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ABSTRACT

Introduction: Access to healthcare facilities in rural areas remains a major challenge, particularly during the coronavirus disease
2019 (COVID-19) pandemic. This study investigated the spatial distribution and accessibility of COVID-19 point-of-care (POC)
diagnostic services in Mopani District, Limpopo province, South Africa, using a geographic information system (GIS)-based
approach. The aim was to identify areas where healthcare access requires improvement.

Methods: A descriptive cross-sectional study design was used, analysing secondary data through dasymetric mapping to
disaggregate and re-aggregate population data into analytical units. Accessibility was measured by distances from residences to
the nearest primary healthcare (PHC) clinics (<5 km) and from clinics to the nearest district hospitals (<30 km). Demographic
and socio-economic data from Statistics South Africa were included for context.

Results: Mopani District had an estimated population of 1,202,916, with 942,801 (78.4%) residing within 5 km of a PHC clinic. The
district had 105 clinics, each serving about 11,456 people, and 72 (68.6%) of these clinics were within 30 km of a district hospital.
The district contained both densely and sparsely populated areas, with high unemployment and low-income levels, particularly in
rural regions. Limited public transport further constrained access. Ba-Phalaborwa, Maruleng, Greater Tzaneen and Greater Letaba
have relatively good access, whereas Greater Giyani faces significant challenges.

Discussion: Although a majority of the population lived within 5 km of a clinic, notable gaps in accessibility remain. Improving
transport infrastructure, using telemedicine and mobile health units, and implementing socio-economic support strategies, such
as subsidized transport, can enhance access. Addressing geographic and structural inequalities in healthcare distribution is critical
to promoting equity and improving health outcomes in rural districts like Mopani.

1 | Introduction The coronavirus disease 2019 (COVID-19) pandemic severely

tested public health systems, particularly in low- and middle-

Access to primary healthcare (PHC) is a fundamental human
right [1]. Governments worldwide strive to ensure that all mem-
bers of society have equal and adequate access to PHC, regardless
of socio-economic and geographic factors. Adequate access to
PHC is also critical for achieving Sustainable Development Goal
(SDG) 3, which aims to ensure good health and well-being for
all [2].

income countries (LMICs) where insufficient resources, inad-
equate infrastructure and poor access to health services exac-
erbated disease outcomes [3]. In response, 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 [4, 5]. The access to
COVID-19 tools (ACT) accelerator, a global collaboration to
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accelerate the development, production and equitable access to
COVID-19 tests, has supported high-burden countries and areas
with the greatest need, including resource-limited settings in
South Africa [6].

South Africa’s health sector faces significant challenges in devel-
oping a unified national health system capable of delivering
quality healthcare to all citizens [7]. There are large disparities
in the spatial distribution of health services, with facilities often
located in fixed locations, whereas health needs vary across
space and time [8-10]. This issue is particularly pronounced in
resource-limited settings where the most immediate factor affect-
ing geographical accessibility is the distance and time required
to travel to well-equipped and adequately staffed healthcare
facilities [11]. Studies in LMICs have consistently shown that
physical proximity to healthcare services plays a crucial role in
their utilization [12]. Healthcare facilities are usually situated
in densely populated areas, leaving people in remote settings
to travel longer distances to access PHC [11]. When distance
to healthcare hinders accessibility, the detection of infectious
diseases may be delayed, causing mild infections to progress to
severe disease and potentially leading to suboptimal care or even
mortality [13-15]. In this study, geographical accessibility was
defined as the physical distance travelled to the nearest healthcare
facility.

Recent studies have advanced methodological approaches for
assessing healthcare accessibility. For example, Krishnakumari
et al. [16] assessed geographical accessibility to COVID-19 testing
facilities in Nepal using high-resolution population grids and
modelled travel time rather than straight-line distance. Simi-
larly, Kalonde et al. [17] applied travel-time-based modelling to
define health facility catchment areas in Blantyre, Malawi and
validated these modelled catchments against patient origin data,
providing a benchmark for empirically grounded accessibility
modelling. These studies demonstrate the value of travel-time
surfaces and patient-derived validation for enhancing the realism
of accessibility analysis. In contrast, the present study focuses
on network-based distance as a proxy for accessibility, a prag-
matic choice given data availability in Mopani District, South
Africa. By situating our analysis alongside these methodological
advances, we highlight both the contribution of distance-based
modelling in resource-limited settings and opportunities for
future refinement through travel-time approaches and catchment
validation.

Understanding the regional progression and impact of COVID-
19 in South Africa was crucial for assessing the pandemic’s
management and outcomes. According to the NICD’s definition,
a COVID-19 wave was marked from when weekly cases reach
30 per 100,000 people until they drop below this threshold
[18]. Provincial timelines varied significantly. For instance, in
Limpopo, the first wave spanned from 16 March to 31 October
2020, and the second wave lasted from 1 November 2020 to 31
March 2021. During these periods, Limpopo had a COVID-19
inpatient case fatality rate of 27.1%, higher than the national
average of 25.8% [19]. In the Mopani District within Limpopo, the
first wave saw 12,545 cases and 301 deaths, whereas the second
wave recorded 59,662 cases and 1960 deaths, resulting in a case
fatality rate of 27.5% [20].

This study investigates the spatial distribution of COVID-19
diagnostic services in relation to population density in the Mopani
District, Limpopo Province, South Africa. Providing health facil-
ities to all settlements in the district is challenging due to the
varying sizes and scattered nature of most settlements. To fully
understand the spatial distribution of COVID-19 diagnostic ser-
vices in relation to population density, we identified the physical
locations of PHC clinics and district hospitals (areas of supply),
mapped the population distribution (areas of demand), calculated
the travel distances from areas of demand to areas of supply
and examined variations in spatial accessibility across different
areas. Finally, we identified areas with a paucity of COVID-19
diagnostic services, conducting a geographic information systems
(GIS)-based accessibility analysis to achieve this. Despite the
critical importance of accessible healthcare services, especially
during a pandemic, there is limited research focusing on how
the distribution of such services aligns with population density
in rural areas. By investigating this relationship, we aim to
provide valuable insights into the challenges and opportunities
for optimizing healthcare accessibility, which can inform policy
decisions and resource allocation strategies in similar settings.

2 | Materials and Methods
2.1 | Study Design

In this descriptive cross-sectional study, a GIS approach was used
to investigate the spatial distribution of COVID-19 diagnostic
services. This study design was useful for collecting benchmark
data that demonstrate the size of a problem (distance travelled to
access COVID-19 diagnostic services) at a specified point in time
[21].

2.2 | Study Setting

The study was set in Mopani District located in the Limpopo
Province in South Africa (Figure 1). In 2021, a total of 1,207,020
people lived in the province (20,011 km?) [22]. In the Mopani
District, 81% of people lived in rural areas, 14% lived in urban
areas, whereas 5% lived on farms [23]. Mopani District consists
of five sub-districts, namely, Greater Giyani, Greater Letaba,
Greater Tzaneen, Ba-Phalaborwa and Maruleng (Figure 1). Most
of the population relied on the public health system for essential
diagnostic services.

2.3 | 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. [24], focusing
on PHC clinics. Initially, the study area was divided into finer
analysis units, and the population was allocated to these units.
The next step incorporated the road network and the locations
of PHC clinics and district hospitals to conduct a travel distance
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FIGURE 1 | Location of the Mopani District, Limpopo Province, South Africa.

analysis, identifying areas with adequate and inadequate access
to COVID-19 diagnostic services and analysing spatial variations
by sub-district. Finally, the results were visualized through travel
distance maps, a bubble map showing the population within 5km
of clinics, and a map indicating the distance from clinics to the
nearest hospital.

2.4 | 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.

2.5 | Physical Location of PHC Clinics and District
Hospitals (Areas of Supply)

The district had 105 PHC clinics and seven district hospitals
[25]. There were 28 PHC clinics in Greater Giyani, 10 in Ba-
Phalaborwa, 11 in Maruleng, 35 in Greater Tzaneen and 21 in
Greater Letaba (Figure 2). All the districts had one hospital,
except for Greater Tzaneen and Greater Letaba that had two
district hospitals each. All the included PHC clinics offered
COVID-19 POC diagnostic services, were administered by the
public sector and had a fixed geographical location. The geo-
graphic 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 Municipal-
ity GIS unit [25]. The two datasets were merged, and duplicate
coordinates for each PHC clinic were removed. Due to the lack
of spatially precise residential data, the PHC clinic’s catchment
areas were used to ascertain the residences of the patients.

2.6 | Population Disaggregation (Areas of
Demand)

The density-weighted dasymetric mapping technique used by
the authors involved dividing the Mopani District Municipality
into 20-ha hexagons and using ancillary data, such as land-use
information, to assign population density weights to different
areas. The total population was then redistributed across the
hexagons on the basis of these weights, ensuring that areas with
higher density weights receive a proportionally larger share of
the population. This method provided a precise representation of
population distribution by reflecting actual spatial patterns and
densities [26]. The 2021 community survey conducted by Statistics
South Africa (https://www.statssa.gov.za/) formed the base data
for the analysis [22]. Figure 3 shows the 2021 population of the
Mopani District on a dasymetric map.

2.7 | Road Network Data

Geographic accessibility was measured using the road network
distance, which was more realistic than straight line distance.
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FIGURE 2 | Location of PHC clinics and district hospitals in Mopani District, Limpopo province, South Africa.

In this study, accessibility was modelled using network-based
travel distance (in kilometres) rather than estimated travel time.
Although distance provides a meaningful measure of proximity, it
does not fully capture variations introduced by topography, road
conditions or transport availability. 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 (Figure 4). The implicit mode of travel was
used to calculate distance between locations. In rural areas where
the implicit mode of travel is walking or public transport, acces-
sibility analyses often assume that individuals travel primarily
by foot or rely on available public transportation options, such
as taxis and buses. This assumption shapes the way distances to
healthcare facilities are calculated, typically favouring routes that
are walkable or covered by public transport [27]. Consequently,
the analysis may highlight the need for improved transportation
infrastructure and closer healthcare facilities to better serve the
population’s needs.

2.8 | InputStandards

It was 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 [28]. The ideal distance from a PHC clinic to the nearest
district hospital was 30 km; therefore, any distance above this
threshold was deemed inaccessible [28].

3 | Results

Across the entire Mopani District, which encompassed a total
population 0f 1,202,916 and an overall population density of 11,456
individuals per clinic, there were 105 clinics. On average, 78.4%
(942,801 individuals) of the population resided within 5 km of
a clinic, whereas 21.6% (260,115 individuals) were beyond this
distance. Regarding proximity to district hospitals, 68.6% (72
clinics) were within 30 km, with 31.4% (33 clinics) being farther
away (Table 1).

Figure 5a displays the spatial distribution of the population in the
Mopani District who were able to access PHC clinics providing
COVID-19 diagnostic services within a 5-km travel distance, with
a mean travelling distance of 2.95 km (95% CI: 2.46-3.45 km).
The district’s built-up areas, which included major towns and
their surroundings such as Phalaborwa, Giyani, Tzaneen and
Modjadjiskloof, had a higher population density. In contrast,
the Hoedspruit sub-district had a scattered population due to
a significant number of farms and game farms occupying large
portions of land (Figure 5b). Greater Giyani sub-district had the
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FIGURE 3 | Population distribution of the Mopani District in 2021.

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%).

Figure 6 displays the distances between PHC clinics and the
nearest district hospital. According to the data in Supporting
Information 1, the average distance between PHC clinics and
district hospitals in the Mopani District was 20.9 km (95%CI: 17.9-
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.

On average, each clinic in the district served 11,546 people. The
sub-district of Ba-Phalaborwa had the highest number of people
per clinic, with 18,674 people per clinic. Greater Giyani had an
average of 9490 people per clinic, Greater Letaba had 10,261,
Greater Tzaneen had 12,342, and Maruleng had an average of 9365
people per clinic (Table 1).

Public transportation, primarily taxis, was vital for the district,
with 86.5% of the population relying on it for mobility. Greater
Tzaneen had 24 taxi facilities, of which only two in Tzaneen
Town were formal. Ba-Phalaborwa had 11 taxi facilities, with one
in Phalaborwa Town being formal. Greater Letaba had 12 taxi
facilities, with four being formal in Modjadjiskloof, Ga-Kgapane,
Sekgosese and Mokwakwaila. Greater Giyani had 18 taxi facilities,

all of which were informal. Maruleng had six taxi facilities, with
one being formal. Overall, 71 taxi facilities were present in the
district, with only eight being formal and 63 informal (Table 2).

The unemployment rate in Mopani District Municipality was
16.32%. Table 3 highlights the distribution of poverty within the
Mopani District, delineated by sub-districts and measured by
the upper bound poverty line. In Ba-Phalaborwa, 46.4% of the
population, numbering 76,169 individuals, were living in poverty.
Greater Giyani had the highest percentage of its population
living in poverty, with 62.8, or 165,191 individuals. Greater Letaba
reported 50.6% of its population, equivalent to 120,698 individ-
uals, as living below the upper bound poverty line. In Greater
Tzaneen, 49.1% of the population, or 211,783 individuals, were in
poverty. Maruleng had 60.1% of its population, numbering 62,878
individuals, living in poverty. Overall, the Mopani District had
53.0% of its population, or 636,719 individuals, living below the
upper bound poverty line, indicating significant socio-economic
challenges across the district.

4 | Discussion

In this study, we employed GIS accessibility analysis to delineate
the spatial distribution of COVID-19 diagnostic services in the
Mopani district, South Africa, shedding light on areas of both
supply and demand within the healthcare system. With a total
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population 0f 1,202,916 in the Mopani district and 105 PHC clinics,
an average service rate of approximately 11,456 individuals per
clinic was found. Our findings underscored the equitable yet
uneven distribution of PHC clinics across the district, with 78.5%
of the population residing within 5 km of a clinic. Furthermore,
68.4% of these clinics were situated within a 30 km radius of a
district hospital.

Ba-Phalaborwa and Maruleng emerged as regions with good
access to healthcare services, boasting high percentages of the
population residing within 5 km of a clinic and a significant
proportion of clinics located within 30 km of population centres.
Similarly, Greater Letaba and Greater Tzaneen demonstrated
relatively favourable accessibility metrics, with notable percent-
ages of the population within close proximity to clinics and a
substantial number of clinics within reasonable distances from
population hubs. Conversely, Greater Giyani exhibited the lowest
percentage of the population within 5 km of a clinic, indicating
potential challenges in healthcare access. Additionally, only 53.6%
of clinics in this district were located within 30 km of population
centres, further complicating accessibility for certain individuals.

Our research adds to a growing body of evidence indicating
that travel distance is a crucial factor affecting patient access
to healthcare services [29-31]. In our study, the mean travelling
distance to the closest PHC clinic is 2.95 km, which is encouraging
compared to an urban study that reported an average travel

distance of 3.5 km to access a healthcare facility [31]. 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
[32-35]. Most of these studies reported that poor infrastructure,
including transportation and utility systems, were some of the
challenges to access healthcare services [33-35].

The district hospitals administered COVID-19 polymerase chain
reaction (PCR) testing, a method requiring 48-72 h for result pro-
cessing [36, 37]. In contrast, PHC clinics offered COVID-19 POC
tests with immediate results, enabling rapid control measures.
Despite the average travel distance from a clinic to the nearest
hospital in the Mopani district being 20.9 km, deemed acceptable
by South African standards, the delay in result transmission
from district hospitals posed challenges for COVID-19 control
and management. Therefore, rapid testing for COVID-19 provided
at PHC facilities emerged as a viable alternative [38]. This may
elucidate the difficulties encountered in tracking COVID-19 in
rural South Africa, where access to accurate diagnostic testing
and the proximity between health clinics and district hospitals
present logistical challenges.

Incorporating demographic and socio-economic factors into our
analysis provided valuable insights into healthcare accessibil-
ity dynamics within the Mopani District. Our study’s find-
ings aligned with existing literature, highlighting the interplay
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between population density, economic status and healthcare
access [39-41]. The Mopani District presented a heterogeneous
landscape characterized by densely populated urban centres jux-
taposed with sparsely populated rural areas. Such demographic
disparities can significantly influence healthcare accessibility, as
urban centres typically have better infrastructure and a higher
concentration of healthcare facilities compared to rural regions
[42-44]. This dichotomy underscores the need for targeted inter-
ventions to bridge the healthcare gap between urban and rural
communities.

Socio-economic indicators further compound the accessibility
challenges within the district. High unemployment rates and
low-income levels, particularly prevalent in rural areas, exacer-
bate the population’s vulnerability and hinder their ability to
access healthcare services [45-47]. Economic constraints can
deter individuals from seeking timely medical care, leading to
delayed diagnoses and exacerbation of health conditions [48,
49]. Addressing these socio-economic barriers necessitates mul-
tifaceted approaches, including targeted financial assistance pro-
grammes and community-based initiatives aimed at enhancing
healthcare access and affordability [50, 51].

Moreover, limited public transport options emerge as a significant
impediment to healthcare accessibility, particularly in rural areas
[52, 53]. Reliance on walking or informal transport mechanisms
imposes additional burdens on individuals seeking medical care,
contributing to delays and disparities in healthcare access [54, 55].
Enhancing public transportation infrastructure and expanding
affordable transport options are imperative steps towards mitigat-
ing these challenges and promoting equitable healthcare access
across the district.

By integrating demographic and socio-economic insights into our
analysis, we gain a comprehensive understanding of the nuanced
factors shaping healthcare accessibility within the Mopani Dis-
trict. Recognizing the complex interplay between population
demographics, economic status and transport infrastructure is
pivotal for devising targeted interventions aimed at narrowing
healthcare disparities and fostering inclusive healthcare delivery
systems in resource-limited settings. Efforts to enhance health-
care access must be accompanied by broader socio-economic
development initiatives aimed at addressing underlying struc-
tural inequalities and empowering vulnerable populations to
access essential healthcare services effectively.

Methodologically, our study employed network-based travel
distance as a proxy for accessibility, a pragmatic approach
given available data. However, future research could strengthen
such analyses by integrating friction surfaces, elevation data or
empirical travel speed profiles, which allow for more realistic
estimations of travel time and accessibility in heterogeneous rural
landscapes [56, 57]. Recent work in other low- and middle-income
settings has shown the feasibility of these approaches, suggesting
that combining distance-based models with time-based methods
would enhance the precision and policy relevance of accessibility
assessments in South Africa [58-60].

The findings of this study could assist policymakers in gaining
a better understanding of the spatial distribution of COVID-
19 diagnostic services, facilitating the identification of areas
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lacking sufficient access to these services. Moreover, these
insights can inform the development of integrated strategies
aimed at optimizing accessibility and mitigating disparities,
especially in resource-limited settings. Additionally, the results
of this study can serve as valuable guidance in decision-making
processes related to the planning of new healthcare facili-
ties and the allocation of resources. However, to enhance the
accuracy of accessibility assessments, future research endeav-
ours should take into account factors such as transportation
modes and geographical barriers, such as mountains and
rivers, which can significantly influence travel distance and
accessibility.

4.1 | Strengths and Limitations

To the best of our knowledge, this study represents the first
attempt to utilize geospatial analysis to ascertain the spatial
distribution of COVID-19 diagnostic services in this setting. The
utilization of geospatial analyses has provided a robust platform
for gaining insights into the accessibility of healthcare services,
owing to the capability of processing large datasets quickly,
efficiently and consistently [61]. Furthermore, these analyses
possess adaptability and can be routinely updated, which is
particularly advantageous in scenarios where the population
undergoes growth or demographic changes.

Although our study has made substantial contributions to the
comprehension of healthcare accessibility in rural areas, it is
essential to acknowledge certain limitations. First, due to the lack
of spatially precise residential data in the rural community, our
study had to rely on catchment areas and PHC clinics as proxies
for linking residential areas to the nearest district hospital. Addi-
tionally, our analysis predominantly utilized travel distance as a
metric of accessibility, overlooking other critical factors such as
cost, quality and cultural and linguistic barriers. A key limitation
of this study is the reliance on travel distance rather than travel
time. Travel time is often a more realistic proxy for patient access,
as it incorporates road quality, terrain and transport options.
Recent studies, such as those by Krishnakumari et al. [16] in Nepal
and Kalonde et al. [17] in Malawi, demonstrate the advantages
of time-based modelling and validation against patient origin
data. Incorporating such approaches in future studies would
strengthen the empirical grounding and policy relevance of
accessibility analyses in rural South Africa. Ensuring equitable
access to healthcare services necessitates the consideration of
these factors to accommodate the diverse needs of individuals
and communities. Another limitation lies in the assumption
that patients always opt for the nearest healthcare facility to
their residence, whereas, in reality, patients in South Africa have
the liberty to choose their healthcare provider. Furthermore,
the well-connected roads and public transport networks in the
sub-districts of rural South Africa facilitate access to healthcare
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TABLE 2 | Taxi facilities in Mopani District.

Sub-district Number of taxi facilities Formal facilities Informal facilities
Greater Tzaneen 24 2 22
Ba-Phalaborwa 1 1 10
Greater Letaba 12 4 8
Greater Giyani 18 0 18
Maruleng 6 1 5
Total 71 8 63

TABLE 3 | Distribution of population living below the upper bound poverty line in Mopani District by sub-district.

Sub-district Population in poverty Percentage of population in poverty
Ba-Phalaborwa 76,169 46.4
Greater Giyani 165,191 62.8
Greater Letaba 120,698 50.6
Greater Tzaneen 211,783 49.1
Maruleng 62,878 60.1
Mopani District 636,719 53.0

facilities near workplaces or along transportation routes, which
should be factored into future research endeavours.

4.2 | Recommendations

On the basis of the findings of our study on the spatial distri-
bution and accessibility of COVID-19 diagnostic services in the
Mopani District, we propose several recommendations aimed at
addressing the identified challenges and enhancing healthcare
accessibility. These recommendations are designed to optimize
healthcare delivery and ensure equitable access to diagnostic
services across the district.

* The study highlighted the significant role of public transport
in healthcare accessibility, especially in rural areas. It is
recommended to invest in improving public transportation
infrastructure and expanding affordable transport options
to reduce the reliance on walking or informal transport
mechanisms. This will help mitigate the delays and disparities
in healthcare access across the district.

* To overcome the spatial disparities in healthcare accessibility,
particularly in rural areas, it is crucial to leverage technology.
Implementing telemedicine, mobile health units and com-
munity outreach programmes can extend healthcare services
to underserved populations. These measures will facilitate
timely detection of diseases such as COVID-19 and enhance
overall healthcare delivery.

* The findings underscore the impact of socio-economic fac-
tors on healthcare accessibility. Policymakers should inte-
grate socio-economic development initiatives with healthcare
access programmes. This includes providing targeted finan-
cial assistance and community-based initiatives to enhance
healthcare affordability and access for vulnerable populations.

* The study identified areas with insufficient access to COVID-
19 diagnostic services. It is recommended to optimize the
spatial distribution of diagnostic services by establishing new
healthcare facilities in underserved areas and ensuring that
existing facilities are well-equipped to provide rapid testing
services. This will help in managing and controlling the
spread of infectious diseases more effectively.

* Tomaintain an up-to-date understanding of healthcare acces-
sibility, it is essential to utilize geospatial analysis regularly.
This approach can efficiently process large datasets and adapt
to population growth or demographic changes, ensuring that
healthcare services remain accessible to all communities.

* To create a more inclusive healthcare ecosystem, efforts
should be made to address underlying structural inequalities.
This involves empowering vulnerable populations through
socio-economic initiatives and ensuring that healthcare pro-
grammes are equitable and accessible to all individuals,
regardless of their socio-economic status.

5 | Conclusion

In the Mopani District, the majority of the population (78.4%)
resided within 5 km of COVID-19 diagnostic services. How-
ever, significant challenges remain in terms of accessibility,
particularly for timely disease diagnosis and healthcare service
utilization. To address these issues, it is essential to enhance
public transportation infrastructure, leverage technology and
community-based approaches, and implement targeted socio-
economic interventions. Improving the distribution of diagnostic
services and conducting continuous geospatial analysis will
further optimize healthcare accessibility. Addressing structural
inequalities is also paramount to creating a more inclusive health-
care system. By prioritizing these actions, we can significantly
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improve healthcare access and outcomes for all residents in the
Mopani District.
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