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ABSTRACT

Tongue microbiota is an important part of oral microbiome affecting on oral and body health. Sixty
samples were collected from tongue of different people including 13.1% from children with milk
feeding, 11.3% from children with normal feeding, 11.3% and 6.5% from first class -
diabetes before and after Listerine respectively, 12.5 % and 9.5 % from first class — healthy before and
after Listerine respectively, 10.1 % and 8.3 % from second class — diabetes before and after Listerine
respectively, 10.1 % and 6.5 % from second class — healthy before and after Listerine respectively.
16S rRNA sequencing of 167 isolates showed 28 different bacterial species and Streptococcus
salivarius (43 %) had the higher frequency followed by Staphylococcus aureus and Klebsiella
pneumoniae (6 % for both). Nevertheless, Klebsiella pneumoniae (18.1%) was the predominant
species in children with milk feeding while Streptococcus salivarius (42.1%) was the predominant
species in children with normal feeding with the appearance of some bacterial species only in one of
the two categories but not in the other. There are no significant difference between bacterial frequency
in diabetic patients and healthy subject. However, several bacterial species were appeared only in
diabetic patients. Thirty- two new type strains were isolated from tongue and 4 bacterial species were
isolated for the first time from tongue. Listerine was significantly reduced the bacteria isolated from
tongue by In vivo and In vitro. Moreover, Listerine mutagenic effect was recorded in 10 bacterial
isolates. Sea gene was detected in 64 (51.2 %) bacterial isolates from tongue.

Keywords: Tongue-microbiota, 16S rRNA, Diabetic patients, Streptococcus salivarius, Listerine, Sea
gene
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INTRODUCTION
Oral microorganisms are important part of the
human microbiome and one of the five research
priorities (oral cavity, nasal cavity, vagina,
intestine and skin), the study of oral microbiota is
still a challenge for science because there are
many bacterial species in oral cavity are
unidentified and it is unclear what role they play
in the oral microbial ecology, the mouth harbors
more than 700 species of microorganisms
identifying by 16S rRNA and distributed on
different surfaces of the mouth (Turnbaugh et al.,
2007; Jakubovics et al., 2015; Kilian et al., 2016;
Staskova et al., 2019). The oral cavity composed
of many surfaces. Microbiota of oral cavity were
differ according to anatomical sites. Oral
microorganisms are contribute to oral and body
health, keeping them in balance of important to
prevent progression oral diseases and
maintaining the systemic health (Tuominen &
Rautava, 2021; Giordano-Kelhoffer et al., 2022).
Tongue — coating is a unigue ecosystem
characterized by microbial diversity because the
tongue is the largest part of the oral cavity and the
most stable environment due to papillary
structure, it is essential to understand what
constitutes this microbial community, it has been
believed to have a serious and harmful imprint on
general health (Jenkinson and Lamont, 2005;
Moutsopoulos and Konkel, 2018; Lee et al.,
2021 ). Tongue coating - microbiota is affected
by many factors that affect on quantitative and
qualitative balance in this community including
age, hormonal changes at puberty, feeding type
and diseases such as diabetes (Zaura &Ten Cate.,
2015). Diabetes mellitus is a pandemic and long-
term disease affects on person of all ages and
causes serious complications that are correlated
with the degree of hypoglycemia. People with
diabetes are more susceptible to oral problems
due to high glucose content in oral fluids
contribute to an overgrowth of pathogenic
microorganisms (American Diabetes
Association, 2020; Balamanikandan et al., 2021).
Milk fed, age and environmental can affect on
tongue coating — microbiota in infants and
throughout childhood. The bacterial species that
colonized at this stage were lead to more diverse
and stable ecosystem in adulthood (Grdnlund et
al., 1999; Oba et al., 2020a; Xiao et al., 2020).
SEA ( staphylococcal enterotoxin A) is a potent
gastrointestinal exotoxin synthesized by S.
aureus and considered as the main cause of
staphylococcal food poisoning, due to its

extraordinarily high resistance to proteolytic
enzymes and heat treatment. Sea gene was the
most common gene in the isolates recovered
from food poisoning outbreaks. Moreover,
human S. aureus isolates were harbor at least one
of enterotoxin genes encoding for staphylococcal
enterotoxins (SEs) and this carriage is a major
risk factor for transmission from colonization to
infection (Cha et al., 2006; Thomas et al., 2007;
Argudin et al., 2010). It was necessary to use
preventive methods, especially in people who are
at risk of developing pneumonia such as elderly
and immunocompromised patients due to the
silent aspiration of bacteria residing in the oral
cavity. Listerine is an antimicrobial mouth rinse,
it was beneficial in maintaining the oral health
and prevent bacterial pneumonia (Okuda et al.,
1998a).

The aim of this study was to determine the
frequency of tongue bacterial species in children
with different feeding and in healthy or diabetes
patients of first and second class. Furthermore,
investigation the effect of Listerine on the tongue
bacteria, as well as the enterotoxin (Sea gene) in
different bacterial species beside S. aureus.

MATERIALS AND METHODS

Samples collection

Sixty samples were collected in the period
between 20/10/2021 to 10/4/2022 from Al-
Basrah peoples. Including 10 samples from
children with milk feeding, 10 samples from
children with normal feeding, 10 samples from
(adult) first class of age (25 — 44) — Diabetes
before washing with Listerine and 10 samples
after Listerine, 10 samples from (adult) second
class of age (60 - 75) - Diabetes before washing
with Listerine and 10 samples after Listerine, and
20 samples from healthy people distributed in
two classes according to the above ages. All
samples were taken from the middle third of the
tongue surface by sterile swab and transferred to
falcon tube containing 5 ml of Brain heart
infusion broth (OXIOD, U.K.) as a transport
medium (Gohler et al., 2018) to culture on blood
agar for isolating.

Identification the
amplification

The DNA of 167 isolates including 22 isolates
from children with milk feeding, 19 isolates from
children with normal feeding, 19 isolates from

bacteria by 16SrDNA
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first class-Diabetes before Listerine and 11
isolates after Listerine, 21 isolates from first class
- healthy before Listerine and 16 isolates after
Listerine, 17 isolates from second class -
Diabetes before Listerine and 14 isolates after
Listerine and 17 isolates from second class -
healthy before Listerine and 11 isolates after
Listerine was extracted according to the
procedure of Presto™ Mini g DNA bacteria kit
(Geneaid, Taiwan) after refresh the bacterial pure
colony in Brain heart infusion broth for 24h. at
37°C. 16S rDNA was amplified according to
Miyoshi et al. (2005) using Alpha primers
(Promega, USA) including 27F  5-
AGAGTTTGATCCTGGCTCAG-3 and 1492 5-
GGTTACCTTGTTACGACTT-3 of 1500bp.
PCR reaction mixture ( 50ul ) contains 25 pl of
Go TaqgGreen master mix (Promega, USA), 19 ul
of Nuclease Free water (Bioneer, Korea), 2 ul of
DNA template and 2 pl from each primers. The
Verity thermo cycler (Applied Biosystem, USA)
condition for amplification 94°C for 5min.
followed by 35 cycles at 94 °C for 30 sec, 55.5°
C for 45 sec and 72°C for 1min, the final
extension was 72°C for 5 min. Agarose gel
electrophoresis was performed (2 % of agarose
powder, 100 ml of TBE buffer and 0.2 of
Ethidium bromide) with 100bp DNA ladder
(Promega, USA) to detect 16S rDNA bands at
1500bp under UV transilluminator (Wisd,
Korea).

Amplification of Sea gene

Sea gene was amplified by PCR for 125 bacterial
isolates ( including all bacterial isolates from
children with different feeding, bacterial isolates
appeared in only before Listerine using and only
after Listerine using) according to Omoe et al.
(2005). The sequence of primers Forward: 5-
CCTTTGGAAACGGTTAAAACG-3, Reverse:
5-TCTGAACCTTCCCATCAAAAAC-3. 25ul
of PCR reagent mixture contains 12 ul of Go Taq
Green master mix (Promega, USA), 2 ul of DNA
template, 1 pl from each primers (Macrogen,
Korea) and 9 pul of Nuclease Free water (Bioneer,
Korea). The Verity thermo cycler was used with
conditions for amplifying one cycle at 94°C for
5min. followed by 35 cycles at 94 °C for 35 sec.
55C for 35 sec. and 72°C for 1 min. Final
extension at 72°C for 10 min. The bands at 127bp
were detected on agarose gel electrophoresis and
photographed under UV transilluminator (Wisd,
Korea).

16SrDNA and Sea genes sequencing

Twenty ul of PCR product for 16S rDNA gene of
167 bacterial isolates and for 1 bacterial isolates
of Sea gene were sending to Macrogen company
“ http://dna.macrogen.com” for purifying and
sequencing. All the sequencing products were
identified by BLAST
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE_T
YPE=BlastSearch related to National Center for
Biotechnology Information.

Phylogenetic tree

The Phylogenetic tree were drawn by MAFFT
(Multiple alignment program for nucleotides
sequences)
http://mafft.cbrc.jp/alignment/server/ and
viewed by forester 1064 after concatenated by
comparison the result through Clustal Omega
https://www.ebi.ac.uk/Tools/msa/clustalo/.

Detection the bacterial growth before and after
Listerine ( In vitro)

The present study was discovered this
experiment to evaluate the effect of Listerine on
bacterial growth directly. One isolate from each
species was activate on BHIA at 37°C for 24 h,
then a single colony of each isolate was
inoculated in 15 ml test tube containing 2 ml of
Nutrient broth (OXIOD, U.K.) and incubated at
37°C for 24 h, 0.1 ml from each tube was spread
by L shape on plate of Nutrient agar (OXIOD,
U.K.). On the other way, 1 ml of Listerine was
added to the above NB with bacteria for 2 min,
0.1 ml from each tube containing Listerine was
spread by L shape on plate containing NA and
incubated at 37°C for 24 h and the differences of
growth was determined by comparison between
the growth of pre-culture and post-culture and the
results were recorded as positive or negative.
Lastly, the DNA of the bacterial species that
showed low growth after exposed to Listerine
were extracted and sequenced for comparison of
16S rDNA.

Comparison of 16S rDNA for isolates before
and after Listerine ( In vivo & In vitro)
“Clustal omega” has been used to compare
between 16S rDNA sequences of isolates from
tongue before Listerine and after Listerine to
detect the mutations caused by Listerine.
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RESULTS

Bacterial identification

16S rDNA for 167 isolates were obtained on
agarose gel (1.5%) at a suitable size 1500bp
(Figure 1). The identification was Streptococcus
salivarius (n=72/43 %), Staphylococcus aureus
and Klebsiella pneumoniae (n=10 /6 % for both
), Rothia mucilaginosa (n=8/5 %), Neisseria
subflava (n=7 [/ 4 %) Staphylococcus
epidermidis  (n=6/4 %),  Streptococcus
parasanguinis, Neisseria mucosa and Neisseria
perflava (n=5/3 % for each ), Enterococcus

faecalis, Staphylococcus haemolyticus and
Lactococcus lactis (n=4/2% for each),
Corynebacterium argentoratense,

Staphylococcus saprophyticus, Escherichia coli
and Neisseria macacae (n=3/2 % for each),
Acinetobacter variabilis, Macrococcus
caseolyticus and Bacillus cereus (n=2/1 % for
each), Staphylococcus hominis, Kluyvera
ascorbata, Acinetobacter bereziniae, Leclercia
adecarboxylata, Citrobacter freundii,
Acinetobacter ursingii, Lactococcus
taiwanensis, Lactobacillus plantarum and
Enterobacter tabaci (n=1/1 % for each) as Figure
(2). However, four species (Enterobacter tabaci,
Lactococcus taiwanensis, Acinetobacter
variabilis, Macrococcus caseolyticus) were
isolated for the first time in the world from
tongue.

1500bp

FIGURE 1: Agarose gel (2%) electrophoresis showing PCR product of 16S rRNA
(1500bp). Lane L: 100 bp DNA ladder, lane 1-9: a model of 16S rRNA bacterial isolates.

Identification of new bacterial strains
Thirty-two new global strains of bacterial isolates
were identified by comparing the nucleotide
sequences with their type strains. The new strains
databases (from IRQBAS139 to IRQBAS171)
were recorded in DNA Data Bank of Japan
(DDBJ), published on The National Center for
Biotechnology Information (NCBI) and the Gene
Bank.

Frequency of bacterial species in the tongue
Tongue of children with milk and/or normal
feeding

Twenty two bacterial isolates were obtained
from 10 samples from tongue of children with

milk feeding and 19 from 10 samples from
tongue of children with normal feeding (Table 1).
Klebsiella pneumoniae 4 (18.1%) from children
of milk feeding and Streptococcus salivarius 8
(42.1%) from normal feeding had the higher
frequency with significant differences at P<0.05.

Nevertheless,  Staphylococcus  epidermidis,
Staphylococcus  hominis,  Staphylococcus
saprophyticus, ~ Macrococcus  caseolyticus,

Acinetobacter bereziniae, Kluyvera ascorbata,
Leclercia adecarboxylata and Escherichia coli
were present in children of milk feeding only but
not in children of normal feeding. On the other
hand, Neisseria macacae, Neisseria mucosa and
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FIGURE 2: Rooted Neighbor Joining phylogenetic tree constructed from concatenated sequences

of 16S rRNA with 1308bp and produced by a MAFFT alignment, visualized using forester 1046.

This Neighbor Joining tree showing the distribution and Phylogenetic relationships of 24 different

bacterial species isolated from tongue of human with their reference strains of several Gen Banks

ATCC, DSM, CCUG and NRCC. All horizontal branch lengths were drawn to scale. Bootstrap
values after 1000 repetitions areindicated.

*|solates Lactococcus taiwanensis, Kluyvera ascorbata, Enterobacter tabaci and Lactobacillus
plantarum were excluded for their short sequences.

Lactococcus lactis were present in children of normal feeding only but not in children of milk feeding
with no significant differences.

TABLE 1 : Comparison of bacterial species from children of milk feeding (10 samples) and normal
feeding (10 samples).

No. | Bacterial species Milk feeding n (%) Normal feeding n (%)
1 Klebsiella pneumoniae 4(18.1%)* 2 (10.5%)

2 Streptococcus salivarius 3(13.6%) 8 (42.1%) *
3 Staphylococcus haemolyticus 2(9.09%) 1 (5.2%)

4 Enterococcus faecalis 1(4.5%) 2 (10.5%)

5 Staphylococcus aureus 1(4.5%) 1 (5.2%)

6 Rothia mucilaginosa 1(4.5%) 1 (5.2%)

7 Staphylococcus epidermidis 3(13.6%) 0(0)

8 Staphylococcus hominis 1(4.5%) 0(0)

9 Staphylococcus saprophyticus 1(4.5%) 0(0)

10 Macrococcus caseolyticus 1(4.5%) 0(0)

11 Acinetobacter bereziniae 1(4.5%) 0(0)

12 Kluyvera ascorbata 1(4.5%) 0(0)

13 Leclercia adecarboxylata 1(4.5%) 0(0)

14 Escherichia coli 1(4.5%) 0(0)

15 Neisseria macacae 0(0) 2 (10.5%)
16 Neisseria mucosa 0(0) 1 (5.2%)
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17 Lactococcus lactis 0(0) 1 (5.2%)
Total 22 (13.1%) (11.3%)
*=P<0.05

Frequency of bacterial species in people of first
class (25-44 years) with diabetes before and
after Listerine

The effect of Listerine on bacterial growth in
mouth was observed, Listerine has two ways of
affecting: first, inhibitory effect and Second,
lethal effect (bactericidal effect). Since, 19
bacterial isolates were obtained from 10 samples
of people tongue with diabetes in first class

before Listerine and 11 bacterial isolates after
Listerine with significant differences (P<0.05) as
Table (2). Streptococcus salivarius had the higher
frequency than other species with significant
differences at P<0.05. Importantly, Rothia
mucilaginosa, Staphylococcus aureus,
Staphylococcus haemolyticus, Neisseria mucosa
and Corynebacterium argentoratense were absent
after Listerine using.

TABLE 2: Comparison of bacterial species in people of first class-diabetes before and after

Listerine
No. Bacterial species no. of | before n (%) after n (%)
sample
1 Streptococcus salivarius 9(47.3%)* 7 (63.6 %) *
2 Neisseria perflava 2(10.5%) 1 (9.09 %)
3 Neisseria subflava 1(5.2%) 1 (9.09 %)
4 Acinetobacter variabilis 10 1(5.2%) 1 (9.09 %)
5 Rothia mucilaginosa 2(10.5%) 0(0)
6 Staphylococcus aureus 1(5.2%) 0(0)
7 Staphylococcus haemolyticus 1(5.2%) 0(0)
8 Neisseria mucosa 1(5.2%) 0(0)
9 Corynebacterium argentoratense 1(5.2%) 0(0)
10 Staphylococcus saprophyticus 0(0) 1 (9.09 %)
Total 19 (11.3%)* 11 (6.5%)
*=P<0.05

Frequency of bacterial species in first class of
healthy people (25-44 years) before and after
Listerine

Twenty one bacterial isolates were obtained from
10 samples from tongue of healthy people of first
class before Listerine and 16 bacterial isolates
after Listerine with no significant differences as

Table (3 ). Streptococcus salivarius had the
higher frequency with significant differences at
P<0.05. Staphylococcus saprophyticus,
Staphylococcus epidermidis, Rothia
mucilaginosa, Klebsiella pneumoniae and
Streptococcus parasanguinis were absent after
Listerine using.

TABLE 3: Comparison of bacterial species in people of first class-healthy before and after Listerine

No. Bacterial species no. of | before n (%) after n (%)
sample

1 Streptococcus salivarius 10 (47.6%)* 9(56.2% )*

2 Staphylococcus aureus 3 (14.2%) 3(18.7%)

3 Lactococcus lactis 2 (9.5%) 1(6.2%)

4 Neisseria subflava 10 1 (4.7%) 1(6.2%)

5 Staphylococcus saprophyticus 1 (4.7%) 0(0)

6 Staphylococcus epidermidis 1 (4.7%) 0(0)

7 Rothia mucilaginosa 1 (4.7%) 0(0)
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8 Klebsiella pneumoniae 1 (4.7%) 0(0)

9 Streptococcus parasanguinis 1 (4.7%) 0(0)

10 Bacillus cereus 0(0) 2(125%)
Total 21 (125%) 16 (9.5%)

*=P<0.05

The comparison between the isolates of people
in first class - diabetes and first class - healthy
before Listerine (Figure 3) showed Neisseria
perflava, Neisseria mucosa, Staphylococcus
haemolyticus, Acinetobacter variabilis and
Corynebacterium argentoratense were present in

50.00%
45.00%
40.00%
35.00%
30.00%
25.00%
20.00%
15.00%
10.00%

5.00%

0.00%

B first class diabetes

people of first class diabetes but not in healthy,
and Lactococcus lactis, Klebsiella pneumoniae,
Staphylococcus saprophyticus, Staphylococcus
epidermidis and Streptococcus parasanguinis
were in healthy but not in patients with no
significant differences.

| first class healthy

FIGURE 3: Comparison of bacterial species in people of first class - diabetes and first class -
healthy before Listerine

Frequency of bacterial species in second class
(60-75 years) of diabetes people before and
after Listerine

Seventeen bacterial isolates were obtained from
10 samples from tongue of diabetes people of the
second class before Listerine and 14 bacterial
isolates after Listerine with no significant
differences as Table (4). Streptococcus salivarius
had the higher frequency with significant

difference (P<0.05) than other species. Rothia
mucilaginosa, Enterococcus faecalis and
Staphylococcus aureus were found in patients
before Listerine but not after, while Neisseria
macacae, Lactobacillus plantarum,
Staphylococcus epidermidis and Lactococcus
taiwanensis were in patients after using Listerine
but not before.
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TABLE 4: Comparison of bacterial species in people of second class-diabetes before and after

Listerine
No. Bacterial species no.  of | before n (%) after n (%)
sample

1 Streptococcus salivarius 6 (35.2%)* 4 (28.5 %)*

2 Neisseria subflava 2 (11.7%) 1(7.1%)

3 Klebsiella pneumoniae 2 (11.7%) 1(7.1%)

4 Streptococcus parasanguinis 1 (5.8%) 1(7.1%)

5 Neisseria mucosa 10 1 (5.8%) 1(7.1%)

6 Corynebacterium argentoratense 1 (5.8%) 1(7.1%)

7 Escherichia coli 1 (5.8%) 1(71%)

8 Rothia mucilaginosa 1 (5.8%) 0(0)

9 Enterococcus faecalis 1 (5.8%) 0(0)

10 Staphylococcus aureus 1 (5.8%) 0(0)

11 Neisseria macacae 0(0) 1(7.1%)

12 Lactobacillus plantarum 0(0) 1(7.1%)

13 Staphylococcus epidermidis 0(0) 1(7.1%)

14 Lactococcus taiwanensis 0(0) 1(7.1%)

Total 17 (10.1%) 14 (8.3 %)

*=P<0.05
Frequency of bacterial species in second class salivarius had the higher frequency with
(60-75 years) of healthy people before and after  significant difference than other species.
Listerine Neisseria perflava, Neisseria mucosa,

Seventeen bacterial isolates were obtained from
10 samples from tongue of healthy people staged
in the second class before Listerine and 11
bacterial isolates after Listerine with significant
differences ( P<0.05 ) as Table (5). Streptococcus

Acinetobacter ursingii, Citrobacter freundii and
Staphylococcus epidermidis were found only in
people before Listerine using and Enterobacter
tabaci and Macrococcus caseolyticus were just in
people after Listerine using.

TABLE 5: Comparison of bacterial species in people of second class - healthy before and after

Listerine
No. Bacterial spp. no. of | before n (%) after n (%)
sample
1 Streptococcus salivarius 9 (52.9%)* 7 (63.6%)*
2 Rothia mucilaginosa 1 (5.8%) 1(9.09%)
3 Streptococcus parasanguinis 1 (5.8%) 1(9.09%)
4 Neisseria perflava 10 2 (11.7%) 0(0)
5 Neisseria mucosa 1 (5.8%) 0(0)
6 Acinetobacter ursingii 1 (5.8%) 0(0)
7 Citrobacter freundii 1 (5.8%) 0(0)
8 Staphylococcus epidermidis 1 (5.8%) 0(0)
9 Enterobacter tabaci 0(0) 1(9.09%)
10 Macrococcus caseolyticus 0(0) 1(9.09%)
Total 17 (10.1%)* 11(6.5%)
*=P<0.05
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The comparison between the isolates of people
in second class - diabetes and second class-
healthy before Listerine (Figure 4) appeared
Neisseria subflava, Klebsiella pneumoniae,

Enterococcus faecalis were present in people of
second class - diabetes but not in healthy and
Neisseria perflava, Acinetobacter ursingii,
Citrobacter freundii and Staphylococcus

Staphylococcus  aureus,  Corynebacterium  epidermidis were in healthy only with no
argentoratense, Escherichia coli and significant differences.
60.00%
50.00%
40.00%
30.00%
20.00%
10.00% I I I
o AL L NN NN 110 111
S & 2> 2> o & @ N S 2> N > >
& & & &06 & 00\% &@o @N% <<;Qo @@\\ G é\@o &\b B
SN AR P P S ¢ & & E
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S & o °

W second class diabetes

msecond class healthy

FIGURE 4: Comparison of bacterial species in people of second class - diabetes and second class -
healthy before Listerine

The mutations in 16S rRNA gene by Listerine (
In vivo)

Forty-two bacterial isolates were obtained from
40 tongue samples of people (healthy and
diabetes) in the first and second classes before
and after Listerine. In comparison, 32 bacterial
isolates ( before and after Listerine ) were
identical in their 16S rRNA gene sequences while

10 showed mutations in the gene after Listerine
compared with that of before it (Table 6). Most
of bacterial isolates recorded mutations at the
same position of 16S rRNA gene sequence as the
isolates 104, 118, 7, 100, 159, 139 and 151 was
recorded mutation at the position 190bp and 216
bp respectively while the isolates 141 and 114 at
the position 190 bp only.
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TABLE 6: Mutations in 16S rRNA sequences of bacterial species before and after Listerine

Bacterial species

Mutation

Peak

104 Before-Streptococcus
salivarius

After

Transversion mutation (T instead A)
at 190bp & (A instead T) at 216bp

! j"\/\'f\g*’\/QVW\/‘v’\f‘»f‘v"\f‘v“'\/g\f’\f'“'\f’“\N\/\/\/\

118Before - Streptococcus
salivarius

After

Transversion mutation (T instead A)
at 190bp & (A instead T) at 216bp

7 Before - Streptococcus
salivarius

After

Transversion mutation (A instead C)
at 190bp & (T instead A) at 216bp .

100 Before -Streptococcus
salivarius

After

Transversion mutation (A instead T)
at 190bp & (T instead A ) at 216bp

TR m s om s omom om oEom & momEE EE E R &= EEEE =
--------

159 Before -Streptococcus
salivarius

After

Transversion mutation (A instead T)
at 190bp & (T instead A) at 216bp

139 Before -Streptococcus
salivarius

After

Transversion mutation (C instead A)
at 190bp & (A instead T) at 216bp

151 Before -Streptococcus
salivarius

After

Transition mutation (C instead T) at
190bp

114 Before -Streptococcus
salivarius

After

Transversion mutation (A instead T)
at 190bp
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....... YVouo oo o,
26 Before - Streptococcus W
salivarius Transversion mutation (C instead A) W - N\{\M
at 789 bp :":'”ﬁ"!::: s s
After
VAR

6 Before - Staphylococcus
aureus

29bp
After

Frame shift mutation (deletion A) at

Growth of bacterial species before and after
Listerine (In vitro)

Twenty two bacterial species showed a positive
result ( No or low growth ) when exposed to
Listerine for 2 min. (In vitro) as Figure (5). 19
bacterial species were of low inhibiton effect

with significant difference at P<0.05 and three
species showed bactericidal effects. On the other
hand, six bacterial species showed a negative

result meaning they did not show any change in
growth before and after exposure to Listerine
(Table 7).

FIGURE 5: A: Growth of bacterial species Before adding Listerine .B: Growth of bacterial
species After adding Listerine (1: no growth, 2: low growth or 3: growth).
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TABLE 7 : Growth of different bacterial species before and after Listerine ( In vitro)

No. Bacterial species No growth Low growth growth
1 Neisseria mucosa + - -
2 Neisseria perflava + - -
3 Neisseria subflava + - -
4 Rothia mucilaginosa - + -
5 Lactococcus lactis - + -
6 Streptococcus salivarius - + -
7 Streptococcus parasanguinis - + -
8 Lactococcus taiwanensis - + -
9 Klebsiella pneumoniae - + -
10 Corynebacterium argentoratense - + -
11 Acinetobacter variabilis - + -
12 Neisseria macacae - + -
13 Citrobacter freundii - + -
14 Staphylococcus haemolyticus - + -
15 Staphylococcus hominis - + -
16 Kluyvera ascorbata - + -
17 Acinetobacter bereziniae - + -
18 Lactobacillus plantarum - + -
19 Enterobacter tabaci - + -
20 Leclercia adecarboxylata - + -
21 Bacillus cereus - + -
22 Escherichia coli - + -
23 Macrococcus caseolyticus - - +
24 Staphylococcus saprophyticus - - +
25 Staphylococcus aureus - - +
26 Acinetobacter ursingii - - +
27 Staphylococcus epidermidis - - +
28 Enterococcus faecalis - - +
Total 3(10.7%) 19(67.8%)* 6(21.4%)
*=P<0.05

Sequence of 16S rRNA gene were investigated
for only 4 bacterial species (2 from gram negative
bacteria and 2 from gram positive bacteria) that
showed a positive result (low growth) after
exposure to Listerine In vitro. Two bacterial
species of gram negative bacteria: Klebsiella
pneumoniae and Citrobacter freundii showed
identical 16S rRNA gene sequences meaning that
they did not induce a mutation in 16S rRNA gene
sequence. While two bacterial species of gram

351

Ilﬁ'll hc cane

A 177B - S. salivarius -4919
177A - S. salivarius-4865

positive bacteria appeared a mutation in 16S
rRNA gene sequence. Since, 177B (Before
Listerine) & A(After) Streptococcus salivarius
has transversion mutations (T instead A) and (G
instead C) at 351bp and 367bp respectively and
173B&A-Rothia mucilaginosa has a transition
mutation (G instead A) and a transversion
mutation (T instead G) at 68 bp & 69 bp
respectively (Figure 6).

367 \L
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173B- Rothia mucilaginosa -JCVI-)B-
B Rm27 173A- Rothia mucilaginosa -

Amplification of Sea gene

2

CGAA
TEE-ENE

FIGURE 6: A: Transversion mutation, B: Transition mutation & Transversion mutation.

The Sea gene bands were detected in 64 (51.2 %) isolates of the 125 tested isolates (Figure 7).

@ew

O &ENO

FIGURE 7: Agarose gel electrophoresis (2%) showing amplified Sea gene (127 bp). Lane L: 100
bp Marker, Lane 1-9: Sea gene bands of S. hominis, S. aureus, S. aureus, S. aureus, S. epidermidis,
N. subflava, R.mucilaginosa, R.mucilaginosa and N.perflava, respectively.

Frequency of Sea gene among the different
bacterial species

The Sea gene was recorded a high frequency in
Streptococcus salivarius  with significant
difference at P<0.05 (Table 7). Eighteen
bacterial species gave a positive result for the
presence of enterotoxin ( Sea gene ) including
five species belong to Staphylococcus spp., the
presence of Sea gene was previously recorded in
these species. On the other hand, the present

study was recorded, for the first time in the world,
this gene in the other thirteen species
(Streptococcus salivarius, Klebsiella
pneumoniae, Rothia mucilaginosa, Lactococcus
lactis, Enterococcus faecalis, Neisseria subflava,

Neisseria  perflava, Neisseria  macacae,
Escherichia coli, Corynebacterium
argentoratense, Acinetobacter bereziniae,

Acinetobacter ursingii and Citrobacter freundii ).

TABLE 7 : Frequency of Sea gene among different bacterial species

No. Bacterial species no. of isolates Sea gene positive n (%)
1 Streptococcus salivarius 45 25 (55.5 %) *

2 Klebsiella pneumoniae 9 4 (44.4 %)

3 Staphylococcus aureus 7 6 (85.7%)

4 Rothia mucilaginosa 7 6 (85.7 %)
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5 Staphylococcus epidermidis 6 4 (66.6 %)
6 Lactococcus lactis 4 3 (75 %)
7 Enterococcus faecalis 4 2 (50%)
8 Staphylococcus haemolyticus 4 1 (25 %)
9 Neisseria subflava 4 1(25%)
10 Neisseria perflava 4 2(50%)
11 Neisseria macacae 3 1(33.3%)
12 Staphylococcus saprophyticus 3 2 (66.6 %)
13 Escherichia coli 2 2 (100 %)
14 Corynebacterium argentoratense 2 1(50%)
15 Staphylococcus hominis 1 1(100%)
16 Acinetobacter bereziniae 1 1(100%)
17 Acinetobacter ursingii 1 1(100%)
18 Citrobacter freundii 1 1(100%)
19 Neisseria mucosa 4 0(0)
20 Streptococcus parasanguinis 3 0(0)
21 Macrococcus caseolyticus 2 0(0)
22 Bacillus cereus 2 0(0)
23 Lactobacillus plantarum 1 0(0)
24 Lactococcus taiwanensis 1 0(0)
25 Kluyvera ascorbata 1 0(0)
26 Leclercia adecarboxylata 1 0(0)
27 Enterobacter tabaci 1 0(0)
28 Acinetobacter variabilis 1 0(0)

125 64 (51.2 %)

*=P<0.05

DISCUSSION
All the samples were grown on blood agar, a
enriched medium supports the growth of all
microorganisms (Zawadzki et al., 2016). 16S
rRNA gene sequence is considered “gold
standard” for identification and classification of
bacterial at the species level (Woo et al., 2008).
The variable regions of 16S rRNA gene
sequences provide species-specific signature
sequences useful for bacterial identification
(Mahdi and abd Al-Abbas, 2021). As well as to
detect the bacterial type strain as a result to the
diversity in the nucleotides of the major gene as
16S rRNA (Chmagh and Abd-Al Abbas, 2019).
On the other hand, the phylogenetic tree of
tongue isolates didn’t have Lactococcus
taiwanensis, Kluyvera ascorbata, Enterobacter
tabaci and Lactobacillus plantarum because they
haven’t enough size like other isolates. At the
same time, four species recorded in the present
study including Macrococcus caseolyticus,
Acinetobacter variabilis, Enterobacter tabaci and
Lactococcus taiwanensis which are neither
present in the Human Oral Microbiome Database
(http://www.ehomd.org) nor characterized in
previous studies on the oral microbiome.

Macrococcus caseolyticus have been found in
cattle milk or meat products (Maslanova et al.,
2018). Lactococcus taiwanensis, a lactic acid
bacterium isolated from fresh cummingcordia
(Chen et al., 2013). Acinetobacter variabilis have
been found in human, animal and environmental
spacimens of the hospital (Krizova et al., 2015;
Manohar et al., 2019). A possible explanation for
this finding might be due to the presence of
leftovers in the tongue, while for the child, it may
be transmitted from the surrounding environment
during the feeding or acquired from the hospital
environment.

In general, the formation of oral microbiome
during infancy leads to enhanced oral health at
later stages of the life. The microbial colonization
in the tongue of infants may affected by several
factors such as delivery method, age,
environmental exposures (such as contacting
with hospital equipment, staff and family) and
feeding method. Clinical evidence proved, there
are differences of microbiota in the tongue
between breast-fed and formula-fed infants
(Holgerson et al., 2013; Oba et al., 2020b). Breast
milk contribute to the colonization of
Streptococcus, Staphylococcus and Lactobacillus
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in the oral cavity of infants (Al-Shehri et al.,
2016; Soeorg et al., 2017). However, lactic acid
bacteria isolated from breast milk were able to
inhibit the growth of pathogenic bacteria such as
Enterococcus faecalis, Salmonella
enterica, Listeria monocytogenes, Pseudomonas
aeruginosa, Staphylococcus
aureus and Escherichia coli by producing
Hydrogen peroxide (Uehara et al., 2001; Reis et
al., 2016). This explains why the tongue of
children with milk feeding is colonized with low
rate of Streptococcus spp. leading to the
emergence of bacterial pathogens. Since, most of
children with formula-fed, mixture of formula
and breast milk and a few of them depend on
breast-fed. In addition, most of them have a prior
history of hospitalization. Moreover, Oliveira et
al. (2012) indicates that the presence of
Enterobacteriaceae in oral cavity is an indicator
to fecal - oral contamination, isolation these
species from tongue of children at this age group
may be a risk factor for pneumonia , diarrhea,
bacteremia and meningitis in infants (WHO,
2005; Rosso et al., 2007; Tavares et al., 2020;
Wolde et al., 2021; Zar et al., 2022). On the
contrary, when compared with children of normal
feeding (solid food), it was noted that the
Streptococcus salivarius is the predominant
species in tongue of children with normal
feeding, its agreement with Milnes et al., (1993).
The high rate of Streptococcus spp. due to the
absence most of the aforementioned pathological
species. The microbial diversity was decreased
during childhood which is in agreement with
Sampaio-Maia and Monteiro-Silva, (2014). This
due to the fact that the bacterial population begin
to change from aerobic or facultative gram-
positive cocci to anaerobic fastidious gram-
negative bacteria (Tanner et al., 2002).

Pathogenic bacteria is a major risk factor,
especially in the immunocompromised host.
Risk of infection in oral cavity depends on
several factors including host defence
mechanisms, presence of pathogenic bacteria
and absence of normal flora (Haerian-Ardakani
et al., 2015a)and host defense mechanisms is
decline with the age and may become impaired in
the elderly affecting the balance of resident
tongue microbiota, the dorsum of the tongue
becomes colonized by opportunistic pathogens
such as Streptococcus is the major causative
pathogen in maxillofacial space infections of
diabetic patients (Ljiljana et al., 2008; Rao et al.,

2010). Streptococcus salivarius is one of
opportunistic  pathogens involved in the
formation of plaque that causes dental caries
(Dye et al., 2007; Tahir & Nazir, 2018). In
addition, Streptococcus salivarius can colonize
the intestinal tract and cause alteration in gut
micobiota, it is contribute in the intestinal
inflammatory process and associated with severe
human infections such as meningitis,
endocarditis and bacteremia (Ruoff et al., 1989;
Conte et al., 2006; Elsawy et al., 2018; Peng et
al., 2022). In general, Streptococcus Spp. was
increases the risk of periodontal diseases and
gastric cancer (Wu et al., 2018; Yuan et al.,
2022). There was no significant difference
between diabetic patients and healthy people in
two classes but the following bacterial species
Neisseria perflava, Neisseria mucosa,
Staphylococcus haemolyticus, Acinetobacter
variabilis and Corynebacterium argentoratense
appeared only in diabetic patients of first class
and the following bacterial species Neisseria

subflava, Klebsiella pneumoniae,
Staphylococcus  aureus,  Corynebacterium
argentoratense, Escherichia coli and

Enterococcus faecalis were appeared only in
diabetic patients of second class which are
considered as opportunistic pathogens in
immunocompromised patients especially in the
elderly people and a major risk of pneumonia,
gastritis, otitis media, tonsillitis, periodontitis and
dental root canals treatment failure (Stuart et al.,
2006; Sumi et al., 2006; Rams et al., 2013;
Alghamdi & Shakir 2020; Solsi et al., 2020.
Eltwisy et al., 2022). Saliva in diabetic patients
has low bacterial load with a different
composition of the oral microbiome due to the
acidification of saliva which allows the growth of
anaerobic bacterial species that are more resistant
to acids (Inchingolo et al., 2022).

Reduction in bacterial numbers on the tongue
after using Listerine for 30 seconds In vivo and
on bacterial species In vitro was observed. This is
prove the efficiency of Listerine to maintain the
low growth of bacteria on dorsal of tongue which
is beneficial for oral cavity health, in addition to
eliminate on bacterial pathogens. This results are
agreement with several studies(Okuda, et al.,
1998b; Sharma et al., 2004; Fine et al., 2005)
carried out on bacteria in the saliva, reducing
plaque and gingivitis and reduction the number
of anaerobic bacteria on tongue that cause
halitosis and the mutagenic effect of Listerine
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mostly comes from its alcohol content. Mutation
was recorded in the same position of 16S rRNA
gene indicating to the ability of Listerine to affect
on this site of DNA and most of the mutations
occurred in the thymine and adenine bases, as
they are linked by two hydrogen bonds. These
mutations caused by Listerine can cause DNA
damage leading to effect on the genetic stability
of the cell (Haerian-Ardakani et al. 2015b; Mili¢
etal., 2019).

The present study is the first to be conducted on
Sea gene of all bacterial species isolated from
tongue. the presence of Sea gene was recorded
for the first time in different species that do not
belong to the Staphylococcus spp. Oral bacterial
communities tend to form biofilms which is
important mechanism made them survival in the
stress conditions, the processes of horizontal
gene transfer and biofilm production are related,
since horizontal gene transfer rates are often
higher in biofilm communities than planktonic
communities (Madsen et al., 2012; Vestby et al.,
2020). This explains the result of the present
study in possibility of the gene transmission
between the bacterial species endemic to the
tongue. This is a major risk to
immunocompromised paitent causing infections
in their host due to the toxic effect and emetic
activity of enterotoxin A, in addition to its
superantigenic role in stimulating inflammatory
cytokines(Ortega et al., 2010).

CONCLUSION

The tongue is a harbor of many bacterial species
in addition to four species were isolated for the
first time. The tongue of children with milk
feeding recorded the highest bacterial frequency
and diversity including Klebsiella pneumoniae as
the predominant species while Streptococcus
salivarius was the predominant species on tongue
of children with normal feeding. There are no
significant differences in bacterial counts
between diabetic patients and healthy subjects
but there was an appearance of pathogenic
bacteria on the tongue of diabetic patients with
different ages. Listerine is efficient in reducing
pathogenic bacteria and causing mutations at a
specific site in DNA. Sea gene was recorded in
high frequency of different bacterial species
isolated from tongue threating to cause an
abdominal infection.

10.

11.

12.

REFERENCE
Alghamdi, F., & Shakir, M. (2020). The Influence
of Enterococcus faecalis as a Dental Root Canal
Pathogen on Endodontic Treatment: A
Systematic Review. Cureus, 12(3).
Al-Shehri, S. S., Sweeney, E. L., Cowley, D. M.,
Liley, H. G., Ranasinghe, P. D., Charles, B. G.,
Shaw, P. N., Vagenas, D., Duley, J. A., & Knox,
C. L. (2016). Deep sequencing of the 16S
ribosomal RNA of the neonatal oral microbiome:
a comparison of breast-fed and formula-fed
infants. Scientific reports, 6.
American Diabetes Association (2020). 2.
Classification and Diagnosis of
Diabetes: Standards of Medical Care in Diabetes-
2020. Diabetes care, 43(1), 14-31
Argudin, M. A., Mendoza, M. C., & Rodicio, M.
R. (2010). Food poisoning and Staphylococcus
aureus enterotoxins. Toxins, 2(7), 1751-1773.
Balamanikandan, P., Shetty, P., & Shetty, U.
(2021). Diabetic tongue — a review. Romanian
Journal of Diabetes Nutrition and Metabolic
Diseases, 28(2), 218-222.
Cha, J. 0., Lee, J. K., Jung, Y. H., Yoo, J. |, Park,
Y. K., Kim,B.S., & Lee, Y. S. (2006). Molecular
analysis of Staphylococcus aureus isolates
associated with staphylococcal food poisoning in
South Korea. Journal of applied
microbiology, 101(4), 864-871.
Chen, Y. S,, Chang, C. H., Pan, S. F., Wang, L.
T., Chang, Y. C., Wu, H. C., & Yanagida, F.
(2013). Lactococcus taiwanensis sp. nov., a lactic
acid bacterium isolated  from  fresh
cummingcordia. International journal of
systematic and evolutionary microbiology, 63(7),
2405-2409.
Chmagh, A.A., Abd Al-Abbas, M.J. (2019).
Comparison between the coagulase
(coa and vwb) genes in Staphylococcus
aureus and other staphylococci. Gene Reports,
16(7).
Conte, A., Chinello, P., Civljak, R., Bellussi, A.,
Noto, P., & Petrosillo, N. (2006). Streptococcus
salivarius meningitis and sphenoid sinus
mucocele. Case report and literature review. The
Journal of infection, 52(1), 27-30.
Dye, B. A, Tan, S., Smith, V., Lewis, B. G.,
Barker, L. K., Thornton-Evans, G., Eke, P. I,
Beltran-Aguilar, E. D., Horowitz, A. M., & Li, C.
H. (2007). Trends in oral health status: United
States, 1988-1994 and 1999-2004. Vital and
health statistics. Series 11, Data from the National
Health Survey, (248), 1-92.
Elsawy, A. M., Faidah, H. S., & Redwan, E. M.
(2018). Streptococcus salivarius meningitis in
immunocompetent: a case report. Int Arch Med
Microbiol, 1(004).
Eltwisy, H. O., Twisy, H. O., Hafez, M. H.,
Sayed, I. M., & EI-Mokhtar, M. A. (2022).
Clinical Infections, Antibiotic Resistance, and

J Popul Ther Clin Pharmacol Vol 30(4):e211-e229; 16 March 2023.
This article is distributed under the terms of the Creative Commons Attribution-Non
Commercial 4.0 International License. ©2021 Muslim OT et al.

e226



Pathogenic bacteria isolated from children and diabetic human tongue according to some characteristics

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

Pathogenesis of Staphylococcus
haemolyticus. Microorganisms, 10(6).

Fine, D. H., Furgang, D., Sinatra, K., Charles, C.,
McGuire, A., & Kumar, L. D. (2005). In vivo
antimicrobial effectiveness of an essential oil-
containing mouth rinse 12 h after a single use and
14 days' use. Journal of clinical
periodontology, 32(4), 335-340.
Giordano-Kelhoffer, B., Lorca, C., March Llanes,
J., Rébano, A., Del Ser, T., Serra, A., & Gallart-

Palau, X. (2022). Oral Microbiota, Its
Equilibrium  and  Implications in  the
Pathophysiology of Human Diseases: A

Systematic Review. Biomedicines, 10(8).
Gohler, A., Samietz, S., Schmidt, C. O., Kocher,
T., Steinmetz, 1., & Holtfreter, B. (2018).
Comparison of Oral Microbe Quantities from
Tongue Samples and Subgingival
Pockets. International journal of dentistry, 2018.
Gronlund, M. M., Lehtonen, O. P., Eerola, E., &
Kero, P. (1999). Fecal microflora in healthy
infants born by different methods of delivery:
permanent changes in intestinal flora after
cesarean delivery. Journal of  pediatric
gastroenterology and nutrition, 28(1), 19-25
Haerian-Ardakani, A., Rezaei, M., Talebi-
Ardakani, M., Keshavarz Valian, N., Amid, R.,
Meimandi, M., Esmailnejad, A., & Ariankia, A.
(2015). Comparison of Antimicrobial Effects of
Three Different Mouthwashes. Iranian journal of
public health, 44(7), 997-1003.

Holgerson, P. L., Vestman, N. R., Claesson, R.,
Ohman, C., Domell6f, M., Tanner, A. C., Hernell,
0., & Johansson, 1. (2013). Oral microbial profile
discriminates  breast-fed from formula-fed
infants. Journal of pediatric gastroenterology and
nutrition, 56(2), 127-136.

Inchingolo, A. D., Malcangi, G., Semjonova, A.,
Inchingolo, A. M., Patano, A., Coloccia, G., Ceci,
S., Marinelli, G., Di Pede, C., Ciocia, A. M.,
Mancini, A., Palmieri, G., Barile, G., Settanni, V.,
De Leonardis, N., Rapone, B., Piras, F., Viapiano,
F., Cardarelli, F., Nucci, L., ... Dipalma, G.
(2022). Oralbiotica/Oralbiotics: The Impact of
Oral Microbiota on Dental Health and
Demineralization: A Systematic Review of the
Literature. Children (Basel, Switzerland), 9(7).
Jakubovics N. S. (2015). Saliva as the Sole
Nutritional Source in the Development of
Multispecies Communities in Dental
Plaque. Microbiology spectrum, 3(3), 10.
Jenkinson, H. F., & Lamont, R. J. (2005). Oral
microbial communities in sickness and in
health. Trends in microbiology, 13(12), 589-595
Kilian, M., Chapple, 1., Hannig, M., Marsh, P.D.,
Meuric, V., Pedersen, A. M. L., Tonetti, M. S,
Wade, W. G., & Zaura, E. (2016). The oral
microbiome — an update for oral healthcare
professionals. Br Dent J 221, 657666

Krizova, L., McGinnis, J., Maixnerova, M.,

24.

25.

26.

27.

28.

29.

30.

31.

32.

Nemec, M., Poairel, L., Mingle, L., Sedo, O.,
Wolfgang, W., & Nemec, A. (2015).
Acinetobacter variabilis sp. nov. (formerly DNA
group 15 sensu Tjernberg & Ursing), isolated
from humans and animals. International journal
of systematic and evolutionary
microbiology, 65(3), 857-863.

Lee, Y. H., Chung, S. W., Auh, Q. S., Hong, S. J.,
Lee, Y. A, Jung, J., Lee, G. J., Park, H. J., Shin,
S. I, & Hong, J. Y. (2021). Progress in Oral
Microbiome Related to Oral and Systemic
Diseases: An  Update. Diagnostics  (Basel,
Switzerland), 11(7), 1283.

Ljiljana K, Jelena M, Marija I, Radmila O.
(2008). Microbial  etiology of periodontal
disease. FU Med Biol, 15( 12), 616-621.
Madsen, J. S., Burmglle, M., Hansen, L. H., &
Sgrensen, S. J. (2012). The interconnection
between biofilm formation and horizontal gene
transfer. FEMS immunology and medical
microbiology, 65(2), 183-195.

Mahdi, M. A., Abd Al-Abbas, M. J. & Alsamak
A. M. (2021). Biofilm Forming Bacteria Isolated
From Human Eye Conjunctivitis and Keratitis
Cases and their Ability to Adhere on Contact
Lenses in vitro. Indian Journal of Forensic
Medicine & Toxicology, 15(3), 1005-1012.
Manohar, P., Ragavi, M., Augustine, A., MV, H.,
& Ramesh, N. (2019). Identification of bla GIM-
1 in Acinetobacter variabilis isolated from the
hospital ~ environment in  Tamil  Nadu,
India. bioRxiv.

Maslafiova, 1., Wertheimer, Z., Sedlacek, L., Svec,
P., Indrakova, A., Kovarovic, V., Schumann, P.,
Sproer, C., Kralova, S., Sedo, O., Kristofova, L.,
Vrbovska, V., Fiizik, T., Petras, P., Zdrahal, Z.,
Ruzic¢kova, V., Doskat, J., & Pantucek, R. (2018).
Description and  Comparative ~ Genomics
of Macrococcus

caseolyticus subsp. hominis subsp.

nov., Macrococcus goetzii sp. nov., Macrococcus
epidermidis sp. nov., and Macrococcus
bohemicus sp. nov., Novel Macrococci From
Human Clinical Material With Virulence
Potential and Suspected Uptake of Foreign DNA
by  Natural  Transformation. Frontiers in
microbiology, 9, 1178.

Mili¢, M., Bolan¢a, 1., Gjirli¢, D., & Benkovi¢, V.
(2019). Assessment of Listerine Cool Mint
mouthwash influence on possible DNA damage
measured by buccal micronucleus cytome assay-
preliminary results. Genetics & Applications,
3(1), 24-35.

Milnes , A. R., Bowden, G. H., Gates, D. & Tate,
R. (1993) Predominant Cultivable
Microorganisms on the Tongue of Preschool
Children, Microbial Ecology in Health and
Disease, 6:5, 229-235.

Miyoshi, T., lwatsuki , T., & Naganuma, T.
(2005) . Phylogenetic characterization of 16S

J Popul Ther Clin Pharmacol Vol 30(4):e211-e229; 16 March 2023.
This article is distributed under the terms of the Creative Commons Attribution-Non
Commercial 4.0 International License. ©2021 Muslim OT et al.

e227



Pathogenic bacteria isolated from children and diabetic human tongue according to some characteristics

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Rrna gene clones from deep — groundwater
microorganisms that pass through 0.2 -
micrometer-pore-size  filters.  Applied and
environmental microbiology , 71(2) , 1084-1088.
Moutsopoulos, N. M., & Konkel, J. E. (2018).
Tissue-Specific Immunity at the Oral Mucosal
Barrier. Trends in immunology, 39(4), 276-287.
Oba, P. M., Holscher, H. D., Mathai, R. A., Kim,
J., & Swanson, K. S. (2020). Diet Influences the
Oral Microbiota of Infants during the First Six
Months of Life. Nutrients, 12(11), 3400.

Okuda, K., Adachi, M., & lijima, K. (1998). The
efficacy of antimicrobial mouth rinses in oral
health care. The Bulletin of Tokyo Dental
College, 39(2), 7-14.

Oliveira, A. M., Batista de Morais, M., & Morais,
T. B. (2012). A novel and potentially valuable
exposure measure: Escherichia coli in oral cavity
and its association with child daycare center
attendance. Journal of tropical pediatrics, 58(6),
517-520.

Omoe, K., Hu, D. L., Takahashi-Omoe, H.,
Nakane, A., & Shinagawa, K. (2005).
Comprehensive analysis of classical and newly
described staphylococcal superantigenic toxin
genes in Staphylococcus aureus isolates. FEMS
microbiology letters, 246(2), 191-198.

Ortega, E., Abriouel, H., Lucas, R., & Gélvez, A.
(2010). Multiple roles of Staphylococcus aureus
enterotoxins:  pathogenicity,  superantigenic
activity, and correlation to  antibiotic
resistance. Toxins, 2(8), 2117-2131.

Peng, X., Cheng, L., You, Y., Tang, C., Ren, B,
Li, Y., Xu, X, & Zhou, X. (2022). Oral
microbiota in human systematic
diseases. International journal of oral
science, 14(1), 14.

Rams, T. E., Feik, D., Mortensen, J. E., Degener,
J. E., & van Winkelhoff, A. J. (2013). Antibiotic
susceptibility of periodontal Enterococcus
faecalis. Journal of periodontology, 84(7), 1026—
1033.

Rao, D. D., Desai, A., Kulkarni, R. D.,
Gopalkrishnan, K., & Rao, C. B. (2010).
Comparison of maxillofacial space infection in
diabetic and nondiabetic patients. Oral surgery,
oral medicine, oral pathology, oral radiology, and
endodontics, 110(4), 7-12.

Reis, N. A., Saraiva, M. A., Duarte, E. A., de
Carvalho, E. A., Vieira, B. B., & Evangelista-
Barreto, N. S. (2016). Probiotic properties of
lactic acid bacteria isolated from human
milk. Journal of applied microbiology, 121(3),
811-820.

Rosso, M., Rojas, P., Garcia, E., Marquez, J.,
Losada, A., & Muioz, M. (2007). Kluyvera
meningitis in a newborn. The Pediatric infectious
disease journal, 26(11), 1070-1071.

Ruoff, K. L., Miller, S. I., Garner, C. V., Ferraro,
M. J., & Calderwood, S. B. (1989). Bacteremia

45.

46.

47,

48.

49,

50.

51.

52.

53.

54,

with Streptococcus bovis and Streptococcus
salivarius: clinical correlates of more accurate
identification of isolates. Journal of clinical
microbiology, 27(2), 305-308.

Sampaio-Maia, B., & Monteiro-Silva, F. (2014).
Acquisition and maturation of oral microbiome
throughout  childhood: An  update. Dental
research journal, 11(3), 291-301.

Sharma, N., Charles, C. H., Lynch, M. C., Qaqish,
J., McGuire, J. A, Galustians, J. G., & Kumar, L.
D. (2004). Adjunctive benefit of an essential oil-
containing mouthrinse in reducing plaque and
gingivitis in patients who brush and floss
regularly: a six-month study. Journal of the
American Dental Association (1939), 135(4),
496-504.

Soeorg, H., Metsvaht, T., Eelmée, 1., Metsvaht,
H. K., Treumuth, S., Merila, M., Ilmoja, M. L., &
Lutsar, I (2017). Coagulase-Negative
Staphylococci in Human Milk From Mothers of
Preterm Compared With Term Neonates. Journal
of human lactation official journal of
International Lactation Consultant
Association, 33(2), 329-340.

Solsi, A., Findakly, D., Mihyawi, N., & Fath, A.
R. (2020). An Unusual Case of Neisseria
flavescens/subflava Group Tricuspid Valve
Endocarditis in a Patient With Previously Treated
Methicillin-Resistant  Staphylococcus  aureus
Endocarditis. Cureus, 12(8).

Staskova, A., Nemcova, R., Lauko, S., & Jenca,
A. (2020). Oral Microbiota from the stomatology
perspective. Bacterial Biofilms, 2-23.

Stuart, C. H., Schwartz, S. A,, Beeson, T. J., &
Owatz, C. B. (2006). Enterococcus faecalis: its
role in root canal treatment failure and current
concepts in retreatment. Journal of
endodontics, 32(2), 93-98.

Sumi, Y., Miura, H., Nagaya, M., Michiwaki, Y.,
& Uematsu, H. (2006). Colonisation on the
tongue surface by respiratory pathogens in
residents of a nursing home--a pilot
study. Gerodontology, 23(1), 55-59

Tahir, L., & Nazir, R. (2018). Dental caries,
etiology, and remedy through natural
resources. Dental Caries-Diagnosis, Prevention
and Management, 19-33.

Tanner, A. C., Milgrom, P. M., Kent, R, Jr,
Mokeem, S. A., Page, R. C., Liao, S. I., Riedy, C.
A., & Bruss, J. B. (2002). Similarity of the oral
microbiota of pre-school children with that of
their caregivers in a population-based study. Oral
microbiology and immunology, 17(6), 379-387.
Tavares, L. C. B., Cunha, M. P. V., de
Vasconcellos, F. M., Bertani, A. M. J., de
Barcellos, T. A. F., Bueno, M. S., Santos, C. A,
Sant'Ana, D. A., Ferreira, A. M., Mondelli, A. L.,
Montelli, A. C., Sadatsune, T., Sacchi, C. T.,
Gongalves, C. R., Tiba-Casas, M. R., & Camargo,
C. H. (2020). Genomic and Clinical

J Popul Ther Clin Pharmacol Vol 30(4):e211-e229; 16 March 2023.
This article is distributed under the terms of the Creative Commons Attribution-Non
Commercial 4.0 International License. ©2021 Muslim OT et al.

e228



Pathogenic bacteria isolated from children and diabetic human tongue according to some characteristics

55.

56.

57.

58.

59.

60.

61.

Characterization of IMP-1-Producing Multidrug-
Resistant Acinetobacter bereziniae Isolates from
Bloodstream Infections in a Brazilian Tertiary
Hospital. Microbial drug resistance (Larchmont,
N.Y.), 26(11), 1399-1404.

Thomas, D., Chou, S., Dauwalder, O., & Lina, G.
(2007). Diversity in Staphylococcus aureus
enterotoxins. Chemical immunology and
allergy, 93, 24-41.

Tuominen, H., & Rautava, J. (2021). Oral

Microbiota and Cancer
Development. Pathobiology: journal of
immunopathology, molecular and cellular

biology, 88(2), 116-126.

Turnbaugh, P. J., Ley, R. E., Hamady, M., Fraser-
Liggett, C. M., Knight, R., & Gordon, J. I. (2007).
The human microbiome
project. Nature, 449(7164), 804-810.

Uehara, Y., Kikuchi, K., Nakamura, T., Nakama,
H., Agematsu, K., Kawakami, Y., Maruchi, N., &
Totsuka, K. (2001). H(2)O(2) produced by
viridans group streptococci may contribute to
inhibition of methicillin-resistant Staphylococcus
aureus colonization of oral cavities in
newborns. Clinical infectious diseases : an
official publication of the Infectious Diseases
Society of America, 32(10), 1408-1413.

Vesthy, L. K., Grgnseth, T., Simm, R., & Nesse,
L. L. (2020). Bacterial Biofilm and its Role in the
Pathogenesis of Disease. Antibiotics (Basel,
Switzerland), 9(2), 59.

World  Health  Organization.  (2005). The
treatment of diarrhoea: a manual for physicians
and other senior health  workers (No.
WHO/FCH/CAH/05.1). World Health
Organization.

Wolde, A., Deneke, Y., Sisay, T., Mathewos, M.,
& Fesseha, H. (2021). Isolation of Escherichia
coliand Its Associated Risk Factor from
Diarrheic Children in Wolaita Sodo Town,
Southern Ethiopia. Research and reports in
tropical medicine, 12, 227-234.

62.

63.

64.

65.

66.

67.

68.

Woo, P. C. Y., Lau, S. K. P,, Teng, J. L. L., Tse,
H., & Yuen, K. Y.(2008). Then and now: use of
16S rDNA gene sequencing for bacterial
identification and discovery of novel bacteria in
clinical microbiology laboratories. Clinical
Microbiology and Infection, 14(10), 908-934.
Wu, S., Duan, N., Gu, H., Hao, L., Ye, H., Gong,
W., & Wang, Z. (2016). A Review of the Methods
for Detection of Staphylococcus aureus
Enterotoxins. Toxins, 8(7), 176.

Xiao, J., Fiscella, K.A. & Gill, S.R. (2020). Oral
microbiome: possible harbinger for children’s
health. Int J Oral Sci 12, 12.

Yuan, X., Wu, J., Chen, R., Chen, Z., Su, Z., Ni,
J., Zhang, M., Sun, C., Zhang, F., Liu, Y., He, J.,
Zhang, L., Luo, F., & Wang, R. (2022).
Characterization of the oral microbiome of
children with type 1 diabetes in the acute and
chronic phases. Journal of oral
microbiology, 14(1).

Zar, H. J., MacGinty, R., Workman, L., Burd, T.,
Smith, G., Myer, L., Haggstrém, J., & Nicol, M.
P. (2022). Klebsiella pneumoniae Lower
Respiratory Tract Infection in a South African
Birth Cohort: a Longitudinal Study. International
journal of infectious diseases : IJID : official
publication of the International Society for
Infectious Diseases, 121, 31-38.

Zaura, E., & ten Cate, J. M. (2015). Towards
understanding oral health. Caries research, 49
Suppl 1, 55-61.

Zawadzki, P. J., Perkowski, K., Starosciak, B.,
Baltaza, W., Padzik, M., Pionkowski, K., &
Chomicz, L. (2016). Identification of infectious
microbiota from oral cavity environment of
various population group patients as a preventive
approach to human health risk factors. Annals of
agricultural and environmental medicine
AAEM, 23(4), 566-569.

J Popul Ther Clin Pharmacol Vol 30(4):e211-e229; 16 March 2023.
This article is distributed under the terms of the Creative Commons Attribution-Non
Commercial 4.0 International License. ©2021 Muslim OT et al.

e229



