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Abstract 

The emergence of the novel coronavirus (COVID-19) in 2020 posed a significant global health crisis, leading to a 
heightened demand for effective laboratory testing. This study focuses on the COVID-19 laboratory testing process 
at the NHLS Paarl laboratory in the Western Cape, employing a two-phase mixed-method examination. The initial 
phase utilizes Deming's PDCA cycle, incorporating quality tools such as Pareto analysis, Ishikawa diagram, 5 Whys 
analysis, and Failure Modes and Effect Analysis (FMEA) to enhance the efficiency of the COVID-19 testing process. 
The second phase involves qualitative research through semi-structured interviews to validate the outcomes of the 
first phase. The study identifies errors in the pre-analytic phase as a major challenge in laboratory testing, specifically 
rejected specimens. By applying the PDCA cycle, the research aims to formulate an optimized pre-analytic process to 
minimize errors. Laboratory errors, in the pre-analytic phase, are crucial quality indicators (QIs) that impact patient 
care and safety. The analysis reveals common pre-analytic errors, including invalid samples, insufficient specimens, 
and mismatched information. The consequences of these errors extend to delayed diagnostic results, hindering disease 
prevention and containment strategies. The study emphasizes the need for stringent measures to ensure accurate and 
reliable laboratory results in the context of COVID-19. The optimized pre-analytic process includes interventions such 
as standardized procedures, education and training programs, and check points to verify patient details and specimen 
handling. In conclusion, this research addresses the critical role of laboratory testing in the context of the COVID-19 
pandemic, focusing on the pre-analytic phase to minimize errors and enhance the accuracy of results.  
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1. Introduction
The emergence of the novel Coronavirus (SARS-CoV2 or COVID-19) in 2020 marked a profound global health crisis. 
Recognized as a “public health emergency of international concern”, the virus’s heightened transmissibility and 
fatality rates have demanded a robust response (World Health Organization, 2020). Historically, laboratory testing has 
been acknowledged as a cornerstone in disease diagnosis, contributing to approximately 80-90% of all diagnostic 
outcomes (Jiang and Jiang, 2015). Consequently, the devastating impact of COVID-19 underscored the paramount 
importance of laboratory testing in the realm of public health. Timely and precise results play a pivotal role not only 
in individual patient care but also in the broader contexts of outbreak control and epidemiological surveillance. 
However, the inherent risk of errors in laboratory testing poses a significant challenge to the reliability of results. This 
paper presents a comprehensive two-phase mixed method examination of the COVID-19 laboratory testing process at 
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the NHLS Paarl laboratory in the Western Cape. The first research phase of this study utilizes Deming’s PDCA cycle, 
comprised of four stages named ‘Plan’, ‘Do’, ‘Check’, and ‘Act’, to frame the initial approach to address the research 
problem. The PDCA cycle is applied to the pre-analytic process by integrating traditional quality tools such as; Pareto 
analysis, Ishikawa diagram, the 5 whys analysis and Failure Modes and Effect Analysis (FMEA) to reduce failures 
and improve overall quality, thereby enhancing the efficiency the COVID-19 testing process. The outcomes of this 
first phase are then validated through qualitative research using semi-structured interviews in the subsequent research 
phase 
 
1.1 Research Objective  
This study centers on the analysis of errors in laboratory testing, specifically focusing on rejected specimens during 
the pre-analytical segment of the laboratory process. The final objective of this study was to formulate an optimized 
pre-analytic process, integrating preventative measures aimed at minimizing errors in COVID-19 testing. By 
addressing challenges in the pre-analytical phase, this study made recommendations to enhance the accuracy and 
reliability of laboratory results, thereby contributing to the overall effectiveness of COVID-19 testing protocols. 
 

2. Background 
Authors Liu, Kuo, and Shih (2020), state that the novel COVID-19 virus originates from the Coronaviridae family. 
The virus manifests as a form of respiratory disease that has the potential to cause pneumonia. Since COVID-19 has 
the ability to be transmitted from animals to humans, and is a disease that normally exists in animals but may infect 
humans (Liu, Kuo, and Shih, 2020), it is referred to as a zoonotic disease. DNA analysis revealed that bats, classified 
as mammals, are a plausible possible reservoir for COVID-19, thereby confirming its status as a zoonotic disease (Liu, 
Kuo, and Shih, 2020). Although the intermediate source of origin of COVID-19 and details of transfer to humans 
remain elusive, the rapid human-to-human transmission of the disease is well documented (Shereen et al. 2020). 
 
The initial outbreak of COVID-19 occurred in December 2019 in China, and swiftly evolved into a pandemic by 
March 2020, as declared by the World Health Organization (WHO) (BBC News, 2020). The highly infectious nature 
of COVID-19 is attributed to its rapid person-to-person transmission through respiratory droplets, caused by coughing 
or sneezing (Yao et al. 2020). This characteristic, illustrated in Figure 1, underscores the disease's propensity for 
widespread transmission. 
 
Aerosols containing the virus, emitted by infected individuals, can infiltrate the human body, primarily through 
inhalation via the nose or mouth (Shereen et al., 2020). This capacity for person-to-person transmission results in 
secondary cases among close contacts, including family members and healthcare workers, leading to an exponential 
increase in the transmission rate. Lippi and Plebani (2020) justly emphasize the need for stringent measures to contain 
and prevent the spread of COVID-19. In the context of serious biohazards like the ongoing pandemic, laboratory 
testing emerges as a critical tool for the rapid and accurate identification of the disease, relying on molecular diagnostic 
assays as a cornerstone in diagnostic testing (Lippi and Plebani, 2020). Laboratory testing, according to these authors, 
is the primary means to identify COVID-19, playing a pivotal role in informing crucial healthcare decisions related to 
treatment, management, and strategies for isolation and quarantine. This highlights the indispensable importance of 
laboratory testing in the context of the COVID-19 pandemic. 
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Figure 1: Transmission of COVID-19 (Source: Shereen et al. 2020) 

 
3. Literature Review  

 
Laboratory functions that contribute to disease management 
Jiang and Jiang (2015), advance that clinical diagnostic laboratories play a crucial role in disease diagnosis, with 
approximately 80-90% of all diagnoses relying on laboratory results. This highlights the important function of 
laboratory testing during the COVID-19 pandemic, as laboratory testing is the primary mechanism to identify the 
disease. Lippi and Plebani (2020) further underscore the vital role of laboratory testing in the diagnosis, care, and 
maintenance of patients suspected or confirmed with COVID-19. However, the potential for laboratory errors, defined 
by Plebani and Carraro (1997) as ‘defects or non-conformities in the pre-analytic, analytic, or post-analytic phases’, 
poses a significant threat to patient care and safety.  
 
The consequences of laboratory errors are particularly magnified during infectious outbreaks like the COVID-19 
pandemic, jeopardizing disease prevention and containment strategies (Lippi and Plebani, 2020). Notably, rejected 
tests resulting from laboratory errors in the pre-analytic phase, (which includes specimen collection, handling, 
labelling, storage, and transport to the laboratory), prevent patients from receiving crucial diagnostic results for 
effective disease treatment and management. 
 
Moreover, Quality Indicators (QIs), defined by Plebani and Laura (2011) as measures for assessing processes or 
outcomes, are essential tools in monitoring and controlling the efficiency of key operational areas in laboratories. The 
identification of critical QIs, such as laboratory errors leading to specimen rejections, are crucial in the management 
of laboratory quality. The NHLS Paarl laboratory's preliminary background survey identifies this QI as a key focus in 
the pre-analytic phase, involving various stakeholders beyond laboratory personnel, including nurses, clinicians, and 
administrative staff, all contributing to the overall quality of laboratory testing and analysis. Effectively monitoring 
and addressing QIs became imperative for maintaining high standards of laboratory quality management in the context 
of COVID-19 and beyond. 
 
COVID-19 testing process 
The pre-analytic segment of the COVID-19 testing process consists of eight process steps. It is key for laboratories to 
manage and maintain quality in these steps which make up the pre-analytic segment, as it is a fundamental phase 
preceding the analytical and post-analytical laboratory segments (Plebani, 2020). Figure 2 illustrates the pre-analytic 
COVID-19 testing segment. 
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COVID- 19 TEST PROCESS 

Pre-analytical steps 

1. Discussion on laboratory test requirement 

2. Laboratory test selection 

3. Capture of the patient data and completion of the request 

form  

4. Patient preparation 

5. Specimen collection 

6. Labelling of specimen and request form  

7. Specimen handling and storage  

8. Specimen transportation 

 

 

Figure 2: Pre-analytic segment of the COVID-19 testing process (Source: Researcher 2022) 

 
Errors in the laboratory 
Lillo et al. (2012) advances that up to 70% of diagnostic errors are attributed to non-conforming samples, primarily 
stemming from inappropriate sample handling in the pre-analytic segment of the COVID-19 test process. The author 
argued that a possible reason for the most errors occurring in the pre-analytical segment is because the ‘activities in 
this segment are fundamentally manually performed,’ (Lillo et al. 2012). The manual operations lack adequate control 
measures, leading to numerous errors. 
 
Common pre-analytic errors include identification problems, inadequate specimen procedures, and sample 
contamination. Such errors result in poor-quality specimens, leading to rejection by the laboratory and the inability to 
process tests, negatively impacting patient care. The consequences of pre-analytic errors extend beyond individual 
cases, affecting public health policies and emergency plans during a pandemic. In the case of COVID-19, pre-analytic 
errors can hinder self-isolation and quarantine measures due to delayed diagnostic results. To mitigate these errors, an 
optimizing the pre-analytic process is crucial. 
 

Laboratory errors as an indicator of quality 
A rejected test has direct implications for patient care, as nurses and clinicians are unable to receive valid results for 
diagnostic or therapeutic purposes. The NHLS Paarl laboratory considers laboratory errors as a key QI, utilizing them 
to assess performance against quality targets. This quantitative metric focuses on both the number of errors and their 
significant impact on patient care and safety. Accordingly, the laboratory has implemented a standardized criterion 
for accepting or rejecting patient samples during the pre-analytical phase. Table 1 outlines the laboratory’s specific 
acceptance and rejection criteria for sample analysis, demonstrating the laboratory's commitment to maintaining high-
quality standards in sample processing. 
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Table 1: Specimen acceptance and rejection criteria (Source: Dabula, 2017) 

 
SPECIMEN ERROR ACCEPT/REJECT RESPONSIBLE PHASE 

All types Wrong specimen/ container/ Additive Reject Pre-Analytic 

All types Patient name and surname does not 

correspond from sample to request 

form 

Reject Pre-Analytic 

All Types Specimen and forms incorrectly 

labelled (Patient stickers don’t match) 

Reject Pre-Analytic 

All Types Incorrect site of specimen Reject Pre-Analytic 

All Types Collected and transported to lab at 

incorrect temperature 

Reject Pre-Analytic 

All types Broken specimen containers with 

specimen 

Reject Pre-Analytic 

All Types Specimen collected in expired 

containers 

Reject Pre-Analytic 

All types No date and time of collection Accept with comment Pre-Analytic 

All types No gender and age Accept with comment Pre-Analytic 

All types No clinical information stated Accept with comment Pre-Analytic 

All types Leaked out Reject Pre-Analytic 

All types Previously requested test 1-3 days 

prior 

Reject Pre-Analytic 

EDTA Low volume (<2 ml) Reject Pre-Analytic 

EDTA Clotted Reject Pre-Analytic 

Sodium Citrate Low volume (<4.5 ml) Reject Pre-Analytic 

Sodium Citrate Clotted Reject Pre-Analytic 

Sodium Citrate Old sample (sent to lab 24 hours after 

collection) 

Reject Pre-Analytic 

Serum Grossly Haemolysed Reject Pre-Analytic 

Serum Low volume (<0.5 ml) Reject Pre-Analytic 

Heparin Clotted Reject Pre-Analytic 

 

Laboratory errors linked to COVID-19 testing process 
The analysis of Table 1, highlights that there are five types of errors that occur frequently in the pre-analytic laboratory 
phase. The errors result in samples being rejected samples and consequently, an elevated error rate. These are: 
haemolysis, clotted ethylene diamine tetra-acetic acid samples (EDTA), insufficient specimens, Information that does 
not match, and incorrect specimen collected.  
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Modern management of quality in diagnostic laboratories 
The definition of quality in a laboratory, as highlighted by Crema and Verbano (2015) and further expanded by Lippi 
(2021), emphasizes doing the right thing at the right time, in the right way, for the right person, and achieving the best 
possible results. With the intensified focus on laboratory quality during the COVID-19 pandemic, Demings Plan, Do, 
Check, Act (PDCA) cycle, was identified by this study as a practical approach to solve the research problem at hand. 
The review of literature (Isniah 2020; Rotich 2022; Zhou 2023) returned that Demings PDCA cycle is a highly 
beneficial tool in modern management. The integration of quality tools such as Pareto analysis, Ishikawa diagram, 5 
whys analysis, and FMEA within the PDCA cycle is a practical approach to problem-solving. Figure 3 illustrates the 
connection between the PDCA cycle and quality tools in the context of this study. 

 

Phase One 

Mixed Methods Design 

Phase Two 

Qualitative Design 

 

 

 

 

 

Semi-structured interviews to 

validate findings of Phase One 

 

 

Figure 3: Research methodology (Source: Researcher 2022) 

 
4. Methods  
The study adopted a sequential mixed methods approach to develop an optimized pre-analytic process for reducing 
laboratory errors in COVID-19 testing. The approach involved two distinct phases. In the initial phase, the PDCA 
cycle was employed, incorporating quality management tools, as depicted in Figure 3. During the "Plan” stage of this 
first phase, Pareto analysis was applied. Thereafter, during the “Do” stage, the Ishikawa diagram and the 5 whys 
analysis was utilized. The subsequent “Check” and “Act,” stages involved the application of the FMEA tool. The 
findings of the first phase of the research were validated by the second phase of the research. In the second phase, key 
role players at the NHLS were interviewed to confirm the findings in an effort to develop an optimized pre-analytic 
process. 
 
5. Data Collection  
For this study a sequential mixed methods approach was adopted, which involved two distinct phases. Phase one 
involved the collection of quantitative data in the form of TrakCare rejection reports for January to December 2021. 
Subsequently, Phase two employed the collection of qualitative data in the form of semi-structured interviews with 
three key stakeholders in the healthcare forum (head phlebotomist, regional quality manager, and business manager). 
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6. Data Analysis 
Phase One commenced with the analysis of TrakCare rejection reports (n=32,000) from January to December 2021, 
focusing on Paarl State Hospital samples, with exclusions for non-COVID-19-related samples. The resulting dataset 
(n=9,600) was used for this phase of the analysis. 
Data analysis in this phase involved a project team using a mixed methods approach. Quality tools, including Pareto 
analysis, Ishikawa diagram, 5 Whys analysis, and FMEA, are sequentially applied in alignment with the PDCA cycle 
as illustrated by Figure 3. Pareto analysis identified major sources of specimen rejections, Ishikawa diagrams 
categorized causes of specimen rejection, 5 Whys analysis identified the root causes, while FMEA assessed failure 
risks. These tools, rooted in the PDCA cycle, aimed to understand and improve the pre-analytic process for COVID-
19 testing. The Pareto analysis was performed by reviewing rejection reports, and statistically prioritizing factors for 
further analysis. Ishikawa diagrams visually represented causes identified by Pareto, and categorized them into six 
areas. The 5 Whys analysis systematically interrogated the causal factors underlying a problem’s causes to ascertain 
its fundamental origins, and FMEA, using a ranking matrix, assessed the risks by calculating the risk priority number 
(RPN), and guided process adjustments to reduce specimen rejections. 
 
In the second phase, three key stakeholders at NHLS Western Cape; the business manager, regional quality manager, 
and head phlebotomist were selected through census sampling for semi-structured interviews. The interviews explored 
the perspectives of the stakeholders on reducing specimen rejections based on the findings of Phase one. These 
interviews aimed to validate and enrich the findings of the first phase data. ATLAS.ti software was used to perform 
thematic analysis on the interview data. 
 
7. Results and Discussion  
Pareto analysis used in the Plan stage of Phase One identified seven problem sources causing specimen rejections. 
These were (1) cancellation by electronic gatekeeping, (2) invalid haemolysed samples, (3) invalid EDTA clotted 
specimens, (4) insufficient volume of specimen, (5) information does not match, (6) specimens too old, and (7) 
incorrect specimen collection method. 
 
The Ishikawa diagram used in the Do stage categorized causes into man, method, material, machine, measurement, 
and environment. The main causes were found in the method and material categories, with a significant lack of 
appropriate guidelines for procedures identified as a common cause across all seven problem sources. The 5 Whys 
analysis which was also part of the Do stage identified root causes for rejected specimens, including a lack of suitable 
control measures for patient preparation, competency of nurses/clinicians, specimen collection procedures, and 
inadequate training programs for stock control. 
 
The final quality tool used in Phase One was the FMEA. The FMEA which was used in the Check and Act stages of 
the PDCA cycle identified four failure modes in the pre-analytic COVID-19 test process. Ultimately, seven 
interventions to overcome the risk of four failure modes and mitigate the impact of failures were proposed as findings 
of Phase One of this study. These are: (1) implement training sessions, (2) display visual aids in the specimen 
collection area, (3) distribute procedure guides, (4) use of stock templates, (5) appoint administrative support, (6) 
appoint a phlebotomy service in high rejection prone areas, and (7) develop patient admission procedures. 
 
Thereafter, in Phase Two of this study, semi-structured interviews were conducted. The qualitative findings agreed 
that majority of laboratory errors were linked to pre-analytical errors, at the source where specimens are being 
collected and labelled. This is in keeping with literature (Plebani, 2010) which stated that most errors are of the pre-
analytic phase which are not usually caused or controlled by the laboratory. The qualitative findings also found 
agreement that most pre-analytic errors occur due to a lack of procedures in place. Furthermore, there were some 
unanticipated research findings that were uncovered from the qualitative findings, such as continuous monitoring of 
the pre-analytic process systems and regular periodic review of quality indicators. It was also found that regular 
performance reviews of nurses and clinicians be implemented for a targeted approach to addressing pre-analytic errors. 
These qualitative findings confirmed and enriched the quantitative data analysis findings, providing additional support 
and validation for the results obtained from the quality tools used in the study. 
 

 

95



Proceedings of the 5th African International Conference on Industrial Engineering and Operations Management, 
Johannesburg, South Africa, April 23-25, 2024 

© IEOM Society International 

7.1 Proposed Improvements  
 

Optimized COVID-19 testing process 
To establish an efficient pre-analytic process, the following interventions as depicted in Figure 4, are deemed essential: 
Implementation of pre-analytic process procedures, entailing the development of standardized procedures for 
specimen collection, handling, labelling, administration, and transportation is required. Furthermore, the development 
of education and training programs are necessary, so that quarterly education and training sessions on pre-analytic 
processes for nurses and clinicians can be conducted. This will ensure continuous development of theoretical and 
practical skills, particularly for new personnel. In addition to this, Check Points as illustrated in Figure 4, are also 
established to allow for an efficient pre-analytic process: 
Check Point 1: Introduce a check sheet before specimen collection to verify patient preparation, list collection tubes, 
ensure proper mixing, and correct specimen labelling. Incomplete check sheets prompt reassessment before 
proceeding to the next step. 
Check Point 2: Appoint an admin clerk to manually verify patient details on specimens and request forms. 
Mismatched details require correction before advancing to the next pre-analytic process step. 
Check Point 3: Admin clerk verifies correct specimen handling and storage conditions using a check sheet. Specimens 
that meet the acceptable requirements proceed, while non-compliance prompts corrective actions. 
Check Point 4: Admin clerk ensures correct transportation conditions using a check sheet. Failed control checks lead 
to alternative arrangements for proper transportation. 
 
Subsequent to the above, interventions such as an annual audit of the pre-analytic process aimed at checking the entire 
pre-analytic process guided by ISO:15189 standards should be implemented, and annual performance reviews of 
nurses and clinicians are essential to verify the skill and performance of pre-analytic duties carried out by nurses and 
clinicians. This is to certify competent personnel for continued specimen collection, and to retrain and reassess those 
with unacceptable performance. Lastly, additional measures are included in the optimized pre-analytic process, as 
depicted in figure 4, these include: placement of a phlebotomist in high rejection zones to prevent errors in specimen 
collection, and implementation of a procedure quick guide for specimen collection in blood collection rooms to ensure 
easy access to procedures throughout the process. 
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Figure 4: Optimized pre-analytic process (Source: Researcher 2022)
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7.2 Validation  
To ensure data validity and reliability, this study included specific measures, namely peer review and data saturation, 
ensuring the robustness and trustworthiness of both quantitative and qualitative data. Moreover, a pilot study was 
conducted for data collection instruments of both phases, which allowed for the identification and rectification of 
errors before the main study. The pilot study confirmed the adequacy of research instruments in measuring outcomes. 
 
8.Recommendations for future research 
The recommended future research involves implementing the optimized pre-analytic process developed in this study 
at Paarl Provincial Hospital in the Western Cape. This implementation is proposed for a two-year period with bi-
annual reviews to address user challenges and faults. Subsequently, the optimized pre-analytic process should be 
extended to other testing processes, including TB and HIV monitoring, that pose a burden to healthcare systems. The 
final step involves rolling out this optimized process to all public hospitals in the Western Cape, aiming to achieve a 
reduced rejection rate and enhanced patient care across various healthcare settings. 
 
9. Conclusion  
The study revealed that inaccuracies in the collection and labelling of pre-analytical specimens were significant factors 
contributing to the rejection of samples at the NHLS Paarl Laboratory. In response, a pivotal intervention was 
implemented, which entailed refining the pre-analytical process by making strategic alterations to the pre-existing 
protocol. The restructured pre-analytical protocol now includes multiple verification checkpoints at various intervals 
within the procedure, a strategy that has proven effective in mitigating prevalent errors, as demonstrated in Figure 4. 
This method is designed to decrease the incidence of sample rejections and improve patient care within the context of 
the ongoing battle against COVID-19. 
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