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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 



ix 
 

to improve SCM systems for POC diagnostic services in the Mopani District. The 

following areas were identified to be a priority: availability of testing kits, monitoring 

of stock levels, unknown demand, information on SCM during a pandemic, demand 

planning and standardisation of procurement policies. Informed by the above results, 

we proposed an intersectoral POC diagnostics SCM framework for resource-limited 

settings.  

Conclusion: This thesis has successfully guided the development of a novel 

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

limited settings, using Mopani District in Limpopo Province, South Africa, as a study 

setting.  This thesis offers guidance on achieving increased accessibility, 

responsiveness, optimal inventory management, quality assurance, standardization, 

and data-driven decision-making. These advantages can contribute to more effective 

healthcare delivery, improved patient outcomes, and enhanced management of 

public health. Additionally, this thesis proposes implementing an intersectoral 

framework for improvement of SCM for POC diagnostics in resource-limited settings. 

The findings of this thesis have significant implications for policymakers and 

implementers involved in POC diagnostics in resource-constrained settings. Further 

research is necessary to determine the feasibility of implementing the intersectoral 

framework for improving SCM for POC diagnostics in resource-limited settings.  

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

chain management, primary healthcare  
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Definition of terms 

 

Supply chain management- In general, supply chain management refers to the 

regulation of the flow of medical goods and services from the manufacturer to the 

patient. It involves obtaining resources, managing supplies, and delivering goods 

and services to providers and patients in a timely and cost-effective manner (1). In 

this study, we define supply chain management in a context of accessibility of point-

of-care diagnostics. It is the coordination and optimization of processes, logistics, 

and resources to ensure timely availability, efficient distribution, and proper utilization 

of these tests at the point-of-care. 

Coronavirus Disease -2019 (COVID-19)- A highly infectious acute respiratory 

disease caused by SARS-CoV-2 virus (2).  

SARS-CoV-2- Severe Acute Respiratory Syndrome Corona-Virus-2 is a highly 

transmissible and pathogenic virus that emerged in late 2019 and has caused a 

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

RT-PCR- Reverse transcription polymerase chain reaction is a nuclear-derived 

method for detecting the presence of specific genetic material in any pathogen, 

including a virus. It is one of the most widely used laboratory methods for detecting 

the COVID-19 virus (4). 

Point-of-care diagnostic services- In this study, we define point-of-care 

diagnostics as healthcare services that provide diagnostic testing and analysis at or 

near the location where the patient is receiving care, allowing for rapid and 

convenient diagnosis, monitoring, and treatment decision-making (5). This study 

focused on COVID-19 POC diagnostic services.   

Rapid diagnostic test- Innovative medical technologies used to detect the presence 

of viral protein (antigens) in a blood sample. This technology provides rapid results to 

enable fast clinical diagnosis (6). 

Primary Healthcare Clinic (PHC)- In this study, we refer to healthcare facilities 

located in the Mopani District of Limpopo Province, South Africa, which serve as the 

initial point of contact for individuals seeking basic medical care, preventive services, 
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and initial diagnosis and treatment of common illnesses. These clinics provide 

essential healthcare services, including primary care consultations, vaccinations, 

health promotion, family planning, and management of chronic diseases at the 

community level. They are typically staffed by general practitioners, nurses, and 

other healthcare professionals, and they play a crucial role in delivering primary 

healthcare services to the local population. 

Resource-limited setting- In this study we refer to a resource-limited setting as an 

environment where there are constraints in terms of infrastructure, financial 

resources, trained personnel, and access to diagnostic technologies. These settings 

often face challenges such as limited laboratory capacity, inadequate healthcare 

facilities, constrained budgets, and a lack of trained personnel, making it difficult to 

implement and sustain comprehensive diagnostic services. 

Key stakeholders- In this study we define key stakeholders as individuals, 

organizations, or groups that have a significant interest or influence in the 

development, deployment, and utilization of point-of-care diagnostic technologies 

and services. These stakeholders play crucial roles in shaping policies, standards, 

and practices related to point-of-care diagnostics and contribute to improving 

healthcare outcomes for patients.  
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Acronyms and abbreviations  

 

SARS-CoV-2   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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