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Background: Nasal swabs and saliva samples are being considered alternatives to naso-
pharyngeal swabs (NPSs) for detecting severe acute respiratory syndrome-coronavirus 2
(SARS-CoV-2); however, few studies have compared the usefulness of nasal swabs, NPSs,
and saliva samples for detecting SARS-CoV-2 and other respiratory virus infections. We
compared the positivity rates and concentrations of viruses detected in nasal swabs, NPSs,
and saliva samples using cycle threshold (Ct) values from real-time PCR tests for respira-
tory viruses.

Methods: In total, 236 samples (48 five-rub and 10 10-rub nasal swabs, 96 NPSs col-
lected using two different products, 48 saliva swabs, and 34 undiluted saliva samples)
from 48 patients (34 patients with SARS-CoV-2 and 14 with other respiratory virus infec-
tions) and 40 samples from eight healthy controls were obtained. The PCR positivity and
Ct values were compared using Allplex Respiratory Panels 1/2/3 and Allplex SARS-CoV-2
real-time PCR.

Results: NPSs showed the lowest Ct values (indicating the highest virus concentrations);
however, nasal and saliva samples yielded positive results for SARS-CoV-2 and other re-
spiratory viruses. The median Ct value for SARS-CoV-2 E gene PCR using nasal swab sam-
ples collected with 10 rubs was significantly different from that obtained using nasal swabs
collected with five rubs (Ct=24.3 vs. 28.9; P=0.002), but not from that obtained using
NPSs.

Conclusions: Our results confirm that the NPS is the best sample type for detecting respi-
ratory viruses, but nasal swabs and saliva samples can be alternatives to NPSs. Vigorously
and sufficiently rubbed nasal swabs can provide SARS-CoV-2 concentrations similar to
those obtained with NPSs.
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INTRODUCTION

method is crucial. Nasopharyngeal swab (NPS) sampling is a

standard method for respiratory virus detection [1, 2]; however,

For diagnosing respiratory virus infections, obtaining an appro-
priate upper respiratory tract sample and using an accurate test
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it requires the patient to visit a hospital or clinic as the sampling
must be performed by skilled medical staff, and patients may
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experience discomfort because of the invasive nature of sample
collection. In addition, since NPS sampling induces coughing
and sneezing, there is a risk of transmission of infection and ex-
posure of healthcare workers to infectious airborne particles.

Nasal swab samples are widely used for severe acute respira-
tory syndrome-coronavirus 2 (SARS-CoV-2) rapid antigen tests
(RATs), and several studies have compared the sensitivity of
tests using nasal swab and saliva samples with that of tests us-
ing NPSs [3-9]. RATs of saliva and nasal swabs tended to have
lower diagnostic accuracy than NPS-based PCR. However, some
studies have shown that nasal swabs and saliva samples showed
equally effective diagnostic performance as NPS samples for
SARS-CoV-2 infection detection [3-13]. These different sensitiv-
ities of nasal swabs and saliva samples compared with that of
NPSs may arise from differences among subjects, study peri-
ods, sampling and detection methods, and SARS-CoV-2 vari-
ants. However, few studies have simultaneously compared vari-
ous samples, including nasal swabs, NPSs, and saliva samples,
for the detection of other respiratory viruses using a consistent
methodology [14-19].

We aimed to evaluate the extent to which respiratory viruses,
including SARS-CoV-2, are detected in nasal swabs and saliva
samples and to identify potential product-to-product differences
in detection processes using NPSs. Specifically, we compared
the virus concentrations in nasal swabs, NPSs collected using
two different products, and saliva samples using real-time re-
verse transcription (RT)-PCR test, targeting genes of SARS-CoV-2
and other respiratory viruses. In addition, we compared the con-
centrations of SARS-CoV-2 in nasal swabs collected by rubbing
one nostril five times and the other nostril 10 times to examine
the difference in viral load according to the number of nasal swab
rubs. We also investigated whether nasal swabs and saliva sam-
ples could be alternatives to NPSs for PCR tests to effectively
detect SARS-CoV-2 and other respiratory viruses.

MATERIALS AND METHODS

Clinical samples and study design

We recruited patients diagnosed as having respiratory viral in-
fections, including SARS-CoV-2 infection, between November
2021 and August 2022 at Hallym University Dongtan Sacred
Heart Hospital, Hwaseong, Korea. Sixty-three subjects (55 pa-
tients with confirmed infection and eight healthy controls) were
included in this study. In total, 41 patients were found infected
with SARS-CoV-2 and 14 were infected with other respiratory vi-
ruses. All patients had a fever or showed respiratory symptoms

https://doi.org/10.3343/alm.2023.43.5.434

ANN
LAB
MED

after infection. All samples from SARS-CoV-2-infected patients
were collected 6-8 days after the onset of symptoms in the CO-
VID-19 screening outpatient clinic, and all samples from patients
with other respiratory viral infections were collected after 3-8 days
after the onset of symptoms in inpatient rooms. There were 42
female and 21 male subjects, with a median age of 28.0 years
(range, six months—76 years).

Five or six samples were collected from each subject, includ-
ing one or two nasal swab samples, two NPS samples (obtained
using products from two different manufacturers), and two sa-
liva samples (one saliva swab collected in transport medium and
one undiluted sample collected in a saliva collection tube with-
out transport medium), in the mentioned order. Nasal swab sam-
ples were collected using an SS-SWAB applicator (Noble Bio,
Hwaseong, Korea) and immersed in Clinical Virus Transport Me-
dium (CTM; Noble Bio). The nasal swab samples were collected
by the patients themselves by placing the swab applicator in one
nostril and rubbing the inside of the nostril while rotating the swab
five times. One additional nasal swab sample was collected from
ten of the 41 patients infected with SARS-CoV-2 that was rotated
10 times in the other nostril to check whether there was a differ-
ence in the concentration of the virus depending on the number
of rubs. The self-collection of nasal swab samples was performed
in the presence of medical staff according to the staff’s instruc-
tions.

NPS samples were collected by medical staff using two types
of NPSs: NFS-SWAB applicator (Noble Bio) was used in one nos-
tril and FLOQSwabs (Copan Diagnostics Inc., Brescia, Italy) was
used in the other nostril. The swabs were inserted into the naso-
pharynx and rotated in place two or three times for at least 5 sec-
onds. The collected swabs were immersed in CTM. Four medi-
cal staff members collected NPS samples, and one staff mem-
ber was responsible for sample collection per patient.

Two types of saliva samples were collected. First, a saliva swab
(SLS-1; Noble Bio) was placed under the tongue for at least 3
mins to allow the saliva to penetrate the grooves on the swab,
which was then immersed in CTM. Second, undiluted saliva was
collected by asking the subject to spit into a funnel-shaped sa-
liva collection tube. Since pediatric patients had difficulty in spit-
ting, only saliva swabs were collected from these patients. Ex-
cept for the undiluted saliva samples, all collected swab sam-
ples were immersed in the same type and amount of CTM, and
the five or six samples from each subject were simultaneously
transported to the laboratory within 1 hour. The five sample col-
lection devices used are shown in Fig. 1.

The study was approved by the Institutional Review Board of
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Hallym University Dongtan Sacred Heart Hospital (HDT 2021-
10-003). Informed consent was obtained from all study sub-
jects.

Fig. 1. Photograph of the five types of sample collection devices
and the transport medium. (A) NPS (NFS-1; Noble Bio), (B) NPS
(Copan), (C) nasal swab (SS-1, Noble Bio), (D) saliva swab (SLS-1;
Noble Bio), (E) saliva collection tube (Noble Bio), and (F) clinical
transport medium (Noble Bio).

Abbreviation: NPS, nasopharyngeal swab.
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Questionnaire on discomfort of NPS collection
A questionnaire was administered to the study subjects to as-

sess the discomfort experienced during the collection of the two
NPSs. After sample collection, we asked which of the two NPS
collection procedures was more uncomfortable.

Real-time PCR for respiratory virus detection

The collected samples were transported and stored at 4°C, and
nucleic acids were extracted using QlAcube and QlAamp Viral
RNA Mini Kits (Qiagen, Hilden, Germany) within 1 day after sam-
ple collection. Real-time PCRs for the detection of 16 respiratory
viruses, including SARS-CoV-2, were performed using Allplex
Respiratory Panels 1/2/3 and the Allplex SARS-CoV-2 kit (See-
gene, Seoul, Korea) on a CFX96 Real-Time PCR Detection Sys-
tem (Bio-Rad, Hercules, CA, USA) according to manufacturer’s
instructions. Real-time PCR cycle threshold (Ct) values for the
different sample types were compared.

RNase P real-time PCR for the monitoring of human cellular
components

Human RNase P real-time PCR was used to monitor sample
quality and compare the amounts of human cellular components
among samples. Primer and probe information for the RNase P

Table 1. Comparison of real-time PCR positivity for respiratory viruses among the five sample collection methods

Virus NPS (Noble Biq) in NPS (Copan).in Nasgl swqb in transport Saliva swab 'in Saliva .
transport medium transport medium medium (five swab rubs)  transport medium (no transport medium)

SARS-CoV-2 (N=234) 100% (34/34) 100% (34/34) 79.4% (27/34) 64.7% (22/34) 76.5% (26/34)
E gene 100% (34/34) 100% (34/34) 85.3% (29/34) 67.6% (23/34) 82.4% (28/34)
RdRP gene 100% (34/34) 100% (34/34) 79.4% (27/34) 67.6% (23/34) 76.5% (26/34)
Ngene 100% (34/34) 100% (34/34) 85.3% (29/34) 64.7% (22/34) 79.4% (27/34)

HRV (N=5) 100% (5/5) 100% (5/5) 100% (5/5) 80% (4/5) NA

HEV (N=2) 100% (2/2) 100% (2/2) 100% (2/2) 100% (2/2) NA

PIV3 (N=2) 100% (2/2) 100% (2/2) 50% (1/2) 50% (1/2) NA

PIV4 (N=1) 100% (1/1) 100% (1/1) 100% (1/1) 100% (1/1) NA

RSVB (N=1) 100% (1/1) 100% (1/1) 100% (1/1) 100% (1/1) NA

Adenovirus (N=1) 100% (1/1) 100% (1/1) 100% (1/1) 100% (1/1) NA

HBoV (N=1) 100% (1/1) 100% (1/1) 100% (1/1) 100% (1/1) NA

Influenza A virus (N=1) 100% (1/1) 100% (1/1) 100% (1/1) 0% (0/1) NA

Total (N=48) 100% (48/48) 100% (48/48) 83.3% (40/48) 68.8% (33/48) 76.5% (26/34)
Ct of NPS <30 100% (26/26) 100% (26/26) 100% (26/26) 84.6% (22/26) 100% (19/19)
Ct of NPS >30 100% (22/22) 100% (22/22) 63.6% (14/22) 50.0% (11/22) 46.7% (7/15)

No virus (N=28) 0% (0/8) 0% (0/8) 0% (0/8) 0% (0/8) NA

Abbreviations: NPS, nasopharyngeal swab; RARP, RNA-dependent RNA polymerase; SARS-CoV-2, severe acute respiratory syndrome-coronavirus 2; HRV,
human rhinovirus; HEV, human enterovirus; RSV, respiratory syncytial virus; PIV3, parainfluenza virus type 3; PIV4, parainfluenza virus type 4; HBoV, human

bocavirus; Ct, cycle threshold of real-time PCR; NA, not applicable.
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real-time PCR test was obtained from the CDC website (https:/
www.cdc.gov/coronavirus/2019-ncov/lab/rt-pcr-panel-primer-
probes.html). A 160-bp RNase P sequence-containing plasmid
vector control (pBHA vector) was purchased from Bioneer (Dae-
jeon, Korea). Quantitative linearity of RNase P real-time PCR
was confirmed using 10-fold serially diluted pBHA vector and
three-fold serially diluted saliva samples from three volunteers
(Supplemental Data Fig. S1). All samples were measured in
triplicate.

Statistical analysis

Ct values are expressed as medians (first to third quartiles).
The Friedman test was used to compare the Ct values of multi-
ple paired groups, and the Wilcoxon test (paired samples) was
used to compare the Ct values of two paired groups. Cohen’s
kappa was used to check for agreement between samples with
the highest virus concentrations and samples with the highest
RNase P concentrations. Statistical analyses were performed
using MedCalc (version 20.113; MedCalc Software Ltd., Os-
tend, Belgium). P<0.05 was considered statistically signifi-
cant.
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RESULTS

Comparison of positivity rate in real-time PCRs of SARS-
CoV-2 and other respiratory viruses among different sample

types

Of the 63 study subjects, seven subjects with inconclusive SARS-
CoV-2 results based on NPS samples were excluded from the
analysis. Thirty-four patients had SARS-CoV-2 infection, 14 pa-
tients had other respiratory viral infections, and eight subjects
were healthy controls (Table 1). Table 1 shows the PCR positiv-
ity for SARS-CoV-2 and other respiratory viruses for the five sam-
ple types. Both types of NPS samples (Noble Bio and Copan)
showed 100% positivity rates for SARS-CoV-2 and respiratory
viruses. Nasal swab samples rubbed five times inside one nos-
tril showed a positivity rate of 83.3% (40/48) and failed to detect
infection in seven out of 34 patients with COVID-19 and in one
out of two patients with parainfluenza virus type 3 (PIV3). These
eight patients who tested negative on real-time PCR of nasal
swabs had a low viral load (Ct>30) according to real-time PCR
using NPSs. Undiluted saliva samples showed a positivity rate
of 76.5% (26/34), which was higher than that obtained with di-
luted saliva samples (saliva swabs in transport medium; 68.8%).

Table 2. Comparison of real-time PCR Ct values for respiratory viruses and human RNase P

irss NPS (Noble Bic)in ~ NPS (Copan) in tr:‘:ﬁ;g ;vﬁet;:ﬂm Saliva swab in (noffa“r‘]’:po " P
transport medium  transport medium (five swab rubs) transport medium medium) (Friedman test)
SARS-CoV-2 (N=234)
E gene 23.3(21.5-21.71) 24.5(21.6-31.1) 29.1(25.9-34.1) 35.4(29.6-40.0) 34.6 (28.3-36.6) <0.00001
RdRP gene 25.8(24.3-30.7) 27.6 (23.7-32.5) 32.1(28.4-36.9) 37.4(32.7-40.0) 33.5(30.2-38.6) <0.00001
Ngene 23.5(22.1-28.4) 25.4(22.0-31.2) 30.7 (27.2-34.2) 36.0 (30.5-40.0) 31.0(28.5-37.2) <0.00001
HRV (N=5) 24.7 (24.0-32.6) 25.1(24.2-30.1) 27.8 (25.4-33.5) 38.0 (36.4-40.2) NA 0.00073
HEV (N=2) 33.5(33.4-33.6) 37.1(24.2-40.0) 34.6 (30.3-38.8) 38.5 (38.0-39.0) NA 0.142
PIV3 (N=2) 31.1(26.2-36.1) 33.6 (29.3-38.0) 36.1 (32.3-40.0) 37.2 (34.3-40.0) NA 0.0079
PIVA (N=1) 28.9 30.7 29.8 34.0 NA
RSVB (N =1) 28.7 25.3 29.6 38.9 NA
Adenovirus (N=1) 22.3 28.2 29.7 40.0 NA
HBoV (N=1) 22.41 13.7 27.49 36.9 NA
Influenza A virus (N=1) 36.1 32.9 37.7 40.0 NA
No virus (N=38) NA NA NA NA NA
RNase P (N=56) 32.9(32.1-34.7) 33.3(31.8-34.7) 34.6 (32.7-36.3) 32.7(31.0-34.2) 28.7(21.6-31.2) <0.00001

The bold text indicates the lowest median Ct value (highest viral load) of real-time PCR among the five collection methods. Tests with negative results were

defined as Ct=40. Data are expressed as medians (first to third quartiles).

Abbreviations: Ct, cycle threshold of real-time PCR; HBoV, human bocavirus; HEV, human enterovirus; HRV, human rhinovirus; NA, not applicable; NPS,
nasopharyngeal swab; PIV3, parainfluenza virus type 3; PIV4, parainfluenza virus type 4; RSV, respiratory syncytial virus; SARS-CoV-2, severe acute respira-

tory syndrome-coronavirus 2; RARP, RNA-dependent RNA polymerase.
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These patients who tested negative on real-time PCR using un-
diluted saliva samples also had a low viral load (Ct>30) accord-
ing to real-time PCR using NPSs. No virus was detected in sam-
ples obtained from the eight healthy controls.

Comparison of Ct values of real-time PCR for SARS-CoV-2
and other respiratory viruses among sample types

The Ct values for the two NPSs, one nasal swab rubbed five times,
and the two saliva samples (undiluted and diluted) were com-
pared to assess differences in viral concentrations based on sam-
ple type. We found significant differences in Ct values among
the five sample types for SARS-CoV-2, human rhinovirus (HRV),
and PIV3 (P<0.01) (Table 2). For all respiratory viruses, includ-

A

SARS-CoV-2 £ gene
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1
P=0.2754 *P=0.0020
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ing SARS-CoV-2, the virus concentrations were higher in the
NPSs (i.e., lower Ct values) than in the other samples. Saliva
samples showed lower viral concentrations than nasal swabs
and NPSs, and the virus concentrations in the diluted saliva sam-
ples in transport media were lower than those in the undiluted
saliva samples. Among the two NPS products (Noble Bio and
Copan), Noble Bio samples showed a lower median Ct value
(higher viral load) than Copan samples for SARS-CoV-2; how-
ever, the difference was not significant (P>0.05). For the other
respiratory viruses, there were differences in the median Ct val-
ues between the two NPS products; however, the number of
samples was too small to detect a significant difference. Noble
Bio samples showed lower median Ct values than Copan sam-
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Fig. 2. Comparison of Ct values of real-time PCR targeting SARS-CoV-2 genes and RNase P among the six collection methods (N=10). (A)
SARS-CoV-2 E gene, (B) SARS-CoV-2 RARP gene, (C) SARS-CoV-2 N gene, and (D) Human RNase P gene. The positivity rate of each meth-

od is expressed as a percentage. *indicates P<0.05.

Abbreviations: Ct, cycle threshold; SARS-CoV-2, severe acute respiratory syndrome-coronavirus 2; NPS, nasopharyngeal swab; Nasal (5), nasal swab with
five rotations in one nostril; Nasal (10), nasal swab with 10 rotations in one nostril.
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ples for SARS-CoV-2, HRV, PIV3 and PIV4, and adenovirus, wher-
eas Copan samples showed lower median Ct values for respira-
tory syncytial virus type B, human bocavirus, and influenza A vi-
rus. Saliva samples had the highest RNase P concentrations (the
lowest Ct values) among the five sample types.

In 10 out of 41 patients with confirmed COVID-19, additional
nasal swab samples (collected using 10 nasal swab rotations)
were obtained. We found significant differences in Ct values for
SARS-CoV-2 (E gene, RNA-dependent RNA polymerase [RARP]
gene, and N gene) among the six sample types (Fig. 2). The vi-
rus concentrations were the highest in the NPSs, followed by
the 10-rub nasal swabs, five-rub nasal swabs, undiluted saliva,
and diluted saliva. There was a significant difference in viral con-
centrations between the five-times-rotated nasal swabs and 10-
times-rotated nasal swabs; however, there were no significant
differences in viral concentrations (Ct values) between the 10-
times-rotated nasal swabs and the NPSs (Fig. 2A and B). RNase
P showed the highest concentrations in the saliva samples (Fig.
2D).

Comparison of virus concentrations and RNase P
concentrations in NPSs and nasal swabs

Except for saliva samples, which had the highest RNase P con-
centrations possibly because these samples have the highest
concentrations of cellular components, samples with the highest
virus concentrations among nasal and NPS samples collected
from the same person tended to have the highest RNase P con-
centrations. Therefore, we assessed the agreement between sam-
ples with the highest virus concentrations and samples with the
highest RNase P concentrations using Cohen’s kappa agreement
analysis (Table 3). The samples showing the highest virus con-
centrations included three nasal swabs, 24 NPSs (Noble Bio),
and 21 NPSs (Copan). Samples with the highest virus concen-
trations and samples with the highest RNase P concentrations
showed moderate agreement (x=0.414, 95% confidence inter-
val: 0.203-0.625).
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Questionnaire on discomfort during NPS collection

Of the 63 study subjects, 30 reported that Copan NPS sampling
was more uncomfortable than Noble Bio NPS sampling, 10 re-
ported that Noble Bio NPS sampling was more uncomfortable
than Copan sampling, and 10 reported that they experienced
similar discomfort during both sampling procedures. The remain-
ing 13 subjects were children, and it was difficult to survey the
discomfort they experienced with the two methods. Therefore,
no answer on their level of discomfort was recorded.

DISCUSSION

The present study showed that the detection rates and concen-
trations of respiratory viruses, including SARS-CoV-2, were higher
in NPSs than in saliva samples and nasal swabs. However, not
all patients showed a higher viral load in NPSs than in saliva
samples and nasal swabs. In a few cases, vigorous rubbing of
the nasal swab into the nasal mucosa for several seconds re-
sulted in a higher viral load than that obtained with NPSs that
were rapidly removed. Further, virus concentrations in nasal
swabs rubbed 10 times were significantly higher than those in
nasal swabs rubbed five times and similar to those in NPSs. The
strength of our study is that we compared viral concentrations in
paired samples comprising two nasal swabs (particularly, using
different number of rubs), two NPSs, and two saliva samples.
Numerous studies have compared two sample types [11-14,
20, 211]; however, few studies have compared three or more sam-
ple types [9, 10, 22]. In particular, it is difficult to find studies
comparing sample types for respiratory viruses and SARS-CoV-2.

Most cases of infection detection in NPSs, but not in nasal
swabs and saliva, involved samples with very low virus concen-
trations (NPS Ct values of >32), consistent with results in a pre-
vious study [10]. In our study, samples were collected from pa-
tients with COVID-19 6-8 days after symptom onset, and the vi-
ral loads obtained using NPSs, nasal swabs, and saliva samples
were similar to those reported in another study in patients sam-

Table 3. Agreement between samples with the highest viral concentrations and samples with the highest RNase P concentrations among

nasal swabs and two types of NPSs

Samples with the highest virus concentration Cohen’s kappa 95%
Nasal swab ~ NPS (Noble) ~ NPS (Copan) Total (SE)
Samples with the highest ~ Nasa swab 2 5 2 9 0.414(0.108) 0.203 0.625
RNase P concentrations  pps (Noble) 0 16 6 92
NPS (Copan) 1 3 13 17
Total 3 24 21 48

Abbreviations: Cl, confidence interval; NPS, nasopharyngeal swab.
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pled at a similar time after symptom onset [10]. A decrease in
the viral load in NPSs and an increase in the Ct value to >30
were associated with a decrease in the sensitivity of nasal swabs
and saliva samples in the present and previous studies [10]. Ale-
many, et al. [10] suggested that saliva samples have sufficient
sensitivity for the identification of individuals at risk of transmis-
sion, considering that subjects with respiratory samples with Ct
values >33 are unlikely to be contagious.

Studies monitoring viral shedding among close contacts have
shown that during the presymptomatic period, the viral load is
higher in the saliva than in the nasal cavity, whereas after the
onset of symptoms, the viral load tends to decline to a lower level
in the saliva than in the nasal cavity [11, 12]. lwasaki, et al. [23]
showed that the agreement rate of PCR results between saliva
and NPS is high (97.4%) in the early stage of symptom onset
and that the viral load in saliva peaks for one week and then de-
clines. Marais, et al. [21] showed that the positivity rate in saliva
is higher than that in mid-turbinate samples until 3-5 days after
symptom onset and then declines. Based on these results, in
the present study, the viral loads in saliva may have been lower
than those in NPSs and nasal swabs because we collected sam-
ples 6-8 days after symptom onset. However, this is difficult to
confirm as the samples were not collected sequentially.

We also compared the concentrations of SARS-CoV-2 virus in
nasal swabs rubbed five or 10 times. Although a small number
of subjects were included in this analysis (N=10), the results
suggested that nasal swabs may produce NPS-equivalent re-
sults when the number of rubs in both nostrils is sufficiently high.
Only patients with COVID-19 were included in this analysis; there-
fore, future studies should expand the sample size to include
cases of infection with other respiratory viruses.

Many participants reported that Copan NPS sampling was
more uncomfortable than Noble Bio NPS sampling, which may
be because of the slightly denser and longer hair on the swab
head in the former (Fig. 1). From the sample collector’s perspec-
tive, the two types of NPSs were collected from both nostrils, and
they noticed a difference in the resistance felt in the two nostrils,
which may be related to the discomfort experienced by the sub-
jects. Discomfort is also related to deviated nasal septa and nar-
rowing of the nasal passages. When the NPS was passed through
the nasal passage smoothly without any resistance, the patients
responded that the discomfort was minimal.

Multiple studies have compared the positivity rates between
saliva samples and nasal swabs according to the time before
and after symptom onset in SARS-CoV-2 infection [9-12]; how-
ever, other respiratory viruses have been rarely evaluated. We
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compared the detection rates in saliva samples, nasal swabs,
and NPSs in confirmed respiratory viral infections with symp-
toms; however, we did not assess the positivity rates over a cer-
tain period. Given the high asymptomatic infection rate and trans-
mission potential of SARS-CoV-2, its dynamics in the respiratory
mucosa may largely differ from those of other respiratory viruses.
In support of this, one study has shown that the difference in vi-
ral shedding kinetics between the Delta and Omicron strains was
associated with a difference in viral load in saliva [21]. Since dif-
ferences in viral tropism can affect the viral load in different re-
spiratory mucosae, the sample source with a high diagnostic rate
may also differ depending on the virus [15]. Since the seasons
of viral respiratory epidemics vary among countries and commu-
nities, a systematic and diverse study design is required. Given
the possibility of a new pandemic caused by another emerging
pathogen, such as SARS-CoV-2, studies on respiratory samples
are expected to expand.

Samples with the highest virus concentration and samples
with the highest RNase P concentrations showed moderate agree-
ment (x=0.414) in this study. We expected to observe a corre-
lation between virus concentrations and RNase P concentrations
according to the swab sample amount. However, saliva and even
diluted saliva had higher RNase P concentrations than nasal or
NPS samples. This may be because of the higher amount of
cellular components in saliva. The moderate agreement after
excluding saliva samples indicated that higher viral concentra-
tions can be obtained through adequate sampling, but the mea-
sured Ct value itself showed analytic variations, and the order of
highest concentration changed with a slight Ct difference.

Our study had a few limitations. First, most tests were per-
formed on patients 3-8 days after symptom onset; therefore, vi-
rus concentrations right before or at the time of symptom onset
were unknown. As shown in other studies on SARS-CoV-2 viral
shedding kinetics, if we would have collected samples within 3
days of symptom onset, the virus concentrations might have dif-
fered. Second, as the total number of subjects that tested posi-
tive for respiratory viruses was small, it was not possible to com-
pare the positivity rate and virus concentration in each sample
type for each virus. Although previous studies have compared
the positivity rates for respiratory viruses in single samples [14—
16], it is difficult to study the positivity rate in samples according
to each respiratory virus individually in a single institution be-
cause the types of viruses and samples are diverse. As respira-
tory viral loads differ in different respiratory mucosae, different
sampling methods may have different detection rates. Future
studies should be designed considering these differences and
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homogeneity. Third, nasal swabs may have a risk of sampling
bias and reduced reliability owing to self-collection by the pa-
tients, as some patients might have rubbed vigorously, whereas
others might have rubbed lightly. However, our results reflect
actual self-collection data.

In conclusion, NPS samples showed the highest virus con-
centrations, but nasal and saliva samples also yielded positive
results for SARS-CoV-2 and other respiratory viruses. Our results
suggest that nasal swabs and saliva samples may represent al-
ternatives to NPSs for respiratory virus and SARS-CoV-2 PCR
tests, and that if a nasal swab sample is collected with the same
swab rubbed vigorously >10 times in both nostrils, the SARS-
CoV-2 concentration may be similar to that in NPSs.
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