e-ISSN: 0976-822X, p-ISSN:2961-6042

Available online on http://www.ijcpr.com/

International Journal of Current Pharmaceutical Review and Research 2025; 17(12); 2592-2596
Original Research Article

Real-time RT-PCR Testing for SARS-CoV-2: Key Performance Quality
Indicators

Anupriya Wadhwa!, Abha Sharma?, Aashna Bhasin3, Sulmaz Reshi‘, Poonam Sood
Loomba’

'Professor, Department of Microbiology, Faculty of Dentistry, Jamia Millia Islamia.
Professor, Department of Microbiology, Govind Ballabh Pant Institute of Postgraduate Medical
Education and Research.
3Senior Resident, Department of Microbiology, Govind Ballabh Pant Institute of Postgraduate Medical
Education and Research.
4Senior Resident, Department of Microbiology, Govind Ballabh Pant Institute of Postgraduate Medical
Education and Research.

SDirector Professor and Head, Department of Microbiology, Govind Ballabh Pant Institute of
Postgraduate Medical Education and Research.

Received: 01-10-2025 / Revised: 16-11-2025 / Accepted: 26-12-2025
Corresponding Author: Dr. Anupriya Wadhwa
Conflict of interest: Nil

Abstract

Introduction: A quality management system (QMS) should be implemented to ensure accurate and reliable
results from diagnostic laboratories. However, in developing countries like India, where resources are limited,
many laboratories that were not previously performing molecular tests and lack accreditation to international
standards may only implement a few parameters of quality control. Introducing a molecular test like real-time
reverse transcription polymerase chain reaction (RT-PCR) during the COVID-19 pandemic, where accurate and
timely results are essential for outbreak control, carries a high risk of errors. Without robust quality assurance
(QA), inaccurate test results can lead to inappropriate treatment decisions, mismanagement of patients, and gaps
in disease surveillance.

Aim: To identify key performance quality indicators (KPQIs) in an RT-PCR testing laboratory for COVID-19.
Method: Key Performance Quality Indicators were identified, and a retrospective analysis was conducted on all
nasopharyngeal swabs received for SARS-CoV-2 RT-PCR testing over seven months (November 2020 to May
2021).

Results and Conclusion: Collection and analysis of data at each step of the testing cascade serve as quality
indicators for the overall performance of the testing process. It is crucial to analyze and report these indicators
regularly to minimize laboratory errors and generate accurate results. In our study, laboratory errors occurred in
less than 5% of samples, demonstrating effective QA measures.
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Introduction

The novel SARS-CoV-2 virus emerged as a
significant public health threat worldwide. Over the
past two decades, three major coronavirus
outbreaks have occurred: SARS-CoV-1 in 2003,
MERS-CoV in 2012, and the SARS-CoV-2
pandemic in 2019. Diagnostic laboratories have
played a pivotal role in the rapid identification of
these pathogens using molecular diagnostic
techniques.[1,2] During the  SARS-CoV-2
pandemic, aggressive mass testing was the initial
step to curb transmission. Rapid identification of
suspected cases is vital to prevent nosocomial and
community spread.[3,4] Molecular diagnosis via
real-time RT-PCR, using specific primers and
probes, remains the gold standard for detecting and
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differentiating SARS-CoV-2 from other beta-
coronaviruses, such as SARS-CoV-1 and MERS-
CoV.[5,6] Real-time RT-PCR is an advanced
modification of conventional PCR that detects
target RNAs in clinical samples, particularly for
RNA viruses in molecular diagnostics laboratories.
Laboratory errors can occur at three phases: pre-
analytical (e.g., sampling method, location, timing,
sample size, transfer, and storage), analytical (e.g.,
nucleic acid extraction, cDNA synthesis, and PCR
amplification), and post-analytical (e.g., result
interpretation and reporting).[5] Given the critical
role of clinical laboratories in diagnosing and
controlling the COVID-19 pandemic, minimizing
these errors is essential to avoid delays in reporting
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and wastage of resources, reagents, and
manpower.[5,7]

Implementing a QMS is crucial for accurate and
reliable results, and laboratories should ideally be
accredited to international standards. However, in
resource-limited settings like India, scaling up
molecular testing such as RT-PCR across all
healthcare levels during the pandemic was
challenging. The high workload, panic, and
urgency for rapid results increased the risk of
errors. [7, 8] Thus, identifying KPQIs is vital to
reduce laboratory errors and prevent lapses in
disease surveillance due to inaccurate reporting.
This study summarizes the main KPQIs for RT-
PCR testing of SARS-CoV-2 in a COVID-19 PCR
laboratory at a tertiary care hospital.

Materials and Methods

This study was conducted in the COVID-19 PCR
testing laboratory of a tertiary care hospital IN New
Delhi, following approval from the institutional
ethics committee. KPQIs were identified at each
step of the testing cascade, with a focus on the
analytical phase, to evaluate the overall
performance of the testing process. Data were
collected and analyzed retrospectively for all
nasopharyngeal swabs received for SARS-CoV-2
RT-PCR testing from November 2020 to May
2021.

Each swab was placed in viral transport medium
(VIM) after collection. Viral RNA extraction was
performed using the PATH KITS MDSTM Viral
RNA Extraction Kit, followed by analysis via real-
time RT-PCR using the Q-line Molecular ER
nCoV-19 RT-PCR Kit (POCT Services Private
Limited), targeting the E gene and RdRp genes.

A KPQI is defined as the frequency with which a
sample could not be processed correctly at any step
(e.g., collection, transport, processing, or
interpretation) and serves as a measurable indicator
of laboratory performance. These indicators are
improvable through targeted interventions.

Results

Over seven months, 13,725 samples were received
in the PCR laboratory, of which 79 (0.57%) were
rejected. A total of 13,646 nasopharyngeal swab
samples were successfully tested for SARS-CoV-2
by real-time RT-PCR, with 1,230 (9.01%) positive.
All identified KPQIs are presented in Table 1.

Fewer than 4% of samples were reported as invalid
or inconclusive. Only 1.06% of samples were
reported after the turnaround time (TAT). Retesting
due to contamination during RNA extraction
occurred in 139 (1.01%) samples. Positive and
negative controls failed in less than 5% of PCR
runs. Overall, KPQIs indicated that laboratory
errors affected less than 5% of samples.
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Discussion

Following the declaration of SARS-CoV-2 as a
pandemic by the World Health Organization
(WHO) on January 30, 2020, global efforts focused
on establishing rapid diagnostic testing to enable
mass screening, identify carriers, and facilitate
isolation to curb viral spread.[9] In India, testing
capacity was scaled up under the Indian Council of
Medical Research (ICMR) guidance, incorporating
rapid antigen tests alongside molecular methods,
which remained the diagnostic mainstay. ICMR
issued regular advisories on testing strategies,
expanding the number of laboratories from 14 in
February 2020 to over 1,596 amid surging cases.
All COVID-19 testing laboratories were ICMR-
approved to ensure quality.[10]

Although WHO and the Centers for Disease
Control and Prevention (CDC) endorse real-time
RT-PCR as the gold standard for detecting SARS-
CoV-2 in clinical samples,[5,11] results can be
compromised by errors across the testing
phases.[2,9,12] Identifying and regularly analyzing
KPQIs, primarily in the analytical phase, enhances
confidence in reliable reporting. Table 2
summarizes KPQIs for SARS-CoV-2 RT-PCR
testing, associated concerns, and corrective actions.

Key Quality Indicators in the Pre-Analytical
Phase: The pre-analytical phase encompasses
sample collection, transportation, and storage.
Errors may arise from hasty or superficial sampling
(reducing  sensitivity), poor cold  chain
maintenance, interfering substances, patient
misidentification, or failure to account for antiviral
treatments. The CDC  provides  detailed
recommendations for respiratory tract sample
collection and handling.[11] Since laboratory staff
are not present during collection, parameters like
sample rejection rates indirectly assess quality. In
our study, 79 (0.57%) of 13,725 samples were
rejected due to incomplete details, improper
transport, or inadequacy. This low rate reflects
effective training in personal protective equipment
(PPE) wuse, sample collection, and transport.
Samples must be considered potentially infectious,
handled with appropriate PPE, and transported in
sealed biohazard bags within leak-proof containers
at 2-8°C for up to 72 hours or frozen at -20°C/-
70°C for longer storage, per WHO and CDC
guidelines.[11,13]

Key Quality Indicators in the Analytical Phase:
Samples from suspected SARS-CoV-2 patients
were processed in a Class II biological safety
cabinet (BSC) by staff in full PPE. Of 13,646 tested
samples, 9.01% were positive, with fewer than 4%
invalid or inconclusive, adhering to kit protocols.
Validated ICMR-approved kits were used, selected
based on performance, ease of use, reagent quality,
cost, and equipment needs.[9] Factors contributing
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to false negatives or invalids include sample site
selection, human error, low viral load, poor
amplification, or inhibitors.[6,14-17]
Nasopharyngeal swabs were preferred for mass
testing despite potentially lower viral loads
compared to lower respiratory samples.[9,14-16]

Contamination during RNA extraction led to
retesting in 139 (1.01%) samples. RT-PCR’s
sensitivity ~ heightens  contamination  risks,
necessitating unidirectional workflows across
separate rooms (pre-PCR, PCR, post-PCR),
dedicated equipment, filtered tips, and daily
disinfection with approved agents (e.g., 0.1%
sodium hypochlorite, 62—71% ethanol).[17-21]

Key Quality Indicators in the Post-Analytical
Phase: Our multiplex RT-PCR kit targeted E and
RdRp genes, with positive results requiring
amplification curves and cycle threshold (Ct)
values below kit-specified thresholds.[22-25] No
misinterpretations occurred. Only 1.06% of
samples exceeded the 12-hour within-laboratory
TAT, primarily due to retesting. Total TAT spans
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collection to reporting, while within-laboratory
TAT covers receipt to reporting. Timely alerts for
positives facilitate rapid treatment and infection
control.

Compared to other studies, our error rates align
with reported RT-PCR performance metrics, where
analytical sensitivity (limit of detection) and
specificity are typically high (95-100%), but real-
world diagnostic sensitivity and specificity vary
due to pre-analytical factors.[2,6,26]

Conclusion

COVID-19 RT-PCR laboratories face numerous
challenges. Identifying KPQIs across testing
phases—from sample receipt to reporting—enables
effective management. We recommend regular (at
least quarterly) analysis and reporting of: (1)
successful sample results; (2) positive, negative,
inconclusive, and invalid results; (3) retests due to
contamination; (4) rejection rates; (5) failed
controls; (6) misinterpretations; and (7) samples
exceeding TAT.

Table 1: Key Performance Quality Indicators for SARS-CoV-2 PCR Test in a Tertiary Care Hospital

Quality Indicator Number (%)
Pre-Analytical Phase

Total number of samples rejected 79 (0.57)

e  Due to incomplete patient details 14 (0.10)

e Due to improper transport 45 (0.32)

e Inadequate sample 20 (0.14)
Analytical Phase

Total number of successful test results 13,646

e  Total samples tested 13,646

e  Total number samples positive 1,230 (9.01)
e  Total number of samples negative 11,538 (84.5)
Total number of samples inconclusive 382 (2.7)
Total number of samples invalid 496 (3.6)

e Number of samples invalid in first run but negative in repeat run 486 (3.5)

e Number of samples invalid in first run but positive in repeat run 10 (0.07)
Total number of samples retested due to contamination during extraction 139 (1.01)
Number of times NTC (no template control) failed 17 (7.3)
Number of times NC (negative control) failed 10 (4.3)
Number of times PC (positive control) failed 52.17)
Post-Analytical Phase

Number of times result was misinterpreted 00

Total number of samples reported after TAT 145 (1.06)
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Table 2: Summary of Key Quality Performance Indicators for PCR Testing of SARS-CoV-2 and Related
Concerns with Actions Needed

Phase of Quality Indicator Concern Preventive and Corrective
Testing Action Needed
Cascade
Pre- e Total samples with Report mismatch due to patient | @  Reject samples with
Analytical incomplete patient misidentification incomplete details
details Leakage of samples leadingto | e Use proper PPE while
e Total samples with exposure risk to HCWs handling samples
improper transport False positive/negative reports | @  Open samples inside
e  Total samples with Invalid results due to poor Class I BSC
inadequate sample quality samples e  Ensure proper cold chain
volume in cryobox/thermocol
e Total samples not box with ice packs
collected properly e  Train staff on proper
collection from correct
anatomical site
Analytical e Total number of False positive/negative results | o
successful test due to human error, technical e  Perform each PCR step
results problems, contamination, low in separate rooms with
e Total number of target concentration, or PCR unidirectional workflow
invalid/inconclusive inhibitors e  Store equipment, PPE,
results Invalid results due to pipetting and consumables
e  Total number of errors separately for clean and
times controls Poor reagent quality dirty areas
failed in a run Incorrect extraction or e  Use trained staff to
amplification protocols minimize errors
e  Calibrate pipettes; use
filtered tips
e Decontaminate surfaces
daily with 70% alcohol
or 0.1% sodium
hypochlorite
e In case of contamination,
prepare fresh reagents
and clean thoroughly
e  Mandatory use of
controls (positive for
amplification, negative
for contamination)
e  Use IC for inhibitors
e  Follow manufacturer’s
instructions precisely
Post- e Total number of Delayed diagnosis and e  Make alert calls for
Analytical samples reported management positives; ensure
after TAT Reports misplaced or lost immediate lab-clinician
e Number of times during transit communication
result was Misinterpretation due to e Read kit insert for
misinterpreted incorrect baseline/Ct accurate interpretation
determination e  Use trained personnel
Untrained personnel reporting for reporting
e  Establish proper report
dispatch system
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