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Commentary

Early treatment, patient isolation, and contact tracing 
to decrease SARS-CoV-2 transmission depend on 
timely and accurate detection of cases [1]. As such, 
the quality and diagnostic accuracy of laboratory 
tests are crucial for the management of this pandemic. 
It has been reported that 79% of detected cases origi
nate from unidentified cases [2]. False-negative test 
results and the general tolerance paradigm for diag
nostic test performance constitute two major hurdles 
that are disrupting the contribution of laboratory tests 
to SARS CoV-2 diagnosis.

False-negative results from real-time polymerase 
chain reaction (RT-PCR) testing arise mostly due errors 
occurring in the pre-analytical phase, such as: misiden
tification, too early or too late sampling, inadequate 
sample quality, specimen contamination, improper 
handling and transportation of specimens, sampling 
site, low viral load, and the existence of PCR inhibitors 
[3–5]. Thermal inactivation is used to inactivate SARS- 
CoV-2 before nucleic acid testing to protect laboratory 
staff from contamination. However, this pretreatment 
can increase the cycle threshold (Ct) and cause false- 
negative test results. Thus, novel safe methods to pro
tect laboratory staff need to be established [6]. On the 
other hand, laboratory scientists should be alert to 
probable mutations that may affect the detection of 
SARS-CoV-2 RNA [5]. Antiviral drugs may also keep the 
viral load at low levels and cause false-negative test 
results [7]. Nevertheless, the sampling site and sam
pling time seem to be two primary sources of pre- 
analytical errors.

A recent meta-analysis revealed that the sample 
positivity rates of the upper and lower respiratory 
tract with RT-PCR were 40.6% and 71.3%, respectively 
[8]. False-negative result rates of RT-PCR were reported 
as 38%, 20%, 21%, and 66% for 0, 8, 9, and 21 days 
respectively, from symptoms onset [9]. The viral load 

can also be lower than the limit of quantitation (LoQ) 
at the early [10] and final stage of infection [5]. 
Moreover, Padoan et al. showed that the serological 
test results (IgG and IgM) of Covid-19 patients were 
negative in the first five days from fever onset. The 
positivity of the serological tests could reach the high
est rate at the 12th day [11].

While analytical sensitivities of commercial tests are 
well defined in emergency use authorization docu
ments, there is a gap in knowledge of clinical sensitiv
ities [12]. Basu et al. reported discordant results of 
analytical performance between package insert and 
laboratory evaluations [,13]. In a systematic review 
and meta-analysis, pooled sensitivities of chemilumi
nescent immunoassays (CLIAs)), lateral flow immu
noassays (LFIAs), and enzyme-linked immunosorbent 
assays (ELISAs) were reported as 97.8%, 66%, and 
84.3%, respectively [14]. Furthermore, in an analytical 
sensitivity study, an RT-PCR primer-probe set used for 
confirmation of diagnosis could not detect SARS-CoV-2 
RNA lower than 1,000 copies per microliter, contrary to 
other products [15]. Therefore, laboratories should ver
ify the accuracy of SARS-CoV-2 tests before usage [11].

While tests with high sensitivity are more suitable 
for population screening, more specific tests are essen
tial to confirm the diagnosis. SARS-CoV-2 laboratory 
tests’ performances seem to have higher specificity 
values than sensitivity [9]. However, higher sensitivity 
values are needed in pandemics to obviate false- 
negative results that can halt contact tracing, treat
ment, and isolation of COVID-19 patients. The classical 
statistical approach of 95% as a good indicator should 
not be accepted in pandemics. For example, in 
one million tests, 5% and 1% tolerance correspond to 
50,000 and 10,000 false-negative patients, respectively. 
Thus, reducing the tolerance limit from 5% to 1% leads 
to the detection of additional 40,000 cases. In contrast, 
the industry’s world-class acceptable error or defect 
rate is 6 sigma, which means less than four defects 
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per million opportunities [16]. Additionally, The Clinical 
Laboratory Standards Institute document EP17-A2 
accepts the LoD as the lowest concentration level 
with a detection rate of 95% for positive results [17]; 
however, this LoD is not acceptable for diseases such 
as those caused by SARS-CoV-2.

The classical statistical tolerance or acceptable rates 
mentioned in some national or international standards 
may impede scientists from finding effective solutions to 
pandemics because manufacturers usually consider such 
rates as ‘acceptable’ and manufacture laboratory tests 
accordingly. We should be aware that laboratory tests’ 
diagnostic accuracy, including RT-PCR used for diagnosing 
SARS-CoV-2, is not at the desirable level. Generally, 3 sigma 
is regarded as the minimum quality threshold for manu
facturing processes, which corresponds to 66,800 defects 
per million and 93.3 percent. However, 4 sigma corre
sponding to 6,200 defects per million, and 99.4 percent 
seems to be a more reliable level for tests of SARS-CoV-2. 
While higher levels of sigma metric values represent better 
performance, 4 sigma is a more achievable goal for the 
current in vitro diagnostic technology [16].

Statistics is the main guide for physicians, particularly 
those managing pandemics. The acceptable tolerance 
limits of tests used in the diagnosis and management of 
infectious and noninfectious diseases should not be the 
same. In noninfectious diseases, the false-negative test 
results mostly affect the patients. However, in infectious 
diseases such as COVID-19, false-negative test results lead 
to catastrophic outcomes by affecting the whole popula
tion and the control of the pandemic. Therefore, the revi
sion of tolerance limits by regulatory bodies is needed 
promptly.

Disclosure statement

The authors state no conflict of interest.

Funding

This research was not funded by any corporation.

ORCID

Hikmet Can Çubukçu http://orcid.org/0000-0001-5321- 
9354
Abdurrahman Coşkun http://orcid.org/0000-0002-1273- 
0604

References

[1] Rogers R, O’Brien T, Aridi J, et al. The COVID-19 diagnostic 
dilemma: a clinician’s perspective. J Clin Microbiol. 
2020;58(8):e01287–01220.

[2] Li R, Pei S, Chen B, et al. Substantial undocumented infec
tion facilitates the rapid dissemination of novel corona
virus (SARS-CoV-2). Science. 2020;368(6490):489–493.

[3] Caruana G, Croxatto A, Coste AT, et al. Diagnostic 
strategies for SARS-CoV-2 infection and interpretation 
of microbiological results. Clin Microbiol Infect. 
2020;26(9):1178–1182.

[4] Hong KH, Lee SW, Kim TS, et al. Guidelines for labora
tory diagnosis of coronavirus disease 2019 (COVID-19) 
in Korea. Ann Lab Med. 2020;40(5):351–360.

[5] Pan Y, Long L, Zhang D, Yuan T, Cui S, Yang P, et al. 
Potential False-Negative Nucleic Acid Testing Results 
for Severe Acute Respiratory Syndrome Coronavirus 2 
from Thermal Inactivation of Samples with Low Viral 
Loads. Clin Chem. 2020;66(6):794–801

[6] Pan Y, Long L, Zhang D, et al. Potential 
false-negative nucleic acid testing results for severe 
acute respiratory syndrome coronavirus 2 from 
thermal inactivation of samples with low viral 
loads. Clin Chem. 2020;66(6):794–801.

[7] Song C-Y, Yang D-G, Lu Y-Q. A COVID-19 patient with 
seven consecutive false-negative rRT-PCR results from 
sputum specimens. Intern Emerg Med. 2020;15 
(5):871–874.

8 Bwire GM, Majigo MV, Njiro BJ, Mawazo A. Detection 
profile of SARS-CoV-2 using RT-PCR in different types 
of clinical specimens: A systematic review and meta- 
analysis. Journal of Medical Virology.2021;93(2) 2 
doi:10.1002/jmv.v93.2

[9] Kucirka LM, Lauer SA, Laeyendecker O, Boon D, 
Lessler J. Variation in False-Negative Rate of 
Reverse Transcriptase Polymerase Chain Reaction- 
Based SARS-CoV-2 Tests by Time Since Exposure. 
Ann Intern Med. 2020;173(4):262–7.

[10] Bastola MM, Locatis C, Fontelo P. Diagnostic 
Laboratory Tests for COVID-19 in US: Methodology 
and Performance. Res Square. 2020:rs.3.rs-43374.

[11] Padoan A, Cosma C, Sciacovelli L, Faggian D, 
Plebani M. Analytical performances of a chemilumi
nescence immunoassay for SARS-CoV-2 IgM/IgG 
and antibody kinetics. Clin Chem Lab Med. 
2020;58(7):1081–8.

[12] Mitchell SL, St George K, Rhoads DD, Butler-Wu SM, 
Dharmarha V, McNult P, et al. Understanding, 
Verifying, and Implementing Emergency Use 
Authorization Molecular Diagnostics for the 
Detection of SARS-CoV-2 RNA. J Clin Microbiol. J Clin 
Microbiol. 2020;58(8).

[13] Bwire GM, Majigo MV, Njiro BJ, et al. Detection profile 
of SARS-CoV-2 using RT-PCR in different types of clin
ical specimens: A systematic review and meta-analysis. 
J Med Virol. 2021;93(2).. DOI:10.1002/jmv.26349

[14] Lisboa Bastos M, Tavaziva G, Abidi SK, et al. Diagnostic 
accuracy of serological tests for covid-19: systematic 
review and meta-analysis. BMJ. 2020;370:m2516.

[15] Vogels CBF, Brito AF, Wyllie AL, et al. Analytical 
sensitivity and efficiency comparisons of SARS-CoV 
-2 RT–qPCR primer–probe sets. Nat Microbiol. 
2020;5(10):1299–1305.

[16] Coskun A, Oosterhuis WP, Serteser M, et al. Sigma 
metric or defects per million opportunities (DPMO): 
the performance of clinical laboratories should be 
evaluated by the Sigma metrics at decimal level with 
DPMOs. Clin Chem Lab Med. 2016;54(8):e217–219.

[17] CLSI. Evaluation of detection capability for clinical 
laboratory measurement procedure: approved guide
line - second edition. CLSI document EP17-A2. Clin Lab 
Stand Inst. 2012;32(8):7,8.

138 H. C. ÇUBUKÇU AND A. COŞKUN

https://doi.org/10.1002/jmv.v93.2
https://doi.org/10.1002/jmv.26349

	Commentary
	Disclosure statement
	Funding
	ORCID
	References



