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Considering the issues of shortage of medical resources and the invasiveness and infection risk involved
in the collection of nasopharyngeal swab specimens, there is a need for an effective alternative test
specimen for SARS-CoV-2 RNA detection. Here, we investigated suitability of saliva as a non-invasively
obtained specimen for molecular detection of SARS-CoV-2 RNA in Japanese patients with COVID-19. In
total, 28 paired clinical specimens of saliva and nasopharyngeal swabs were collected from 12 patients at
various time points after symptom onset. Each specimen was assayed using reverse transcription real-
time polymerase chain reaction (rRT-PCR) on the BD MAX open system using primers and probes tar-
geting the N-gene. The saliva and nasopharyngeal swab specimens showed 19 and 15 positive results,
respectively. No invalid (PCR inhibition) result was observed for any specimen. The qualitative results of
each specimen obtained in the period immediately after symptom onset were similar. Three convales-
cent patients presented saliva-positive results, whereas their nasopharyngeal swabs were negative at
four different time points, suggesting that saliva may be superior to nasopharyngeal swabs in terms of
obtaining stable assay result of SARS-CoV-2. In conclusion, our results suggest that saliva can potentially
serve as an alternative to nasopharyngeal swabs as a specimen for SARS-CoV-2 rRT-PCR. As saliva can be
collected by patients themselves, it may be an effective way to overcome the shortage of personal
protective equipment and specimen sampling tools.

© 2020 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.
The recent rapid and wide spread of coronavirus disease
(COVID-19) caused by SARS-CoV-2 has become a national concern
in Japan [1]. Rapid and accurate diagnosis of COVID-19 is important
to prevent spread of infections. For SARS-CoV-2 detection assays,
the Japanese National Institute of Infectious Diseases recommends
ute, Aichi, 480-1195, Japan.
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collecting sputum (first priority) [2]. However, as dry cough
(reduced sputum) is common in COVID-19, nasopharyngeal speci-
mens (secondary priority) are also collected widely. Unfortunately,
nasopharyngeal sample collection has disadvantages such as high
invasiveness, infection risk to health workers, and a need for
technical skill (as an inappropriate procedure may lead to false-
negative test results). Moreover, there is a shortage of medical re-
sources such as personal protective equipment (PPE), sterile swabs,
and virus transportation medium (VTM) in the country. Therefore,
we considered it essential to find a new suitable test specimen as a
ous Diseases. Published by Elsevier Ltd. All rights reserved.
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substitute for nasopharyngeal swabs. Currently, saliva is attracting
considerable interest as a specimen for SARS-CoV-2 detection [3].
Therefore, the present study aimed to compare nasopharyngeal
swab and saliva specimens for the molecular detection of SARS-
CoV-2 RNA in Japanese patients with COVID-19.

This study was approved by the Human and Animal Ethics Re-
view Committee of Aichi Medical University Hospital, Nagakute,
Japan (approval number 2020-027).

In total, 28 paired nasopharyngeal swab and saliva clinical
specimens were collected from 12 patients at various time points
after symptom onset, during the month of April 2020 at Aichi
Medical University Hospital. Among them, five patients had been
diagnosed with COVID-19 by reverse transcription real-time poly-
merase chain reaction (rRT-PCR) of nasopharyngeal swabs and
were hospitalized before the first collection of paired specimens,
whereas sevenwere outpatients suspected to have COVID-19 based
on their clinical symptoms. All patients showed mild to moderate
symptoms (i.e., did not require admission to ICU or artificial
ventilation) at the time of the first rRT-PCR assay. After collection,
the nasopharyngeal swabswere immediately placed in sterile tubes
containing 3 mL of VTM. Saliva was collected in a sterile 50 mL tube
using the passive drool method [4]. Then, 0.5 mL of saliva was re-
suspended in a sterile 15 mL tube containing 3 mL of PBS. The re-
suspended saliva was centrifuged at 500�g for 1 min, and the su-
pernatant fluid was used for the assay.

Specimen volumes of 750 mL were assayed on the BD MAX open
system (a fully-integrated, automated platform that performs
Table 1
Results of SARS-CoV-2 reverse transcription real-time polymerase chain reaction for
each specimen.

Specimens Number of results

Positive Negative Invalid

Nasopharyngeal swab 15 13 0
Saliva 19 9 0

Fig. 1. Comparison between SARS-CoV-2 detection from nasopharyngeal swab and saliva sp
various time points after symptom onset in seven cases of COVID-19. “þ” and “-” indicate “p
between nasopharyngeal swab and saliva.
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nucleic acid extraction and real-time PCR) (Japan Becton Dickinson
and Company, Japan), using the following reagents: BD MAX ExK
TNA-3 (Swabs), BD MAX TNA MMK (SPC; containing Sample Pro-
cessing Control to monitor PCR inhibition), and BD MAX PCR car-
tridges. The N and N2 primer-probe sets were used for rRT-PCR [5]
and the cycling conditions were as follows: 95 �C for 5 min (acti-
vation), 60 �C for 30 min (reverse transcription), 95 �C for 1 min
(denaturation), and 45 cycles of 95 �C for 5 s and 56 �C for 17.1 s
(PCR). The fluorescence gains and thresholds were set at 50 and 50
for the targets (N and N2) and at 50 and 100 for SPC, respectively.
The rRT-PCR results were interpreted according to the following
criteria: when the fluorescence signal of SARS-CoV-2 was detected,
the result was interpreted as “positive.” When the fluorescence
signal of SARS-CoV-2 was not detected, the result was interpreted
as “negative”; however, if SPC fluorescence signal was not detected,
the result was interpreted as “invalid.” Qualitative results (number
of positive, negative, or invalid) and threshold cycle (Ct) values on
the days after symptom onset were compared between nasopha-
ryngeal swab and saliva specimens.

The results obtained for the twelve test patients, including the
seven patients with a confirmed diagnosis of COVID-19 (twenty-
three paired specimens collected) and five non-COVID-19 patients
(five paired specimens collected) are shown in Table 1. No invalid
result was obtained with any specimen. Figs. 1 and 2 show the
results of rRT-PCR and Ct values at each time point of specimen
collection after symptom onset in the seven patients with COVID-
19, respectively. The qualitative results of each specimen obtained
in the period immediately after symptom onset were similar (refer
to patient numbers 2e7 in the figures). As for the Ct values, the
superior (lower Ct value) specimen differed based on the patient.
Saliva presented lower Ct values in patients 3 and 4, whereas
nasopharyngeal swabs presented lower Ct values in patients 5e7.
Three convalescent patients (numbers 2e4) demonstrated positive
results with the saliva at four different time points, whereas their
nasopharyngeal swabs collected on the same day yielded a negative
result.
ecimens using reverse transcription real-time polymerase chain reaction (rRT-PCR) at
ositive” and “negative”, respectively. Frames around indicates the difference in results



Fig. 2. Comparison between threshold cycle values from nasopharyngeal swab and saliva specimens in SARS-CoV-2 reverse transcription real-time polymerase chain reaction (rRT-
PCR) at various time points after symptom onset in seven cases of COVID-19. Small scale of diagram indicates that only nasopharyngeal swab was assayed.
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The optimal specimen for SARS-CoV-2 detection by rRT-PCR
thus requires further investigation. A previous study reported
that nasopharyngeal swab specimens showed higher sensitivity
than oropharyngeal swabs for SARS-CoV-2 rRT-PCR [6]. However,
the infection risk at the time of specimen collection remains an
issue. Saliva samples can be collected by patients themselves in a
noninvasive manner. In the present study, we compared the po-
tential for SARS-CoV-2 detection between paired nasopharyngeal
swab and saliva specimens. Our results demonstrate that saliva
specimens show higher sensitivity than nasopharyngeal swabs
and support the findings of previous studies [3,7,8]. In COVID-19
cases, the assay results from both specimen types in the period
immediately after symptom onset were in accordance with each
other. Therefore, we propose that saliva may be used instead of
nasopharyngeal swabs in the first diagnosis to identify a patient
with COVID-19. Several previous studies reported that nasopha-
ryngeal swab specimens showed higher sensitivity than saliva for
SARS-CoV-2 rRT-PCR in the convalescence period [9e11]. How-
ever, in this study, saliva-positive and nasopharyngeal swab-
negative cases were observed in three convalescent patients at
four time points. Although several previous studies used the
spitting method to collect saliva, we used the passive drool
method to obtain a homogeneous specimen and to avoid the in-
fluence of inhibitory substances [9,11,12]. Our results indicate that
saliva collected by the passive drool method may be superior to
nasopharyngeal swabs to obtain stable assay results. Nonetheless,
further evaluation is necessary to determine the most suitable
saliva collection method.

In conclusion, our results suggest that saliva has potential as an
alternative to nasopharyngeal swabs as a specimen for SARS-CoV-2
rRT-PCR and may present an effective approach to overcome the
shortage of PPE and specimen sampling tools.
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