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Abstract
It has been revealed that SARS-CoV-2 can be efficiently isolated from clinical specimens such as
nasal/nasopharyngeal swabs or saliva in cultured cells. In this study, we examined the efficiency of viral
isolation including SARS-CoV-2 mutant strains between nasal/nasopharyngeal swab or saliva
specimens. Furthermore, we also examined the comparison of viral isolation rates by sample species
using simulated specimens for COVID-19. As a result, it was found that the isolation efficiency of SARS-
CoV-2 in the saliva specimens was significantly lower than that in the nasal/nasopharyngeal swab
specimens. In order to determine which component of saliva is responsible for the lower isolation rate of
saliva specimens, we tested the abilities of lactoferrin, amylase, cathelicidin, and mucin, which are
considered to be abundant in saliva, to inhibit the infection of SARS-CoV-2 pseudotyped viruses (SARS-
CoV-2pv). Lactoferrin and amylase were found to inhibit SARS-CoV-2pv infection. In conclusion, even if
the same number of viral genome copies was detected by the real-time RT-PCR test, infection of SARS-
CoV-2 present in saliva is thought to be inhibited by inhibitory factors such as lactoferrin and amylase,
compared to nasal/nasopharyngeal swab specimens.

Introduction
The worldwide spread of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) continues to
mutate as the COVID-19 vaccine becomes more widespread. Currently, the real-time reverse transcription
polymerase chain reaction (rRT-PCR) method, which can detect a specific gene of SARS-CoV-2, and the
immunochromatography method, which can detect a specific antigen for SARS-CoV-2, are the two most
popular methods mainly used for diagnosis of COVID-19 1. Clinical specimens containing nasal swabs,
nasopharyngeal swabs, sputum, saliva, etc. are used in these tests. It has been reported that the detection
sensitivity in each specimen is highest for nasopharyngeal swabs, followed by nasal swab and saliva 2.

We previously evaluated the viral isolation rate using cultured cells from clinical specimens positive for
SARS-CoV-2, and analyzed the correlation with the Ct value of the rRT-PCR test 3. However, aཌthough virus
was efficiently isolated from the nasal/nasopharyngeal swab specimens, many copies could not be
isolated from the saliva specimens. In this study, we compared virus isolation rates in clinical specimens
of nasal/nasopharyngeal swabs or saliva that were brought to the Toyama Institute of Health for PCR
testing for COVID-19. In addition, the viral isolation rates were evaluated for each variant of concern
(VOC) mutant virus, including the omicron variants that are currently widespread worldwide. Furthermore,
we also compared viral isolation rates by simulated specimens which contained cell culture-derived
SARS-CoV-2 with the nasal/nasopharyngeal swabs or saliva samples of healthy donors who were not
affected by COVID-19 and had not been vaccinated against the virus. Finally, we examined whether
lactoferrin, amylase, cathelicidin, and mucin, which are known to be abundant in saliva, have inhibitory
effects on SARS-CoV-2 infection. Elucidation of the infectivity of SARS-CoV-2 in saliva is expected to lead
to measures to prevent infection in the future.
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Results

Viral isolation from clinical specimens
For the study of SARS-CoV-2 isolation from clinical specimens in cell culture, 327 nasal/nasopharyngeal
swabs and 268 saliva specimens were used. The CPE was confirmed in 149 of 327
nasal/nasopharyngeal swabs (45.6%) and 62 of 268 saliva (23.1%) specimens. It was found that the
saliva specimens had a significantly lower isolation efficiency of SARS-CoV-2 than the
nasal/nasopharyngeal swab specimens (Fig. 1A). In addition, when each specimen was compared by Ct
value group, the viral isolation efficiency from saliva specimens was significantly lower in the group with
Ct values of 20–25 [nasal / /nasopharyngeal swabs (NS): 81.3% vs saliva (S) : 56.3%] and 25–30 (NS:
43.1% vs S: 18.8%), and no difference was observed in the group with Ct values of 30 or more (Fig. 1B).
Subsequently, the viral isolation efficiencies were compared for each SARS-CoV-2 variant. The isolation
efficiency from saliva specimens was significantly lower among the Wuhan strain (NS: 53.1% vs S:
21.8%) (Fig. 2A, left), Delta variant (NS: 46.7% vs S: 22.7%) (Fig. 2C, left), and Omicron variant (NS: 33.3%
vs S: 8.5%) (Fig. 2D, left), but no difference was observed in the Alpha variant (NS: 52.0% vs S: 38.2%)
(Fig. 2B, left). In addition, when each variant was compared by Ct value group, the isolation efficiencies of
the Wuhan strain, Alpha variant, Delta variant, and Omicron variant were significantly lower than that of
the nasal/nasopharyngeal swab specimens in the Ct value of the 25–30 group, 20–25 group, 25–30
group, and 20–25 group, respectively (Fig. 2, right panels). Furthermore, we compared viral isolation rates
among the strains in the same specimen species (Fig. 3). In both nasal/nasopharyngeal swab and saliva
specimens, the viral isolation rate was significantly lower for the Omicron variant than for the other
variants. The Alpha variant showed a significantly higher isolation rate in saliva specimens compared to
the other variants.

Viral Isolation From Simulated Specimens
For the study of SARS-CoV-2 isolation using simulated specimens, the viral isolation efficiency from the
saliva specimens was significantly lower than that of the nasal/nasopharyngeal swab specimens in
1.0×102 copy [2.8×10− 1 plaque forming unit (PFU)] (Fig. 4). In addition, there was no difference in over
1.0×103 copy (2.8×100 PFU) because all the nasal/nasopharyngeal swabs and saliva specimens could
be isolated. On the other hand, both of the simulated specimens were not separated below 1.0×101 copy
(2.8×10− 2 PFU).

Effects Of Saliva Components On Sars-cov-2pv Infectivity
Lactoferrin, amylase, cathelicidin and mucin, which are known to be abundant in saliva, were examined
as for inhibitory components against viral infection in this study 4,5. Lactoferrin treatment specifically
inhibited SARS-CoV-2pv infection in a dose-dependent manner (Fig. 5A). Amylase treatment also
significantly inhibited both SARS-CoV-2pv and VSVpv infection under a higher concentration (Fig. 5B).
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Meanwhile, cathelicidin treatment did not change up to 100 ng/mL, and was rather enhanced at 1,000
ng/mL in SARS-CoV-2pv infection (Fig. 5C). Mucin treatment showed no change in both SARS-CoV-2pv
and VSVpv infection (Fig. 5D). No cell cytotoxicity was observed in the treatment of each reagent within
the range examined in this study.

Discussion
In this study, it was shown that the viral isolation efficiency in saliva specimens is significantly lower than
that of nasal/nasopharyngeal swab specimens for COVID-19. As a result of analysis by Ct value, the viral
isolation efficiency in saliva specimens was significantly lower in the groups with Ct values of 20–25 and
25–30, and no difference was observed in the group with Ct values of 30 or more. Therefore, it was found
that the viral isolation efficiency differs depending on the type of specimens when the Ct value is 30 or
less. In addition, previous studies have shown that the viral isolation efficiency decreases when the Ct
value is 30 or more 3,6−9. In the comparison of the viral isolation efficiency for each viral strain, the viral
isolation efficiencies from the saliva specimens were significantly lower between the Wuhan strain, Delta
and Omicron variants of SARS-CoV-2, but no difference was observed in the alpha variant.

In this study, specimens with low Ct values were not sufficiently collected among the saliva specimens
containing the Wuhan strain and Delta variant of SARS-CoV-2. Therefore, it is possible that the viral
isolation efficiency of the saliva specimens was significantly lower than the real isolation efficiency. On
the other hand, the number of specimens could be the same in all Ct value groups, and there was no
difference in the viral isolation efficiency between the nasal/nasopharyngeal swabs and saliva
specimens for the Alpha variant of SARS-CoV-2. It will be necessary to increase the number of specimens
to further verify whether there is a real difference among the variants. In the comparison of the viral
isolation efficiency by Ct value group for each variant, the group with the significantly lower Ct value was
different. However, although there was no significant difference, the viral isolation efficiency of saliva
specimens tended to be low except for the groups with Ct values of 30 or more. Combined with the result
of the comparison of the Ct value groups between variants, it is inferred that the viral infectivity decreases
due to some interference by saliva components in the saliva specimens with Ct values of 30 or less. In a
comparison of the viral isolation efficiency among the strain or variants in the same type of specimen, the
viral isolation efficiency in the Omicron variant was significantly lower than that of the other strains or
variants in both nasal/nasopharyngeal swab and saliva specimens. The Omicron variant has been
reported to differ from other variants in terms of its dependence on TMPRSS2 during cell entry and the
cleavage efficiency of viral spike protein10. Therefore, this may also affect viral isolation efficiency.

In the isolation of SARS-CoV-2 using simulated specimens, the viral isolation efficiency from the saliva-
containing specimen was significantly lower than that of the nasal/nasopharyngeal swab-containing
specimens in 1.0×102 copy (2.8×10⁻¹ PFU). The saliva used in the 1.0×102 copy group was from patients
16–76 years old (median 42.5) and had a sex ratio of 7:3 (14 males and 6 females). The virus was not
isolated in 15 of 20 saliva-containing specimens, and no significant difference was observed in age and
sex compared to the five viral isolated specimens. All of the saliva used in this study was collected from
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healthy individuals who had negative SARS-CoV-2 PCR tests and had no history of vaccination against
COVID-19, so the involvement of specific antibodies against the SARS-CoV-2 in saliva could be ruled out.
Therefore, the decrease in infectivity of SARS-CoV-2 is considered to be due to the nature of saliva itself.
By comparing the nasal/nasopharyngeal swabs and saliva samples using simulated specimens, the
effect of viral interference by saliva on the clinical specimens in the previous experiment was
experimentally shown.

Finally, we investigated which component of saliva was responsible for the lower isolation rate of saliva
specimens by SARS-CoV-2pv. The results showed that among four candidate substances, lactoferrin and
amylase inhibited SARS-CoV-2 infection the most. It has been reported that lactoferrin has an inhibitory
effect on the entry and replication of SARS-CoV-2 11,12. The concentration of lactoferrin in normal saliva
is considered to be about 10 µg/mL 13. Although that concentration is lower than what was used in this
experiment, it is thought to have some anti-SARS-CoV-2 action in the saliva. In fact, it has been reported
that human breast milk contains higher concentrations of lactoferrin than saliva, and that no infectious
virus is present in breast milk even if the mother is infected with SARS-CoV-2 14. Although the same
experiment was performed with the control, VSVpv, for comparison, no significant inhibition was
observed, although a concentration-dependent decreasing trend was observed. Therefore, it was
suggested that lactoferrin has a higher inhibitory effect on SARS-CoV-2 infection. In addition, lactoferrin
was not cytotoxic at the concentrations used in this study, suggesting that it may be useful as a
preventive medicine against SARS-CoV-2 infection.

Amylase also inhibited SARS-CoV-2 infection in a dose-dependent manner at concentrations of 100 U/mL
or higher. However, the concentration of amylase in normal saliva is reported to be about 30 U/mL 15,
which is much lower than the significant concentration used in this experiment. Therefore, it is thought
that amylase has slight protective effect against in vivo infection. It also shows a similar inhibitory effect
against VSVpv infection, and differs from the action of lactoferrin in that it is not specific for SARS-CoV-2.
The reason for the decrease in the infectivities of both pseudotyped viruses is not well understood, but
since amylase is an enzyme that degrades part of the sugar chain, it is thought that it has some effect on
the viral spike protein or envelope protein for the entry. As for cathelicidin and mucin, neither SARS-CoV-
2pv nor VSVpv showed an inhibitory effect for the infection. Rather, cathelicidin had an enhancing effect
for the infection at high concentrations. From these experiments, it was considered that some substances
contained in saliva had enhancing effects for SARS-CoV-2 infection, but that the inhibitory effect may
have been largely derived from lactoferrin. In addition, although physiological concentrations of amylase
alone cannot completely prevent SARS-CoV-2 infection, it is thought to synergize with lactoferrin to exert
some anti-SARS-CoV-2 activity. It is assumed that these factors led to the lower isolation rates of saliva
specimens compared to the nasal/nasopharyngeal swab specimens. Although this study examined four
substances that are considered to be abundant in saliva, it is suspected that other substances that are
specific to saliva may also be involved.

From these findings, it was speculated that infectious SARS-CoV-2 viral particles are more abundant in
the nasal cavity and nasopharynx than in the saliva, even if the number of genome copies is the same as
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on the result of a rRT-PCR test. It was found that saliva acts in defensive manner with regard to infectious
diseases, although not completely, and inhibits SARS-CoV-2 infection. In the future, it will be necessary to
continue to study how these components of saliva act during SARS-CoV-2 infection.

Methods

Cells and viruses
VeroE6 or VeroE6 cells overexpressing TMPRSS2 (VeroE6/TMPRSS2) (JCRB1819), which are considered
to have high efficiencies of SARS-CoV-2 infection 16, were obtained from the Japanese Collection of
Research Bioresources (JCRB) Cell Bank (the National Institute of Biomedical Innovation, Health, and
Nutrition, Osaka, Japan). The cells were grown in Dulbecco’s Modified Eagle Medium (DMEM; Nacalai
Tesque, Inc., Kyoto, Japan) containing 10% heat-inactivated fetal bovine serum (FBS) and a 1% Penicillin-
Streptomycin mixed solution. Cell culture derived SARS-CoV-2, Wuhan strain (hCoV-19/Japan/TY/WK-
521/2020, GSAID ID: EPI_ISL_408667), which was isolated at National Institute of Infectious Diseases
(NIID) in Japan, was kindly provided from NIID.

Specimens
Specimens of nasal/nasopharyngeal swabs or saliva suspended in phosphate-buffered saline or viral
transport medium were collected from patients who were positive for SARS-CoV-2 by the rRT-PCR method
performed at the Toyama Institute of Health from August 2020 to March 2022. Nasal/nasopharyngeal
swabs (327 specimens) or saliva (268 specimens) were used for rRT-PCR and viral isolation tests, as
anonymous samples. Differentiation of Wuhan strain or variants in each specimen was determined by
rRT-PCR for the detection of the Alpha variant (N501Y), Delta variant (L452R), or Omicron variant (G339D)
using a SARS-CoV-2 Direct Detection RT-qPCR Kit (TaKaRa Bio Inc., Shiga, Japan) with each specific
primer/probe, or analysis by next generation sequencing.

Viral Isolation Test From Clinical Specimens
Nasal/nasopharyngeal swabs or saliva specimens were stored at – 80˚C before being processed in cell
culture. VeroE6/TMPRSS2 cells were inoculated with nasal/nasopharyngeal swabs or saliva specimens
as described in an earlier report by Igarashi et al. 3. Briefly, 20 µL of each nasal/nasopharyngeal swabs or
saliva cleaning solution, which exhibited rRT-PCR positivity for SARS-CoV-2, was added to
VeroE6/TMPRSS2 cells seeded the preceding day on a 24-well plate and cultured at 37°C for five days,
and the cytopathic effect (CPE) was confirmed by visual observation under a microscope. Viral isolation
was considered negative when the CPE was not observed for five days. All viral isolation procedures were
performed in a biosafety level 3 laboratory at the Toyama Institute of Health.
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Viral Isolation Test From Simulated Specimens
The Wuhan strain of SARS-CoV-2 was amplified and its number of genomic copies and viral infectious
titers were measured for undiluted lots. The viral solution was prepared to adjust to five different copies
of viral genomes (5.0 × 102, 5.0 × 101, 5.0 × 100, 5.0 × 10− 1, 5.0 × 10− 2 copies/µL) with
nasal/nasopharyngeal swabs or saliva collected from 20 or 10 healthy donors who were not infected
with SARS-CoV-2 and had not been vaccinated against COVID-19, as simulated specimens. Twenty µL of
each simulated specimen was added to VeroE6/TMPRSS2 cells seeded the preceding day on a 24-well
plate and cultured at 37°C for five days, after which the CPE was confirmed by visual observation under a
microscope. Viral isolation was considered negative if the CPE was not observed after five days. All viral
isolation procedures were performed in a biosafety level 3 laboratory at Toyama Institute of Health.

Inhibitory Test Of Saliva Components On Sars-cov-2pv Infectivity
A luciferase assay using SARS-CoV-2 pseudotyped virus (SARS-CoV-2pv) was used to evaluate the
infectivity of SARS-CoV-2. The Wuhan strain of SARS-CoV-2pv was generated using the vesicular
stomatitis virus (VSV) pseudotyping system as described previously 17. Lactoferrin, amylase, and mucin
were purchased from Fujifilm Wako Chemicals, Osaka, Japan. Cathelicidin was purchased from Peptide
Institute, Inc., Osaka, Japan.

To examine the effect of candidate substances on the cells, VeroE6 cells were transferred into 96-well
plates the day before virus inoculation. The culture medium was removed, and 100 µL/well of each
candidate substance adjusted for indicated concentration was added and incubated at 37°C for one hour.
Next, 10 µL/well of SARS-CoV-2pv was inoculated and cultured at 37°C for one day. The value of relative
light unit of luciferase was determined using the PicaGene Luminescence Kit (TOYO B-Net Co., Ltd.,
Tokyo, Japan) and GloMax Navigator System G2000 (Promega Corporation, Madison, WI, USA),
according to the manufacturer’s protocol.

VeroE6 cells were treated with indicated concentrations of the substances for one day and cell viability
was determined by measuring the luciferase activity using CellTiter-Glo 2.0 Cell Viability Assay (Promega)
and GloMax Navigator System G2000, according to the manufacturer’s protocol. The percentage of
reduction of viral infection and cell viability by the candidate substances were calculated using the
luciferase activity, with the no-treatment control taken as 100%.

Statistical analysis
Differences of viral isolation in clinical specimens and in simulated specimens were examined for
statistical significance using a χ2 test (Fisher’s exact test was used when the expected frequency was
less than five), and P < 0.05 was considered significant. In the test of the inhibitory effects of saliva
components, Dunnett's test was used for comparison of all experiments, and P < 0.05 was considered
significant.



Page 9/15

Declarations
Ethical approval

This study was performed in accordance with the Helsinki Declaration and was approved by the ethical
review board of the Toyama Institute of Health (approval No.: R2-1). The need of informed consent was
also waived by the ethical review board of the Toyama Institute of Health (approval No.: R2-1).

Data availability

The data that support the findings of this study shall be made available from the corresponding author
upon reasonable request.

Acknowledgments

We sincerely would like to thank Yoko Kanamori and Izumi Kawaguchi for technical and secretarial
assistance. We also would like to thank Editage (www.editage.com) for English language editing.

Funding

This work was supported in part by a grant-in-aid from the Japan Agency for Medical Research and
Development (AMED) (Grant No. JP20he0622035 and JP21fk0108588) and in part by a grant-in-aid from
the Tamura Science and Technology Foundation (2020).

Author contributions

Conceptualization and methodology, S.Y., K.O., and H.T.; sample collection, S.Y., E.Y., Y.S., M.I., N.I., and
T.S.; investigation, S.Y., E.Y., and Y.S.; writing–original draft presentation, S.Y. and H.T.; writing–review and
editing, S.Y., E.Y., Y.S., K.O., and H.T.; supervision, K.O. and H.T.; funding acquisition, H.T. All authors have
read and agreed to the published version of the manuscript.

Conflict of interest

We have no potential conflicts of interest in relation to this work.

References
1. Zhang, Y. et al. An updated review of SARS-CoV-2 detection methods in the context of a novel

coronavirus pandemic. Bioeng Transl Med, e10356, doi:10.1002/btm2.10356 (2022).

2. Griesemer, S. B. et al. Evaluation of Specimen Types and Saliva Stabilization Solutions for SARS-
CoV-2 Testing. J Clin Microbiol 59, doi:10.1128/JCM.01418-20 (2021).

3. Igarashi, E. et al. Viral isolation analysis of SARS-CoV-2 from clinical specimens of COVID-19
patients. J Infect Chemother 28, 347–351, doi:10.1016/j.jiac.2021.10.028 (2022).



Page 10/15

4. Dale, B. A. et al. Localized antimicrobial peptide expression in human gingiva. J Periodontal Res 36,
285–294, doi:10.1034/j.1600-0765.2001.360503.x (2001).

5. Lynge Pedersen, A. M. & Belstrom, D. The role of natural salivary defences in maintaining a healthy
oral microbiota. J Dent 80 Suppl 1, S3-S12, doi:10.1016/j.jdent.2018.08.010 (2019).

6. Young, B. E. et al. Viral Dynamics and Immune Correlates of Coronavirus Disease 2019 (COVID-19)
Severity. Clin Infect Dis 73, e2932-e2942, doi:10.1093/cid/ciaa1280 (2021).

7. Singanayagam, A. et al. Duration of infectiousness and correlation with RT-PCR cycle threshold
values in cases of COVID-19, England, January to May 2020. Euro Surveill 25, doi:10.2807/1560-
7917.ES.2020.25.32.2001483 (2020).

8. La Scola, B. et al. Viral RNA load as determined by cell culture as a management tool for discharge
of SARS-CoV-2 patients from infectious disease wards. Eur J Clin Microbiol Infect Dis 39, 1059–
1061, doi:10.1007/s10096-020-03913-9 (2020).

9. Kim, M. C. et al. Duration of Culturable SARS-CoV-2 in Hospitalized Patients with Covid-19. N Engl J
Med 384, 671–673, doi:10.1056/NEJMc2027040 (2021).

10. Suzuki, R. et al. Attenuated fusogenicity and pathogenicity of SARS-CoV-2 Omicron variant. Nature
603, 700–705, doi:10.1038/s41586-022-04462-1 (2022).

11. Hu, Y., Meng, X., Zhang, F., Xiang, Y. & Wang, J. The in vitro antiviral activity of lactoferrin against
common human coronaviruses and SARS-CoV-2 is mediated by targeting the heparan sulfate co-
receptor. Emerg Microbes Infect 10, 317–330, doi:10.1080/22221751.2021.1888660 (2021).

12. Kobayashi-Sakamoto, M. et al. Bovine lactoferrin increases the poly(I:C)-induced antiviral response in
vitro. Biochem Cell Biol 100, 338–348, doi:10.1139/bcb-2021-0342 (2022).

13. Tenovuo, J., Lehtonen, O. P., Aaltonen, A. S., Vilja, P. & Tuohimaa, P. Antimicrobial factors in whole
saliva of human infants. Infect Immun 51, 49–53, doi:10.1128/iai.51.1.49-53.1986 (1986).

14. Lai, X. et al. Identified human breast milk compositions effectively inhibit SARS-CoV-2 and variants
infection and replication. iScience 25, 104136, doi:10.1016/j.isci.2022.104136 (2022).

15. Yamaguchi, M., Deguchi, M. & Miyazaki, Y. The effects of exercise in forest and urban environments
on sympathetic nervous activity of normal young adults. J Int Med Res 34, 152–159,
doi:10.1177/147323000603400204 (2006).

16. Matsuyama, S. et al. Enhanced isolation of SARS-CoV-2 by TMPRSS2-expressing cells. Proc Natl
Acad Sci U S A 117, 7001–7003, doi:10.1073/pnas.2002589117 (2020).

17. Tani, H. et al. Evaluation of SARS-CoV-2 neutralizing antibodies using a vesicular stomatitis virus
possessing SARS-CoV-2 spike protein. Virol J 18, 16, doi:10.1186/s12985-021-01490-7 (2021).

Figures



Page 11/15

Figure 1

Comparison of viral isolation rate by clinical specimens. (A) Comparison of virus isolation rates between
nasal/nasopharyngeal swabs and saliva . (B) Comparison of virus isolation rates by Ct value group (Ct
20-25, 25-30, 30< ). *: P<0.05.
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Figure 2

Comparison of viral isolation rates by SARS-CoV-2 variants [(A) Wuhan strain, (B) alpha variant, (C) delta
variant, (D) omicron variant] between nasal/nasopharyngeal swabs and saliva. *: P<0.05.
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Figure 3

Comparison of viral isolation rates among virus strains in the same species of specimen. (A)
nasal/nasopharyngeal swabs, (B) saliva. *: P<0.05.
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Figure 4

Comparison of viral isolation rates using simulated specimens. The virus used in this study was added
by serially diluting the amount of the genome by 10-fold. ND: Not detected., *: P<0.05.
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Figure 5

Effects of pseudotype viral infection by candidate substances. VeroE6 cells were infected with SARS-CoV-
2pv or VSVpv and treated with indicated concentrations of lactoferrin (A), amylase (B), cathelicidin (C),
and mucin (D). Data are presented as mean±standard deviation and repeated at least three times (n=3), *:
P<0.05.


