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Abstract 

Background:  Inconclusive results in SARS-CoV-2 molecular assays cause confusion among clinicians and delay 
appropriate infection prevention and control. In this study, we aimed to characterize the respiratory specimens associ‑
ated with inconclusive SARS-CoV-2 molecular assay results.

Methods:  We re-evaluated inconclusive specimens by 3 additional RT-PCR assays and attempted to detect sub‑
genomic RNA (sgRNA) in these specimens.

Results:  Among follow-up tests from confirmed SARS-CoV-2 cases, 36.3% of the inconclusive results were classified 
as presumptive positive results (45/124). However, none of the specimens from 36 screening cases was classified as 
a presumptive positive result. Among 160 inconclusive specimens, sgRNAs were detected in 78 samples (48.8%): 58 
were confirmed cases (58/124, 46.8%) and 20 were screening cases (20/36, 55.6%).

Conclusions:  The results of our study suggest the recommendation of considering inconclusive results as positive 
results for confirmed SARS-CoV-2 cases. In screening cases, viral remnants could be partially amplified in PCR assays, 
and these inconclusive results could be related to previous infections. In addition, sgRNAs were detected in about half 
of the inconclusive specimens; however, the clinical significance of sgRNA is not yet clear.
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Introduction
On 31 December 2019, the World Health Organiza-
tion was officially informed of a pneumonia of unknown 
cause in Wuhan, People’s Republic of China, and a new 
type of coronavirus was isolated on 7 January 2020 [1]. 
Since then, this novel strain, severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), has spread rap-
idly worldwide and caused coronavirus disease 2019 
(COVID-19), the respiratory illness responsible for the 
COVID-19 pandemic [2, 3]. By the end of June 2021, a 

total of 181 million confirmed cases had occurred world-
wide, and more than 3.9 million patients had died from 
COVID-19 [4].

The molecular assay for detection of SARS-CoV-2 in 
respiratory specimens is the most essential tool in screen-
ing and diagnosing COVID-19, and many countries have 
allowed the use of in vitro diagnostic devices for this pur-
pose [5–7]. Globally, various real-time reverse transcrip-
tion–polymerase chain reaction (RT-PCR) assays have 
been approved for emergency use authorization (EUA) 
and have shown acceptable performance in many field 
evaluations [8, 9]. Some assays examine only one gene for 
detection of SARS-CoV-2; however, others use 2 or more 
genes [10]. According to protocols, clinical laboratories 
interpret and report the results of molecular assays.
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The Republic of Korea has allowed EUA use of 7 assays 
based on multiplex real-time RT-PCR for screening and 
confirming COVID-19 [6], and at least 2 or more of the 
4 genes (E, RdRp, N, and ORF1A) are used depending on 
the assay. The Korean Society for Laboratory Medicine 
(KSLM) and Korea Centers for Disease Control and Pre-
vention (KCDC) had provided guidelines for laboratory 
diagnosis of COVID-19 [11] and recommended a posi-
tive result determination only when all the genes were 
amplified, even for assays using different genes. Based on 
this guideline, all kits report positive results only when 
all the target genes are amplified; however, they report 
inconclusive results even if 1 target gene is not ampli-
fied. Non-amplification of some genes is likely in case 
of low viral loads in samples and/or could be attributed 
to different amplification efficiencies of individual target 
genes during PCR [12–14]. In addition, we suspected 
that remnant subgenomic RNA (sgRNA) would be ampli-
fied in inconclusive specimens. Such inconclusive results 
always require a re-test, resulting in delays in reporting 
results and increased testing burden in clinical labora-
tories. Therefore, the aim of this study was to investigate 
the characteristics of cases with inconclusive results in 
COVID-19 molecular assays and re-evaluate inconclu-
sive specimens with another 3 RT-PCR assays approved 
for EUA. Additionally, we attempted to detect sgRNAs in 
these specimens.

Materials and methods
Patients
This retrospective study included a total of 16,316 
samples tested using the SARS-CoV-2 RT-PCR assay 
from February 19, 2020, to September 30, 2020, at the 
Chung-Ang University Hospital. The nasopharyngeal/
oropharyngeal (NP/OP) swab specimens or sputum 
specimens were collected for screening asymptomatic 
individuals who came in close contact of patients with 
confirmed COVID-19 and for confirming cases of sus-
pected COVID-19. Nucleic acid extraction was per-
formed using the NUCLISENS easyMAG instrument 
(bioMerieux, Marcy-l’Étoile, France) according to the 
manufacturer’s instructions. The routine SARS-CoV-2 
RT-PCR tests were performed with the Allplex™ 2019-
nCoV Assay (Seegene Inc., Seoul, Republic of Korea) 
using the CFX96™ Real-Time PCR Detection System 
(Bio-Rad, Hercules, CA, USA). The Allplex RT-PCR 
assay amplifies 3 specific targets: target 1 is the viral E 
gene as a screening test (pan-sarbecovirus target), and 
targets 2 and 3 are the RdRP and N genes as a confirma-
tory test (SARS-CoV-2-specific targets) [11]. In addition, 
an internal control is used to monitor for the presence of 
PCR inhibitors in the specimen and therefore to avoid 
false-negative results. RT-PCR results are reported as 

“SARS-CoV-2 detected,” “SARS-CoV-2 not detected,” 
“sarbecovirus detected,” “negative,” “inconclusive,” and 
“invalid.” If all 3 target genes have been amplified, the 
result is reported as “SARS-CoV-2 detected.” When only 
the E gene has been amplified, the result is “SARS-CoV-2 
not detected, sarbecovirus detected.” Results are con-
sidered invalid when the internal control has not been 
amplified, and “inconclusive” results are reported when 
only 1 or 2 genes have been amplified. Subsequently, the 
extracted nucleic acids were stored at –70  ˚C until fur-
ther analysis. In case of inconclusive Allplex assay results, 
we re-tested with an increased sample concentration of 
the stored nucleic acids as recommended in the package 
insert, and reported the final result.

Among the 16,316 results, a total of 165 specimens 
from 81 patients were initially reported as inconclu-
sive results, and these specimens were enrolled in our 
study. For these patients, the following data were col-
lected: basic patient information (age, sex, hospitaliza-
tion period, mechanical ventilation, and intensive care 
unit [ICU] admission), symptoms (fever and respiratory 
symptoms, including cough, sputum, rhinorrhea, and 
sore throat), days after symptom onset (DASO), and 
serial Allplex RT-PCR results, when available. This study 
was approved by the Institutional Review Board of the 
Chung-Ang University Hospital (IRB no. 2002-017-435). 
The protocol of this study was performed in accordance 
with the relevant guidelines and regulations, and the 
need for informed consent was waived according to the 
IRB (Institutional Review Board of the Chung-Ang Uni-
versity Hospital) policy.

RT‑PCR for detection of SARS‑CoV‑2
All samples with inconclusive results after initial rou-
tine PCR assays were tested with 3 additional RT-PCR 
kits authorized for emergency use for diagnosis of 
COVID-19 in the Republic of Korea: the Real-Q 2019-
nCoV Detection Kit (BioSewoom Inc., Seoul, Republic 
of Korea), BioCore 2019-nCoV Real Time PCR Kit (Bio-
Core Co., Ltd., Seoul, Republic of Korea) and DiaPlexQ 
Novel Coronavirus (2019-nCoV) Detection Kit (SolGent 
Co., Ltd., Daejeon, Republic of Korea). Each PCR kit 
was developed to detect 2 different genes, and the tar-
get genes are summarized in Additional file 1: Table S1. 
These RT-PCR tests were performed using the CFX96™ 
Real-Time PCR Detection System (Bio-Rad) according to 
the manufacturer’s specifications. Currently, the KCDC 
recommends a positive result determination only when 
all the genes are detected, and all results using these kits 
included in our study were interpreted according to this 
recommendation. If only 1 target gene was amplified in 
3 comparative RT-PCR assays, we interpreted the result 
as inconclusive. Each kit included an internal control 
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for assay performance, and invalid results were reported 
when the internal control was not amplified.

Subgenomic RNA detection in inconclusive samples
In the nucleic acids extracted for routine RT-PCR test-
ing, we performed additional experiments to detect 
subgenomic RNA. RNA was reverse transcribed using 
SuperScript II (Thermo Fisher Scientific, Waltham, 
MA, USA) and a SARS-CoV-2 specific primer (WHSA-
29950R: 5′-TCT​CCT​AAG​AAG​CTA​TTA​AAAT-3′) [15, 
16]. Then, conventional PCR was carried out with 2 
SARS-CoV-2-specific primers (WHSA-00025F: 5′-CCA​
ACC​AAC​TTT​CGA​TCT​CTT​GTA​-3′ and WHSA-
29925R: 5′-ATG​GGG​ATA​GCA​CTA​CTA​AAA​TTA​-3′). 
These primers targeted the common 5′ leader sequence 
and the 3’ untranslated region; although the sizes of 
sgRNA amplicons were expected to vary depending on 
the 5’ and 3’ breakpoints, they were always shorter than 
the size of SARS-CoV-2 genome amplicons (< 30,000 bp) 
[17, 18]. Thermal cycling included 95  °C for 3  min fol-
lowed by 40 cycles of 94 °C for 30 s, 56 °C for 30 s, and 
72  °C for 1.5  min. The PCR products were subjected to 
1% agarose gel electrophoresis.

Statistics
Because there is no reference method for SARS-CoV-2 
detection, we assumed that existence of viral RNA was 
inferred through the results of PCR assays. Samples 
with positive results in more than 50% of RT-PCR assays 
were considered presumptive positive specimens, and 
other specimens were considered presumptive negative. 
For assessing the reliability of agreement among the 4 
SARS-CoV-2 RT-PCR assays, Fleiss’ kappa coefficients 
were calculated and assessed according to the follow-
ing criteria: 0.81–1.00 for almost perfect agreement, 
0.61–0.80 for substantial agreement, 0.41–0.60 for mod-
erate agreement, 0.21–0.40 for fair agreement, 0.00–0.20 
for slight agreement, and < 0.00 for poor agreement [19]. 

Categorical and continuous variables were compared 
using the Chi-square test and Wilcoxon signed rank test, 
respectively. A p-value < 0.05 was considered a signifi-
cant difference. With serial RT-PCR results in confirmed 
cases, we performed probit regression models to inves-
tigate changes in dichotomous RT-PCR and target gene 
results according to DASO. Using probit analysis, we 
could estimate when more than 95% of the RT-PCR and 
target gene results were negative. All statistical analyses 
were performed with R version 4.0.3 (http://​www.R-​proje​
ct.​org/).

Results
A total of 16,316 tests were performed between Feb 2020 
and Sep 2020, and 165 results were initially reported as 
inconclusive. One hundred and twenty-five inconclusive 
results came from 41 confirmed SARS-CoV-2 cases that 
were first diagnosed or underwent follow-up tests, and 
40 results were derived from screening asymptomatic 
individuals (Table 1). None of the enrolled patients had to 
be admitted to the ICU or required mechanical ventila-
tion. In addition, no patients died during treatment. The 
initial amplification characteristics of the inconclusive 
results are summarized in Table 2. Only one gene (RdRp 
or N) was detected in 61.6% and 87.5% of confirmed 
cases and screening cases, respectively, and the rest of 

Table 1  Characteristics of patients initially reported as having inconclusive results

a The results are presented as medians with interquartile ranges

N/A, not applicable

Confirmed cases (n = 41) Screening cases (n = 40)

Age (Q1–Q3)a 62.0 (40.5–69.0) 50.0 (26.3–64.5)

Male 26 (63.4%) 20 (50.0%)

Symptom

 Fever 31 (75.6%) 0 (0%)

 Respiratory 22 (53.7%) 0 (0%)

 Asymptomatic 5 (12.2%) 40 (100%)

Days after symptom onset (Q1–Q3)a 15 (11–21) N/A

Length of hospital stay (Q1–Q3)a 16 (14–21) N/A

Table 2  Amplification result for each gene for inconclusive 
results using the Allplex™ 2019-nCoV assay (initial result)

Targeted gene Specimens from 
confirmed cases 
(n = 125)

Specimens from 
screening cases 
(n = 40)

RdRp gene only (%) 2 (1.6%) 3 (7.5%)

N gene only (%) 75 (60.0%) 32 (80.0%)

E gene and N gene (%) 5 (4.0%) 1 (2.5%)

RdRp gene and N gene 
(%)

43 (34.4%) 4 (10.0%)

http://www.R-project.org/
http://www.R-project.org/
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the specimens were positive for 2 genes. Interestingly, the 
N gene was initially detected in almost all specimens with 
inconclusive results (98.4% and 92.5% for confirmed and 
screening cases, respectively).

To determine the actual results of initially inconclu-
sive results, we re-tested the samples using the Allplex 
assay and performed an additional 3 RT-PCR tests on 
the same RNA samples. Among 165 specimens, 5 (1 con-
firmed case and 4 screening cases) were excluded from 
additional tests because of insufficient sample quanti-
ties. According to the 4 RT-PCR results, we classified 
the inconclusive specimens as presumptive positive/
negative results. The results of the 4 RT-PCR assays are 

summarized in Table 3. Among 124 specimens from con-
firmed cases, 45 specimens were classified as presumptive 
positive specimens (36.3%). However, none of the speci-
mens from the 36 screening cases was classified as a pre-
sumptive positive result. When considering the degree 
of agreement between the 4 assays (Fleiss’ kappa), there 
was very low concordance (poor agreement) between the 
results in both the presumptive positive and presumptive 
negative specimens from confirmed and screening cases. 
The amplification results and cycle threshold (Ct) values 
of each gene are summarized in Table 4. The average Ct 
value for each target gene ranged from 34.6‒36.4 for the 
E gene, 32.0‒38.5 for the RdRP gene, and 37.1‒38.4 for 

Table 3  SARS-CoV-2 RT-PCR results in presumptive positive and negative specimens

Presumptive results RT-PCR results Allplex (re-test) Real-Q BioCore DiaPlexQ Fleiss’ κ

Specimens from confirmed cases (n = 124)

 Presumptive positive (45/124, 36.3%) Positive 16 (35.6%) 40 (88.9%) 9 (20%) 43 (95.6%)  − 0.176

Inconclusive 28 (62.2%) 5 (11.1%) 29 (64.4%) 2 (4.4%)

Negative 1 (2.2%) 0 (0%) 7 (15.6%) 0 (0%)

 Presumptive negative (79/124, 63.7%) Positive 2 (2.5%) 4 (5.1%) 1 (1.3%) 28 (35.4%)  − 0.001

Inconclusive 49 (62.0%) 21 (26.6%) 59 (74.7%) 23 (29.2%)

Negative 28 (35.5%) 54 (68.3%) 19 (24.0%) 28 (35.4%)

Specimens from screening cases (n = 36)

 Presumptive negative (36/36, 100%) Positive 0 (0%) 0 (0%) 0 (0%) 0 (0%)  − 0.001

Inconclusive 15 (41.7%) 3 (8.3%) 2 (5.6%) 0 (0%)

Negative 21 (58.3%) 33 (91.7%) 34 (94.4%) 36 (100%)

Table 4  Amplification results for each gene in specimens from confirmed cases and screening cases

N/A, not applicable

Specimens from confirmed cases Specimens from screening cases

Detection rate (%) Cycle threshold (SD) Detection rate (%) Cycle threshold (SD)

E gene

 Allplex (initial) 5/125 (4.0%) 36.0 (2.1) 1/40 (2.5%) 35.7 ( −)

 Allplex (re-test) 19/124 (15.3%) 34.6 (1.5) 0/36 (0%) N/A

 Real-Q 60/124 (48.4%) 36.4 (1.1) 0/36 (0%) N/A

RdRP gene

 Allplex (initial) 45/125 (36.0%) 35.8 (1.7) 7/40 (17.5%) 38.0 (1.6)

 Allplex (re-test) 52/124 (41.9%) 35.6 (1.6) 4/36 (11.1%) 36.6 (2.4)

 Real-Q 54/124 (43.5%) 36.2 (1.3) 3/36 (8.3%) 32.0 (4.8)

 BioCore 55/124 (44.4%) 37.1 (1.7) 2/36 (5.6%) 38.5 (0.8)

N gene

 Allplex (initial) 123/125 (98.4%) 37.3 (1.6) 37/40 (92.5%) 38.4 (1.2)

 Allplex (re-test) 92/124 (74.2%) 37.1 (1.6) 15/36 (41.7%) 37.5 (1.3)

 BioCore 11/124 (8.9%) 38.3 (0.7) 0/36 (0%) N/A

 DiaPlexQ 85/124 (68.5%) 37.3 (1.3) 0/36 (0%) N/A

ORF1a

 DiaPlexQ 81/124 (65.3%) 37.3 (1.2) 0/36 (0%) N/A
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the N gene; it was 37.3 for the ORF1a gene. These results 
showed very high Ct values, close to the cutoff Ct values.

Forty-one confirmed patients underwent a total of 564 
tests during hospitalization. Among these, 299 were NP/
OP swab specimens, and 264 were sputum specimens. 
The RT-PCR test was performed at a median of 16 days 
(Q1–Q3: 11–21) after symptom onset, and the maximum 
DASO was 60. In probit analyses, the time points when 
95% of the RT-PCR results became negative were 35.4 
(NP/OP swab specimens) and 40.4 (sputum specimens) 
days (Fig. 1). The time points for each gene were 32.6 (E), 
38.8 (RdRP), and 53.6 (N) days and 42.4 (E), 44.5 (RdRP), 
and 52.4 (N) days for NP/OP and sputum specimens, 
respectively.

The results of sgRNA detection on the inconclusive 
specimens are summarized in Table 5. Among 160 incon-
clusive specimens, sgRNAs were detected in 78 samples 
(48.8%): 58 samples were from confirmed cases (58/124, 
46.8%), and 20 were from screening cases (20/36, 55.6%). 
We divided the sgRNA-positive and sgRNA-negative 
groups from the specimens of confirmed cases and com-
pared symptoms, DASO, and the 4 RT-PCR results; how-
ever, there were no significantly different results between 
the two groups.

Discussion
Early diagnosis of SARS-CoV-2 infection is one of the 
most important factors for infection prevention and con-
trol [20]. Many commercially available RT-PCR assays 
have been developed to detect multiple target genes, 
and differences in interpretation of the RT-PCR results 
exist, depending on the circumstances of each country. 
For example, a positive result could be inferred on detec-
tion of all target genes or when only one target gene is 
detected [7, 11]. Basis the interpretation criteria, these 
tests may inevitably yield some inconclusive results, and 
these results cause confusion among clinicians and delay 
appropriate infection prevention and control [21].

In our study, most of the inconclusive RT-PCR results 
were associated with high frequencies of positive results 
for the N gene. Out of the 165 inconclusive results, 
the N gene was detected in 160 of them. For screening 
cases, the N gene was detected in 37 samples out of 40 
inconclusive results. Although none of the inconclusive 
results from the screening cases were designated pre-
sumptive positive in additional PCR assays, we suspected 
that the inconclusive results from screening cases would 
be related to past asymptomatic infection and the RT-
PCR amplification of viral RNA remnants. In the pro-
bit analysis of confirmed COVID-19 cases, the N gene 
was detected for about 2  weeks, even if the PCR result 
changed to negative; this phenomenon would contribute 
to inconclusive results in which the N gene was detected.

When comparing the results of RT–PCR assays in 
the inconclusive specimens, there were very low con-
cordances in the confirmed and screening cases. SARS-
CoV-2 RT-PCR assays are known to be affected by 
various sources of variability, such as sampling meth-
ods of NP/OP swab, RNA extraction methods, and 
lot-to-lot variation in RT-PCR kits. However, the test 
results could also be affected by several limitations of 
multiplex PCR assays, including varying amplifica-
tion efficiencies of target genes and false-negative sig-
nals caused by inhibitors [9, 12]. In addition, in the 
Republic of Korea, a positive result is only reported 
when all target genes have been amplified, according 
to KCDC guidelines [11]. Therefore, in specimens with 

Fig. 1  Probability curves of PCR results versus days after symptom 
onset for NP/OP swab specimens (A) and sputum samples (B) from 
confirmed COVID-19 cases. The black solid lines and shaded areas 
depict the estimated probabilities of positive RT-PCR results and their 
95% confidence intervals; the colored solid lines depict the estimated 
positive rates for the 3 target genes (E, RdRP, and N) included in the 
Allplex kit. The horizontal dotted line indicates that more than 95% of 
the specimens were negative
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extremely small viral RNA loads, an inconclusive result 
is expected, and the phenomenon of low concordance 
between various PCR assays would persist because of 
the previously described limitations of multiplex PCR 
assays and the KCDC guidelines. Therefore, efforts for 
standardization would be needed for the inclusion of 
target genes and the amplification efficiencies of each 
target gene in SARS-CoV-2 multiplex RT-PCR assays. 
In addition, although most of the inconclusive results 
had Ct values exceeding 35 for each target gene, it 
cannot be concluded that a patient with an inconclu-
sive result is not infectious [22–24], and these results 

should be considered positive, especially in the follow-
up results from confirmed COVID-19 cases.

In our study, SARS-CoV-2 sgRNA was found in half 
of the inconclusive specimens. Coronavirus sgRNAs are 
thought to encode various proteins, including the spike 
(S), envelope (E), membrane (M), nucleocapsid (N), and 
several accessory proteins [18]. It is hypothesized that 
replication of sgRNAs is associated with the double-
membrane vesicles in the cytoplasm of infected cells, 
which protect the virus from host-cell recognition and 
responses [17]. For follow-up test results of confirmed 
COVID-19 cases, even if full-length viral genomic RNA 

Table 5  Results of subgenomic RNA (sgRNA) detection on inconclusive specimens from confirmed cases and screening cases

a The results are presented as medians with interquartile ranges

NP/OP, nasopharyngeal/oropharyngeal swab specimens

Specimens from confirmed cases (n = 124) Specimens from screening cases (n = 36)

sgRNA positive sgRNA negative p-value sgRNA positive sgRNA negative p-value

Patients (n) 58 66 20 16

Symptom

 Fever 14 (24.1%) 17 (25.8%) 1 0 (0%) 0 (0%) 1

 Respiratory symptoms 9 (15.6%) 14 (21.2%) 0.491 0 (0%) 0 (0%) 1

 Asymptomatic 38 (65.6%) 43 (65.2%) 1 20 (100%) 16(100%) 1

Days after symptom onset

 Median (Q1–Q3)a 16 (10 – 19) 17 (13 – 22) 0.216 N/A N/A

 Min 1 3 N/A N/A

 Max 43 49 N/A N/A

Specimens

 NP/OP 34 (58.6%) 37 (56.1%) 0.774 20 (100%) 16 (100%) 1

 Sputum 24 (41.4%) 29 (43.9%)

Presumptive result

 Positive 23 (39.7%) 22 (33.3%) 0.465 0 (0%) 0 (0%) 1

 Negative 35 (60.3%) 44 (66.7%) 20 (100%) 16 (100%)

Each RT-PCR result

 Allplex (re-test)

  Positive 7 (12.1%) 11 (16.7%) 0.623 0 (0%) 0 (0%) 0.741

  Inconclusive 38 (65.5%) 38 (57.6%) 9 (45.0%) 6 (37.5%)

  Negative 13 (22.4%) 17 (25.8%) 11 (55.0%) 10 (62.5%)

 Real-Q

  Positive 26 (44.8%) 18 (27.3%) 0.129 0 (0%) 0 (0%) 1

  Inconclusive 11 (19.0%) 15 (22.7%) 2 (10.0%) 1 (6.3%)

  Negative 21 (36.2%) 33 (50.0%) 18 (90.0%) 15 (93.8%)

 BioCore

 Positive 5 (8.6%) 5 (7.6%) 0.704 0 (0%) 0 (0%) 1

  Inconclusive 20 (34.5%) 28 (42.4%) 1 (5.0%) 1 (6.3%)

  Negative 33 (56.9%) 33 (50.0%) 19 (95.0%) 15 (93.8%)

 DiaPlexQ

  Positive 32 (55.2%) 39 (59.1%) 0.123 0 (0%) 0 (0%) 1

  Inconclusive 16 (27.6%) 9 (13.6%) 0 (0%) 0 (0%)

  Negative 10 (17.2%) 18 (27.3%) 20 (100.0%) 16 (100.0%)
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did not remain, we suspected that some remaining sgR-
NAs had been detected in the specimens by the routine 
molecular assays, resulting in inconclusive results for 
up to 43 days after symptom onset. In addition, sgRNAs 
were detected in more than half of the samples from 
the screening cases, and these results may imply that 
the inconclusive results from asymptomatic screening 
patients indicate previous SARS-CoV-2 infection. How-
ever, we could not determine the clinical significance of 
sgRNA in respiratory specimens, and whether sgRNA 
detection has diagnostic value requires further study.

Despite significant results demonstrating the charac-
teristics of inconclusive results of the COVID-19 PCR 
assay, there were several limitations to our study. First, 
it was not possible to determine if a specimen with an 
inconclusive result could actually be infectious. In addi-
tion, we could not confirm that inconclusive specimens 
or specimens containing sgRNAs represents a previous 
infection. Second, we could not carry out serologic assays 
in parallel with the RT-PCR assays. Availability of anti-
body test results would have helped determine whether 
the screening cases indeed had previous infections.

In conclusion, because of technical limitations and the 
interpretation criteria for molecular assays, inconclusive 
SARS-CoV-2 RT-PCR assay results are inevitable, and 
these results would be continual. When an inconclusive 
result came from a confirmed COVID-19 case, 36.3% of 
the inconclusive results would be classified as positive 
results; we would recommend considering these results 
as positive because of any possibility of infectiousness. 
In the case of screening cases, an inconclusive result 
would suggest past infection, and we would recommend 
a SARS-CoV-2 antibody assay. In addition, sgRNAs were 
detected in about half of inconclusive specimens; how-
ever, the clinical significance of sgRNA is not yet clear, 
and further long-term study should be performed to gain 
better insight into the clinical role of sgRNA in SARS-
CoV-2 infections.
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