Probiotics and Antimicrobial Proteins (2022) 14:760-766
https://doi.org/10.1007/512602-022-09947-z

=

Check for
updates

In Vitro Inactivation of Respiratory Viruses and Rotavirus by the Oral
Probiotic Strain Weissella cibaria CMS1

Mi-Sun Kang'® - Geun-Yeong Park'

Accepted: 27 April 2022 / Published online: 10 May 2022
© The Author(s) 2022

Abstract

Weissella cibaria CMS1 (oraCMS1) has been commercially used in Korea as an oral care probiotic for several years. Human
respiratory syncytial virus (RSV) and the influenza A virus (HIN1) are representative viruses that cause infantile lower
respiratory tract infections. Rotavirus A (RVA) is the most common cause of diarrhea in infants and young children. Here,
we aimed to evaluate the efficacy of the cell-free supernatant (CFS) of oraCMSI1 in inactivating RSV, HIN1, and RVA in
suspension as per ASTM (American Society for Testing and Materials) E1052-20. The mixture of oraCMS1 and these viruses
was evaluated at contact times of 1, 2, and 4 h. Virucidal activity was measured using a 50% tissue culture infective dose
assay (log,TCIDs) after infecting the host cells with the viruses. The CFS of oraCMS1 inactivated RSV by up to 99.0%
after 1 h and 99.9% after 2 and 4 h, and HIN1 and RVA were inactivated by up to 99.9% and 99.0% at 2 h, respectively.
Although these in vitro results cannot be directly interpreted as implying clinical efficacy, our findings suggest that oraCMS 1
provides a protective barrier against RSV, HIN1, and RVA, and therefore, it can help decrease the risk of respiratory tract

and intestinal infections.
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Introduction

Acute respiratory viral infections and gastroenteritis are
important causes of morbidity and mortality worldwide
[1]. Lower respiratory tract infections are responsible for
808,920 deaths in 2017 [2] and rotavirus infection caused
128,500 deaths and 258 million episodes of diarrhea among
children younger than 5 years in 2016 [3]. Most respiratory
virus (RV) infections are characterized by annual outbreaks
in winter and spring [4]. Of approximately 200 RVs, human
respiratory syncytial virus (RSV) and the influenza A virus
(HINT1) are among the most important viruses associated
with hospitalizations and deaths [4-6].

RSV causes common colds and lower respiratory tract
infections, such as bronchitis, bronchiolitis, and pneumonia,
in children and adults and is the most common cause of
pneumonia among children younger than 5 years [7]. RSV
is a negative-sense, single-stranded RNA virus, whose name
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is derived from the large syncytium that forms when infected
cells fuse together [8]. Acute otitis media and sinusitis are
also caused by RVs [9]. In addition, many studies have
shown that RSV is the virus most commonly associated with
acute otitis media in infants [9]. Sinusitis occurs in 10% of
adult patients with acute RV infections, for which RSV and
HINT are the most commonly associated viruses [10].

HINTI is the most common cause of influenza affect-
ing humans, triggering both the Spanish flu in 1919 and
the swine flu pandemic in 2009, and has been associated
with increased rates of hospitalization and death, particu-
larly among adults [11]. HIN1 is an enveloped single neg-
ative-stranded RNA virus that apparently causes more than
500,000 deaths annually worldwide [12].

Rotavirus is the most frequent cause of diarrhea among
infants and children. By the age of 5 years, almost all chil-
dren are infected with rotavirus at least once. While most
commonly associated with children, it can also infect adults
[13, 14]. Rotaviruses are divided into eight types, desig-
nated as groups A to H. Humans are primarily infected by
rotavirus groups A, B, and C, whereas pigs are infected by
groups E and H, and birds by groups D, E, and F. Among
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these, rotavirus A (RVA), a naked virus containing double
stranded DNA, is the best known [13-15].

Probiotics are live bacteria that enter the body in ade-
quate amounts and exert beneficial effects [16]. For the past
20 years, Lactobacillus and Bifidobacterium species have
played substantial roles as representative probiotics used in
dietary supplements. Recently, a specific strain of Weissella
cibaria has also been identified as an oral probiotic [17]. W.
cibaria CMSI1 is a strain isolated from the saliva of Korean
children aged 4-7 years with a healthy oral cavity; this strain
was proved safe and could inhibit the formation of the Strep-
tococcus mutans biofilm [17-19]. In addition, the antimicro-
bial and antibiofilm activities of W. cibaria CMS1 against
major pathogens of upper respiratory tract infections includ-
ing Streptococcus pyogenes, Streptococcus pneumoniae, and
Moraxella catarrhalis have been elucidated recently [20].

S. mutans is a representative bacterium that causes car-
ies and plays an important role in the early stages of car-
ies development [21]. S. mutans is first detected in the oral
cavities of infants from the age of 6 months, usually during
the early teething period. This bacterium forms microbiota
on the tooth surface, and the number of which gradually
increases, with the fastest rate of bacterial growth occurring
between 19 and 33 months of age. This period is known
as the “window of infectivity” [22]. Together, these studies
suggest that consuming W. cibaria CMS1 during this period
can help prevent dental caries as well as upper respiratory
tract infections and enteritis caused by viruses.

To date, antiviral probiotics have not been used in the
fields of medicine and food science. Although studies have
assessed the effectiveness of various probiotic types in pre-
venting and treating viral infections [23-25], only a few have
evaluated the antiviral effects of the oral probiotic W. cibaria
against RVs and enteric viruses. Here, we present a study
demonstrating the in vitro efficacy of the oral probiotic strain
W. cibaria CMS1 against RSV, HIN1, and RVA.

Materials and Methods
Cell-Free Supernatant of oraCMS1

We evaluated the antiviral effects of W. cibaria CMS1
(oraCMS1; OraPharm Inc., Seoul, Republic of Korea),
which has probiotic properties and is used in oral care
[16-18]. W. cibaria was grown aerobically in 300 mL de
Man, Rogosa, and Sharpe broth (MRS broth; Difco Labo-
ratories, Detroit, MI, USA) at 37 °C for 24 h. The bacterial
cell-free supernatant (CFS) was prepared by removing the
cells (log 8.43+0.05 colony forming unit (CFU)/mL) by
centrifugation (4000 X g, 20 min, 4 °C) and filter-sterilizing
the supernatant (0.45 um pore size; Millipore, Burlington,

MA, USA). The CFS of oraCMS1 was used as the test
solution.

Cell Lines

Hep-2 (from human laryngeal carcinoma) and CV-1 (from
the kidney of a male adult African green monkey) cells
were obtained from Korean Cell Line Bank (KCLB; Seoul,
Republic of Korea). MDCK (from Madin-Darby canine
kidney) cell was obtained from American Type Culture
Collection (ATCC; Manassas, VA, USA). Hep-2 (KCLB
10,023), MDCK (ATCC CCL-34), and CV-1 (KCLB
10,070) cells were used as host cells for RSV, HIN1, and
RVA, respectively. The cells were maintained at 37 °C in
5% CO, in Eagle’s minimum essential medium (EMEM;
ATCC, Manassas, VA, USA) supplemented with 10% fetal
bovine serum (Gibco, Thermo Fisher Scientific, Waltham,
MA, USA) and 100 U/mL penicillin—streptomycin (Gibco).

Viral Preparation

The following challenge viruses were investigated: human
RSV strain long (ATCC VR-26), HIN1 strain A/PR/8/34
(tissue culture [TC] adapted) (ATCC VR-1469), and RVA
strain Wa (TC adapted) (ATCC VR-2018). RSV, HIN1, and
RVA were prepared by infecting each host cell line, seeded
in T-150 flasks, for 60-90 min. At approximately 3—12 days
post-infection, marked cytopathic effects (CPEs) were evi-
dent in more than 90% of each host cell type. The culture
supernatant was centrifuged at 2000 X g for 10 min and fil-
tered (0.45 um pore size) to isolate the virus. Viral titers of
the culture supernatant were measured based on a log 50%
TC infective dose (log,(TCIDs,), and the supernatant was
used in the infection experiments.

Cytotoxicity Test

The viral culture medium (VCM, EMEM containing 2%
fetal bovine serum for RSV; EMEM containing 0.3% bovine
serum albumin and 1 pg/mL L-(tosylamido-2-phenyl) ethyl
chloromethyl ketone-treated trypsin for HIN1; EMEM con-
taining 2 pg/mL trypsin for RVA) was mixed with the test
solution at a ratio of 1:9 and serially diluted tenfold with
VCM. The diluted test solution was treated with host cells at
37 °C for 30-60 min, and cytotoxicity was visually observed
using a microscope. As we observed that the level of cyto-
toxicity did not decrease upon serial dilution, it was applied
to the following tests after filtering with Sephadex LH-20
(Sigma-Aldrich, St. Louis, MO, USA) (ASTM E1482-12)
and SCDLP (Difco) as a neutralizing agent.
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Sub-cytotoxicity Test

Each concentration of the test solution that did not show
cytotoxicity was treated with host cells for 30 min, and the
cell monolayer was washed with phosphate-buffered saline.
The diluted test viral solution was infected for 60-90 min
and incubated for 3—12 days for RSV, 3-5 days for HIN1,
and 1-7 days for RVA.

Neutralization Test

The neutralized test solution and diluted test viral solu-
tion were mixed in equal amounts, allowed to react for
10-20 min, and incubated according to the conditions of
viral culture.

Viral Inactivation Test

The efficacy of viral inactivation for oraCMS1 was tested
in accordance with the ASTM E1052-20 method, titled
“Standard Practice to Assess the Activity to Microbicides
against Viruses in Suspension” [26] at the BSL-2 laboratory
of the Korea Testing and Research Institute, Gwacheon-si,
Gyeonggi-do, Republic of Korea. Host cells treated with
VCM were used as negative control. Briefly, the test virus
was mixed with VCM at a ratio of 1:9, serially diluted 1:10,
and inoculated into host cells to measure the initial titer of
the test virus. After incubation at 37 °C for 1, 2, and 4 h, the
solution was filtered using a neutralization method, and the
viral titers of the positive viral controls were measured via
serial dilutions with VCM. The test virus was mixed with the
test solution at a ratio of 1:10 and incubated at 37 °C for 1, 2,
and 4 h. Immediately after completion of the reaction, neu-
tralization was performed using the abovementioned neu-
tralization method, followed by serial dilution. Each dilution
was applied to the host cells to measure the viral titer in the

Table 1 Results of sub-cytotoxicity and neutralization tests

test group. After the reaction was completed, each solution
was serially diluted and added to 96-well plates contain-
ing test viral monolayers (n =28 replicates per dilution) and
cultured according to each viral culture condition. The cells
were treated with 25% methyl alcohol (v/v) and 0.5% crystal
violet (w/v) and stained for 10 min at 22 +2 °C. The number
of stained wells was counted, and TCIDs, titers for positive
viral controls and neutralized oraCMS| test conditions were
determined using the Spearman—Karber method [27]. The
log,, reduction values achieved by the various oraCMS1
lots, and exposure time points were calculated by subtract-
ing the post-virucidal efficacy test values for oraCMS1 and
log,,TCIDs, values from the log, titers obtained for the
corresponding positive viral controls.

Results

Cytotoxicity, Sub-cytotoxicity, and Neutralization
Tests

After neutralizing the CFS of oraCMS]1, cytotoxicity was
observed at the 1072 dilution for Hep-2, MDCK, and CV-1
cells. No sub-cytotoxicity was observed in the test solu-
tion, thus confirming that the test solution was neutralized
(Table 1).

Virucidal Efficacy Test

The viral inactivation abilities of the CFS of oraCMS1
against RSV, HIN1, and RVA were determined. The samples
from each incubation were titrated via the TCID5, endpoint
assay using the appropriate host cell system for each virus.
The tests were replicated eight times for each test solution,
and for the viral recovery control, the mean values were
reported. The efficacy of the CFS of oraCMS1 on RSV,

Dilution factor RSV HIN1 RVA
Sub-cytotoxicity Neutralization Sub-cytotoxicity Neutralization Sub-cytotoxicity Neutralization

Negative control + + + + + +

107! T T T T T T

1072 T T T T T T

1073 + + + + + +

107 + + + + + +

1073 + + + + + +

107° + + + + + +

1077 + + + + + +

1078 + + + + + +
Judgment No interference Neutralized No interference Neutralized No interference Neutralized

T cytotoxicity, + viral infection, RSV respiratory syncytial virus, RVA rotavirus A, HIN1 influenza A virus
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HIN1, and RVA inactivation at various time points was pre-
sented (Fig. 1). The CFS of oraCMS|1 at 2 h of contact time
showed the best antiviral effect by inactivating RSV (99.9%)
and HINT1 (99.9%) in vitro (Table 2).
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Fig. 1 Efficacy of the cell-free supernatant of oraCMS1 in a respira-
tory syncytial virus (RSV), b influenza A virus (HIN1), and c rota-
virus A (RVA) inactivation at various time points. Values represent
representative mean values (n=38 replicates) of the log,, titer of the
positive control and test groups

Table 2 Inactivation of RSV, HIN1, and RVA by the cell-free super-
natant of oraCMS1

Contact RSV HIN1 RVA
time (h)

Log reduction 1 2.87 250  >2.50
2 >3.25 >3.00 >2.38
4 >3.00 >2.75 >2.00

Percentage (%) reduction 1 >99.0 >99.0 >99.0
2 >99.9  >99.9 >99.0
4 >99.9  >99.0  >99.0

RSV respiratory syncytial virus, RVA rotavirus A, HIN/ influenza A
virus, oraCMS1 Weissella cibaria CMS1

Discussion

The prevention of viral respiratory infections has become an
important challenge in public health. RSV is a common RV
that usually causes mild cold-like symptoms. Most people
recover from infection within a week or two; however, RSV
infections can be serious, particularly among infants and
older adults. RSV is also recognized as the most common
cause of acute lower respiratory infections, such as bronchi-
olitis and pneumonia in young children [7].

Probiotics may be an alternative and safe method to
reduce the risk of infection in the absence of effective anti-
viral agents and vaccines against RSV [23-25]. To date, the
most commonly studied anti-RV probiotics are Lactobacillus
spp. One of the strains most frequently used in human appli-
cation tests is the Lactobacillus rhamnosus strain, and most
of the Lactobacillus strains can stimulate and strengthen
the host immune system. In animal and human studies,
L. rhamnosus has been reported to exert antiviral activity
against RSV and HIN1. In RSV-infected mice, heat-killed L.
rhamnosus CRL 1505 and CRL 1506 exerted an inhibitory
effect on RSV by reducing the viral load in murine lungs
due to IFN-a stimulation [28]. In addition, L. rhamnosus GG
reduces the prevalence of upper and lower viral respiratory
infections among children [29].

Recent studies have reported that Lactobacillus plan-
tarum strains reduce the signs of influenza-like symptoms
and can even increase the body weight and survival rate in
mouse models. L. plantarum 1.-137, isolated from fermented
foods, showed proinflammatory activity capable of reduc-
ing the titer of HIN1 in murine lungs [30]. Another strain,
L. plantarum YU, showed anti-HINT1 activity by activating
the Th1 immune response [31]. However, none of the L.
plantarum strains has been evaluated in clinical trials, pos-
sibly owing to the secretion of undesirable acids or metab-
olites by this species. Most probiotics have been reported
to be suppressed by reducing or releasing viral infectivity
through immune regulatory mechanisms [28-31]. This is
because RVs infect mucosal cells in the respiratory tract;
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thus, probiotics and their antimicrobial compounds cannot
directly interact with the virus. However, these are inter-
preted as antiviral mechanisms of probiotics that act in the
intestine.

oraCMS1 is a commercially available oral probiotic strain
with proven safety [19] and inhibits the formation of a dental
biofilm [18]. Our research group recently reported that the
oraCMS1 exhibited antimicrobial activities against major
pathogens of upper respiratory tract infections, including
Streptococcus pyogenes, Streptococcus pneumoniae, and
Moraxella catarrhalis [20]. Therefore, in the present study,
the antiviral effects of oraCMS1 on RVs were also expected
and investigated. According to the results presented in the
present study, the CFS of oraCMSI1 at 2 h of contact time
showed the best antiviral effect by inactivating RSV (99.9%)
and HIN1 (99.9%) in vitro.

RVA is the leading cause of severe enteritis in children
younger than 5 years of age. Probiotics have been reported
to prevent rotavirus infection, shorten the duration of RVA
diarrhea, reduce the incidence of reinfection, and are sup-
posedly related to the regulation of the immune response
and viral excretion [32, 33]. In vitro and in vivo studies have
shown that the mechanisms underlying the role of probiot-
ics in RVA infection include the production of antimicro-
bial substances (lactic acid, hydrogen peroxide, short-chain
fatty acids, and bacteriocin), mucin production by epithelial
cells, and the innate immune response [34]. In our study, we
investigated the antiviral effects of oraCMS1 on RVA. When
contacted for 1, 2, or 4 h, oraCMS1 showed more than 99.0%
antiviral activity against RVA.

As a decline in immunity increases susceptibility to peri-
odontal disease and coronavirus disease (COVID-19), more
caution is required. Patients with COVID-19 and periodontal
diseases have an 8.81-fold higher mortality risk than other
patients [35]. Periodontal disease worsens inflammation
elsewhere in the body, which increases the risks of other
diseases. In the presence of periodontal disease, oral bacte-
ria can infect and worsen conditions of other organs. Thus,
it is better to reduce the bacteria in the mouth by gargling
with an oral antibacterial agent. Although oral antibacterial
agents help to remove harmful bacteria, they also remove
beneficial bacteria, thereby disrupting the balance in bacte-
rial flora in the oral cavity. Therefore, in recent years, many
safe methods for maintaining the balance of oral bacteria
by ingesting oral probiotics have been introduced [18, 19].
In our previous study, we showed that W. cibaria has anti-
inflammatory activity against periodontopathic pathogens;
thus, it is expected to decrease susceptibility to COVID-19.

Several mechanisms underlying the antiviral activity of
probiotics have been uncovered to date. First, the acidic pH
produced by probiotics denatures the capsid protein of the
virus to prevent cell adhesion. Second, the peptidoglycan
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structure in the cell wall of probiotics captures viral par-
ticles. Third, probiotic bacteria inhibit viral replication
by preventing the virus from entering host cells via pro-
duction and release of bacteriocin and hydrogen peroxide.
Fourth, probiotics and viruses competitively attach to the
host cell, and the former produce reactive oxygen species
that kill the virus.

The probiotic strain used in our study is an oral probi-
otic that is expected to act locally in the oral cavity. In the
present study, it was expected that the CFS of oraCMS1
would increase the antiviral efficacy, attributable to the
inhibition of viral replication by substances contained in
the fermented product. The oral cavity can act as the first
path for infection by external pathogens such as viruses.
As oraCMSI1 resides in the mouth, it can prevent the inva-
sion of these viruses.

The ingestion of the probiotic oraCMSI1 is a promising
strategy for the prevention of RV and RVA infections. The
oraCMS1 used in this study is safe to ingest and could be
effective in alleviating the symptoms associated with these
viral infections. However, a limitation of our study was the
inability to determine the detailed antiviral mechanisms by
which oraCMS|1 inhibits viral replication, which remains
to be elucidated. Further studies will be needed to clarify
which of the metabolites of oraCMS1 exhibited antiviral
effect.

Conclusions

Our study showed that oraCMS1 exerted antiviral effects
against RSV, HIN1, and RVA in vitro. Thus, this probiotic
can help prevent respiratory tract diseases and enteritis
as oraCMS1 was shown to have a prophylactic potential
against RV and RVA infections.

Acknowledgements This work was supported by the Korea Institute
of Planning and Evaluation for Technology in Food, Agriculture, For-
estry (IPET) through the Useful Agricultural Life Resources Industry
Technology Development Program, funded by the Ministry of Agri-
culture, Food and Rural Affairs (MAFRA) (Grant number 120050-2)
and by the Basic Science Research Program of the National Research
Foundation of Korea (NRF) grant funded by the Korean government
(MSIT) (Grant number 2020R1F1A1069551). The authors thank the
researchers at the Medical Device-Bio Research Institute of the Korea
Testing and Research Institute for their technical support.

Author Contribution Conceptualization, M-SK; methodology, M-SK and
G-YP; formal analysis, M-SK; investigation, G-YP; writing—original
draft preparation, M-SK; writing—review and editing, M-SK; visualiza-
tion, M-SK and G-YP; supervision, M-SK; funding acquisition, M-SK.
All authors read and approved the final manuscript.

Data Availability The data presented in this study are available on
request from the corresponding author.



Probiotics and Antimicrobial Proteins (2022) 14:760-766

765

Declarations

Ethics Approval Not applicable.

Competing Interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

11.

Gaspard P, Mosnier A, Simon L, Ali-Brandmeyer O, Rabaud
C, Larocca S, Heck B, Aho-Glee A, Pothier P, Ambert-Balay
K (2019) Gastroenteritis and respiratory infection outbreaks in
French nursing homes from 2007 to 2018: morbidity and all-cause
lethality according to the individual characteristics of residents.
PLoS ONE 14:e0222321

Troeger CE, Khalil IA, Blacker BF, Biehl MH, Albertson SB et al
(2020) Quantifying risks and interventions that have affected the
burden of lower respiratory infections among children younger
than 5 years: an analysis for the Global Burden of Disease Study
2017. Lancet Infect Dis 20:60-79

Troeger C, Khalil IA, Rao PC, Cao S, Blacker BF et al (2018)
Rotavirus vaccination and the global burden of rotavirus diarrhea
among children younger than 5 years. JAMA Pediatr 172:958-965
Maitreyi RS, Broor S, Kabra SK (2000) Rapid detection of res-
piratory viruses by centrifugation enhanced cultures from children
with acute lower respiratory tract infections. J Clin Virol 16:41-47
Thompson WW, Shay DK, Weintraub E, Brammer L, Bridges CB,
Cox NJ, Fukuda K (2004) Influenza-associated hospitalizations in
the United States. JAMA 292:1333-1340

Thompson WW, Shay DK, Weintraub E, Brammer L, Cox N,
Anderson LJ, Fukuda K (2003) Mortality associated with influ-
enza and respiratory syncytial virus in the United States. JAMA
289:179-186

Pickles RJ, DeVincenzo JP (2015) Respiratory syncytial virus
(RSV) and its propensity for causing bronchiolitis. J Pathol
235:266-276

Griffiths C, Drews SJ, Marchant DJ (2017) Respiratory syncytial
virus: infection, detection, and new options for prevention and
treatment. Clin Microbiol Rev 30:277-319

Wald ER (2011) Acute otitis media and acute bacterial sinusitis.
Clin Infect Dis 52:5277-S283

. Heikkinen T, Jarvinen A (2003) The common cold. Lancet

361:51-59

Lovato-Salas F, Matienzo-Serment L, Monjarés—Avila C, Godoy-
Lozano EE, Comas-Garcia A, Aguilera-Barragan M, Durham-
Gonzilez A, Contreras-Vidales S, Ochoa-Pérez U, Gomez-Gomez
A, Garcia-Sepilveda CA, Noyola DE (2010) Pandemic influenza
A(HINT) 2009 and respiratory syncytial virus associated hospi-
talizations. J Infect 61:382-390

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Hale BG, Albrecht RA, Garcia-Sastre A (2010) Innate immune
evasion strategies of influenza viruses. Future Microbiol 5:23
Dennehy PH (2000) Transmission of rotavirus and other enteric
pathogens in the home. Pediatr Infect Dis J 19:S103-S105
Bernstein DI (2009) Rotavirus overview. Pediatr Infect Dis J
28:S50-S53

Phan MVT, Anh PH, Cuong NV, Munnink BBO, van der Hoek L,
My PT, Tri TN, Bryant JE, Baker S, Thwaites G, Woolhouse M,
Kellam P, Rabaa MA, Cotton M, VIZIONS Consortium (2016)
Unbiased whole-genome deep sequencing of human and porcine
stool samples reveals circulation of multiple groups of rotaviruses
and a putative zoonotic infection. Virus Evol 2:vew(027
Kopp-Hoolihan L (2001) Prophylactic and therapeutic uses of
probiotics: a review. ] Am Diet Assoc 101:229-241

Kang MS, Yeu JE, Oh JS, Shin BA, Kim JH (2017) Complete
genome sequences of Weissella cibaria strains CMU, CMS1,
CMS1, and CMS3 isolated from infant saliva in South Korea.
Genome Announc 5:¢01103-e1117

Kang MS, Chung J, Kim SM, Yang KH, Oh JS (2006) Effect
of Weissella cibaria isolates on the formation of Streptococcus
mutans biofilm. Caries Res 40:418-425

Kang MS, Yeu JE, Hong SP (2019) Safety evaluation of oral care
probiotics Weissella cibaria CMU and CMS1 by phenotypic and
genotypic analysis. Int J] Mol Sci 20:2693

Yeu JE, Lee HG, Park GY, Lee J, Kang MS (2021) Antimicrobial
and antibiofilm activities of Weissella cibaria against pathogens
of upper respiratory tract infections. Microorganisms 9:1181
Schilling KM, Bowen WH (1992) Glucans synthesized in situ in
experimental salivary pellicle function as specific binding sites
for Streptococcus mutans. Infect Immun 60:284-295

Caufield PW, Cutter GR, Dasanayake AP (1993) Initial acquisition
of mutans streptococci by infants: evidence for a discrete window
of infectivity. J Dent Res 72:37-45

Eguch K, Fujitani N, Nakagawa H, Miyazaki T (2019) Prevention
of respiratory syncytial virus infection with probiotic lactic acid
bacterium Lactobacillus gasseri SBT2055. Sci Rep 9:4812
Arena MP, Elmastour F, Sane F, Drider D, Fiocco D, Spano G,
Hober D (2018) Inhibition of coxsackievirus B4 by Lactobacillus
plantarum. Microbiol Res 210:59-64

Jung YJ, Lee YT, Ngo VL, Cho YH, Ko EJ, Hong SM, Kim KH,
Jang JH, Oh JS, Park MK, Kim CH, Kang SM (2017) Heat-killed
Lactobacillus casei confers broad protection against influenza A
virus primary infection and develops heterosubtypic immunity
against future secondary infection. Sci Rep 7:17360

ASTM International (2020) ASTM E1052-20. Standard practice to
AQ3454 assess the activity of microbicides against viruses in sus-
pension. Available online: https://www.astm.org/Standards/E1052.
htm. Accessed 7 May 2020

Ramakrishnan MA (2016) Determination of 50% endpoint titer
using a simple formula. World J Virol 5:85-86

Villena J, Chiba E, Tomosada Y, Salva S, Marranzino G, Kitazawa
H, Alvarez S (2012) Orally administered Lactobacillus rhamnosus
modulates the respiratory immune response triggered by the viral
pathogen-associated molecular pattern poly(I:C). BMC Immunol
13:53

Hojsak I, Snovak N, Abdovi¢ S, Szajewska H, Misak Z, Kolacek
S (2010) Lactobacillus GG in the prevention of gastrointestinal
and respiratory tract infections in children who attend day care
centers: a randomized, double-blind, placebo-controlled trial. Clin
Nutr 29:312-316

Murosaki S, Yamamoto Y, Ito K, Inokuchi T, Kusaka H, TIkeda H,
Yoshikai Y (1998) Heat-killed Lactobacillus plantarum L-137
suppresses naturally fed antigen-specific IgE production by
stimulation of IL-12 production in mice. J Allergy Clin Immunol
102:57-64

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://www.astm.org/Standards/E1052.htm
https://www.astm.org/Standards/E1052.htm

766

Probiotics and Antimicrobial Proteins (2022) 14:760-766

31.

32.

33.

Kawashima T, Hayash K, Kosaka A, Kawashima M, Lgarashi T,
Tsutsui H, Tsuji NM, Nishimura I, Hayashi T, Obata A (2011)
Lactobacillus plantarum strain YU from fermented foods acti-
vates Th1 and protective immune responses. Int Inmunopharma-
col 11:2017-2024

Varyukhina S, Freitas M, Bardin S, Robillard E, Tavan E, Sapin
C, Grill JP, Trugnan G (2012) Glycan-modifying bacteria-derived
soluble factors from Bacteroides thetaiotaomicron and Lactoba-
cillus casei inhibit rotavirus infection in human intestinal cells.
Microbes Infect 14:273-278

Lee DK, Park JE, Kim MJ, Seo JG, Lee JH, Ha NJ (2015) Probi-
otic bacteria, B. longum and L. acidophilus inhibit infection by
rotavirus in vitro and decrease the duration of diarrhea in pediatric
patients. Clin Res Hepatol Gastroenterol 39:237-244

@ Springer

34.

35.

Kassaa IA, Hober D, Hamze M, Chihib NE, Drider D (2014)
Antiviral potential of lactic acid bacteria and their bacteriocins.
Probiotics Antimicrob Proteins 6:177-185

Marouf N, Cai W, Said KN, Daas H, Diab H, Chinta VR, Hssain
AA, Nicolau B, Sanz M, Tamimi F (2021) Association between
periodontitis and severity of COVID-19 infection: a case-control
study. J Clin Periodontol 48:483-491

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	In Vitro Inactivation of Respiratory Viruses and Rotavirus by the Oral Probiotic Strain Weissella cibaria CMS1
	Abstract
	Introduction
	Materials and Methods
	Cell-Free Supernatant of oraCMS1
	Cell Lines
	Viral Preparation
	Cytotoxicity Test
	Sub-cytotoxicity Test
	Neutralization Test
	Viral Inactivation Test

	Results
	Cytotoxicity, Sub-cytotoxicity, and Neutralization Tests
	Virucidal Efficacy Test

	Discussion
	Conclusions
	Acknowledgements 
	References


