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Patterns of Possible False-Positive Results for
Three Commercial Real-Time PCR Kits for SARS-CoV-2
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SUMMARY
Background: We retrospectively examined all initial positive SARS-CoV-2 test results using three real-time PCR
tests from patients without a history of COVID-19 collected from September to October 2021 at a university-affiliated hospital.
Methods: We defined a possible false-positive (PFP) case as a positive case that showed negative results upon performing a confirmatory test on the same specimen. Positivity% and PFP% were defined as the number of first
positive and the number of PFP cases divided by the total test numbers, respectively.
Results: The positivity%/PFP% values were 0.76%/0.10%, 0.29%/0.02%, and 0.21%/0.03% for the Xpert,
Allplex, and cobas tests, respectively. Six (75%) cobas PFP cases were RdRp-only positive. All PFP cases analyzed
by Xpert except one had cycle threshold values ≥ 40. Contamination during extraction was suspected in five of the
10 PFP cases analyzed by Allplex, which requires a separate extraction step.
Conclusions: Care must be taken when analyzing first-positive cases as these may be false-positive signals.
(Clin. Lab. 2022;68:xx-xx. DOI: 10.7754/Clin.Lab.2022.220146)
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INTRODUCTION
According to the World Health Organization, approximately 250 million people worldwide have had COVID-19, which has resulted in 5 million deaths [1].
Since the onset of the COVID-19 pandemic, numerous
nucleic acid amplification test (NAAT) panels have
been developed to detect severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the cause of COVID-19 [2,3]. NAATs are currently considered to be the
gold standard for COVID-19 diagnosis, as they have the
highest levels of sensitivity and specificity. Antigen
tests [4,5] and serological tests [6,7] have relatively
higher false-positive rates due to their intrinsic cross-reactivity. The false-positive rates associated with NAAT
panels are low but not zero, ranging from 0.04% to
0.1% [8]. This is important as false-positive NAAT test
results can lead to unnecessary epidemiologic investiga-
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tions and surveillance testing [9]. Furthermore, falsepositive results may lead to delays in the management
of critically ill patients [10]. False positives can arise
from contamination [11], cross-reactions, or software
problems [12].
False-positive cases are usually associated with high cycle threshold (Ct) values [9], making it difficult to differentiate false-positive cases from COVID-19 cases in
the early and convalescent phases of infection, which
also lead to high Ct values in SARS-CoV-2 NAATs.
Therefore, care is needed to distinguish true-positive
cases from false-positive cases. This study aimed to
evaluate the patterns and rates of possible false-positive
cases associated with three commonly used commercial
SARS-CoV-2 real-time RT-PCR assays [cobas SARSCoV-2 and Influenza A/B test (cobas; Roche Molecular,
NJ, USA), Allplex SARS-CoV-2 assay (Allplex; Seegene, Seoul, Korea), and Xpert Xpress SARS-CoV-2
test (Xpert; Cepheid, CA, USA)] at a university-affiliated hospital in Korea.

ed from the patients if possible. However, if the patient
is an outpatient, they are retested by the public healthcare body and positive results are reported to us.
We reviewed all new positive SARS-CoV-2 tests performed from September to October 2021. We defined a
possible false-positive (PFP) result as a positive test result that was negative upon confirmatory testing. A
probable false-positive (PrFP) was defined as a PFP that
was negative upon repeat sampling of the patient. Cases
without resampling were considered indeterminate. All
tests performed using each method and all positive
cases in the laboratory information system were reviewed. Positivity% and PFP% were calculated as the number of first-positive and PFP cases divided by the total
number of tests, respectively. The false discovery rate
(FDR) was calculated as the number of PFP cases divided by the sum of the PFP cases and positive cases.
Specimen types and the epidemiological characteristics
of patients with PFP results were retrieved from electronic medical records. Amplification curves and the results of testing batches were reviewed for PFP results.
This study was approved by the Institutional Review
Board (IRB) of Asan Medical Center (#2021-2774).

MATERIALS AND METHODS
Routine SARS-CoV-2 NAAT testing is performed using the cobas test with a cobas 6800 instrument (Roche,
CA, USA), the Allplex test with a Bio-Rad CFX96 instrument (Bio-Rad, CA, USA), or the STARlet system
(Seegene, Seoul, Korea). Additionally, rapid PCR tests,
with turn-around times of < 1 hour, are performed using
the Xpert Xpress SARS-CoV-2 test with a GeneXpert
system (Cepheid, CA, USA). The limits of detection
(LoDs), which was calculated by probit analysis with 10
repeats of four dilutions (104, 103, 102, and 10 copies/
mL) of AccuPlex SARS-CoV-2 Reference Material
(SeraCare, USA), were determined to be 92.5/46.4
copies/mL (RdRp/E) for the cobas test and 2,306.4/
214.5/1,664.6 copies/mL (E/RdRp/N) for the Allplex
test (unpublished data). According to the manufacturer,
the LoD of the Xpert system is 250 copies/mL. Nasopharyngeal swabs (NPS), obtained with SG Medical
swabs (Seegene, Seoul, Korea) and Copan’s Universal
Transport Medium (COPAN, Brescia, Italy), are used
for routine and rapid testing. Sputum and throat swabs
are used only for routine testing. Samples from patients
with confirmed COVID-19 are submitted for Allplex
testing, and these samples are tested as a separate batch.
All respiratory specimens are stored at 4℃ if needed,
and separate nucleic acid extractions are performed for
the Allplex tests using the STARlet system (Seegene,
Seoul, Korea). To reduce false positives, it is generally
recommended to take the patient’s history of related
symptoms and exposure and to retest new samples [1214]. Immediate follow-up testing may be inadequate
due to issues regarding the incubation period and the
LoD; however, follow-up tests are considered to be effective for ruling out early phase infection. Samples
from patients without any exposure are submitted for
confirmatory tests, and follow-up specimens are obtain-

RESULTS
A total of 84,012 samples were submitted for SARSCoV-2 testing. The overall positive rates and PFP rates
were 0.30% and 0.03%, respectively. For routine testing, 154 (0.29%) positives and 10 (0.02%) PFPs were
reported from 53,210 Allplex tests, and 53 (0.21%) positives and eight (0.03%) PFPs were reported from
24,756 cobas tests. For rapid PCR testing, 46 (0.76%)
positives and six (0.10%) PFPs were reported from
6,046 Xpert tests. The FDRs for the Allplex, cobas, and
Xpert tests were 6.1%, 13.1%, and 11.5%, respectively.
The details of the 24 PFPs are summarized in Table 1.
Of these, 19 were confirmed with resampling tests 1 day
later and subsequently classified as PrFPs. The remaining five were classified as indeterminate.
All PFP samples were NPSs. Six PFP results from the
cobas test were RdRp-only positive with Ct values > 35,
and the rest were E-only positive with Ct values > 35.
All PFP results from the Xpert test were positive for E
and/or N2 with Ct values > 40 except one that had a Ct
value of 37.4 for the N2 target. N2-only positives dominated the PFP results at this institution. Contamination
during nucleic acid extraction was suspected in 5 of 10
PFP cases tested using the Allplex test (Figure 1). Three
PFP samples evaluated using the cobas test and two
PFP samples evaluated using the Allplex test were not
tested the day after acquiring the fresh sample because
these were from individuals who were outpatients. Over
the 2 months, one N2-only positive patient, with a Ct
value of 41.50 on rapid PCR testing, and negative when
tested a day later with Allplex was diagnosed with COVID-19 a few days later. Therefore, this sample was not
counted as a PFP.
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Table 1. Patient characteristics and test results of probable false-positive cases.
Sample
number
1

Patient
age (years)
33

2

35

3
4

Gender

Specimen

Panel

E

RdRp

N

N2

Follow-up test

Conclusion

F

NP swab

cobas

ND

36.6

negative

PrFP

M

NP swab

cobas

ND

37.15

negative

PrFP

20

F

NP swab

cobas

36.2

ND

NT

indeterminate

55

M

NP swab

cobas

ND

36.6

negative

PrFP

5

28

F

NP swab

cobas

35.93

ND

negative

PrFP

6

73

F

NP swab

cobas

ND

37.01

negative

PrFP

7

2

M

NP swab

cobas

ND

37.1

NT

indeterminate

8

19

M

NP swab

cobas

ND

37.18

9

47

F

NP swab

Allplex

ND

ND

10

66

M

NP swab

Allplex

ND

ND

11

68

F

NP swab

Allplex

34.82

ND

12

56

F

NP swab

Allplex

37.66

ND

ND

negative

PrFP

13

60

F

NP swab

Allplex

ND

ND

38.44

NT

indeterminate

14

63

F

NP swab

Allplex

35.34

36.85

35.94

negative

PrFP

15

57

M

NP swab

Allplex

36.32

37.71

34.82

negative

PrFP

16

36

F

NP swab

Allplex

35.34

36.18

35.82

negative

PrFP

17

68

M

NP swab

Allplex

ND

ND

37.54

negative

PrFP

18

81

F

NP swab

Allplex

ND

ND

37.96

negative

PrFP

19

0

M

NP swab

Xpert

ND

42.3

negative

PrFP

20

76

F

NP swab

Xpert

42.3

ND

negative

PrFP

21

47

F

NP swab

Xpert

42.4

41.5

negative

PrFP

22

60

F

NP swab

Xpert

42.3

42.6

negative

PrFP

23

58

M

NP swab

Xpert

ND

37.4

negative

PrFP

24

71

F

NP swab

Xpert

ND

41.3

negative

PrFP

NT

indeterminate

negative

PrFP

37.6

NT

indeterminate

35.24

negative

PrFP

36.56

Abbreviations: NA - not applicable, ND - not detected, NT - not tested, NP - nasopharyngeal, PrFP - probable false-positive, cobas - cobas
SARS-CoV-2 and Influenza A/B test (Roche Molecular Systems, Inc., NJ, USA), Allplex - Allplex SARS-CoV-2 assay (Seegene, Seoul, Korea),
Xpert - Xpert Xpress SARS-CoV-2 (Cepheid, CA, USA).

DISCUSSION

such as the Allplex system, was not limited to adjacent
wells, as shown for sample 11 (Figure 1) [15]. Therefore, rigorous decontamination must be performed
throughout the testing process, and the occurrence of
contamination must be closely monitored.
The Ct values of PFP samples tested using Xpert and
cobas were high: > 40 for Xpert and > 35 for cobas.
This finding is in line with a previous report that samples with high Ct values are suspected to be false positives [9]. Surprisingly, the FDR rates were higher for
the cobas and Xpert tests, which are closed systems,
than for the Allplex test, which is an open system.
These higher FDR rates are probably related to spurious
amplification, leading to false-positive readings by the
automated interpretation system [16]. This suggests that
the cobas and Xpert tests may be too sensitive and routinely detect non-infectious levels of SARS-CoV-2 nucleic acid, which does not develop into a SARS-CoV-2

This retrospective study identified an overall PFP rate
of 0.02% between September and October 2021. This
rate is slightly lower than the false-positive rates in previous studies (e.g., 0.04%) [8]. This low false-positive
rate may have been possibly achieved due to the low
rates of cross-contamination rate due to separate batch
testing of true-positive samples despite the low prevalence. Nevertheless, a false-positive rate above zero is
alarming, and all new positive cases should be confirmed with a second test.
The PFP rate was the highest in the Allplex panel. However, all confirmed COVID-19 cases were tested with
the Allplex panel. We reasoned that due to the higher
positivity rates in this panel, there is a greater possibility
of contamination, which may have resulted in higher
PFP rates. Furthermore, contamination in open systems,
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Figure 1. Probable cases of contamination during nucleic acid extraction.
Red circles containing “A” are true positives, and red circles with sample numbers are possible false positives. (A) Sample 12 is a typical case
of contamination, which is next to a true positive, whereas sample 11 was two wells away from a positive well, but it was also considered to be a
case of contamination. (B) Three false-positive cases of contamination. The Ct values associated with these cases were delayed with increased
distance from the positive wells.

infection.
A borderline-positive case that was negative in both
confirmatory tests and repeat sampling was diagnosed
as positive a few days later. Due to the variation in the
LoD of different tests, a borderline-positive result can
be negative, inconclusive (if only part of the target gene
is positive), or positive [17]. Thus, to be truly confident
that a result is not a false positive, fresh sample, confirmatory testing, and follow-up tests 2 weeks later are required, considering a mean incubation period of 7 days
[18].
This study had intrinsic limitations of retrospective nature. Additionally, repeating tests for all initial positives
may be demanding in terms of reagent supplies, labor,
time, and laboratory capacity and may lead to delays in
epidemiologic measures, such as contact tracing and
isolation.
Overall, the PFP rates for all three panels were very
low, but they were not zero. False-positive signals with
high Ct values in the cobas and Xpert tests and contamination in the Allplex tests may result in false positivity.
The findings of this study suggest that all new positive
cases should be epidemiologically investigated, and

samples should be requested for resampling in cases
without an epidemiologic linkage.
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