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ABSTRACT

Background: The current gold standard in coronavirus disease (COVID-19) diagnostics is the real-time reverse transcrip-
tion—polymerase chain reaction (RT-PCR) assay for detecting severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
RNA in nasopharyngeal swab (NPS) samples. Alternatively, nasal swab (NS) or saliva swab (SS) specimens are used,
although available data on test accuracy are limited. We examined the diagnostic accuracy of NPS/NS/SS samples for
this purpose.

Methods: Ten patients were included after being tested positive for SARS-CoV-2 RT-PCR in NPS samples according to the
National Institute of Infectious Disease guidelines. In comparison with this conventional diagnostic method, NPS/NS/SS
samples were tested using the cobas 6800 systems RT-PCR device. To investigate the usefulness of the cobas method and
the difference among sample types, the agreement and sensitivity were calculated. Five to six samples were collected over
a total period of 5-6 d from each patient.

Results: Fifty-seven sets of NPS/NS/SS samples were collected, of which 40 tested positive for COVID-19 by the conven-
tional method. Overall, the concordance rates using the conventional method were 86.0%/70.2%/54.4% for NPS/NS/SS sam-
ples (cobas); however, for samples collected up to and including on Day 9 after disease onset (22 negative and one
positive specimens), the corresponding rates were 95.7%/87.0%/65.2%. The overall sensitivity estimates were 100.0%/
67.5%/37.5% for NPS/NS/SS samples (cobas). For samples up to 9 d after onset, the corresponding values were 100.0%/
86.4%/63.6%.

Conclusions: NS samples are more reliable than SS samples and can be an alternative to NPS samples. They can be a use-
ful diagnostic method in the future.
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Introduction

Since December 2019, the coronavirus disease (COVID-
19) has spread worldwide, and the number of associated
deaths has been increasing gradually. The pathogen has
been identified as severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), which has a phylogenetic
similarity to SARS-CoV [1]. The World Health
Organisation (WHO) declared the outbreak of COVID-19
a public health emergency of international concern on
30 January 2020 [2]. As a result of these developments,
there is a need for accurate and rapid diagnostic tests
to aid infection control and prevention.

Kits for assay of SARS-CoV-2 RNA are commercially
available. The current gold standard for COVID-19 con-
firmation is the real-time reverse transcription-polymer-
ase chain reaction (RT-PCR) assay for the detection of
SARS-CoV-2 from nasopharyngeal swab (NPS) samples.
The WHO recommended NPS samples for detection of
SARS-CoV-2 [3,4]. However, acquiring these samples is
associated with significant patient discomfort and a high
risk of infection transmission to healthcare staff; thus,
testing methods using specimens that are easier to
obtain, such as nostril/nasal wipes and saliva samples
(including self-collection) are required [5,6].

The Centres for Disease Control and Prevention and
the Infectious Diseases Society of America have recom-
mended the testing of NS and SS samples for SARS-CoV-
2 using RT-PCR [7,8]. RT-PCR assays using nasal swab
(NS) and saliva swab (SS) have also been approved in
Japan, following guidelines similar to those imple-
mented overseas [9]; however, their diagnostic sensitiv-
ity is still debateable. Prior studies have found that NS
and SS samples provide similar sensitivities to NPS
[10,11]; however, it has not been demonstrated whether
they are useful in clinical practice.

Providing evidence demonstrating that the rate of
RNA virus detection using NS and SS samples is compar-
able to that using NPS samples may help resolve prob-
lems associated with the shortage of personal protective
equipment available for sample collection, while helping
increase the number of COVID-19 tests performed. To
compare detection rates between samples, NPS, NS and
SS samples were collected from patients diagnosed with
COVID-19 and assayed using RT-PCR. Consecutive sam-
ples were also collected from the same patients to
ascertain time-dependent changes in the SARS-CoV-2
viral load and to investigate their effect on the reliability
of the test results obtained based on NPS, NS and
SS samples.

Materials and methods

This was a single-centre, prospective study of patients
diagnosed with COVID-19 and admitted to the National
Centre for Global Health and Medicine (Tokyo, Japan)
between July 18 and 3 August 2020. A ‘positive’ case of
COVID-19 was defined as a positive RT-PCR test on NPS
sample following the National Institute of Infectious dis-
ease guidelines (NIID). NPS, NS and SS samples were col-
lected at the same time from patients over a total of
5-6 times at prescribed time intervals. The first three
samples were collected every other day starting from
the day after admission, and the fifth one was collected
on the day of discharge; if the fifth sample was negative,
a fifth one was collected the next day; otherwise, the
samples were collected at intervals of more than 5 d.
Similarly, if the fifth sample was negative, a sixth sample
was taken the next day; otherwise, the samples were
taken at intervals of 5 d or more. In case of non-working
days, the schedule was shifted to the next working day.

Patients who had developed COVID-19 more than 8 d
prior to enrolment and those aged less than 20 years
were excluded. The date of onset was defined as the
date of appearance of symptoms. Data on patient charac-
teristics, symptoms at onset and during hospitalization,
and the National Institutes of Health severity classification
were collected [12]. Cardinal symptoms included fever
(37.5°C or higher), cough, sputum, haemoptysis, sore
throat, nasal discharge, wheezing, dyspnoea, chest pain,
muscle pain, joint pain, headache, fatigue, stomach-ache,
nausea/vomiting and diarrhoea. In addition, patients were
asked whether they had nasal discharge and the loss of
the sense of taste or smell at each sample collection
point. Finally, patients were asked whether they had
eaten within 2h or used any antibacterial toothpaste or
mouthwash within 6 h prior to sample collection to inves-
tigate the impact of these factors on SS sample stability.

This study was approved by the National Centre for
Global Health and Medicine Institutional Review Board
(approval number: NCGM-G-003629-00). This study was
conducted in compliance with the Declaration of
Helsinki (2013 revised Forta Reza) and the Ethical
Guidelines for Medical Research Involving Human
Subjects (partially revised on 28 February 2017). All
patients included in the study were required to provide
informed consent themselves.

Sample collection

NPS samples were collected using Copan FLOQSwabs
and a sterile tube containing Copan’s Universal



Transport Medium (UTM, COPAN Diagnostics Inc,,
Murrieta, CA). NS samples were collected using dry
swabs from the Cobas PCR media (CPM) kit (Roche
Molecular Systems, South Branchburg, NJ) and a sterile
tube containing UTM. The swab was inserted approxi-
mately 1-2cm into each nostril and rotated for 5s on
each side to collect the sample. SS samples were col-
lected by placing both a Copan FLOQSwab and a dry
swab from the CPM kit under the tongue for 5s, after
which the Copan FLOQSwab was placed in a sterile tube
containing UTM, and the dry swab was placed in a ster-
ile tube containing CPM. To avoid contamination with
respiratory specimens, saliva samples were collected
with the swabs held beneath the tongue while the
patient was instructed to refrain from coughing. The SS
sample was collected first by the patient himself or her-
self (without physician supervision, unless the patient
was intubated or otherwise incapable of collecting their
own sample); a physician then collected the NS speci-
men, followed by the NPS specimen. Specimens were
collected 5-6 times from each patient on different days,
with the first three sets of specimens collected within
2 weeks of the disease onset.

Specimen processing

All the specimens were tested on their respective collec-
tion days, using cobas® SARS-CoV-2 on the cobas 6800
Systems RT-PCR device (Roche Molecular Systems, South
Branchburg, NJ). The UTM containing NPS was stored at
a temperature below —70°C until being tested by SARS-
CoV-2 RT-PCR according to the National Institute of
Infectious Diseases guidelines (NIID) [13] (see
Supplemental Table) as the conventional method. Using
the Applied Biosystems 7500 Real-Time PCR System
(Applied Biosystems, Foster City, CA, USA) or
QuantStudio® 5 (Applied Biosystems), the test result is
deemed to be positive when a rise in the amplification
curve is observed by cycle 40 in either or both of the
wells of the N2 set of specimens. Technicians who per-
formed specimen processing and RT-PCR testing were
unaware of participants’ names and hospital numbers. In
the following sections, RT-PCR results of the NPS sample,
NS sample and SS sample using cobas® are referred to
as NPS sample (cobas), NS sample (cobas) and SS sam-
ple (cobas), respectively. The RT-PCR results of NPS sam-
ple using N and N2 primers and TagMan assay are
referred to as NPS sample (NIID).
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Statistical analysis

Concordance rates were defined as the percentage of
agreement of the RT-PCR results. By comparing the NPS
sample (NIID) with the NPS/NS/SS sample (cobas) and by
directly comparing the NPS sample (cobas) with the NS/SS
sample (cobas), the cobas method was found to be non-
inferior to the conventional method, and the diagnostic
usefulness of each sample was evaluated. Sensitivity, speci-
ficity and concordance rates for the RT-PCR results, and
their 95% confidence intervals (Cls), were calculated using
Cohen’s kappa. Gwet's AC; statistic (AC;) was also calcu-
lated, as it is considered more robust than Cohen’s kappa,
which may vary with prevalence estimates [14,15].

To assess whether the NS and SS samples reflected the
viral load obtained using NPS samples (NIID), cycle thresh-
old (Ct) values and copy numbers were estimated and
reported as the median value and an interquartile range
and compared by the Wilcoxon rank-sum test, as these
variables followed non-normal distributions. Univariate
analyses were performed using Fisher's exact test or Chi-
square test. These statistical analyses were performed
using JMP® 14.2 software (SAS Institute Inc, Cary, NC,
USA). p Values of <.05 were considered statistically signifi-
cant. In order to evaluate the time-dependent change in
the Ct value for each sample, the Jonckheere-Terpstra
test was performed with EZR [16], which is a modified ver-
sion of R Commander designed to include statistical func-
tions frequently used in biostatistics.

Results

This study included ten hospitalized patients diagnosed
with COVID-19. All the patients were Japanese. Their
median age was 47 years (range, 30-70 years). Eight were
men, and two were women (one of whom was pregnant).
All the COVID-19 patients were admitted to our hospital
following a diagnosis using NPS specimens. Based on the
National Institutes of Health severity classification, six and
two patients had mild and moderate diseases, respect-
ively, and one patient each had severe and critical dis-
eases [17]. The patient with the severe disease was
treated with high-flow nasal oxygen therapy, while the
patient with the critical disease was placed on a ventila-
tor. Patients’ characteristics are presented in Table 1.

Concordance rate, sensitivity and specificity

A total of 57 sets of NPS, NS, and SS samples were col-
lected. A total of 40 specimens were positive in NPS
samples (NIID), and a total of 48 specimens were
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positive for NPS samples (cobas). The concordance rate,
sensitivity and specificity for each sample compared to
NPS samples (NIID) are shown in Table 2 and those com-
pared to NPS samples (cobas) are shown in Table 3.

Table 1. Clinical characteristics of hospitalized patients with
COVID-19 disease (n=10).

Age, years, median (range) 47 (30-70)
Sex (n)
Female 8
Male 2

Presenting symptoms
Fever (>37.5°C)
Cough
Sputum
Haemoptysis
Sore throat
Nasal mucus
Wheezing
Dyspnoea
Chest pain
Muscle pain
Joint pain
Headache
Fatigue
Stomach-ache
Vomiting/nausea
Diarrhoea

Past medical history
None
Hypertension
Hepatitis C
Diabetes
Asthma
HIV infection

Severity
Mild
Moderate
Severe
Critical

Antiviral agents
Used
Not used 7

Systemic steroids
Used 4
Not used 6

Day of symptom onset During hospitalization
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Concordance rates for all specimens (40 positive and 17
negative in NPS samples [NIID]) were 86.0% (x 0.612,
AC; 0.783), 70.2% (x 0.382, AC; 0.437) and 54.4% (x
0.285, AC; 0.158) for NPS, NS and SS samples (cobas),
respectively. In the assessment of the specimens col-
lected up to and including Day 9 after disease onset (22
positive and one negative in NPS samples [NIID]), the
concordance rates for NPS, NS and SS samples (cobas)
were 95.7% (x 0.0, AC; 0.955), 87.0% (x 0.355, AC,
0.838) and 65.2% (x 0.132, AC; 0.473), respectively.

As only one specimen tested negative, we were able
to calculate sensitivity estimates only, which were 100.0,
86.4, and 63.6% for NPS, NS, and SS samples (cobas),
respectively. The first ten specimens collected (median
6.5 d, range 3-9 d after onset) were all positive; the con-
cordance rates and specificity estimates were not calcu-
lated, while the sensitivity estimates were 100.0, 100.0,
and 60.0% for NPS, NS, and SS samples, respectively.

In the comparison between the same RT-PCR methods,
concordance rates for all specimens (48 positive and nine
negative in NPS samples [cobas]) were 66.7% (k 0.291, AC,
0.420) and 43.9% (x 0.136, AC; —0.106) for NS and SS sam-
ples (cobas), respectively. The concordance rate was 82.6%
(AC; 0.793) and 60.9% (AC; 0.429) for NS and SS samples
(cobas), respectively, up to Day 9 of onset. Since the com-
parisons were made using the same PCR tests, the differ-
ence was purely by specimen type, indicating that the NS
specimen had higher reliability than the SS specimen.

Ct values for specimens with consistent results

For the 40 NPS specimens that tested positive by the
TagMan assay, the results of the corresponding NS and

Table 2. Sensitivity, specificity and concordance rate («x coefficient, Gwet's AC1) for the NPS/NS/SS samples (cobas) compared with NPS

samples (NIID) PCR.

Reference NPS (TagMan)

Day of specimen Sensitivity % Specificity % Cohen’s kappa Gwet's AC1
collection Positive Negative (95% CI) (95% CI) (95% CI) statistic
Overall NPS  Positive 40 8 100 (91.2-100.0)  52.9 (31.0-73.8)  0.612 (0.383-0.842) 0.783
Negative 0 9
NS Positive 27 4 67.5 (52.0-79.9) 76.5 (52.7-90.4)  0.382 (0.151-0.612) 0.437
Negative 13 13
SS Positive 15 1 37.5 (24.2-53.0) 94.1 (73.0-99.0)  0.225 (0.067-0.383) 0.088
Negative 25 16
Within 9 d after onset NPS  Positive 22 1 100.0 (85.1-100.0) NA 0.0 (0.0-0.0) 0.955
Negative 0 0
NS Positive 19 0 86.4 (66.7-95.3) NA 0.355 (—0.165 to 0.875) 0.838
Negative 3 1
SS Positive 14 0 63.6 (43.0-80.3) NA 0.132 (—0.109 to 0.373) 0.473
Negative 8 1
First collected specimens ~ NPS  Positive 10 0 100.0 (72.2-100.0) NA NA 1.0
Negative 0 0
NS Positive 10 0 100.0 (72.2-100.0) NA NA 1.0
Negative 0 0
SS Positive 6 0 60.0 (31.3-83.2) NA NA 0412
Negative 4 0

NPS: nasopharyngeal swab; NS: nasal swab; SS: saliva specimen; PCR: polymerase chain reaction; NIID: National Institute of Infectious Diseases guidelines.
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Table 3. Sensitivity, specificity and concordance rate (k coefficient, Gwet’s AC1) for the NS/SS samples (cobas) compared with NPS sam-

ples (cobas).

Reference NPS (cobas)

Day of specimen Sensitivity % Specificity % Cohen’s kappa Gwet's ACT
collection Positive Negative (95% Cl) (95% Cl) (95% Cl) statistic
Overall NS Positive 30 1 62.5 (48.4-74.8) 88.9 (56.5-98.0) 0.291 (0.091-0.490) 0.420
Negative 18 8
SS Positive 16 0 33.3 (21.7-47.5) 100.0 (70.1-100.0) 0.136 (0.036-0.236) —0.106
Negative 32 9
Within 9 d after onset NS Positive 19 0 82.6 (62.9-93.0) NA NA 0.793
Negative 4 0
SS Positive 14 0 60.9 (40.8-77.8) NA NA 0.429
Negative 9 0
First collected specimens NS Positive 10 0 100.0 (72.2-100.0) NA NA 1.0
Negative 0 0
SS Positive 6 0 60.0 (31.3-83.2) NA NA 0.412
Negative 4 0
NPS: nasopharyngeal swab; NS: nasal swab; SS: saliva specimen.
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Figure 1. Correlation between severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) cycle threshold (Ct) value and reverse tran-
scription—polymerase chain reaction (RT-PCR) results of each sample. We examined the differences between the Ct value and copy number
of nasopharyngeal swab (NPS) and whether the NPS and the corresponding nasal swab (NS)/saliva specimen (SS) results were consistent.

Comparisons were performed with the Wilcoxon rank-sum test.

SS samples tended to be more consistent when the
number of copies was higher and the Ct value was
lower (Figure 1).

The median Ct values of NPS samples (NIID) paired
with positive NPS/NS/SS samples (cobas), respectively,
were calculated to be 33.65 (23.16-38.54) for NPS, 34.12

(22.79-38.78) for NS and 35.34 (29.89-38.01) for SS, with
the Ct value increasing in order from NPS through NS to
SS samples (cobas). In addition, among positive-testing
specimens obtained from NPS and NS samples (cobas),
the corresponding Ct values increased over time (Figure
2). A significant time-dependent increase in the Ct
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Figure 2. Changes to cycle threshold (Ct) values of nasopharyngeal swab/nasal swab/saliva specimen (NPS/NS/SS) samples since onset,
shown in the graph of the median Ct value per days classification. The sample timepoint was classified as 1 within 7 d, 2 within 8-1 d, 3

within 12-16 d and 4 after 17 d. NPS, p<.001; NS, p=.003; SS, p=.585.

values of NPS and NS samples was observed, but no
such significant increase was evident for SS samples
(NPS, p<.001; NS, p=.003; SS, p=.585, Jonckheere-
Terpstra test).

Concordance rates under different conditions

In univariate analysis, there was no difference in con-
cordance rates between NPS, NS, or SS samples (cobas),
regardless of the accompanying symptoms. The timing
of SS collection relative to eating or using a mouthwash
(within 2 and 6 h, respectively) did not affect the associ-
ated concordance rates. Figure 3 presents results per
patient and per type of specimen, stratified by time
since disease onset.

Discussion

In our study of paired NPS/NS/SS samples from COVID-
19 patients, high positive concordance was found
between NPS samples (cobas) and NPS samples (NIID)
and between NS samples (cobas) and NPS samples

(cobas) within 9 d. For most specimens with inconsistent
results, an initial rise in the growth curve was seen, but
the Ct value was >40, resulting in a negative assess-
ment, indicating that the virus was detected below the
cut-off value. This finding suggests that RT-PCR using a
Cobas 6800 System is a more sensitive test than the
conventional NIID guideline-based method. As speci-
mens with high Ct values may be obtained from pre-
symptomatic or asymptomatic patients [18], high sensi-
tivity of RT-PCR may help identify such patients at an
early stage. Nevertheless, it should be noted that even if
the Cobas 6800 Systems RT-PCR device detects a posi-
tive result, NPS samples collected at late disease stages
may only capture the non-infectious state with viable
viral shedding.

Positive RT-PCR findings obtained from patients
tested more than 10 d after disease onset, who are less
likely to infect others, have been reported [19,20]. In
cases with a positive test in this context, isolation and
treatment may not be required. These findings suggest
the importance of interpreting RT-PCR results of NPS
samples in the broader context of patients’ clinical
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Specimen 1 2 |3 |4 (5 |6 |7 (8 |9 [10|11[12]13 |14 |15 |16 |17 |18

19120 (21| 22|23 (24| 25|26 |27 |28 (29|30 |31|32

Casel | NPS (NIID)

NPS (cobas)

33|34 35|36 (3738|3940 |41

NS (cobas)

SS (cobas)

Case2 | NPS (NIID)

NPS (cobas)

NS (cobas)

SS (cobas)

Case3 | NPS (NIID)

NPS (cobas)

NS (cobas)

SS (cobas)

Case4 | NPS (NIID)

NPS (cobas)

NS (cobas)

SS (cobas)

Case5 | NPS (NIID)

NPS (cobas)

NS (cobas)

SS (cobas)

Caseb NPS(NIID)

NPS (cobas)

T

NS (cobas)

SS (cobas)

Case7 | NPS (NIID)

NPS (cobas)

NS (cobas)

SS (cobas)

Case8 | NPS (NIID)

NPS (cobas)

NS (cobas)

SS (cobas)

Case9 | NPS (NIID)

NPS (cobas)

NS (cobas)

SS (cobas)

Case10 | NPS (NIID)

NPS (cobas)

NS (cobas)

SS (cobas)

Figure 3. RT-PCR results from 10 patients, according to the number of days since symptom onset. NPS (NIID): nasopharyngeal swab tested
by SARS-CoV-2 RT-PCR according to the National Institute of Infectious Diseases guidelines as reference. NPS: nasopharyngeal swab; NS:
nasal swab; SS: saliva specimen; RT-PCR: reverse transcription—polymerase chain reaction.

characteristics, including disease symptoms and the
number of days since disease onset. In addition, the
overall specificity estimates for NS and SS samples
(cobas) were high, but their concordance rates and sen-
sitivity estimates were low.

However, as diagnostic specimen collection typically
takes place within 9 d after disease onset, we compared
specimens collected within this time period, showing
that the concordance rate and sensitivity estimates were
higher for NS samples (cobas) than for SS samples
(cobas). Only one NPS sample (NIID) collected within 9 d
after symptom onset tested negative; when the appar-
ent prevalence is high, the reliability of the x coefficient
is low.

The result consistency was, therefore, compared using
the ACT statistic, which was 0.838 for NS samples col-
lected within 9 d after disease onset, indicating high
consistency. The concordance rate and sensitivity
between NPS samples (cobas) and NS/SS samples

(cobas) were also similar, with NS samples (cobas) being
higher than SS samples (cobas) for specimens collected
within 9 d of onset. Moreover, for the first set of speci-
mens collected (ten specimens), the sensitivity of NS
samples was 100%, highlighting its value as an initial
test for symptomatic patients.

Previous studies that have directly compared the
diagnostic utility of NPS and NS samples have estimated
the sensitivity of RT-PCR findings using NS specimens at
82.5-95.8% in the initial test performed for patients with
suspected SARS-CoV-2 infection [10,21,22]; the corre-
sponding values in this study were higher than those
previously reported. This discrepancy may have been
due to between-study differences in the patient popula-
tions, the type of PCR assays, or the collection
media used.

Additionally, in this study, the higher the copy num-
ber of NPS samples and the lower the Ct value, the
more positive the paired NS and SS samples tended to
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be. The decrease in the viral load of both NPS and NS
samples was correlated with the time elapsed since the
onset of illness. These results suggest that the viral load
of NS samples is likely to reflect the viral load of NPS
samples. Pinninti et al. investigated the viral load in NPS
and NS sample pairs and observed that particularly
when the Ct value was <30 for an NPS sample, the cor-
responding NS-based finding was almost always positive;
meanwhile, the concordance rate for NS samples
decreased with an increase in the number of days since
onset [23], a result similar to that of the present study.
These facts support the idea that NS specimens are a
suitable substitute for NPS specimens, especially in the
early stages of the disease.

NS-based tests are not currently recommended for
use with asymptomatic patients [9]. However, in this
study, there was no difference in the concordance rates
of NPS- and NS-based test results, regardless of symp-
tom presence. The similarity of concordance rates
between NPS- and NS-based tests regardless of the pres-
ence of nasal discharge may indicate that these tests
detect viral load in the mucosa rather than in nasal
mucus. Previous studies reported that NSs in asymptom-
atic and mildly-symptomatic patients showed similar
sensitivity to NPSs [24], and that nasopharyngeal and
NSs were equally sensitive regardless of symptom pres-
ence [25]. Although no specimens were collected from
any asymptomatic patients in this study, the result of
this study and previous reports suggest that NS samples
may be useful in the assessment of both asymptomatic
and symptomatic patients. Overall, their use for screen-
ing asymptomatic patients should be considered, in part
because they cause less discomfort to patients than NPS
samples [26].

Although many studies have reported the sensitivity
of SS samples in the range of 85-100%, which makes
their validity equivalent to that of NPS samples [6,27,28],
in this study, their concordance rate and sensitivity esti-
mates were both low. This discrepancy may be due to
between-study differences in testing methods, including
sample collection and dilution. The SS samples used in
this study constituted sublingual swabs; tests based on
larger amounts of saliva might have vyielded differ-
ent results.

In addition, previous studies have shown that saliva
collected after coughing is a reliable specimen [29], and
since the patients in this study were instructed to refrain
from coughing to minimize the risk of contamination
with respiratory specimens, this approach may have
affected the results. There was also a report of low

sensitivity (66%) with self-collected saliva specimens in
the past [25], suggesting that the method of instruction
when collecting saliva specimens is important. Currently,
evidence for testing in saliva specimens is accumulating
[11], but nasal specimens were more reliable in this
study. Further studies are required to ascertain the opti-
mum testing method for RT-PCR using SS samples, such
as assays and sample collection.

This study had some limitations. The sample size of this
study was small and only symptomatic patients were
enrolled. It is unclear whether the testing of asymptomatic
or pre-symptomatic patients (such as those in quarantine
and undergoing preoperative tests) would have yielded
similar results. In addition, in this study, saliva was col-
lected by patients themselves, whereas NS samples were
collected by physicians; the impact of self-collection on
sensitivity and specificity estimates is unknown, but the
results would have been more real-world based.
Moreover, NS sample collection is a simple procedure eas-
ily taught to patients and tests based on self-collected
samples are considered highly reliable [5,30]. Self-collec-
tion may also reduce the risk of spreading infection to
healthcare workers and should be investigated.

In conclusion, RT-PCR results based on NS samples
collected from patients within 9 d since the onset of
symptoms showed a high concordance rate with those
based on NPS samples, indicating that NS samples may
provide an alternative to NPS samples. Furthermore,
these results also showed greater reliability than did
those associated with SS samples. Particular attention
should be paid to the low sensitivity of self-collected SS
specimens. The use of NS sampling as an alternative to
NPS sampling may reduce the physical burden for
patients and the transmission risk among medical pro-
fessionals, and their positive use is desirable.
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