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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, 



xiii 
 

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   Severe acute respiratory syndrome coronavirus type II 

RT-PCR   Reverse transcription polymerase chain reaction 

COVID-19   Coronavirus disease 2019 

WHO    World Health Organisation 

POC    Point-of-care 

SCM    Supply chain management 

RDT    Rapid Diagnostic Test 

SDG    Sustainable Development Goal 

NDP    National Development Plan  

MDM    Mopani District Municipality  

PHC    Primary Health Care  

NHLS    National Health Laboratory Service 

LMIS    Logistic Management Information System 

DHIS    District Health Information System  

SVS    Stock Visibility System 

GIS    Geographic Information System 

NICD    National Institute for Communicable Diseases  

LMIC    Low- and Middle-Income Countries  

NDoH    National Department of Health 

NGT    Nominal Group Technique 

SAHPRA   South African Health Products Regulatory Authority
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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 
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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 
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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. 

Figure 1: Problem analysis diagram
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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. 
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3. To reveal SCM barriers and enablers of accessibility of SARS-CoV-2 POC 

diagnostic services in Mopani District.  

4. To collaborate with key stakeholders in co-creation of a novel approach for 

improving SCM for SARS-CoV-2 POC diagnostic services. 
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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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Chapter 3: Methodology & Conceptual Framework  
Chapter 3 presents a published protocol for the study, outlining the methodology 

employed to address each of the study objectives. Additionally, it presents the 

conceptual framework that guided the overall study design and analysis. 

The manuscript is published in BMJ Open and is titled "Study protocol for 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 

in Limpopo province, South Africa."  
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Chapter 4: Manuscript addressing Objective 1 
The scoping review findings presented in chapter 2, presents a gap in evidence on 

POC diagnostics SCM for resource-limited settings, highlighting the necessity for 

conducting primary studies to investigate the challenges and enablers for POC 

diagnostics SCM in this context. Chapter 4 addresses the first objective of the thesis, 

to investigate the spatial distribution of COVID-19 diagnostic services in Mopani 

District.  

Chapter 4 is presented in a manuscript format in line with target journal guidelines. 

The thesis is currently undergoing peer-review in BMJ Public Health. The manuscript 

is titled: "Spatial distribution of COVID-19 diagnostic services in Mopani District, 

Limpopo province, South Africa."  
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ABSTRACT 

Introduction 

Access to health care facilities in rural areas remains a problem, especially during the 

COVID-19 pandemic. We used a geographic information system-based approach to 

investigate the spatial distribution of COVID-19 POC diagnostic services in Mopani District, 

Limpopo province, South Africa. 

Methods 

In this descriptive cross-sectional study, secondary data were analyzed using a dasymetric 

mapping technique to disaggregate and re-aggregate population data into analytical units to 

investigate the spatial distribution and accessibility of COVID-19 diagnostic services. The 

accessibility to COVID-19 diagnostic services was measured as the distance travelled from 

residences to the nearest primary healthcare clinics (< 5km) and from primary healthcare 

clinics to the nearest district hospitals (< 30km).  

Results 

The Mopani District has an estimated population of 1 202 916 people, out of which 942 801 

(78.4%) have access to clinics within 5 km. There are 105 primary healthcare clinics in the 

district, with each serving around 11 456 people. Among these clinics, 72 (68.6%) are 

located within 30 km of a district hospital. Ba-phalaborwa, Maruleng, Greater Tzaneen, and 

Greater Letaba have good access to healthcare services, with a high percentage of the 

population residing within 5 km of a clinic and a high percentage of clinics located within 30 

km of population centers. Greater Giyani has limited access to healthcare services.  

Conclusion  

Most (78.4%) of the people living in the Mopani District of South Africa lived within 5 km of 

COVID-19 diagnostic services. Access to healthcare facilities beyond the standard travelling 

distances can be a limiting factor for diseases such as COVID-19 where timely diagnosis is 

critical. We recommend strengthening POC diagnostics services among populations with 

poor accessibility. 
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Key questions 

What is already known?  

People living in resource-limited settings generally have poor access to diagnostic services. 

COVID-19 has severely impacted the South African health system, but data on access to 

COVID-19 diagnostic services are not readily available. Currently, there are no systems to 

quantify which populations have poor access to COVID-19 diagnostic services and to 

identify where these populations reside. Geospatial analysis has been used to analyze 

access to public healthcare services in many countries, however, this technique has not 

been applied in resource-limited settings with poor access to laboratory infrastructure.  

What are the new findings?  

● The PHC clinics were well distributed but unevenly located.  

● A large majority of the population (78.5%) lived within 5 km of a PHC clinic.  

● Of the 105 PHC clinics, 72 (68.4%) were located within 30 km of a district hospital. 

● On average, each PHC clinic in the district served 11 546 people. 

● The study mapped the areas with inadequate access to COVID-19 diagnostic 

services. 

What do the new findings imply?   

By providing insight into the spatial distribution of COVID-19 diagnostic services and 

identifying areas with inadequate access, this study's results could assist policymakers in 

resource-limited settings in developing strategies to optimize accessibility and reduce 

disparities. The study's findings could also aid decision-making when planning new facilities 

and allocating resources.  
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BACKGROUND  

Access to primary healthcare (PHC) is a fundamental human right (1). All governments aim 

to ensure that all members of society have equal and adequate access to PHC, regardless 

of socio-economic and geographic factors. Adequate access to PHC will also facilitate 

achieving Sustainable Development Goal (SDG) 3, ensuring good health and well-being for 

all (2). The coronavirus disease 2019 (COVID-19) pandemic threatened the public health 

systems of many low-and middle-income countries (LMICs) where insufficient resources, 

inadequate infrastructure, and poor access to health services negatively impacted disease 

outcomes. In response to the pandemic, the World Health Organization (WHO) 

recommended scaling up COVID-19 point-of-care (POC) diagnostic testing in resource-

limited settings with poor access to laboratory infrastructure (3, 4). The Access to COVID-19 

Tools (ACT) Accelerator, a global collaboration to accelerate development, production, and 

equitable access to COVID-19 tests has been supporting high disease burdened countries 

and areas with the greatest need, including resource-limited settings in South Africa (5).  

South Africa’s health sector faces a significant challenge in developing a unified national 

health system capable of delivering quality health care to all citizens, but there are large 

disparities in the spatial distribution of health services (6). Health facilities are in fixed 

locations while health needs vary across space and time, especially in resource-limited 

settings (7, 8, 9). The most immediate factor affecting geographical accessibility is the 

distance and time it takes to travel to a well-equipped and adequately staffed healthcare 

facility (10). Several studies in LMICs have provided evidence that physical proximity to 

healthcare services plays an important role in the use of healthcare facilities (11). Healthcare 

facilities are usually in densely populated areas, and people living in remote settings often 

have to travel further when seeking primary healthcare (10). When distance to healthcare 

hinders accessibility, the detection of infectious diseases may be delayed (12). Mild 

infections might develop into severe disease, potentially leading to suboptimal care or even 

mortality (13, 14). In this study, we define geographical accessibility as the physical distance 

travelled to the nearest healthcare facility.  

In this study, we investigate the spatial distribution of COVID-19 diagnostic services in 

relation to population density and identify areas deprived of these health services in the 

Mopani District in Limpopo Province, South Africa. Currently, providing health facilities to all 

settlements in the district is a problem because there are many settlements that vary in size, 

with most settlements being relatively small and scattered throughout the district. To 

completely understand the spatial distribution of COVID-19 diagnostic services in relation to 

population density, we identified the physical location of PHC clinics and district hospitals 
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(areas of supply), showed the population distribution (areas of demand), calculated the travel 

distances from areas of demand to areas of supply, and examined variations of spatial 

accessibility in different areas. Finally, we identified areas with a paucity of COVID-19 

diagnostic services. To achieve this, we conducted a geographic information systems (GIS) 

based accessibility analysis.  

METHODS 

Study design  

In this descriptive cross-sectional study, we used a GIS approach to investigate the spatial 

distribution of COVID-19 diagnostic services. This study design was useful for collecting 

benchmark data that demonstrates the size of a problem (distance travelled to access 

COVID-19 diagnostic services) at a specified point in time (15).   

Study setting  

The study was set in Mopani District located in the Limpopo Province in South Africa (Fig 1). 

In 2021, a total of 1 207 020 people lived in the province (20 011 km2) (16). In the Mopani 

District, 81% of people live in rural areas, 14% live in urban areas, while 5% live on farms 

(17). Mopani District consists of five sub-districts, namely Greater Giyani, Greater Letaba, 

Greater Tzaneen, Ba-Phalaborwa and Maruleng (Fig 1). Most of the population rely on the 

public health system for essential diagnostic services. 
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Figure 1: Location of the Mopani District, Limpopo Province, South Africa 

GIS accessibility analysis 

ArcGIS 10.8.2 software was employed to determine i) travel distances from places of 

residence to the nearest PHC clinics and ii) travel distances from PHC clinics to the nearest 

district hospital where National Health Laboratory Services (NHLS) were located. The GIS 

accessibility analysis followed a stepwise approach similar to that described in Baloyi et al. 

(18).  

Data manipulation 

To investigate spatial distribution of COVID-19 diagnostic services in Mopani District, three 

main data types were used; i) the population distribution, ii) the physical location of the PHC 

clinic, and iii) the spatial layout of the road network.  

Physical location of PHC clinics and district hospitals (areas of supply) 

The district has 105 PHC clinics and seven district hospitals.(19) There are 28 PHC clinics in 

Greater Giyani, 10 in Ba-Phalaborwa, 11 in Maruleng, 35 in Greater Tzaneen, and 21 in 

Greater Letaba (Fig 2). All the districts have one hospital, except for Greater Tzaneen and 

Greater Letaba that have two district hospitals each. All the included PHC clinics offer 
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COVID-19 POC diagnostic services, are administered by the public sector, and have a fixed 

geographical location. The geographic coordinates of the PHC clinics were obtained from 

the South African National Department of Health (NDoH) website 

(https://www.health.gov.za/) and the Mopani District Municipality GIS unit (19). The two 

datasets were merged, and duplicate coordinates for each PHC clinic were removed. Due to 

the absence of fixed residential addresses, we used the PHC clinic’s catchment areas to 

ascertain the residences of the patients. 

 

 

Figure 2. Location of PHC clinics and district hospitals in Mopani District, Limpopo province, 

South Africa. 

Population disaggregation (areas of demand) 

To identify areas of demand, the Mopani District was disaggregated into 20-hectare 

hexagons using a dasymetric mapping technique. The hexagons were then populated with 

the 2021 population data. For each hexagon, a population weighted centroid was calculated 

based on the population distribution (20). The 2021 community survey conducted by 

Statistics South Africa (https://www.statssa.gov.za/) formed the base data for the analysis 

(16). Figure 3 shows the 2021 population of the Mopani District on a dasymetric map.  
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Figure 3. Population distribution of the Mopani District in 2021 

Road network data 

We measured geographic accessibility using road network distance, which is more realistic 

than straight line distance. The road network distance was measured on a flow map from 

each hexagon centroid to the PHC clinic using an origin-destination matrix. A road network 

for the Mopani District was obtained from the GIS unit at Mopani District Municipality (Fig 4). 

The implicit mode of travel was used to calculate distance between locations. The implicit 

mode of travel states that the physical distance is a function of mode of travel and is not 

related to the patient (i.e. speed/rate may differ even though the physical distance covered is 

the same) (21). 
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Figure 4. Mopani District road network used for the travel distance analysis  

Input standards 

We assumed that patients would travel to the nearest PHC clinic for COVID-19 diagnostic 

services. We categorized people who lived within < 5 km as having high accessibility; 5–10 

km, moderate accessibility; and > 10 km, poor accessibility based on the CSIR guidelines for 

the provision of social facilities in South Africa (22). The ideal distance from a PHC clinic to 

the nearest district hospital was 30 km, therefore any distance above this threshold was 

deemed inaccessible (22). 

Role of funding source 
The funders had no role in study design, data collection and analysis, writing, or preparation 

of the manuscript. The authors had full access to all the data in the study and had final 

responsibility for the decision to submit the manuscript for publication. 

RESULTS  
Within the Mopani district, 78.4% of the population (942 801 people) had access to a PHC 

clinic within a 5 km travel distance, while 21.6% of the population (260 115 people) had to 

travel further than 5 km to access a PHC clinic (Table 1).  



57 
 

Table 1. Population data per sub-district 

Subdistrict Population  Number of 

clinics  

Population 

Density 

Population 

within 5km (%) 

Clinics within 

30km (%) 

Ba-Phalaborwa 186 741 10 18674 159401 (85.4) 8 (80) 

Greater Giyani 265 721 28 9490 159339 (60) 15 (53.6) 

Greater Letaba 215 478 21 10261 168292 (78.1) 10 (47.6) 

Greater Tzaneen 431 957 35 12342 382071 (88.5) 29 (82.9) 

Maruleng 103 019 11 9365 73698 (71.5) 10 (90.9) 

Total  1 202 916 105 11 456 942 801 (78.4) 72 (68.6) 

 

Figure 5a displays the spatial distribution of the population in the Mopani district who were 

able to access primary healthcare (PHC) clinics providing COVID-19 diagnostic services 

within a 5 km travel distance, with a mean travelling distance of 2.95 km (95% CI: 2.46 km - 

3.45 km). The district's built-up areas, which include major towns and their surroundings 

such as Phalaborwa, Giyani, Tzaneen, and Modjadjiskloof, have a higher population density. 

In contrast, the Hoedspruit sub-district has a scattered population due to a significant 

number of farms and game farms occupying large portions of land (Fig 5b). Greater Giyani 

sub-district had the highest percentage (40%) of population living beyond 5 km from a PHC 

clinic, followed by Maruleng (28.5%), Greater Letaba (21.9%), Ba-Phalaborwa (14.6%), and 

Greater Tzaneen (21.9%). 
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Figure 5. The travel distance analysis showing population density in relation to the location 

of public health clinics. The figures show population density within 5 km of a PHC clinic (a) 

and (b) more than 5 km from a PHC clinic. 

Figure 6 displays the distances between PHC clinics and the nearest district hospital. 

According to the data in supplementary material 1, the average distance between PHC 

clinics and district hospitals in the Mopani District was 20.9 km (95%CI: 17.9 km–23.9 km). 

Out of the 105 PHC clinics, 34 (32.4%) were located within 0-10 km from the nearest district 

hospital, 19 (18.1%) were within 10-20 km, 19 (18.1%) were within 20-30 km, and 33 

(31.4%) were more than 30 km away. 
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Figure 6. Distances from PHC clinics to the nearest district hospitals 

On average, each clinic in the district serves 11 546 people. The sub-district of Ba-

Phalaborwa has the highest number of people per clinic, with 18 674 people per clinic. 

Greater Giyani has an average of 9 490 people per clinic, Greater Letaba has 10 261, 

Greater Tzaneen has 12 342, and Maruleng has an average of 9 365 people per clinic 

(Table 1).  

DISCUSSION 

We used GIS accessibility analysis to map the spatial distribution of COVID-19 diagnostic 

services in relation to population density in the Mopani district, Limpopo Province, South 

Africa. The study identified areas of supply and demand, with a total population of 1 202 916 

in the Mopani district, 105 PHC clinics, and seven district hospitals. We found that on 

average, each clinic in the district served approximately 11 456 people.  We found that PHC 

clinics were well equitable but unevenly distributed in the Mopani district, with most of the 

population (78.5%) residing within 5 km of a PHC clinic. Of the 105 PHC clinics, 72 (68.4%) 

were located within a 30 km radius of a district hospital. In the district, most of the population 

is concentrated in areas that have a PHC clinic and district hospital within acceptable 

travelling distance. Ba-phalaborwa and Maruleng have good access to healthcare services 
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with high percentages of population living within 5km of a clinic and a high percentage of 

clinics located within 30km of the population centers. Greater Letaba and Greater Tzaneen 

also have relatively good access to healthcare services with a high percentage of the 

population living within 5km of a clinic and a relatively high percentage of clinics within 30km 

of the population centers. In contrast, Greater Giyani has the lowest percentage of the 

population living within 5km of a clinic, which suggests that access to healthcare services in 

this district may be more challenging. Moreover, only 53.6% of clinics are located within 

30km of the population centers, which could further limit accessibility for some individuals. 

Our research adds to a growing body of evidence indicating that travel distance is a crucial 

factor affecting patient access to healthcare services (23, 24, 25). In our study, the mean 

travelling distance to the closest PHC clinic is 2.95km, which is encouraging compared to an 

urban study that reported an average travel distance of 3.5km to access a healthcare facility 

(25). However, other studies reported poor access to healthcare services among patients 

living in areas deprived of healthcare services, reporting a travel distance of more than 5 km 

to access healthcare services (26, 27, 28, 29). Most of these studies reported that poor 

infrastructure, including transportation and utility systems, were some of the challenges to 

access healthcare services (27, 28, 29).   

The Mopani district, like other areas in Limpopo, experienced four COVID-19 waves. The 

first wave occurred in July and August 2020, followed by the second wave in December 

2020 to January 2021, the third wave in June to August 2021, and the fourth wave in 

December 2021 to January 2022 (30). During these waves, the government responded by 

providing free diagnostic testing to symptomatic patients (31). While district hospitals 

provided COVID-19 polymerase chain reaction (PCR) testing, which took 48-72 hours to 

release results, PHC clinics provided COVID-19 point-of-care (POC) tests with immediate 

results, enabling rapid control measures. Although the average travel distance from a clinic 

to the nearest hospital in the Mopani district was 20.9 km, which is deemed acceptable by 

South African standards, the time it took district hospitals to send results was detrimental to 

COVID-19 control and management. Hence, COVID-19 rapid testing provided at PHC was a 

suitable alternative. This may explain why COVID-19 was difficult to track in rural areas of 

South Africa, where the travel distance to accurate diagnostic testing and the distance 

between health clinics and district hospitals are challenging to extrapolate to the population. 

 

This study's findings could help policymakers better understand the spatial distribution of 

COVID-19 diagnostic services, identify areas with insufficient access to these services, and 

develop integrated strategies to optimize accessibility and reduce disparities in resource-

limited settings. The study's results can also aid decision-making when planning new 
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facilities and allocating resources. However, to improve the accuracy of accessibility 

assessments, future research should consider transportation modes and geographical 

barriers such as mountains and rivers, which can significantly impact travel distance and 

accessibility. 

 

This is the first study, to our knowledge, that uses geospatial analysis to determine the 

spatial distribution of COVID-19 diagnostic services in this setting. The use of geospatial 

analyses provided a platform for providing insights into the accessibility of healthcare 

services, as larger datasets can be processed quickly, efficiently, and consistently (32). 

Moreover, these analyses are adaptable and can be routinely updated if the population 

grows.  

 

While our study made significant contributions to understanding healthcare accessibility in 

rural areas, there were several limitations that should be considered. First, due to the lack of 

fixed residential addresses in the rural community, we had to rely on catchment areas and 

PHC clinics as a proxy for linking residential areas to the nearest district hospital. Second, 

our analysis only used travel distance as a measure of accessibility, overlooking other 

important factors such as cost, quality, and cultural and linguistic barriers. It is essential to 

consider these factors to ensure that healthcare services are accessible to all individuals and 

communities. Another limitation of the study is that it assumed patients would always use the 

nearest healthcare facility to their residence, while in reality, patients in South Africa have 

the freedom to choose their healthcare provider. Moreover, the sub-districts in rural areas in 

South Africa have well-connected roads and public transport, allowing patients to access 

healthcare facilities near their workplace or along transportation routes. 

 

Conclusion 
Improving equitable access to healthcare is essential for achieving SDG 3. Regular 

evaluation of access, efficiency, and planning for future demand is critical to achieve this 

goal. In our study, we found that most of the rural population had good access to COVID-19 

diagnostic services based on the assumption that patients use the closest healthcare facility. 

However, we also identified an uneven distribution of these services in the area. The 

population in the Mopani district was mainly concentrated in regions with primary healthcare 

(PHC) clinics and district hospitals, as indicated by our GIS-based accessibility analysis that 

considered population density. On average, each clinic in the district served 11 456 people, 

with 76% of them living within 5 km of a PHC clinic, and 72 (68.6%) clinics were located 

within 30 km of a district hospital. To ensure equitable access to healthcare services, we 

recommend strengthening areas with limited COVID-19 diagnostic services by exploring new 
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and innovative approaches to testing to reach as many people as possible and help control 

the spread of COVID-19. It is crucial to regularly evaluate access and efficiency, as well as 

plan for future demand to achieve SDG 3. 
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Chapter 5: Manuscript addressing Objective 2 and 3 
Chapter 4 presented results of the GIS-based travel-distance analysis conducted in 

Mopani District. The results of the GIS analysis showed uneven distribution of 

COVID-19 diagnostic services in this region. Following this study, it was deemed 

necessary to determine the effect of SCM on accessibility of SARS-CoV-2 POC 

diagnostic services in order to identify barriers and enablers of SCM in Mopani 

District.  

Chapter 5 presents the findings from an audit of PHC clinics which addressed two 

thesis objectives: objective 2- to evaluate the effect of SCM on the accessibility of 

SARS-CoV-2 POC diagnostic services in Mopani District and objective 3 - to reveal 

SCM barriers and enablers of accessibility to SARS-CoV-2 POC diagnostic services 

in Mopani District. This chapter is presented in a manuscript format in line with the 

guidelines of the target journal. The manuscript is in production with the PLOS One 

Journal. The title of the manuscript is "Evaluating the supply chain management of 

SARS-CoV-2 point-of-care (POC) diagnostic services in primary healthcare clinics in 

Mopani District, Limpopo Province, South Africa." 
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Chapter 6: Manuscript addressing Objective 4  
Chapter 5 revealed areas of non-compliance with SCM guidelines, highlighting the 

need for improvement in SCM practices within Mopani District PHC clinics. To 

address objective 4, to collaborate with key stakeholders in the co-creation of a novel 

approach for improving SCM for SARS-CoV-2 POC diagnostic services in resource-

limited settings, we conducted an NGT.  

Chapter 6 presents the findings from this collaborative effort. This chapter is 

presented in a manuscript format in line with the target journal. The manuscript is 

currently undergoing peer-review with BMC Health Services Research. The title of 

the manuscript is "Co-creation of a novel approach for improving supply chain 

management for SARS-CoV-2 point of care diagnostic services in Mopani District, 

Limpopo Province: Nominal Group Technique."  
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Abstract  

Background 

The participation of various stakeholders, government institutions, and regulatory 

agencies is essential for effective Supply Chain Management (SCM) of point-of-care 

(POC) tests. The responsibility of administering and overseeing the procurement, 

quality assurance, storage, inventory management, distribution, and human resource 

capacity of POC tests falls on the national, provincial and local levels of government. 

The main objective of this study was to collaborate with key stakeholders in the co-

creation of a novel approach for improving SCM for SARS-CoV-2 POC diagnostic 

services in resource-limited settings, using Mopani District in Limpopo province, 

South Africa, as a study setting.  

Methods 

We invited key stakeholders to participate in an online workshop. We conducted 

purposive sampling to include key stakeholders involved in SCM of COVID-19 

diagnostic services. We employed the nominal group technique (NGT) method for 

data collection. The NGT workshop was conducted in two consecutive phases. 

Phase 1 focused on determining barriers faced in the supply chain of COVID-19 

rapid tests and phase 2 was aimed at determining strategies to overcome the priority 

barriers identified in phase 1. The participants ranked the barriers and strategies 

from lowest to highest priority using a Likert scale of 1-5. The overall ranking score 

was calculated for each of the identified barriers and strategies. 

Results  

Eleven key stakeholders from national, provincial, and local levels of government, 

research entities, and non-governmental organizations participated in the study. The 

most significant barriers faced in the supply chain of COVID-19 rapid tests, as 

identified by participants, were availability of testing kits, unknown demand, 

information on SCM during a pandemic, methods of controlling stock, and 

procurement of stock. Key stakeholders suggested several strategies to address 

these barriers. The most effective strategy to improve the availability of COVID-19 

rapid tests was monitoring of stock levels and optimization of the stock visibility 

system. Visibility of information and consistent update of data capturing systems 
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were identified as the most effective strategies to address the unknown demand and 

improve information on SCM during a pandemic. Capturing of data and digitization 

were identified as the most effective methods of controlling stock. To improve the 

procurement of stock, key stakeholders suggested implementing demand planning 

and standardized procurement processes at a national level. 

Conclusion  

Successful collaboration with key stakeholders in the co-creation of a novel 

approach to improve SCM for COVID-19 diagnostic services in resource-limited 

settings was enabled through the NGT. This study has the potential to support the 

provision of COVID-19 diagnostic services in resource-limited settings. To assess 

the feasibility of implementing this approach, a follow-up study is recommended. 

1. Introduction  
The healthcare sector's supply chain management (SCM) systems have been 

exposed to vulnerabilities due to the complex nature of the coronavirus disease 2019 

(COVID-19), fluctuations in demand for certain commodities, and the fact that they 

deal with human lives (1). SCM involves regulating the flow of medical and essential 

goods and services from the manufacturer to the patient (1, 2). It is a complex and 

fragmented process, regardless of the outbreak's severity (3). The government had 

to take unprecedented measures to prevent or mitigate the risk caused by the 

COVID-19 outbreak, particularly in the supply and distribution of point-of-care (POC) 

tests essential for controlling and managing COVID-19 (1, 4, 5). 

The participation of several stakeholders, including government institutions and 

regulatory agencies, is required in SCM for POC tests (6, 7). The government is 

responsible for administering SCM of POC tests to primary healthcare (PHC) clinics, 

including procurement, quality assurance, storage, distribution, and human resource 

capacity (8, 9). The provincial government, which receives funding from the national 

government, must follow a thorough procurement process to ensure value for money 

while not compromising on the quality of POC tests procured (10).  

The SCM of COVID-19 rapid tests in Mopani District had two phases. The first phase 

was characterized by emergency procurement processes, a lack of standardization, 

and poor stock management (11, 12). The provincial office controlled SCM 
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processes and emergency procurement was necessary due to a lack of prior 

knowledge about the disease (13). Stock was donated by an international 

organization, and there was no consistency in stock management across the district. 

Stock was collected by Van Velden hospital, which became the distribution centre, 

and stock control was manual. Reporting was also poor in this phase, with only 

57.6% of facilities reporting on the CSA reporting application (14). In the second 

phase, which began in 2021, the pharmaceutical depot took over SCM. However, 

due to poor stock management in phase 1, there was no historical data on 

consumption, making it difficult for the pharmaceutical depot to determine how much 

POC tests each facility should take (15). They adopted a push allocation model, 

which resulted in overstocking and an equal allocation to all PHC clinics, regardless 

of usage (16). District hospitals had different approaches to delivering stock to PHC 

clinics based on their resources. This unequal distribution deprived some PHC 

clinics that were using more stock. 

The main objective of this study was to collaborate with key stakeholders in the co-

creation of an acceptable SCM approach for improving 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 study will help 

provide a sustainable SCM approach for improving SARS-CoV-2 diagnostic services 

in resource-limited settings. 

2. Methods  
 

2.1. Study setting  
Mopani District municipality, located in Limpopo province, South Africa, has a 

population of 1 202 916 and is made up of 16 urban areas and 354 villages (17). The 

district is divided into five sub districts or local municipalities, namely Greater Giyani, 

Ba-Phalaborwa, Greater Letaba, Greater Tzaneen, and Maruleng. Despite its size, 

the district faces several service delivery challenges and reports lower averages than 

the national averages in providing basic services (18). 

2.2. Study Population  
Key stakeholders involved in the SCM of SARS-CoV-2 point-of-care diagnostic 

services were recruited into the study. We defined key stakeholders as people who 
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have expert knowledge on SCM of POC diagnostic tests and have an interest in 

implementation of an efficient SCM process for POC diagnostic tests in Mopani 

District, Limpopo, South Africa. The key stakeholders are identified as: healthcare 

providers, government employees, non-governmental organisations, research 

entities and community leaders.  

2.3. Study Design  
This study was part of a multi-phase study aimed at developing a novel approach for 

improving SCM for SARS-CoV-2 point of care diagnostic services in resource-limited 

settings. Specifically, the study focused on the Mopani District Municipality in 

Limpopo province, South Africa. The protocol of the main study has been published 

elsewhere (19). The main study employed a mixed methods approach, which was 

conducted in four phases. The first phase involved conducting a scoping review to 

map evidence of SCM systems of POC diagnostic services in low- and middle-

income countries, globally (20). In the second phase, a geospatial analysis was 

performed to investigate the spatial distribution of COVID-19 testing services in 

Mopani District Municipality, Limpopo, South Africa. In the third phase, an audit of 

POC diagnostic services was conducted, including its supply chain, to evaluate the 

effect of SCM on accessibility of SARS-CoV-2 POC diagnostic services and reveal 

SCM barriers and enablers of accessibility of SARS-CoV-2 POC diagnostic services. 

In this study, which constitutes phase four, a nominal group technique was used to 

collaborate with key stakeholders in co-creation of a novel approach for improving 

SCM systems for SARS-CoV-2 POC diagnostic services in the study setting. 

2.4. Sampling 
To obtain a representative sample of relevant key stakeholders from national, 

provincial, and local levels of government, research entities, and non-governmental 

organizations who assisted in developing a novel approach for improving SCM for 

SARS-CoV-2 POC diagnostic services, purposive sampling was used. One online 

nominal group discussion was conducted using the Zoom platform, with at least one 

participant from the identified key stakeholders to ensure representation. 

2.5. Recruitment strategy 
The identified participants were invited via email to participate in the stakeholder 

engagement. The invitation included a summary of the purpose of creating a 
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platform for key stakeholders to discuss innovative approaches to improving SCM of 

SARS-CoV-2 POC diagnostic services. 

2.6. Data collection  
To collect data on barriers and potential strategies for improving SCM for SARS-

CoV-2 diagnostic services in Mopani District, a nominal group technique was used. 

This method involved collaboration between a small group of relevant stakeholders 

to reach a consensus on key issues. The online discussion was facilitated by the 

principal investigator (PI) and a research assistant. The nominal group technique 

was conducted in two consecutive phases. 

In phase 1, participants were asked to share their knowledge on the barriers faced in 

the supply chain of COVID-19 rapid tests. After a break-away session for silent 

brainstorming, the group reconvened, and participants shared their ideas. The PI 

grouped the ideas into themes and created a Google form with the themes for 

participants to rank using a Likert scale of 1-5. 

In phase 2, key stakeholders were asked to propose potential strategies to overcome 

the top 5 barriers identified in phase 1. After another break-away session for silent 

brainstorming, participants shared their proposed potential strategies. The PI 

grouped the strategies into themes on a Google form to enable participants to rank 

them using a Likert scale of 1-5. 

2.7. Data management and analysis  
To analyse the data collected from the nominal group technique, a mixed-methods 

approach was employed. The quantitative data collected in phases 1 and 2 were 

analysed using Stata statistical software. Participants ranked the ideas using a Likert 

scale of 1-5, and the priority scores were calculated by summing up the votes 

allocated to each idea. The highest priority scores indicated the most important 

barriers and effective strategies for improving SCM for SARS-CoV-2 POC diagnostic 

services. On the other hand, the qualitative data collected in phases 1 and 2 were 

analysed using NVivo software. The data were first grouped into common topics and 

issues, and the resulting themes were labelled to represent the themes that 

emerged. More qualitative data were collected from the participant's recorded 

presentations to elaborate further on the themes. This allowed for a more in-depth 
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understanding of the barriers and strategies identified in the nominal group 

discussion. 

3. Results 
  

3.1. Characteristics of participants  
Eleven SCM key stakeholders aged 26–55 years, agreed to participate in our 

workshop. Of these, 10 (90.9%) were female. The majority 8 (72.7%) of the study 

participants were employed, two (18.2%) were post-doctoral research fellows and 

one (9.1%) was a full-time PhD candidate. The characteristics of the study 

participants and their roles in SCM are presented in Table 1.   

Table 1: Characteristics of participants  

Gender  Age (years) Occupation  Role in SCM   
Female  26-35 Pharmacist  Managing dispensing of 

COVID-19 rapid tests 

Female  36-45 Program Lead  Supporting the acceleration of 

POC rapid testing 

Male  46-55 Pharmaceutical depot 

manager  

Overseeing the distribution of 

COVID-19 rapid tests to all 

districts in the province 

Female  36-45 Pharmacist & 

Warehouse manager  

Coordinating the receiving and 

distribution of COVID-19 rapid 

tests and maintain accurate 

inventory records 

Female  36-45 Laboratory & Blood 

Service Deputy Director  

Coordinating laboratory and 

blood services  

Female  26-35 Medical Doctor & 

Research Clinician  

End-user (COVID-19 testing) 

and generation of new 

knowledge by conducting 

clinical trials  

Female  36-45 Post-doctoral research 

fellow   

Conducting research of optimal 

implementation of POC 

diagnostics services 



93 
 

Female  26-35 Post-doctoral research 

fellow 

Conducting research of optimal 

implementation of POC 

diagnostics services 

Female  26-35 PhD candidate  Conducting research of optimal 

implementation of POC 

diagnostics services 

Female  46-55 Professional Nurse & 

Mopani District Public 

Health  

Coordinating disease control 

unit & facilitate distribution of 

COVID-19 rapid tests  

Female  46-55 Professional Nurse  End-user (COVID-19 testing) 

 

3.2. Stakeholders' perspective on the barriers faced in the supply chain of 
COVID-19 diagnostic services in Mopani District  

The stakeholders identified 15 barriers encountered in the supply chain of COVID-19 

rapid tests in Mopani District. Figure 1 displays the ranking results of the barriers, 

arranged in ascending order based on their priority scores. According to the voting 

results, the availability of testing kits was deemed the highest priority with a score of 

46, followed by information on supply chain management during a pandemic (score 

of 45), unknown demand and procurement of stock (score of 44), methods of 

controlling stock (score of 42), time of delivery (score of 41), and the delivery 

approach of the healthcare facility (score of 40). 

On the other hand, mobile data costs were ranked as the least severe barrier with a 

score of 29, followed by lack of capturing and reporting of results (score of 31), 

network and connectivity (score of 33), incorrect stock delivered (score of 34), cost of 

rapid tests (score of 35), educating users on how to use, interpret, and report results 

(score of 36), and identifying points of sourcing the rapid tests (score of 39).
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Figure 1: Key stakeholders’ voting scores on the barriers faced in the supply chain of COVID-19 rapid tests in Mopani District 

.
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3.3. Proposed potential strategies to overcome the barriers to SCM for 
COVID-19 rapid tests 

Table 2 presents the 28 proposed potential strategies suggested by participants to 

overcome the five highly ranked barriers in the supply chain of COVID-19 rapid tests 

in Mopani District, which are availability of testing kits, information on SCM during a 

pandemic, unknown demand, procurement of stock, and methods of controlling 

stock. The participants ranked these strategies based on their effectiveness to 

overcome the identified barriers. 

The key stakeholders ranked monitoring of stock levels (96.4%) and optimization of 

stock visibility systems (SVS) (98.2%) as the most effective strategy to improve the 

availability of COVID-19 rapid tests. To improve the unknown demand, visibility of 

information (90.9%) and consistent updating of data capturing systems (92.7%) were 

ranked as the most effective strategies. For improving information on SCM during a 

pandemic, putting policies in place at the national level (87.3%) and reporting on 

facilities that have received and consumed supplies (90.9%) were the most effective 

strategies. Capturing of data (90.9%) and digitization (90.9%) were ranked as the 

most effective methods of controlling stock. To improve the procurement of stock, 

participants suggested that demand planning should be in place (89.9%) and 

standardized procurement procedures (89.9%). 
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Table 2: Proposed strategies to overcome the top five barriers to SCM of COVID-19 rapid tests 

 
 
 

Proposed strategies to improve the top 5 barriers to SCM of COVID-19 rapid 
tests 

Summing by votes 
1 = less effective 
5 = highly effective 

Total number 
of voting 
scores 
(weighted 
sum = number 
of votes × 
ranking 
score) 
55 

 

 

 

 

1 

 

 

 

 

2 

 

 

 

 

3 

 

 

 

 

4 

 

 

 

 

5 

 
Availability of testing kits  
 

● Policies to be put in place on a national level 1 2 2 1 5 40  

● Buffer stock to be provided  1 5 2 3 40 

● Understanding needs of community healthcare facilities 1  3 3 4 42 

● Managing processes from procurement to end user   2 5 4 46 

● Monitoring of stock levels    2 9 53 

● Optimization of stock visibility system (SVS)    1 10 54 

 
Unknown demand  
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● Forecasting demand review to draw up historical data for demand planning   2 6 3 45 

● Feedback from healthcare facilities   1 4 6 49 

● Visibility and information   1 3 7 50 

● Consistent update of data capturing systems    4 7 51 
 
Information on SCM during a pandemic  
 

● National Treasury to provide instruction notes 1 1 3 3 3 39 

● Strategies to be provided to communities at large from NDoH  1 2 6 2 41 

● Standard guidelines to be provided  1  2 4 4 43 

● Policies to be put in place on a national level  1 2  8 48 

● Reporting what facilities have received and consumed   1 3 7 50 
 
Methods of controlling stock 
 

● Apps should be free  1 1 2 7 48 

● Educating users on using and interpreting data   2 3 6 48 

● Availability of stock to be reported    6 5 49 

● Weekly counts to check stock     6 5 49 

● Capturing data   1 3 7 50 
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● Digitization   1 3 7 50 
 
Procurement of stock  
 

● Provinces should have personalized procedures specific to each province 1  3 4 3 41 

● Understand needs of community healthcare facilities  1 1 3 6 47 

● Policies to be put in place on a national level  1  4 6 48 

● What is to be procured must be clear   1 5 5 48 

● Demand planning to be in place   2 2 7 49 

● Standardized procurement procedures  1 1 1 8 49 



99 
 

3.4. Relationship between barriers and strategies  
As SCM is a connected system where the success of the whole is reliant on the 

effective functioning of each part, we carefully considered the relationship between 

the highly ranked barriers and the proposed potential strategies by the stakeholders. 

Table 3 presents a table matching the SCM barriers with the proposed strategies, 

highlighting the three primary relationships that emerged: digitization, visibility of 

information, and procurement policies. Six out of the ten proposed strategies 

concentrate on the digitization of SCM systems, with a particular emphasis on 

optimizing the SVS. These strategies include monitoring of stock levels, consistent 

updates of data capturing systems, capturing of data, reporting what facilities have 

received and consumed, demand planning, and optimizing the SVS. The digitization 

of SCM systems will provide a platform for real-time data capturing, facilitating the 

monitoring of stock levels and implementation of demand planning based on 

available data. Meanwhile, two of the ten proposed strategies are linked to 

procurement policies, specifically putting policies in place at a national level and 

standardizing procurement processes. 

Table 3: Matching the SCM barriers with the proposed strategies for improving SCM 

of COVID-19 rapid tests 

Barriers  
 

Proposed strategies  Relationship  

Availability of testing kits Monitoring of stock levels  Digitization  

Optimization of SVS Digitization  

Unknown demand  Visibility of information  Visibility of information  

Consistent update of data 

capturing systems  

Digitization  

Information on SCM 

during a pandemic  

Policies to be put in place at 

national level 

Procurement policies  

Reporting what facilities 

have received and 

consumed  

Digitization  

Methods of controlling 

stock  

Capturing data  Digitization  

Digitization  Digitization  
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Procurement of stock  Demand planning to be put 

in place  

Digitization  

Standardize procurement 

processes  

Procurement policies  

 

3.5. Comments from key stakeholders on the proposed potential strategies 
All 11 key stakeholders were requested to comment and provide additional 

suggestions on the implementation of the proposed potential strategies for improving 

SCM of SARS-CoV-2 diagnostic services. We qualitatively described the comments 

and suggestions of the proposed strategy below.  

3.5.1. Digitization  
The key stakeholders suggested various strategies linked to digitization as some of 

the ways to improve the SCM of COVID-19 rapid tests:  

“Currently, Stock Visibility System is the only means of monitoring stock that is 

available in our country. We need to get the rapid test to be part of the Stock 

Visibility System listed items so that at a click of a button, all stakeholders will know 

the number of tests the facility received, the number of tests the facility used and the 

number of tests they have at hand”   

“The government must integrate SVS with other systems like electronic health 

records to provide a more holistic view of inventory levels and the patient needs” 

“Real-time data can be analysed remotely which is good for the control of infectious 

diseases like COVID-19 where human contact must be limited. It is also beneficial 

for establishing trends and forecasting future demand” 

“Digitization comes with network and mobile data issues therefore, the government 

must invest in the development of apps that do not need data to work, for example 

similar systems to bank apps” 

“The data capturing function should be allocated to data capturers in order to ease 

the burden on clinical personnel who have to do the testing and also report. These 

data capturers must be registered and trained to capture results on SVS. This is a 
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good way to close the unemployment gap by roping in unemployed pharmacist 

assistants, people with inventory management skills” 

“The National Department of health must create guidelines and manuals on 

inventory management and distribute them to all the relevant parties as a method to 

standardise data capturing across the healthcare facilities” 

“To ensure that SVS is meeting its objectives it would be good for the National 

Department of Health to monitor and evaluate the system regularly to help in 

identifying areas for improvement and ensuring that the system is being used to its 

full capacity. 

3.5.2. Visibility of information 
The key stakeholders suggested that visibility of information could be one of the 

strategies to improve the unknown demand caused by COVID-19:  

“Addressing pandemics such as COVID-19 requires a collaborative response and 

information sharing of data, research findings and approaches that can be 

implemented among the relevant stakeholders, for example National Department of 

Health, researchers, healthcare providers & policy-makers”  

“Information needs to be disseminated timeously by the National Department of 

Health on various platforms, which includes our televisions and social media 

platforms. This information must be in different languages for the communities to 

understand. If information is readily available, it will reduce the spread of fake news 

in our communities” 

“COVID-19 information must be visible. If you go into any health care facility now, 

there are no pamphlets or posters on COVID-19. Even during the pandemic, there 

were no posters available at our taxi ranks on where people can go and test” 

“Improve internal communication of stakeholders by meeting regularly where all 

stakeholders are kept well-versed and trained on the importance of their outputs” 

3.5.3. Procurement policies  
The key stakeholders suggested putting policies at a national level and standardising 

procurement process as some of the strategies to improve procurement of COVID-

19 rapid tests:  
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“When there is a pandemic, the national government has to lead in terms of building 

and guiding by providing standard guidelines and policies relating to SCM during a 

pandemic. The provinces can then build from what the national government have 

started” 

“The National Treasury should disseminate circulars and instruction notes to relevant 

stakeholders for transparency that outline the procurement processes that we need 

to follow and what we need to procure” 

“The National Treasury could have implemented strict procurement guidelines and 

processes to prevent corruption, such as the open tender system instead of using 

the emergency procurement system where there is no accountability” 

“Contracts must be awarded to qualifying and reputable suppliers and this 

information must be available to the public for transparency of the tender processes” 

“We can use independent auditors to conduct regular audits on the procurement 

processes in the department and those who don’t comply must be taken to task” 

4. Discussion 
Through collaboration with key stakeholders, this study identified the most critical 

barriers in the supply chain of COVID-19 rapid tests and proposed priority areas for 

improving supply chain management (SCM) of COVID-19 diagnostic services 

through co-creation of a novel approach. The study ranked availability of testing kits, 

unknown demand, information on SCM during a pandemic, methods for controlling 

stock, and procurement, as the most significant barriers in the supply chain of 

COVID-19 rapid tests. The key stakeholders recommended focusing on digitization 

(monitoring stock levels, optimising SVS, updating data capturing systems, reporting 

on facilities' consumption, capturing data, and demand planning), visibility of 

information, and procurement policies (implementing national policies and 

standardizing procurement processes) in co-creating a novel approach for improving 

SCM of COVID-19 diagnostic services. 

The literature supports the findings of this study on the importance of digitization for 

improving SCM processes. Specifically, research has shown that transitioning from a 

traditional paper-based system to a digital supply chain can increase the efficiency 

and transparency of supply chain processes through integration and 



103 
 

interconnectedness (21, 22, 23, 24). As emerging technologies such as Radio 

Frequency Identification (RFID), Big Data, cloud computing, Internet of Things (IoT), 

Unmanned Aerial Vehicle (UAV), and Artificial Intelligence (AI) become more 

prevalent, organizations are able to create self-optimizing and integrated supply 

chain systems that respond proactively to market changes (25, 26). With the shift 

towards online and real-time processes, physical warehouses are being replaced by 

data centres, and physical boxes are being replaced by bits and bandwidth (25). 

Given these trends, it is becoming increasingly clear that digitalization is critical for 

organizations looking to improve their supply chain management. 

In this study, it was discovered that digitization among the national, provincial and 

local levels of government is still in its early stages. The South African National 

Department of Health (NDoH) is implementing a web-based application called the 

stock visibility system (SVS) at PHC level, which replaces paper-based tools. The 

SVS captures real-time data, acts as an early warning system, and alerts supply 

chain stakeholders of PHC clinics with low stock levels, which can cause supply 

interruptions (21, 27). In addition, the SVS detects PHCs with high stock levels to 

redistribute POC tests and prevent overstocking (27). However, COVID-19-related 

commodities are not yet included in the SVS, which means digital inventory 

management for COVID-19 commodities could not be implemented. A similar study 

conducted in a South African setting found that the SVS improved access to 

medicine by improving stock management in healthcare facilities (28). In line with our 

finding that data capturing workload should be assigned to data capturers and 

pharmacist assistants, the study also identified a few challenges with the introduction 

of the SVS, such as increased workload for staff who need to capture data weekly 

and insufficient training on SVS (28).  

In addition to optimizing the SVS, it is essential to have efficient and effective 

procurement policies in place to ensure an effective response to the pandemic. 

These policies play a crucial role in the availability and distribution of essential 

medical supplies, equipment, and services required to manage the health and 

economic consequences of the pandemic (29, 30). The standardization of SCM 

processes has been shown to provide consistency and uniformity in the SCM 

processes, leading to increased transparency, accountability, and quality of products 

and services (31, 32, 33). It also reduces costs and minimizes waste, while 
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improving communication and coordination between different actors in the supply 

chain (34, 35). 

Collaboration between different sectors, including government, healthcare systems, 

scientific communities, businesses, and civil society, has become crucial during the 

COVID-19 pandemic, particularly in terms of promoting public health and preventing 

the spread of the virus through the visibility of information about COVID-19. Accurate 

and accessible information is essential to help individuals and communities 

understand the risks associated with the virus, take necessary precautions, and 

make informed decisions (36). It is also critical in combating misinformation and 

rumours about the virus, which can create panic and confusion among people. 

Misinformation can cause people to ignore public health guidelines, leading to an 

increase in infections and fatalities (37, 38, 39, 40). Therefore, the visibility of 

information from trusted sources is crucial in providing accurate information and 

preventing the spread of misinformation (41).  

To ensure healthy lives and promote well-being for all, a key component of SDG 3, it 

is necessary to strengthen health systems and improve access to health services in 

response to the ongoing COVID-19 pandemic. This study stands out as the first to 

collaborate with key stakeholders in co-creating a novel approach for improving the 

SCM of COVID-19 rapid tests in resource-limited settings. The study exhibits several 

strengths, including the use of the nominal group technique (NGT), an innovative 

research method that ensured methodological rigor and facilitated collaboration with 

a wide range of key stakeholders to co-create a novel approach to improving SCM 

for COVID-19 diagnostic services. The use of a virtual platform was also 

advantageous, as it enabled the gathering of key stakeholders from different sub-

districts while limiting the need for travel, which could have disrupted daily 

operations. However, the use of a virtual platform also had limitations, as participants 

experienced network issues from time to time due to load shedding. Additionally, the 

NGT generated many ideas, reflecting the multi-faceted nature of SCM, which made 

it challenging to cover all the barriers and strategies identified. 

Recommendations  
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Based on the findings from the study, the following priority areas should be the focus 

of the recommended novel approach for improving SCM for SARS-CoV-2 diagnostic 

services: 

● Enhancing the collaboration among key stakeholders; the government, non-

governmental organisations, private sector suppliers, and research entities. 

Such collaborations will allow sharing of information and resources, research 

findings, best practices and improve distribution networks.  

● Strengthening transparency and accountability across all levels of the supply 

chain through publicizing all procurement contracts and making them easily 

accessible to the public, ensuring that pricing is fair and transparent, and that 

suppliers are held accountable for meeting their commitments. 

● Standardization of data capturing systems by South African NDoH across all 

healthcare facilities to ensure consistent and accurate data entry. This will 

help to ensure that the data collected is reliable and can be used for informed 

decision-making. 

● Integrating the stock visibility system with other systems such as electronic 

health records, to enable a more comprehensive view of inventory levels and 

patient needs. This will allow healthcare providers to make more informed 

decisions about inventory management and patient care. 

● Improve data analytics by adopting advanced data analytics tools such as 

machine learning and artificial intelligence. This will help to identify patterns 

and trends in inventory levels and demand, which can be used to optimize 

inventory management and improve supply chain efficiency.  

● Continuous training of staff on how to use the stock visibility system 

effectively. This will help to ensure that the data collected is accurate and up-

to-date, and that staff can use the system to make informed decisions about 

inventory management. 

● Monitor and evaluate the SVS regularly to ensure that it is meeting its 

objectives. This will help to identify areas for improvement and ensure that the 

system is being used effectively.  



106 
 

5. Conclusion 
This study highlights the significant barriers in the supply chain of COVID-19 rapid 

tests and proposes a novel approach to improving the SCM of COVID-19 diagnostic 

services. The study emphasizes that digitization, visibility of information, and 

procurement policies are crucial for improving SCM of COVID-19 diagnostic 

services. Although the South African National Department of Health is implementing 

the stock visibility system, COVID-19-related commodities are not yet included in the 

system. The study recommends optimizing the SVS, implementing national policies, 

and standardizing procurement processes to improve the availability and distribution 

of COVID-19 rapid tests. However, for this novel approach to be fully functional, it 

requires collaboration among different sectors, including government, healthcare 

systems, scientific communities, non-governmental organizations, and civil society. A 

follow-up study is recommended to assess the feasibility of implementing this 

approach. 
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Chapter 7: Synthesis of findings 

1. Introduction 
This chapter provides a summary and discussion of the findings obtained through 

various activities conducted as part of this thesis.  It also presents methodological 

strengths and limitations of the entire thesis, followed by the conclusions drawn from 

the study and recommendations to guide policy, practice, and future research 

endeavours. 

2. Background 
The WHO recognizes the importance of robust SCM in ensuring access to essential 

healthcare resources, including diagnostics, during public health emergencies like 

the COVID-19 pandemic (51). Similar to other countries, South Africa has been 

confronted with the complexities of procuring, distributing, and ensuring the 

availability of supplies and equipment for POC testing (52). Ensuring the availability 

and accessibility of POC testing supplies is a critical concern in South Africa. The 

country faces several challenges in its supply chain, including delays in procurement, 

inefficiencies in distribution, stockouts, and inadequate forecasting and inventory 

management (52, 53, 54). These challenges disrupt the smooth flow of POC testing 

resources, leading to gaps in testing capacity and potentially compromising the 

overall effectiveness of COVID-19 response efforts (5, 55). Consequently, this study 

aimed to develop a novel approach to enhance SCM for SARS-CoV-2 POC 

diagnostic services in a setting with limited resources. 

3. Summary of key findings 
This thesis has successfully informed development of a novel approach to improve 

SCM for SARS-CoV-2 POC diagnostic services. This was achieved through a mixed 

methods study that identified various challenges associated with SCM for SARS-

CoV-2 in a setting with limited resources. Table 1 summarizes the main findings of 

the study. The scoping review revealed a lack of research on SCM of POC 

diagnostic services in resource-limited settings. The included studies highlighted two 

main themes: the improved accessibility and availability of POC diagnostic services 

and the reasons for stockouts of diagnostic tests. POC tests have enhanced access 

to same-day screening and treatment, leading to better health outcomes. However, 

stockouts were attributed to procurement, inventory management, storage, 
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distribution, and quality assurance issues. Challenges included inadequate 

procurement processes, poor inventory management, improper storage conditions, 

distribution delays, and limited quality assurance. Addressing these challenges 

through effective SCM practices is essential for ensuring uninterrupted supply and 

enhancing the accessibility and availability of POC diagnostic services in resource-

limited settings. 

In this study, a GIS-based accessibility analysis was conducted to examine the 

spatial distribution of COVID-19 diagnostic services in Mopani District with a 

population of 1,202,916. The district had 105 PHC clinics and seven district 

hospitals, serving an average of approximately 11,456 people per clinic. The 

analysis revealed that PHC clinics were generally well distributed throughout the 

district, but some disparities existed. The majority of the population (78.5%) lived 

within a 5 km radius of a PHC clinic, and 68.4% of the clinics were located within a 

30 km radius of a district hospital. Ba-Phalaborwa and Maruleng sub-districts 

demonstrated good access to healthcare services, while Greater Giyani had the 

lowest percentage of the population living within 5 km of a clinic. To ensure equitable 

access, the study recommended strengthening areas with limited COVID-19 

diagnostic services by exploring new approaches and innovations in testing. This will 

help reach a larger population and effectively control the spread of COVID-19. 

Once we had determined the accessibility of COVID-19 diagnostic services, our next 

step was to evaluate the SCM for SARS-CoV-2 POC diagnostic services in Mopani 

District. Audits were conducted on PHC clinics to evaluate SCM compliance and 

identify factors affecting accessibility. The findings revealed that the audited clinics 

had suboptimal adherence to international SCM guidelines, with varied compliance 

scores across different components and sub-districts. Barriers and enablers were 

identified for each SCM component, and areas needing improvement included 

inventory management, distribution, and human resource capacity. 

Recommendations include adopting efficient inventory management tools, 

implementing a robust human resource management system, providing training 

courses for POC SCM, strengthening the national supply chain and logistics, and 

conducting follow-up studies to evaluate SCM at higher levels. 
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To improve SCM for SARS-CoV-2 POC diagnostic services, a collaborative effort 

with key stakeholders was undertaken. The study identified barriers and strategies, 

resulting in three primary themes: digitalization, visibility of information, and 

procurement policies. Strategies focused on digitizing systems, improving stock 

visibility, and standardizing procurement processes. Stakeholder feedback 

emphasized integrating systems, collaborative information sharing, and 

implementing national guidelines. The findings underscore the significance of 

digitalization, information visibility, and procurement policies in overcoming barriers. 

Priority areas for the recommended approach include collaboration among 

stakeholders, transparency and accountability, standardization of data capturing 

systems, integration of stock visibility with other systems, improved data analytics, 

continuous staff training, and regular monitoring and evaluation. Implementing these 

recommendations can enhance the supply chain, ensuring availability of testing kits 

and improved inventory management for better diagnostic services. 
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Table 1: Summary of key findings of this study  

Journal article title  Objective  Approach  Key findings  Recommendations 
1. A Scoping 

Review of Supply 

Chain Management 

Systems for Point of 

Care Diagnostic 

Services: 

Optimising COVID-

19 Testing Capacity 

in Resource-Limited 

Settings 

To map global 

evidence on SCM 

systems for POC 

diagnostic 

services, 

specifically 

focusing on 

optimizing 

COVID-19 

diagnostic 

services in 

resource-limited 

settings. 

A scoping 

review guided by 

the Arksey and 

O’Malley 

framework, 2005 

(56), and further 

enhanced 

by Levac et al. 

(2010) (57) 

Two main themes emerged:  

1. Accessibility and availability of 
POC diagnostic services 

● Improved accessibility and 

availability  

● Enabled same-day screening and 

treatment, leading to improved 

health outcomes 

● Decentralization increased 

detection, patient management, 

and prompt treatment initiation 

2. Reasons for stock outs of POC 
diagnostic tests 

● Procurement 

● inventory management 

● storage 

● distribution 

● quality assurance 

● Further research to investigate 

the COVID-19 SCM of POC 

diagnostic services 

● Explore SCM systems utilised 

in high-income countries with 

the aim of adopting sustainable 

solutions for LMICs  

● Conduct primary studies 

investigating the barriers and 

enablers of SCM systems in 

resource-limited settings to 

provide sustainable solutions to 

SCM challenges. 
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2. Spatial 

distribution of 

COVID-19 

diagnostic services 

in Mopani District, 

Limpopo province, 

South Africa 

To investigate the 

spatial 

distribution of 

COVID-19 testing 

services in 

Mopani District 

GIS accessibility 

analysis to 

establish the 

travel distances 

from i) places of 

residence to the 

nearest PHC 

clinics and ii) 

PHC clinics to 

the nearest 

district hospital  

● Total population of 1,202,916 

● 105 PHC clinics 

● 7 district hospitals  

● Each clinic served approximately 

11,456 people.  

● PHC clinics were generally well 

distributed throughout the district 

but exhibited some disparities 

● Majority of the population (78.5%) 

lived within a 5 km radius of a 

PHC clinic 

● Among the 105 PHC clinics, 72 

(68.4%) were located within a 30 

km radius of a district hospital. 

● Focus on strengthening areas 

with limited COVID-19 

diagnostic services by 

exploring new and innovative 

approaches to testing that can 

reach a larger population and 

effectively control the spread of 

COVID-19. 

3. Evaluating supply 

chain management 

of SARS-CoV-2 

point-of-care (POC) 

diagnostic services 

in primary 

healthcare clinics in 

To evaluate the 

SCM for SARS-

CoV-2 POC 

diagnostic 

services in 

resource-limited 

settings to 

An audit of the 9 

aspects of SCM 

in the PHC 

clinics 

● PHC clinics in the Mopani District, 

Limpopo, South Africa do not 

comply with international SCM 

guidelines.  

● The audit results revealed 

deficiencies in:  

✔ Inventory management 

● Adopt efficient inventory 

management tools, such as 

software systems, to connect 

national, provincial, district, and 

PHC facilities 

● Implement a strong human 

resource management system 
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Mopani District, 

Limpopo Province, 

South Africa 

determine the 

effect of SCM on 

accessibility to 

SARS-CoV-2 

POC tests and to 

identify barriers 

and enablers of 

accessibility to 

SARS-CoV-2 

diagnostic 

services in 

Mopani District, 

Limpopo 

Province, South 

Africa. 

✔ Distribution 

✔ Human resource capacity 

● PHC clinics were compliant in: 

✔ Procurement 

✔ Redistribution 

✔ Quality assurance 

● The audit also revealed variations 

in the SCM compliance scores 

between the sub-districts showing 

inconsistencies in the SCM 

processes currently in place. 

with a focus on nurses to 

enhance SCM practices 

● Provide structured training 

courses and regular 

workshops, accompanied by 

standard operating procedures 

● Strengthen the national-level 

supply chain and logistics to 

ensure availability of high-

quality test kits and minimize 

stock outs 

4. Co-creation of a 

novel approach for 

improving supply 

chain management 

for SARS-CoV-2 

point of care 

To collaborate 

with key 

stakeholders in 

co-creation of a 

novel approach 

for improving 

An online 

workshop with 

key 

stakeholders to 

identify barriers 

faced in the 

Significant barriers: 
● Availability of testing kits 

● Unknown demand 

● Information on SCM during a 

pandemic 

● Methods of controlling stock 

● Foster collaboration among key 

stakeholders to share 

information, resources, and 

best practices 

● Promote transparency and 

accountability by publicizing 
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diagnostic services 

in Mopani District, 

Limpopo Province: 

Nominal Group 

Technique 

SCM for SARS-

CoV-2 POC 

diagnostic 

services. 

SCM of COVID-

19 rapid tests 

and come up 

with ways to 

overcome the 

identified 

barriers.  

● Procurement of stock. 

Proposed strategies:  
● Monitoring of stock levels 

● Optimization of the stock visibility 

system 

● Visibility of information 

● Consistent update of data 

capturing systems 

● Capturing of data 

● Digitization 

● Implementing demand planning 

● Standardized procurement 

processes at a national level 

3 main themes:  
● Digitization  

● Visibility of information  

● Procurement policies 

procurement contracts, 

ensuring fair pricing, and 

holding suppliers accountable 

● Standardize data capturing 

systems across healthcare 

facilities  

● Integrate stock visibility 

systems (SVS) with other 

healthcare systems for a 

comprehensive view of 

inventory and patient needs 

● Employ advanced data 

analytics tools to optimize 

inventory management and 

improve supply chain efficiency 

● Continuous training of staff on 

system usage and regular 

monitoring and evaluation of 

the SVS 
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4. Discussion  
Improving SCM for SARS-CoV-2 diagnostic services in South Africa is crucial for 

better healthcare access and ensuring a consistent supply of diagnostic tests. The 

thesis successfully developed a novel approach to enhance SCM for SARS-CoV-2 

POC diagnostic services. This was achieved through a thorough mixed methods 

study that explored the challenges related to SCM for SARS-CoV-2 in a resource-

limited setting.  

The scoping review provided a comprehensive understanding of the SCM of POC 

diagnostic services. The review demonstrated the positive impact of POC diagnostic 

services in improving accessibility and availability, particularly in resource-limited 

settings (58, 59, 60, 61, 62, 63). Additionally, a GIS-based travel-distance analysis 

was conducted to assess the accessibility of POC diagnostic services. The findings 

indicated that 78.5% of the population had good accessibility to SARS-CoV-2 

diagnostic services, although there were variations among sub-districts. Specifically, 

Greater Giyani exhibited poor accessibility (40.0%) compared to the other sub-

districts. Identifying areas with limited accessibility is essential for analysing gaps in 

healthcare services, which in turn facilitates healthcare planning and resource 

allocation (64, 65, 66, 67).  

The scoping review further emphasized that POC testing was a suitable alternative 

for controlling infectious diseases like COVID-19 in settings with limited access to 

laboratory diagnostic services. However, the review also identified several 

challenges reported in the literature, including procurement, inventory management, 

storage, distribution, and quality assurance. Addressing these challenges was 

identified as crucial for ensuring a continuous supply of POC tests and enhancing 

the effectiveness of SCM (16, 68, 69, 70, 71, 72, 73, 74). The audit findings aligned 

with the findings of the scoping review. The audit specifically focused on evaluating 

the nine parameters of SCM, namely selection, quantification, storage, procurement, 

quality assurance, distribution, redistribution, inventory management, and human 

resource capacity. The results revealed that, overall, the PHC clinics did not adhere 

to international SCM guidelines. Among the nine evaluated SCM parameters, only 

procurement, redistribution, and quality assurance were found to be satisfactory and 

did not require improvement. However, it is important to note that all parameters are 
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crucial for ensuring the optimal functioning of SCM systems and equitable access to 

SARS-CoV-2 POC diagnostics in resource-limited settings.  

Based on this backdrop, the study engaged in another research endeavour to 

collaborate with key stakeholders in order to identify the barriers in SCM and 

propose strategies for improving these barriers within the study setting. In the 

subsequent paragraphs, each of the nine SCM parameters will be discussed 

individually, highlighting the findings and offering possible recommendations for 

enhancing SCM based on the insights gained from the GIS-based accessibility 

analysis, audit, and NGT conducted.   

● Selection 

The audit results indicate that the healthcare professionals were not actively involved 

in the selection of POC tests. The key stakeholders who participated in the NGT 

highlighted that the responsibility for selecting POC tests lies with the National 

Department of Health, who engage in collaborative decision-making with relevant 

stakeholders including healthcare professionals, researchers, and regulatory bodies 

such as the South African Health Products Regulatory Authority (SAHPRA). It is 

crucial for the National Department of Health to ensure that POC tests undergo 

examination by SAHPRA to guarantee compliance with essential safety, quality, and 

efficacy standards (35, 36).  

To ensure the effectiveness of the novel approach, it is recommended to adopt a 

continuous review and update strategy. This involves regularly assessing and 

refining the selection process to incorporate emerging technologies, scientific 

advancements, and evolving healthcare needs. It is important to foster a culture of 

continuous improvement by monitoring the performance of selected POC tests and 

actively seeking feedback from healthcare professionals and end-users. 

● Quantification 

At the PHC clinic level, operational managers have the responsibility of predicting 

the demand for POC tests based on seasonal variations, such as COVID-19 waves, 

to ensure an adequate supply. These managers successfully forecast the demand 

by considering COVID-19 waves and the number of visitors to the clinics. On the 

provincial level, the pharmaceutical depot is responsible for quantifying POC tests 
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based on COVID-19 waves. However, the lack of an electronic system that detects 

stock levels makes it challenging to accurately forecast future needs.  

For the success of the novel approach, several recommendations are proposed. 

First, it is suggested to develop forecasting models that consider historical data, 

seasonal variations, COVID-19 wave patterns, and other relevant factors. These 

models should be continuously refined and updated based on feedback and 

improved data collection methods to enhance the accuracy of predicting future 

demand. Second, providing training to operational managers at PHC clinics and staff 

at the provincial pharmaceutical depot in effective quantification methods, data 

analysis techniques, and the use of electronic stock management systems is crucial. 

Strengthening their skills and knowledge will contribute to better accuracy in demand 

prediction. Lastly, conducting regular reviews and evaluations of the quantification 

process, seeking feedback from stakeholders, and incorporating lessons learned into 

future strategies will further improve the quantification of POC tests. By implementing 

these measures, it will be possible to anticipate demand more effectively and ensure 

an adequate supply of POC tests at PHC clinics. 

● Storage 

The temperature in Mopani District can reach a high of 42°C therefore maintaining 

appropriate storage conditions for COVID-19 POC tests is crucial to ensure reliable 

results and prevent damage (75, 76). Storage facilities were present in all audited 

PHC clinics, and regular temperature monitoring was conducted. The majority of the 

facilities reported having a functional air conditioner in their storage areas. However, 

it is worth noting that some facilities had non-functional air conditioners, which raises 

concerns about the reliability of the test results. Exposure to high temperatures can 

potentially damage the COVID-19 rapid tests. To enhance storage, measures such 

as temperature monitoring, adequate facilities, dedicated storerooms, education and 

awareness, regular inspections, and contingency plans are recommended. By 

implementing these measures, the tests can be stored within the recommended 

temperature range, minimize fluctuations, raise staff awareness, comply with storage 

requirements, and prepare for unforeseen situations. This improves the accuracy of 

test results and reduces the risk of false negatives or damage from exposure to 

warm temperatures. 
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● Procurement 

Based on the audit and NGT results, there was a discrepancy in the evaluation of 

procurement. While the audit indicated satisfaction, the key stakeholders who 

participated in the NGT identified areas requiring improvement. This disparity can be 

attributed to the audit's focus on PHC clinics requisitioning from district hospitals or 

distribution centres based on demand, while the NGT examined higher-level 

procurement led by the provincial government following the National Department of 

Health's guidance. It is important to note that the national and provincial 

governments hold greater procurement powers, and deviations at these levels can 

impact the availability of POC tests at lower government levels. The key 

stakeholders who participated in the NGT revealed the absence of procurement 

policies or standardized procedures from the National Department of Health due to 

emergency procurement practices that were implemented.  

To ensure the success of the novel approach, it is crucial to develop supportive 

policies and regulatory frameworks. Clear guidelines should be established for 

procurement processes, quality assurance standards, data privacy, and technology 

adoption. Encouraging compliance through incentives and implementing 

accountability measures can promote responsible SCM practices. The National Drug 

Policy in South Africa already aims to enhance medical supply procurement through 

measures like strengthening the public sector coordinating body, conducting 

national-level price negotiations, standardizing tendering, and monitoring supplier 

performance (40, 41, 42). The policy emphasizes the use of standardized 

procurement systems, participation in national tenders, preference for national 

manufacturers, while considering international options for cost-effectiveness (43, 44). 

Transparency, accountability, fair pricing, and supplier responsibility are highlighted. 

To enhance the system further, the government should focus on monitoring and 

enforcement, providing capacity building and training, strengthening supplier 

evaluation and performance monitoring, publicizing procurement contracts and 

opportunities, embracing technology, and regularly reviewing and updating the 

guidelines. Implementing these measures will promote transparency, fairness, and 

accountability, ultimately benefiting the country's economic growth and the well-being 

of its citizens.  
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● Quality assurance 

Both the audit and NGT results confirmed that effective quality assurance measures 

were in place at all PHC clinics, district hospitals, and the pharmaceutical depot. 

These measures included verifying the proper sealing of the box and individual test 

kits upon delivery, as well as professional nurses confirming the seal before 

conducting tests. At the national level, SAHPRA was identified as responsible for 

overseeing all quality assurance checks. 

To further enhance quality assurance in the SCM of COVID-19 test kits, it is crucial 

to focus on the following strategies. Firstly, comprehensive training programs should 

be conducted for all staff involved in receiving and administering the test kits, 

emphasizing the importance of quality assurance measures. This training should 

increase awareness about proper verification procedures for sealed boxes and 

individual test kits upon delivery, with particular attention given to training 

professional nurses on verifying the seal before conducting tests. Secondly, 

standardized protocols and guidelines should be developed to ensure consistency in 

quality assurance checks across all levels, including PHC clinics, district hospitals, 

and the pharmaceutical depot. These protocols should clearly outline the steps to be 

followed during the verification process, emphasizing the significance of sealed 

boxes and individual test kit seals. Lastly, regular audits should be conducted to 

assess the effectiveness of quality assurance measures at each facility. These 

audits should involve checking compliance with verification protocols, reviewing 

documentation, and addressing any identified gaps or issues. By implementing these 

recommendations, the quality assurance of COVID-19 test kits can be further 

strengthened, ensuring the reliability and integrity of the testing process throughout 

the healthcare system. 

● Distribution  

The GIS-based accessibility analysis showed that the majority (68.6%) of PHC 

clinics are located within a reasonable travel distance of 30km from district hospitals, 

which serve as distribution centres. However, the key stakeholders who participated 

in the NGT revealed that the delivery of POC tests lacked standardization when the 

COVID-19 pandemic began. Initially, a push allocation model was adopted, where 

the provincial pharmaceutical depot directly delivered POC tests to district hospitals 
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without considering the specific needs and headcount of each PHC clinic. This 

approach resulted in overstocking and an equal allocation of tests to all clinics, 

regardless of their usage. Moreover, district hospitals used different methods to 

distribute stock, leading to unequal distribution and depriving some clinics of enough 

supplies. In response, the pharmaceutical depot shifted to a demand-based 

allocation model, which considered the headcount and usage of each clinic. The 

audit results demonstrated the positive impact of this approach, with all 47 audited 

PHC clinics consistently receiving stock after making requisitions. The turnaround 

time for stock delivery varied from daily to weekly, depending on factors such as 

proximity and available resources. 

To implement a novel distribution approach, the government should optimize delivery 

routes, particularly for PHC clinics located more than 30km from a district hospital. 

Establishing regular delivery schedules will ensure timely and consistent stock 

replenishment. Collaboration with local area drivers or the utilization of mobile clinics 

can help facilitate the distribution process and minimize delays. Improving 

communication and coordination between district hospitals, PHC clinics, and the 

provincial pharmaceutical depot is crucial. Clear channels for requisitioning should 

be established, and PHC clinics should receive timely updates on stock availability 

and delivery schedules. Strengthening coordination mechanisms will enable prompt 

handling of urgent requisitions. Resource disparities among district hospitals should 

be assessed, and additional resources should be allocated to those with limited 

capabilities for stock distribution. Providing support such as delivery vehicles and 

designated drivers to PHC clinics far from district hospitals will enable more frequent 

stock deliveries and reduce turnaround times. Continuous monitoring and evaluation 

of the distribution process are essential to identify and address any bottlenecks or 

inefficiencies. Regular reviews and refinements of the distribution approach based 

on feedback and lessons learned should be conducted. Engaging PHC clinic 

operational managers and staff to gather insights on their specific needs and 

challenges related to stock distribution is important. Their feedback should be 

incorporated into improvement initiatives, ensuring their perspectives are considered 

in decision-making processes. 
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● Redistribution  

The audit findings revealed that all 47 PHC clinics have established protocols to 

redistribute COVID-19 POC tests prior to their expiration. Communication among the 

clinics is facilitated through WhatsApp groups, while stock rotation is managed either 

through WhatsApp or by completing short-dated forms. The clinics diligently adhere 

to the first-in, first-out (FIFO) principle to prevent the tests from expiring unused. In 

order to further enhance the redistribution process, it is crucial to strengthen 

communication channels, standardize stock rotation procedures, underscore the 

importance of effective stock management principles, implement robust monitoring 

mechanisms, foster collaboration between clinics, and provide adequate support and 

resources. The redistribution of POC tests can be further improved by utilizing the 

SVS to identify PHC clinics with excessive stock levels. This valuable information 

can then be utilized to redistribute the tests to other facilities that are facing 

shortages. This approach helps optimize stock levels, ensuring that no facility is 

overstocked while simultaneously addressing the needs of those with insufficient 

supplies. 

● Inventory management  

Based on the findings from the audit and NGT, it was determined that inventory 

management was conducted manually. However, the Stock Visibility System (SVS) 

is currently being utilized to track inventory for other medicines. The SVS operates 

by capturing real-time data, serving as an early warning system, and notifying supply 

chain stakeholders about PHC clinics with low stock levels, which can lead to supply 

disruptions. Additionally, the SVS identifies PHCs with excessive stock levels, 

allowing for the redistribution of POC tests to prevent overstocking. Nevertheless, 

the SVS does not include COVID-19-related commodities, impeding the 

implementation of digital inventory management for these items. 

To enhance inventory management, a novel approach can be taken. The initial step 

is to expand the SVS to incorporate COVID-19 commodities. This integration will 

enable digital inventory management, providing real-time data and enhancing 

visibility of stock levels. It will also serve as an early warning system for supply chain 

stakeholders, enabling proactive measures to address low stock levels promptly. 

Moreover, it is crucial to continuously review and improve the inventory management 
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system, considering feedback from supply chain stakeholders, embracing emerging 

technologies, and incorporating best practices. This will ensure that the system 

remains effective and adaptable to future needs and changes in the healthcare 

landscape. 

● Human resource capacity 

The audit findings revealed that professional nurses were responsible for both POC 

testing and inventory management at the PHC clinics. However, the nurses had 

never received training on inventory management. Interestingly, clinics that had a 

pharmacist assistant performed significantly better in inventory management 

compared to those relying on untrained healthcare personnel. As a result, the audit 

recommended the implementation of a robust human resource management system 

that adopts a nurse-centric approach to improve SCM. 

The key stakeholders who participated in the NGT emphasized the importance of 

continuous training for staff on effectively using the SVS. This training would ensure 

accurate and up-to-date data collection and enable staff to make informed decisions 

regarding inventory management. The key stakeholders also proposed assigning the 

data capturing function to trained data capturers, relieving clinical personnel of this 

task. Unemployed pharmacist assistants with inventory management skills could be 

considered for these roles, helping to address unemployment while enhancing SCM 

efficiency. 

The novel approach should prioritize investment in education and training programs 

for healthcare workers involved in SCM. These programs should focus on SCM 

principles, inventory management, data analysis, quality assurance, and technology 

utilization. (77, 78). By enhancing the competencies of personnel, informed decision-

making, best practices, and an efficient supply chain can be achieved. (79). Capacity 

building and training enable individuals to adapt to changes in the healthcare 

landscape, keeping them updated on emerging technologies and regulations. (80, 

81). Well-trained SCM personnel contribute to efficiency, cost-effectiveness, 

optimized inventory, reduced wastage, and streamlined procurement and distribution 

processes. These efforts result in timely availability of diagnostic tests, cost 

reduction, and maximized resource utilization. 
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By considering these factors and implementing a comprehensive and tailored novel 

approach, South Africa can improve SCM for POC diagnostic services. Such 

improvements can lead to enhanced healthcare accessibility, reduced stockouts, 

improved inventory management, and ultimately better health outcomes for the 

population.  

5. Strengths of the study  
The thesis focused on a resource-limited, predominantly rural setting with limited 

access to tertiary healthcare facilities and laboratory infrastructure. This allowed for a 

realistic understanding of the challenges faced in managing healthcare services and 

diagnostics in similar regions. The research provided insights and solutions 

applicable to other resource-limited areas with similar constraints. Additionally, this 

thesis focused on a region impacted by the COVID-19 pandemic with most of the 

population relying on the public healthcare services, It also provided an opportunity 

to develop targeted interventions to address the unique needs and challenges of 

resource-limited, predominantly rural and high disease-burden settings. 

The thesis employed a mixed method approach, combining qualitative and 

quantitative data, to gain a thorough understanding of the research topic. A scoping 

review was conducted as the initial step, allowing the researchers to map existing 

evidence and identify research gaps to inform the thesis objectives. The review 

employed a transparent and reproducible method to identify, analyse, and appraise 

articles, incorporating various study designs (56). The strength of the scoping review 

lies in its comprehensive literature search across relevant electronic databases, 

encompassing articles from inception to the present and without language 

restrictions (82). To ensure inclusiveness, the review utilized a wide range of 

keywords and Medical Subject Heading (MeSH) terms. 

The GIS-based travel-distance analysis provided spatial accuracy by accurately 

mapping and measuring travel distances using geographic data layers, aiding in 

understanding healthcare facility proximity and accessibility (83). This method 

provided an opportunity to optimize resource allocation by identifying underserved 

areas and adjusting services accordingly, minimizing travel burdens for patients. 

During emergencies such as COVID-19, this method supports evidence-based 



129 
 

decision-making by identifying the closest healthcare facilities for prompt response 

and efficient allocation of resources. 

The use of an audit tool in a cross-sectional mixed methods study allowed for a 

comprehensive assessment of the phenomenon under study, capturing multiple 

dimensions. By integrating quantitative and qualitative methods, the study was able 

to explore the interplay between variables, identify patterns, and gain a deeper 

understanding of the underlying mechanisms or processes involved (84, 85). For 

quantitative data analysis, Stata statistical software was utilized, while Nvivo was 

employed for qualitative data analysis. 

The NGT ensured a collaboration with relevant key stakeholders in the co-creation of 

a novel approach for improving SCM for POC diagnostic services. This technique 

allowed generation of ideas by engaging experts in the field (86). It also promoted 

equal participation and structured decision-making among the key stakeholders. 

Overall, these approaches contributed to the study's scientific rigor and provided 

valuable insights into the research topic. 

The study leveraged the timely dissemination of results by submitting the 

manuscripts to peer-reviewed open access journals, ensuring the timely publication 

of results for each study objective. Additionally, the manuscripts submitted for peer-

review were also published as pre-prints. Publishing in open science journals offers 

advantages such as increased visibility and reach, fostering collaborations and 

citations (87). It also promotes transparency and reproducibility by providing 

unrestricted access to methods, data, and findings (88). A policy brief generated 

following synthesis of the thesis results, will be published to ensure appropriate 

dissemination of thesis findings to policy makers and implementers of POC 

diagnostics. Additionally, we intend to disseminate findings to clinics and 

stakeholders through research meetings and posters after degree confirmation.  

In recognition of the importance of stakeholder engagement in community-based 

studies such as this, we engaged stakeholders throughout the thesis lifecycle. This 

was done to ensure relevance, building trust, enhancing data quality, facilitating 

participant recruitment and retention, promoting community ownership, and upholds 

ethical considerations as well as improve uptake of the thesis results into policy and 

practice (89).  
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6. Limitations of the study  
While our study contributed valuable insights and proposed a novel approach to 

improving SCM for SARS-CoV-2 diagnostic services, it is important to acknowledge 

certain methodological limitations. The study conducted in Mopani District, as a 

prototype for a resource-limited setting, limits the generalizability of the results to 

similar resource-limited settings. It is important to note that resource-limited settings 

vary in terms of their levels, some being extremely remote and primitive, inaccessible 

by car. Conducting the study in a single resource-limited setting poses a limitation in 

terms of generalizability due to the unique characteristics and contextual factors 

specific to that setting (90).  Local infrastructure, population demographics, available 

resources, and specific challenges and opportunities influence the findings. 

Therefore, caution should be exercised when extrapolating the results to broader 

populations or different resource-limited settings without considering these 

contextual variations. To enhance generalizability, future studies should include 

multiple resource-limited settings to capture a wider range of perspectives and 

contextual factors. In addition, the choice of Mopani district was purposive, rather 

than a random selection, and therefore this limits the generalizability of findings to 

the whole country.  

The fact that the study was conducted during the pandemic, with usual processes 

set aside due to the unprecedented service demand, can limit the generalizability of 

the results. The unique circumstances of the pandemic, such as increased 

healthcare demand and resource constraints, may not be representative of typical 

healthcare settings. Therefore, the findings might not be directly applicable to non-

pandemic situations. The high demand for COVID-19 diagnostic services during the 

pandemic might have influenced the availability, accessibility, and efficiency of 

testing facilities. This could have implications for the study's findings, as the service 

demand during the pandemic may not reflect the situation during non-pandemic 

periods. Future research should consider SCM in the context of other POC 

diagnostic tests for a broader scope when generalizing the results. Different 

diagnostic tests may have varying logistical and supply chain requirements, making 

the findings specific to the context of COVID-19 testing. 

Despite efforts to conduct a comprehensive scoping review, there is a possibility that 

some relevant published and grey literature may have been missed, given the 
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continuously evolving research landscape surrounding COVID-19. Additionally, no 

primary studies assessing the SCM of COVID-19 POC diagnostic services were 

identified in the review, highlighting a gap in the existing literature. 

Geospatial analysis relies on secondary data, which introduces concerns regarding 

data quality. Secondary data, collected by other researchers or organizations for 

their own purposes, may vary in terms of quality and accuracy. This variation can 

lead to errors, inconsistencies, or missing information within the dataset, ultimately 

impacting the reliability of the findings (91, 92). The lack of fixed residential 

addresses in rural communities necessitated the use of catchment areas and PHC 

clinics as proxies for linking residential areas to the nearest district hospital. This 

approach may not fully capture the precise accessibility of healthcare services for 

individuals. Furthermore, the analysis focused solely on travel distance as a 

measure of accessibility, thus overlooking other important factors such as cost, 

quality, and socio-cultural barriers that can impact healthcare access and utilization. 

Another limitation of the study is the assumption that patients would always choose 

the nearest healthcare facility, while in reality, patients in South Africa have the 

freedom to select their healthcare providers. Additionally, rural areas often have well-

connected roads and public transportation, enabling patients to access healthcare 

facilities near their workplace or along transportation routes. These factors were not 

considered in the analysis, potentially limiting the accuracy of accessibility 

assessments. 

In the audit, while the tool covered aspects such as test performance and sensitivity, 

the data collected were based on perceived sensitivity and specificity of POC tests 

rather than confirmed laboratory test results. This introduces a degree of uncertainty 

in the findings. Moreover, the audit was conducted in only one district, which limits 

the ability to compare findings with other areas and may not fully represent the 

broader context. 

The utilization of a virtual platform for data collection has demonstrated its viability as 

an alternative method (93). However, it is important to acknowledge that technical 

challenges have been reported as one of the limitations associated with this 

approach. In the context of the NGT, the use of a virtual platform presented certain 

constraints. Participants experienced network issues resulting from electricity load 
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shedding, which caused potential disruptions and communication difficulties. 

Furthermore, the NGT generated a wide array of ideas, reflecting the intricate nature 

of SCM. Consequently, it became challenging to address all the identified barriers 

and strategies comprehensively within the given scope. 

7. Conclusion  
In conclusion, this study focused on contributing evidence towards the development 

of a novel approach to improve SCM for SARS-CoV-2 POC diagnostic services in 

resource-limited settings, specifically focusing on the Mopani District Municipality in 

Limpopo Province, South Africa. The thesis undertook a comprehensive analysis of 

SCM systems, including selection, quantification, procurement, inventory 

management, storage, distribution, redistribution, quality assurance and human 

resource capacity. This thesis identified the following areas of severe non-

compliance: procurement, inventory management, storage, distribution & human 

resource capacity. The findings guided the development of an intersectoral 

evidence-informed framework for optimizing POC diagnostics SCM for resource-

limited settings with similar characteristics to Mopani District Municipality in Limpopo 

Province, South Africa. Key stakeholder involvement is recommended in assessing 

the feasibility of implementing the proposed intersectoral evidence-informed 

framework.  

8. Recommendations 

8.1. Recommendations for practice  
Insights are derived from the comprehensive scoping review, analysis of geographic 

accessibility of SARS CoV-2 POC diagnostics using GIS, findings obtained from the 

audit and the NGT workshop with key stakeholders have informed the proposed 

framework for improving SCM for POC diagnostics in resource-limited settings 

(Figure 2). This framework provides recommendations for implementers and policy 

makers for POC diagnostics services in settings that are similar to Mopani District, 

Limpopo Province, South Africa. The proposed framework encompasses 

intersectoral evidence-informed approaches. The framework sheds light on areas of 

non-compliance, suggesting solutions, and identifying the sectors accountable for 

implementing these solutions. 
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Figure 2: Intersectoral point-of-Care diagnostics supply chain management framework for resource-limited settings
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8.2. Recommendations for future research  
● Although our study findings will make a substantial contribution to the existing 

body of evidence on SCM of COVID-19 diagnostic services in resource-

limited settings, there is still a gap in the available evidence on the most 

acceptable approach for improving SCM for COVID-19 POC diagnostic 

services. This highlights the need for further research in this area. 

● Given the limited scope of our research, which focused on a specific district, it 

is recommended to conduct further studies that target the provincial and 

national levels of government. This broader research approach will provide a 

more comprehensive understanding of SCM practices and challenges in 

different contexts. 

● We recommend conducting a study to assess the feasibility of implementing 

the intersectoral evidence-informed framework for improvement of SCM for 

POC diagnostics in resource-limited settings. The study will assess the impact 

of the framework, identify areas for improvement, and adapt strategies 

accordingly. It is important to implement performance indicators, conduct 

periodic audits, and gather feedback from stakeholders to obtain valuable 

insights and facilitate iterative enhancements to the SCM system. 
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● Appendix E: informed consent forms 
INFORMED CONSENT (AUDIT) 

Student name: Kuhlula Maluleke           Student no: 15266304 

School of Health Systems and Public Health, Faculty of Health Sciences, University 

of Pretoria, South Africa.  

Mobile: +2782xxxxxxx 

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. 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 

Research Ethics Committee (approval number 655/2021). and the 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. 

mailto:u15266304@up.ac.za
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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  

Tel: +2712 356 3084 or +2712 356 3085 

Email: fhsethics@up.ac.za 

CONSENT 

I 

…………………………………………………………………………………………………. 

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.” by Kuhlula Maluleke or research assistant 

(Name) 

……………………………………………………………………………………………… 

I understand the purpose and procedures of the study. 

I have been given an opportunity to ask questions about the study and have had 

answers to my satisfaction. 

I declare that my participation in this study is entirely voluntary and that I may 

withdraw at any time. 

If I have any further questions/concerns or queries related to the study I understand 

that I may contact the researcher on mobile number +2782xxxxxx or e-mail: 

u15266304@up.ac.za 

 

Name of Participant: __________________________________________________  

mailto:u15266304@up.ac.za
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Signature: ______________________________ Date _______________________ 

Name of Witness: ____________________________________________________  

Signature: ______________________________ Date _______________________ 

Name of person obtaining consent: ______________________________________ 

Signature: ______________________________ Date: _______________________  
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INFORMED CONSENT (NOMINAL GROUP TECHNIQUE) 

Student name: Kuhlula Maluleke           Student no: 15266304 

School of Health Systems and Public Health, Faculty of Health Sciences, University 

of Pretoria, South Africa.  

Mobile: +2782xxxxxxx 

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. One of the objectives of the study is 

to collaborate with key stakeholders in co-creation of a novel approach for improving 

supply chain management for point of care diagnostic services in resource-limited 

settings. The participants will be expected to participate in a workshop where they 

will be expected to share their SCM experiences with the aim of developing a novel 

approach to improve supply chain management for point of care diagnostic services. 

The duration of your participation if you choose to enrol and remain in the study is 

expected to be about 3 hours.    

Below is an outline of what to expect from the workshop: 

Time Activities Method 

09:00-

10:00 

1. Introductions by the 

participants 

2. Purpose of the workshop by 

PI 

3. PI poses the main question 

4. Silent brainstorming by each 

participant 

5. Note down relevant ideas 

The discussion will start with brief 

introductions by the participants on 

how they are involved in the SCM 

of SARS-CoV-2 POC diagnostic 

services. The PI will give a 

background of the workshop and 

share the program of the day. A 

question will be posed to initiate the 

discussion. There will be a break-

away session where each 

participant will be given 10-

15minutes for silent brainstorming 

mailto:u15266304@up.ac.za
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and to write down all the ideas that 

come to mind. Discussions will not 

be allowed at this stage however 

participants will be able to seek 

clarity from the facilitators.   

  

11:00-

12:00 

1. Group reconvenes 

2. Discuss and note down 

emerging themes 

3. Remove duplicate themes 

The group will reconvene, and the 

participants will be given an 

opportunity to present the main 

themes. As the participants are 

presenting, the facilitators will write 

down the emerging themes on a 

chart sheet. Further explanations 

will be probed from the participants 

as they are presenting. After the 

discussion, the facilitators 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. 

 

12:00-

13:00 

1. Ranking of ideas 

individually 

2. Collate and analyse 

results  

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. The 
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results will be collated and 

analysed by the facilitators. 

 

 

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 

Research Ethics Committee (approval number 655/2021). and the 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  

Tel: +2712 356 3084 or +2712 356 3085 

Email: fhsethics@up.ac.za 

 

CONSENT 
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I 

…………………………………………………………………………………………………. 

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.” by Kuhlula Maluleke or research assistant 

(Name) 

……………………………………………………………………………………………… 

I understand the purpose and procedures of the study. 

I have been given an opportunity to ask questions about the study and have had 

answers to my satisfaction. 

I declare that my participation in this study is entirely voluntary and that I may 

withdraw at any time. 

If I have any further questions/concerns or queries related to the study I understand 

that I may contact the researcher on mobile number +2782xxxxxxx or e-mail: 

u15266304@up.ac.za 

 

Name of Participant: __________________________________________________  

Signature: ______________________________ Date _______________________ 

Name of Witness: ____________________________________________________  

Signature: ______________________________ Date _______________________ 

Name of person obtaining consent: ______________________________________ 

Signature: ______________________________ Date: _______________________ 

 

mailto:u15266304@up.ac.za


156 
 

Appendix F: Proof of submissions to journals for publication



157



158



159




