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Abstract

Access to point-of-care (POC) diagnostics in resource-limited settings, where laboratory-

based diagnostics are limited, depends on efficient supply chain management (SCM).

This study evaluated the SCM for SARS-CoV-2 POC diagnostic services in resource-lim-

ited settings to 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. We purposively assessed 47 clinics pro-

viding POC diagnostic services between June and September 2022. One participant per

clinic completed an audit tool developed by the authors with guidance from the World

Health Organization and the Management Sciences for Health guidelines. The audit tool

evaluated the following SCM parameters: selection, quantification, storage, procurement,

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

resource capacity. Percentage rating scores between 90–100% indicated that the facility

was compliant with SCM guidelines, while rating scores < 90% indicated non-compliance.

The clinic audit scores were summarized and compared across clinics and sub-districts.

Clinics had compliance scores ranging from 60.5% to 89.2%. Compliance scores were

the highest for procurement, redistribution, and quality assurance (all 100%), followed by

storage (mean = 95.2%, 95% CI: 90.7–99.7), quantification (mean = 89.4%, 95% CI:

80.2–98.5), and selection (mean = 87.5%, 95% CI: 87.5%–87.5%). Compliance scores

were the lowest for inventory management (mean = 53.2%, 95% CI: 47.9%–58.5%), distri-

bution (mean = 48.6%, 95% CI: 44.6%–52.7%), and human resource capacity (mean =

50.6%, 95% CI: 43.3%–58.0%). A significant correlation was found between compliance

score and clinic headcount (r = 0.4, p = 0.008), and compliance score and ideal clinic

score (r = 0.4, p = 0.0003). Overall, the 47 clinics audited did not comply with international

SCM guidelines. Of the nine SCM parameters evaluated, only procurement, redistribution,

and quality assurance did not need improvement. All parameters are key in ensuring full
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functionality of SCM systems and equitable access to SARS-CoV-2 POC diagnostics in

resource limited settings.

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the virus that causes corona-

virus disease 2019 (COVID-19), cannot be properly identified or managed without correct

diagnosis [1]. Timely access to health services enables rapid testing and prevents disease pro-

gression, resulting in improved individual and public health outcomes [2, 3]. Access to health

services is defined as the ability to use services when and where they are needed [4]. In

resource-limited settings where access to laboratories is limited, primary healthcare (PHC) is

the center point of access to health services, including access to point-of-care (POC) diagnostic

services. The introduction of POC tests in resource-limited settings have been proven to be

effective for strengthening health systems by providing rapid results to improve timely initia-

tion of suitable therapy, facilitate linkages to care, and improve health outcomes [5].

Supply chain management (SCM) includes the resources and processes needed to deliver

the goods and services for POC diagnostic services [6]. Poor SCM systems may lead to stock

outs of POC diagnostic tests [7]. This causes a ripple effect because stock outs result in the

reduced use of POC diagnostic tests, which negatively impacts health outcomes [8–10].

The procurement of essential drugs and health-related commodities by the South African

government follows a closed tender system, with drug distribution limited to the Essential

Drug List and registered products [11]. The National Department of Health manages the ten-

der system with input from the National Treasury, while the provinces procure their drugs

from preferred suppliers on the national database [12–14]. The medications are then repacked

at provincial depots before being sent to district hospitals and eventually to PHC facilities [13].

However, irregularities during the COVID-19 pandemic emergency procurement strategy

were identified due to the lack of an adequate regulatory framework [12].

Evidence shows that SCM systems can be influenced by both barriers and enabling factors,

including selection, quantification, storage, procurement, quality assurance, distribution,

redistribution, inventory management, and human resource capacity [15]. As the demand for

POC tests and other COVID-19 medical supplies increased in 2020 due to an increase in the

number of daily cases, various SCM systems, including procurement, transportation, and

manufacturing, were disrupted [16, 17]. During 2020 and through 2021, there were border clo-

sures, lockdowns in the supply market, interruptions in vehicle movements and international

trade, labor shortages, and irregularities in health and safety protocols in manufacturing facili-

ties [18].

As the COVID-19 pandemic draws to a close, POC testing has made great strides in diag-

nosing and managing the disease burden in Africa [19]. The results of this study will be useful

to both supply chain managers and policymakers. Supply chain managers can use these find-

ings to monitor and improve quality over time at individual, sub-district and district levels.

Policy makers who are responsible for implementing POC diagnostic services in PHC clinics

in resource-limited settings can identify strategies that could be embedded to the current poli-

cies to encourage successful implementation of POC diagnostic services.

The main objective of this study was to evaluate the SCM for SARS-CoV-2 POC diagnostic

services in resource-limited settings. This evaluation was aimed at determining the effect of

SCM on accessibility to SARS-CoV-2 POC tests and to identify barriers and enablers of acces-

sibility to SARS-CoV-2 diagnostic services.
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Methods

Study design

This study is the third phase of a multi-phase study, which aimed to develop a novel approach

for improving SCM for SARS-CoV-2 POC diagnostic services in resource-limited settings. We

used the Mopani District in Limpopo Province, South Africa as a case study [20]. In this

phase, we conducted an audit of PHC clinics in the Mopani District using a cross-sectional

survey designed to collect and collate data relating to the prevalence of particular events [21].

We compared the collected benchmark data to a set of well-defined standards that were previ-

ously used to identify the changes needed to improve the quality of POC diagnostic services

[21, 22].

Study population

This study was conducted in the Mopani District, one of the five districts in Limpopo Prov-

ince, South Africa. The district has five sub-districts: Ba-phalaborwa, Greater Giyani, Maru-

leng, Greater Tzaneen, and Greater Letaba (Fig 1). This resource-limited setting was selected

Fig 1. Geographic location and distribution of the audited primary healthcare clinics in the Mopani District, Limpopo province, South Africa.

Image created by authors on ESRI’s ArcGIS 10.8.2; no copyrighted material was used.

https://doi.org/10.1371/journal.pone.0287477.g001
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because 81% of the population reside in rural areas, 14% in urban areas, and 5% on farms [23].

Most rural residents are poor and have no income because the local economy cannot provide

remunerative jobs or self-employment opportunities [24]. As a result, most of the population

in the study area relied on the public health system for health services.

Sampling strategy

We purposively sampled 47 out of 105 PHC clinics to participate in the study. This sampling

technique involved selecting PHC clinics based on the size of the serviced population. PHC

clinics with large (> 19 000), moderate (10 001–19 000) and small (3 000–10 000) populations

were selected to ensure generalizability of the audit results.

Recruitment strategy

We contacted PHC clinic sub-district managers to ask for access to the PHC clinics and

request participation of clinic staff. Upon approval from the PHC clinic sub-district managers,

we sent a request to the operational managers to visit the clinics. The personnel involved in the

SCM system, operational managers, professional nurses, and pharmacist assistants were asked

to complete the audit tool.

Audit tool

The audit tool used (S1 Fig) in this study was developed based on the WHO guidelines for

improving the quality of POC testing [25] and the Management Sciences for Health (MSH)

diagnostic SCM guideline [26]. We focused solely on aspects related to SCM and used these

documents to evaluate the challenges that resource-limited settings face in accessing appropri-

ate, quality-assured, and adequate POC diagnostics, as well as to identify potential strategies

for addressing these challenges. The audit tool included clinic characteristics such as: i) annual

headcount, or number of patients who present to the PHC clinic regardless of the health ser-

vice provided; and ii) the ideal clinic score, where an ideal clinic is defined as a clinic with

good infrastructure, adequate staff, adequate medicine and supplies, good administrative pro-

cesses, and sufficient adequate bulk supplies [27].

Data collection

We conducted an audit of the sampled PHC clinics from June to September 2022. The audit

team consisted of the principal investigator (PI) and a research assistant. The audit question-

naire was administered by the PI after presenting a summary of the study and obtaining con-

sent from participants. The audit was carried out at the PHC clinics where the participants

worked. To ensure that the audit did not affect the daily operations and duties at the PHC

clinic, we adhered to the scheduled appointments and time limits to complete the question-

naire. We followed the national COVID-19 regulations, guidelines, and protocols. We ensured

that we had a COVID-19 researcher toolkit when interacting with the participants. This toolkit

included own mask, masks for participants, thermometer, alcohol-based hand sanitizer, saniti-

zer for surfaces, a box to put all informed consent forms in, and paper-based questions, box of

tissues, and a bag for disposal of used masks and tissues.

Scoring and rating guide

The audit tool had 42 questions categorized into 9 main sections, including selection, quantifi-

cation, storage, procurement, quality assurance, distribution, re-distribution, inventory man-

agement, and human resource capacity. The response modalities of the questions were “yes”,
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“no” and “n/a”. If “no” or “n/a” responses were selected, further explanation was probed for

under the comment section to establish the barriers and enablers of SCM on accessibility of

SARS-CoV-2 POC diagnostic services.

To evaluate how compliant PHC clinics were with SCM guidelines for SARS-CoV-2 POC

diagnostic services, we summarized the audit scores. A point was allocated to each question

when all the requirements were met. We summed all the rating scores for each component to

obtain the percentage rating score per component (S1 Table). The overall percentage rating

score was the sum of all the rating scores for each component. Compliance to SCM was inter-

preted as follows: rating scores between 90–100% indicated that the PHC clinic was compliant

to SCM guidelines (satisfactory compliance), rating scores< 90% indicated non-compliance

to SCM guidelines (unsatisfactory compliance).

Statistical methods

The data were captured in a Microsoft Excel spreadsheet, which was then cleaned, vali-

dated, and exported to Stata software version 17 for analysis. Frequencies, means, standard

deviations, as well as 95% confidence intervals (CIs) for the audit scores were calculated.

An analysis of variance test was conducted to test any differences between the compliance

scores of the sub-districts followed by a Bonferroni post-hoc test to confirm where the dif-

ferences occurred between the sub-districts. A further pairwise correlation analysis was

done to establish any relationship between the overall SCM compliance score and the

clinic characteristics. The results were statistically significant at p � 0.05. A qualitative

thematic analysis of the nine components of the SCM system was conducted on R

software.

Ethical considerations

Permission was obtained from Mopani District Directorate before conducting this study. Ethi-

cal approval of the main study was granted by the University of Pretoria, Faculty of Health Sci-

ences, Research Ethics Committee (Reference No: 655/2021, Dated: November 24, 2021) and

the Limpopo Department of Health Ethics Committee (Reference No: LP_2021-12-007,

Dated: February 27, 2022). All study participants signed informed consent before participating

in the study. Participant names were kept confidential. We de-identified the facilities to ensure

that the compliance score could not be linked to a facility.

Results

Characteristics of the PHC clinics in Mopani

We audited 47 PHC clinics. Of these, 14 were in Greater Giyani, seven in Maruleng, six in Ba-

Phalaborwa, 10 in Greater Letaba, and 10 in Greater Tzaneen. The total population of the

audited PHC clinics ranged from 4,534 to 29,605. The clinic annual headcounts, the number

of patients who present to the PHC clinic regardless of the health service provided, of the

audited PHC clinics ranged from 13,431 to 78,036. The mean ideal clinic score was 71% (95%

CI: 66.9%–75.1%). All the audited PHC clinics provided COVID-19 POC diagnostic services,

specifically the Abbott Panbio™ COVID-19 Antigen rapid test. The audit tool was completed

by 27 (57.45%) operational managers (OPMs), 19 (40.43%) professional nurses, and 1 (2.12%)

pharmacist assistant. These professionals are part of the SCM of COVID-19 POC tests and

they identified themselves as inventory controllers, procurement officers, and end-users.

(Table 1).
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Table 1. Characteristics of audited PHC clinics in the Mopani District, Limpopo Province, South Africa.

Name of Clinic Total Population Headcount Ideal clinic score (%) SARS-CoV-2 point-of-care testing Occupation of assessor

Clinic 1 15538 38671 76 Yes Professional nurse

Clinic 2 8431 22651 66 Yes OPM*
Clinic 3 7052 19906 61 Yes OPM*
Clinic 4 6731 18025 80 Yes Professional nurse

Clinic 5 20914 52697 65 Yes Professional nurse

Clinic 6 4534 13431 59 Yes Professional nurse

Clinic 7 6045 17305 88 Yes OPM*
Clinic 8 9467 27130 40 Yes OPM*
Clinic 9 29326 78036 62 Yes OPM*
Clinic 10 8513 22485 78 Yes Professional nurse

Clinic 11 17116 53813 39 Yes Professional nurse

Clinic 12 10218 28970 63 Yes OPM*
Clinic 13 9103 25277 64 Yes OPM*
Clinic 14 8528 21401 57 Yes Professional nurse

Clinic 15 29605 56461 93 Yes OPM*
Clinic 16 12274 23457 54 Yes OPM*
Clinic 17 15193 29921 70 Yes OPM*
Clinic 18 8514 17604 91 Yes Professional nurse

Clinic 19 14655 31554 83 Yes OPM*
Clinic 20 10947 22630 95 Yes OPM*
Clinic 21 6591 19777 79 Yes Professional nurse

Clinic 22 7784 20577 71 Yes OPM*
Clinic 23 6317 24338 60 Yes Professional nurse

Clinic 24 9201 21880 85 Yes OPM*
Clinic 25 7629 20746 66 Yes Pharmacist Assistant

Clinic 26 11377 37707 52 Yes Professional nurse

Clinic 27 10274 32896 61 Yes OPM*
Clinic 28 7145 18657 71 Yes OPM*
Clinic 29 7208 19827 78 Yes Professional nurse

Clinic 30 13722 32370 75 Yes Professional nurse

Clinic 31 10970 25811 79 Yes Professional nurse

Clinic 32 13102 31173 57 Yes OPM*
Clinic 33 8638 17436 51 Yes OPM*
Clinic 34 10955 27708 69 Yes Professional nurse

Clinic 35 10013 24592 44 Yes Professional nurse

Clinic 36 15862 36750 91 Yes OPM*
Clinic 37 11241 27520 84 Yes OPM*
Clinic 38 19398 34021 79 Yes Professional nurse

Clinic 39 12993 27533 87 Yes Professional nurse

Clinic 40 20400 42884 71 Yes Professional nurse

Clinic 41 11167 22738 72 Yes OPM*
Clinic 42 17615 42946 80 Yes OPM*
Clinic 43 20076 45065 88 Yes OPM*
Clinic 44 19226 41503 62 Yes OPM*
Clinic 45 17688 41582 84 Yes OPM*
Clinic 46 12419 27234 71 Yes OPM*

(Continued)

PLOS ONE Supply chain management of SARS-CoV-2 POC diagnostics

PLOS ONE | https://doi.org/10.1371/journal.pone.0287477 June 27, 2023 6 / 17

https://doi.org/10.1371/journal.pone.0287477


Overall audit scores for the audited PHC clinics in Mopani District

The audit results showed that the average SCM compliance score ranged between 60.5% and

89.2%. Based on our criteria, none of the clinics had satisfactory SCM compliance scores, with

all PHC clinics scoring < 90%. The highest score of 89.2% was recorded for Clinics 9, 38, 40,

43, 44, and 47 (Fig 2).

Component scores per PHC clinic

The audit evaluated the nine components of the SCM system: selection, quantification, storage,

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

human resource capacity. All the PHC clinics scored highest for procurement, redistribution,

and quality assurance with mean rating scores of 100%, followed by storage (mean = 95.2%.

95% CI: 90.7–99.7), quantification (mean = 89.4%, 95% CI: 80.2–98.5), and selection

(mean = 87.5%, 95% CI: 87.5%–87.5%). The lowest mean ratings were found for inventory

management (mean = 53.2%, 95% CI: 47.9%–58.5%), distribution (mean = 48.6%, 95% CI:

44.6%–52.7%), and human resource capacity (mean = 50.6%, 95% CI: 43.3%–58.0%) (Fig 3).

Audit component scores per sub-district

We analyzed the SCM compliance scores per sub-district. Greater Tzaneen obtained the high-

est audit score (mean = 86.4%, 95% CI: 84.2%–88.6%). This was followed by Ba-Phalaborwa

(mean = 82.1%, 95% CI: 80.5%–83.7%), Maruleng (mean = 80.9%, 95% CI: 77.6%–84.3%), and

Greater Letaba (mean = 80.3%, 95% CI: 77.4%–83.3%). Greater Giyani had the lowest compli-

ance score (mean = 75.5%, 95% CI: 70.6%–80.5%). Greater Giyani also had the highest varia-

tion in audit scores with an interquartile range (IQR) of 28.7%. Ba-Phalaborwa had the least

varied audit scores with an IQR of 3.8% (Fig 4).

Post-hoc analysis of the SCM components per sub-district revealed that Greater Tzaneen

and Greater Giyani differed significantly in terms of overall score (p = 0.004), quantification

(p = 0.026), distribution (p = 0.033), and human resource management (p = 0.0009). Greater

Giyani and Greater Letaba differed significantly in terms of quantification (p = 0.026). In

terms of human resource capacity, significant differences were observed between Greater

Tzaneen and Ba-Phalaborwa (p = 0.046), and Greater Tzaneen and Greater Letaba (p = 0.005).

There were no significant differences observed for selection, storage, inventory management,

procurement, re-distribution, and quality assurance between the sub-districts.

Barriers and enablers of the supply chain management audit components

We qualitatively described the barriers and enablers of each individual component below,

while providing a summary of the SCM component scores in Fig 3.

Selection. The mean score for selection of POC tests was 87.5% (95% CI: 87.5%–87.5%).

Selection comprised seven questions. All the PHC clinics noted that the staff was not actively

involved in selecting POC tests. Participants reported that the POC diagnostic tests were sensi-

tive with very few false negative and very few false positives. Participants reported that the

Table 1. (Continued)

Name of Clinic Total Population Headcount Ideal clinic score (%) SARS-CoV-2 point-of-care testing Occupation of assessor

Clinic 47 8598 17079 84 Yes OPM*

*OPM = Operational Manager

https://doi.org/10.1371/journal.pone.0287477.t001
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Fig 2. Supply chain management compliance rating of the audited PHC clinics, Mopani District, Limpopo Province,

South Africa.

https://doi.org/10.1371/journal.pone.0287477.g002
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POC diagnostic tests were user friendly, simple to perform, required minimal training, enabled

rapid testing at first visit, and were robust because they did not require refrigeration. Partici-

pants reported that there was no wastage of POC tests.

Quantification. The mean score for quantification of POC tests was 89.4% (95% CI:

80.2%–98.5%). PHC clinic operational managers are responsible for predicting the demand of

POC tests based on seasonal variations (COVID-19 waves) to ensure that PHC clinics had

enough POC tests. OPMs in 42 (89.4%) PHC clinics successfully predicted the demand for

POC tests. The remaining five (10.6%) PHC clinics predicted the demand based on the num-

ber of people visiting the PHC clinic.

Storage. The mean score for storage of POC tests was 95.2% (95% CI: 90.7–99.7). Storage

facilities were available in 45 (95.7%) PHC clinics. Thirty (66.6%) PHC clinics stored POC

tests in the dispensary with other health commodities while 15 (33.3%) stored the POC tests in

a separate room that had been converted into a storeroom. Two (4.3%) PHC clinics did not

have dedicated storage facilities, but stored POC tests in testing rooms. Most of the PHC clin-

ics (n = 43, 91.5%), had functional air conditioners and professional nurses monitored the

temperature of the dispensary storeroom twice daily using a thermometer. Two PHC clinics

(4.3%) had non-functional air conditioners and two (4.3%) PHC clinics had no air

conditioners.

Inventory management. The compliance score for inventory management was 53.2%

(95% CI: 47.9%–58.5%). OPMs and pharmacist assistants usually were responsible for inven-

tory management, but occasionally this responsibility was delegated to professional nurses.

Fig 3. Average score per supply chain management component of the audited PHC clinics, Mopani District, Limpopo Province, South Africa.

https://doi.org/10.1371/journal.pone.0287477.g003
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Pharmacist assistants did not work on weekends, raising issues of inventory management in

their absence. Most PHC clinics (97.9%) had personnel whose duties included managing

COVID-19 POC diagnostic tests, while one clinic (2.1%) did not have any inventory manage-

ment processes in place. An updated list of existing COVID-19 POC tests in the last three

months was available in 87.2% of PHC clinics. Most PHC clinics (91.5%) did not have docu-

ments for recording the expiry dates of existing COVID-19 POC tests as all the tests were new.

All the PHC clinics used manual systems (stock/bin cards and inventory control forms/

books) for inventory management. An updated inventory management list (tests available at

the beginning of the week, number of both negative and positive tests conducted, and tests

available at the end of the week), was sent to the sub-district managers weekly via WhatsApp

by 44 (93.6%) PHC clinics. The sub-district managers then reported to the district office on a

weekly basis. Three PHC clinics mentioned that they reported on the National Health Labora-

tory Service (NHLS) COVID Screening Application (CSA) portal.

Procurement. PHC clinics scored 100% for procurement. Requisitions were made from

district hospitals and sub-district PHC offices, which were responsible for distributing POC

tests. Thirty-four (72.3%) PHC clinics made requisitions based on demand, seven (14.9%)

made weekly requisitions, and six (12.8%) made quarterly requisitions. In 32 (68.1%) PHC

clinics requisitions were made when one box, containing 25 tests was remaining. In 15 (31.9%)

Fig 4. Variation in the supply chain management audit scores of the audited PHC clinics, in the five sub-districts of Mopani District, Limpopo

Province, South Africa.

https://doi.org/10.1371/journal.pone.0287477.g004
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PHC clinics requisitions were made when 5–10 POC tests were remaining. Ba-Phalaborwa

and Maruleng sub-districts reported that they had to submit proof that they had used previ-

ously supplied POC tests hence inventory management forms were available in these sub-dis-

tricts. In all PHC clinics, the turnaround time ranged from daily to weekly. For example, Ba-

Phalaborwa sub-district received stock daily because it had a delivery vehicle, a designated

driver, and was close to the dispensing sub-district PHC clinic. PHC clinics in sub-districts

which made requisitions from district hospitals received their stock on a weekly basis with the

delivery of other health commodities. PHC clinics that had mobile clinics and local area driv-

ers collected POC tests from district hospitals. When the requisition was urgent, PHC clinic

OPMs would collect directly from district hospitals.

Distribution. Distribution had a SCM compliance score of 48.6% (95% CI: 44.6%–

52.7%). District hospitals were responsible for distributing COVID-19 POC tests after receiv-

ing the requisitions made by the PHC clinics. All 47 PHC clinics reported that they always

received stock after making a requisition. No stock outs were reported. Most PHC clinics, 43

(91.5%) reported that they check the delivery note that came with the supplies against the req-

uisition made however there was no system in place to document the differences. Forty-six

(97.9%) PHC clinics reported filing all delivery forms in a safe place. Only nine (19.1%) PHC

clinics ensured that the driver or delivery person signed the delivery form and only 23 (48.9%)

PHC clinics wrote down delivery information in a ledger book.

Redistribution. SCM compliance scores for redistribution were 100%. All 47 PHC clin-

ics reported having procedures in place to redistribute COVID-19 POC tests to other facili-

ties when the expiry date was close. All the sub-districts reported having WhatsApp groups

for communicating between PHC clinics. Stock rotation between PHC clinics was done

through WhatsApp or by completing a short-dated form to return the stock to a district hos-

pital which then rotated the stock to PHC clinics in need. PHC clinics also reported using

the first-in, first-out (FIFO) principle. This ensured that diagnostic tests did not expire

before being used.

Quality assurance. The audit revealed that all PHC clinics had efficient quality assurance

measures in place (100% SCM compliance score). All PHC clinics indicated that the person

receiving the new batch of COVID-19 test kits verified that the box was properly sealed and

that the individual test kits were also sealed upon delivery. All professional nurses also verified

that the test kit was sealed before testing.

Human resource capacity. The average SCM compliance score for human resource

capacity was 50.6% (95% CI: 43.3%–58.0%). As professional nurses were responsible for per-

forming the tests at PHC clinics, training was essential. Provincial and district offices were

responsible for training the professional nurses. When first introduced, 44 of the 47 PHC clin-

ics (93.6%) reported that they received training on the POC diagnostic test. Two or three pro-

fessional nurses per PHC clinic attended the training course, then trained the others at their

PHC clinics. The training workshops were facilitated by the district office, either at the PHC

clinics or at the district hospitals. Two PHC clinics reported that they received training from

officials from Anova Health Institute. Three out of the 47 PHC clinics (6.4%) reported that

they were not trained and that they trained themselves. They stated that the test was easy to

perform and was similar to other POC tests used to test for diseases such as HIV and diabetes.

All PHC clinics reported that training updates would be necessary if a new test were to be

introduced, or if the current POC was modified. All the PHC clinics did not have standard

operating procedures (SOPs) for performing the COVID-19 test, inventory management, and

safe disposal of COVID-19 test kits but most participants reported that they followed COVID-

19 test kit instructions. Nine of the 47 PHC clinics (19.1%) reported that they used SOPs for

other diseases such as HIV and diabetes.
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Relationship between PHC clinic characteristics and SCM compliance

Overall SCM compliance scores were significantly correlated with clinic headcount (r = 0.38

and p = 0.008 (Fig 5). The larger the headcount of the PHC clinic, the higher the SCM compli-

ance score.

SCM compliance scores were also significantly correlated with the ideal clinic score

(r = 0.43, p = 0.003) (Fig 6). A high ideal clinic score represents a PHC clinic with good infra-

structure, adequate staff, adequate medicine and supplies, and good administrative processes.

A high SCM compliance rating means that the SCM processes in place are satisfactory hence

adequate accessibility to COVID-19 POC tests.

Discussion

This study determined to effect of SCM on accessibility of SARS-CoV-2 POC tests through an

audit of 47 PHC clinics in Mopani District. The audit results revealed that none of the audited

PHC clinics were compliant (score < 90%) with all the criteria stipulated by the audit tool,

based on WHO and MSH guidelines. Clinics scored 100% for procurement, quality assurance,

and redistribution, obtained moderate scores (87.5%—95.2%) for selection, quantification,

and storage, but scored lowest on inventory management (53.2%), distribution (48.6%), and

human resource capacity (50.6%). This study confirmed that access to POC diagnostic tests

Fig 5. Correlation between supply chain management compliance score and clinic headcount of the audited PHC clinics in Mopani District,

Limpopo Province, South Africa.

https://doi.org/10.1371/journal.pone.0287477.g005
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are impacted by SCM systems especially in resource-limited settings where the distribution of

COVID-19 POC tests depends on the availability of POC tests at district hospitals and sub-dis-

trict offices.

Inventory management, distribution and human resource capacity were found to be the

greatest barriers of all the 9 SCM parameters within this study setting. Evidence from other

LMICs show that inventory levels usually guide the quantity of stock procured [15, 28] and

that adequate inventory levels are facilitated by clear communication between PHC facilities

and the provincial or district offices that control the distribution of stock [10, 29, 30]. Cur-

rently, in Mopani District other health commodities are managed through the stock visibility

system (SVS), a computerized inventory management platform. COVID-19 POC tests are not

yet available on SVS hence the manual recording system used at the PHC clinics. Kihara and

Ngugi [31] found that good inventory management systems using barcode labels and barcode

scanners reduce human error by eliminating manual documentation.

The district hospitals relied on supplies from provincial and national levels. This created a

ripple effect. If there is no flow in supply from the national or provincial level to the district

hospitals, there will be no flow in supply to the PHC clinics therefore affecting access to POC

diagnostic tests. The study found that within this setting, POC tests were usually distributed

within 24 hours to a week depending on urgency and availability of delivery vehicles at the dis-

trict hospitals. This finding agrees with findings by Kuupiel et. al. which revealed that, POC

Fig 6. Correlation between supply chain management compliance score and ideal clinic score of the audited PHC clinics in Mopani District,

Limpopo Province, South Africa.

https://doi.org/10.1371/journal.pone.0287477.g006
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diagnostics to PHC health facilities in Ghana depended on the availability of the tests at the

national and regional medical stores as well as at the district health directorate stores [7].

In the Mopani district, SCM is negatively affected by human resources shortfalls. Nurses

are key links in PHC clinic SCM as they are responsible for inventory management, quality

assurance, redistribution and procurement. In Uganda, supply chain functions across all levels

of care were negatively affected by inadequately skilled personnel, which resulted in staff tak-

ing on supply chain functions in addition to their key roles and responsibilities in health facili-

ties, which contributed to poor performance in priority SCM areas [32]. This finding

confirmed that adequately trained clinic staff are well empowered to fulfil essential supply

chain functions and to make decisions that positively impact health supply availability and

supply chain operations [33].

To the best of our knowledge, ours is the first study to evaluate SCM of SARS-CoV-2 POC

diagnostic services in resource-limited settings. The 47 PHC clinics audited in this study can

be used as a model for other similar resource-limited settings. A strength of our study is that it

provides a sound methodology for evaluating SCM in resource limited settings. Limitations

include that although the audit tool covered test performance, sensitivity, and specificity, we

could only collect data on the perceived sensitivity and specificity of POC tests, without confir-

matory laboratory test results. Another limitation was that this audit was only conducted in

one district, which doesn’t allow comparison with other areas.

Recommendations

Based on the findings of this study, we recommend the following:

• Adoption of efficient inventory management tools, especially software systems, linking

national, provincial, district, and PHC facilities. Currently, inventory is tracked manually,

which may result in inefficient logging of orders or deliveries, especially in understaffed

environments.

• Implementation of a robust human resource management system by adopting a nurse-cen-

tric approach to improve SCM.

• Structured training course for POC SCM in resource-limited settings such as our study area

to help improve compliance to standards. Additionally, we recommend regular workshops

for PHC clinic staff to improve distribution of POC tests that are inadequately managed due

to documentation challenges. SOPs for testing, inventory management, and safe disposal of

test kits should be available to staff to prevent them from working blindly.

• Strengthening the supply chain and logistics at a national level to ensure that high quality

POC test kits and consumables are available at all testing sites and that stock outs are

minimized.

• A follow up study to evaluate SCM of SARS-CoV-2 POC tests at a provincial or national

level in order to evaluate the selection and procurement process. This will provide an oppor-

tunity to evaluate the SCM at a higher level and establish the barriers and enablers of all 9

components of the SCM system in detail.

Conclusion

Our results revealed that the PHC clinics in the Mopani District, Limpopo, South Africa do

not comply with international SCM guidelines. The audit results revealed deficiencies in

inventory management, distribution, and human resource capacity. PHC clinics were
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compliant in procurement, redistribution, and quality assurance. The audit also revealed varia-

tions in the SCM compliance scores between the sub-districts showing inconsistencies in the

SCM processes currently in place. We highly recommend the adoption of centralized online

inventory management tools and structured training for healthcare workers on SCM of POC

diagnostics. SCM strategies for POC diagnostics need to be well planned to ensure accessibility

of POC diagnostic services in rural resource-limited settings.
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