations (COVId-19 waves)?

Storage

Yes

No

N/A

Comment

11.Does a storeroom for SARS-CoV-2 POC
diagnostics exist?

12.Does the SARS-CoV-2 POC diagnostic

have special storage requirements?

13.1f yes, are storage facilities available?

14. Availability of storage conditions such as
light, temperature, and sanitation, for test
kits and diagnostic reagents

Inventory management

Yes

No

N/A

Comment

15. Availability of personnel whose duties
include management of existing SARS-
CoV-2 POC diagnostics at the facility?

16. Presence of updated list of existing
SARS-CoV-2 POC diagnostics in the last

three months?

17.Document expiring dates of existing
SARS-CoV-2 POC diagnostics

18.Document inventory levels for SARS-
CoV-2 POC diagnostics
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19.Document unexplained losses (leakage)
of SARS-CoV-2 POC diagnostics

20. Availability of computerized recorded
inventory (stock visibility system)

21. Availability of manual recorded inventory

22. Availability of basic records cards such as
stock or bin cards

23. Availability of monthly consumption
records

24. Availability of inventory control forms

25. Availability of expired SARS-CoV-2 POC
diagnostics

26.Compile list of expired SARS-CoV-2 POC
diagnostics

Procurement Yes | No N/A | Comment

27.How often is existing SARS-CoV-2 POC
diagnostics requisition made? (Please

choose only one option)

a. Daily

b. Weekly

c. Monthly

d. Quarterly

e. Every 6 months

f. Annually

28.How often are existing POC diagnostics
supplied following requisition? (Please
choose only one)

a. Daily

b. Weekly

c. Monthly
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d. Quarterly

e. Every 6 months

f. Annually
Distribution Yes | No |N/A | Comment
29.Check the delivery form that came with
the supplies?
30.Check the supplies against the delivery
form and the requisition book?
31.Ask the driver or delivery person to note
any difference?
32. Ask the delivery person to sign the
accompany form before leaving your
facility?
33. Write down delivery information in a
ledger book?
34. Write down delivery information in a
ledger book?
35.Keep all delivery forms in a safe place?
36.Document all differences?
Redistribution Yes | No | N/A | Comment
37.Are there procedures in place to
redistribute SARS-CoV-2 POC
diagnostics to other facilities when expiry
date is close?
Quality Assurance Yes [ No | N/A | Comment

38.1s the box containing SARS-CoV-2 POC
diagnostics sealed upon delivery?

39. Are the individual SARS-CoV-2 POC
diagnostics sealed upon delivery?
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Human Resource Capacity

Yes

No

N/A

Comment

40. Are users trained to use existing SARS-

CoV-2 POC diagnostics appropriately?

41.Do they need training updates for SARS-
CoV-2 POC testing or procedures?

42.Are approved, written standard operating
procedures (SOP) available for
performing each SARS-CoV-2 POC test?

43. Availability SOP available for stock
(Reagents) level management for existing
SARS-CoV-2 POC diagnostics?

44.Does an SOP available for safe disposal
of existing SARS-CoV-2 POC
diagnostics?

Thank for taking time to complete this questionnaire.
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INFORMED CONSENT
Student name: Kuhlula Maluleke Student no: 15266304

School of Health Systems and Public Health, Faculty of Health Sciences, University
of Pretoria, South Africa.

Mobile: XXXXXXXXXXXX
Email: u15266304@up.ac.za

You are being invited to consider participating in a study titled: developing a novel
approach for improving supply chain management for SARS-CoV-2 point of care
diagnostic services in resource-limited settings: A case study of Mopani District
Municipality in Limpopo province, South Africa. One of the objectives of the study is
to evaluate the effect of SCM on accessibility of SARS-CoV-2 POC diagnostic
services and to reveal SCM barriers and enablers of accessibility of SARS-CoV-2
point of care diagnostic services. The study will utilise an audit tool with set
questions to collect data. In order to reveal the barriers to accessibility of SARS-
CoV-2 point of care diagnostic services, we will probe further through an individual
interview to all non-complaint sections. The duration of your participation if you
choose to enrol and remain in the study is expected to be about 40 minutes.

There are no risks associated with participation in this study.

The participants will have an opportunity to reflect on, share and make
recommendations on how SCM of SARS-CoV-2 POC diagnostic services may be
improved.

This study has been ethically reviewed and approved by the University of Pretoria
Faculty of Health Sciences Research Ethics Committee (approval number 655/2021)
and Limpopo Department of Health Research Ethics Committee (approval number
LP-2021-12-007).

Your participation in this research is voluntary. You have the right to withdraw your
participation at any point. The information we will collect from you will be kept
confidential. We will identify you by a number and not by your name. Your name will
not appear when we disseminate the results.

In the event of any problems or concerns/questions you may contact the researcher
at the above contact details or the University of Pretoria Research Ethics Committee,
contact details as follows:

University of Pretoria Research Ethics Committee
Tswelopele Building, Level 4, Rooms 4-59 and 4-60

Dr Savage Road, Gezina, Pretoria
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Tel: +2712 356 3084 or +2712 356 3085
Email: thsethics@up.ac.za

CONSENT

have been informed about the study entitled “Developing a novel approach for
improving supply chain management for SARS-CoV-2 point of care diagnostic
services in resource-limited settings: A case study of Mopani District Municipality in
Limpopo province, South Africa.” by Kuhlula Maluleke or research assistant (Name)

| understand the purpose and procedures of the study.

| have been given an opportunity to ask questions about the study and have had
answers to my satisfaction.

| declare that my participation in this study is entirely voluntary and that | may
withdraw at any time.

If I have any further questions/concerns or queries related to the study | understand
that | may contact the researcher on mobile number xxxxxxxxx or e-mail:
u15266304@up.ac.za

Name of Participant:

Signature: Date

Name of Witness:

Signature: Date

Name of person obtaining consent:

Signature: Date:
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