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Tooth brushing is necessary to maintain oral health. Littleresearch has been carried
out to explore microbial diversity in toothbrushes and to study the potential impact of
these bacteria on human health. In the present study, 20 participants were enrolled,
and the microbial diversity in their oral cavity and toothbrushes was investigated
using high-throughput sequencing. Our results indicate that 1,136 and 976 operational
taxonomic units (OTUs) were obtained from groups CB (samples from toothbrushes
of participants using traditional Chinese medicinal toothpaste) and AB (samples from
toothbrushes of those using antibacterial toothpaste), respectively. The pathogens
Acinetobacter baumannii, Staphylococcus aureus, and Candida albicanswere identi�ed
on toothbrushes. The presence of these pathogens increasesthe chance for the
host to get infectious diseases, neurodegenerative diseases, cardiovascular diseases,
and cancers. Moreover, ourin vitro results indicate that traditional Chinese medicinal
toothpaste and antibacterial toothpaste can not only inhibit the growth of pathogens but
also markedly inhibit the growth of probioticsLactobacillus salivariusand Streptococcus
salivarius. Therefore, the inhibitory effect of toothpaste on probiotics, together with the
existence of pathogens in toothbrushes, indicates a potential risk of tooth brushing for
people in a sub-healthy state.

Keywords: brushing teeth, toothbrush, high-throughput se quencing, pathogens, oral microbiota

INTRODUCTION

Host to the second largest human microbial library, the oralcavity is composed of teeth, gingival
sulcus, tongue, tonsils, and soft and hard palates, and provides a suitable growth environment for a
large number of microorganisms (up to 700 species) (Xie et al., 2010). The oral microbiota is mainly
composed of Firmicutes, Actinobacteria, Bacteroidetes, Fusobacteria, and Proteobacteria, which
are indispensable for human health due to their ability to inhibit the proliferation of exogenous
microorganisms and promote host homeostasis and defense (Bo et al., 2012).

Factors such as smoking, antibiotic abuse, mouthwash, and toothpaste can cause an imbalance
in the oral micro�ora and eventually result in dental caries, gingivitis, periodontitis, candidiasis,
endodontic infections, orthodontic infections, and oral cancer (Lin et al., 2008; Chen and Jiang,
2014). Dental caries and periodontal disease are common oral diseases which are caused by
the dominance of acidogenic and acid-tolerating species (e.g., Streptococcus mutans) or the
in�ammation produced by these cariogenic bacteria (Aas et al., 2005; Lin et al., 2008). Worse, these
oral diseases can lead to other systemic diseases.Pritchard et al. (2017)found that periodontal
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disease is an important causes of Alzheimer's disease (AD)
due to epithelial cell barrier disruption and chronic infections.
Whitmore and Lamont (2014)found that oral squamous
cell carcinoma (OSCC) is closely related to an imbalance of
oral bacteria.

Since the nineteenth century, toothbrushes have been widely
used to suppress the growth of harmful bacteria, remove
food residue, keep the breath fresh, protect enamel, and
prevent and alleviate gingival in�ammation (Fischman, 1997).
However, the residual moisture and food debris residing in
toothbrushes provide a suitable environment for pathogen
growth, rendering them a potential risk for various oral diseases
(Hays, 2006; Bik et al., 2010).

In the present study, a high-throughput sequencing method
was applied to compare microbial diversity in the oral cavity
and toothbrushes (used with traditional Chinese medicinal
toothpaste and antibacterial toothpaste), to explore the potential
risk of pathogens in toothbrushes and provide useful suggestions
on oral health.

MATERIALS AND METHODS

Ethical Statement
The study was approved by the Ethical Committee of the
Stomatological Hospital of Nanchang University, and all
participants provided written informed consent. All experiments
were conducted in accordance with the approved guidelines.

Selection of Participants
Participants aged between 18 and 30 were enrolled from
the Medical College of Nanchang University. Their physical
conditions, including age, weight, medical history, recent
antibiotic use, smoking history, alcohol drinking, and oral health
situation, were investigated by questionnaire survey. Twenty
participants (10 males, 10 females), who were in good health,
had not used antibiotics for a year, had no smoking history, did
not drink alcohol, and practiced standard oral hygiene without
the use of mouthwash, aged 20–27 (average 22 years old), were
ultimately enrolled (Table 1).

Sample Collection
The most representative types of toothpaste in China—
traditional Chinese medicinal toothpaste [main active
components: Chondrus crispus, Coptis chinensis, Sarcandra
glabra (does not contain �uoride); no. 20160005, Cao Shan
Hu Oral Care Products Co., Ltd, Jiang Xi] and antibacterial
toothpaste (Crest Seven Good E�ects toothpaste; main active
components: sodium �uoride, stannous chloride; no. 20160024,
Procter & Gamble Co., Ltd. in Guangzhou)—were used
(Pinducciu et al., 1996; Mojon, 2002). The 20 participants were
randomly divided into two groups—group C [brushed teeth
using traditional Chinese medicinal toothpaste twice a day for
15 days (after breakfast and before sleep)] and group A [brushed
teeth using antibacterial toothpaste twice a day for 15 days (after
breakfast and before sleep)]. Bacteria were collected from the
oral cavity and toothbrushes. Oral bacteria were collectedby
gargling using 10 ml of sterile saline solution, and toothbrush

TABLE 1 | Information of participants enrolled in the present study including
gender, age, and body weight.

Total C A p-value

Participants (n) 20 10 10 —

Gender [n (%)] 10 (50) 5 (50) 5 (50) 1

Age (years) 22.65
(21.69–23.61)

22.00
(21.00–24.25)

21.50
(21.00–24.50)

0.74

Body weight (kg) 64.85� 10.36 65.57 � 11.83 64.13 � 9.26 0.77

In total, 20 participants, who were in good health, had not used antibiotics for a year, had
no smoking history, and did not drink alcohol, aged 20–27 (average 22 years old), were
ultimately enrolled. Participants in group C brushed their teeth using traditional Chinese
medicinal toothpaste. Participants in group A brushed their teeth using antibacterial
toothpaste. The p-value was calculated by an independent-samples T-test using SPSS
17.0 software. P < 0.05 showed homogeneity of variance.

microorganisms were collected by vibrating the toothbrushin
10 ml of sterile saline solution in a 50 ml sterile Eppendorf (EP)
tube using a vortex. Samples were divided into groups CO (oral
samples from participants in group C,n D 10), CB (toothbrush
samples from participants in group C,n D 10), AO (oral samples
from participants in group A,n D 10) and AB (toothbrush
samples from participants in group A,n D 10).

DNA Extraction and High-Throughput
Sequencing
Samples in each group were collected for bacterial DNA
extraction by a bead beating method (Okpalugo et al.,
2009) using genomic DNA kits (Tiangen Biotech Co., Ltd.,
Beijing, China) according to the manufacturer's instructions.
Then, the concentration and quality of extracted DNA were
detected via a spectrophotometer at 230 nm (A 230) and
260 nm (A 260) (NanoDrop; Thermo Fisher Scienti�c, Inc.,
Waltham, MA, USA). Then, the V4 region of the 16S
rDNA genes of each sample was ampli�ed using 515F/806R
primers (515F, 50-GTGCCAGCMGCCGCGGTAA-30; 806R, 50-
GGACTACVSGGGTATCTAAT-30), and PCR products were
sequenced with an Illumina MiSeq platform (GenBank accession
number PRJNA553856;Fang et al., 2016).

Bioinformatics and Multivariate Statistics
Fast Length Adjustment of Short reads (FLASH) software
(v1.2.7, http://ccb.jhu.edu/software/FLASH/) (Magoc and
Salzberg, 2011) was used to pair sequences according to the
overlapping bases. The UCLUST sequence alignment tool
(Edgar, 2010) of Quantitative Insights into Microbial Ecology
(QIIME) software was used to merge the previously obtained
sequences and for partitioning of operational taxonomic units
(OTUs) with 97% sequence similarity. R software was used to
calculate the number of OTUs shared by each group and the
proportion of unique OTUs. QIIME software was used to obtain
a composition and abundance distribution table for each sample
at the �ve classi�cation levels. Using R software, a partial least
squares discrimination analysis (PLS-DA) discriminant model
was constructed based on the species abundance and sample
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TABLE 2 | Sequencing results of isolates from oral rinse solution.

Strain no. Closest relative Aerobic condition Source Simila rity (%) GeneBank no.

1 E. hormaechei Facultative anaerobic Oral 99 HQ238708.1

2 S. salivarius Facultative anaerobic Oral 99 MH447009.1

3 S. aureus Aerobic Toothbrush 99 LR134351.1

4 E. cloacae Facultative anaerobic Oral 100 KT441077.1

5 E. faecalis Facultative anaerobic Oral 99 KE351689.1

6 L. salivarius Facultative anaerobic Oral 99 FJ384627.1

7 C. albicans Aerobic Toothbrush 99 BD267550.1

Seven strains were isolated and identi�ed from oral rinse solution:E. hormaechei, S. salivarius, S. aureus, E. cloacae, E. faecalis,L. salivarius, and C. albicans. The sequences were
blasted with the NCBI database.

grouping data. The variable importance in projection (VIP)
coe�cient was calculated for each species.

Bacterial Isolation From the Oral Cavity
and Toothbrushes
Bacteria from the oral rinse solution and toothbrushes were
cultivated using brain heart infusion (BHI) broth on solid
plates (37� C, 12 h), and bacteria were isolated by comparing
bacterial colony size, color, and bacterial morphology. In the
end, all isolates were further identi�ed via molecular biological
identi�cation (Wang et al., 2015).

Antibacterial Effect of Toothpaste
Toothbrushes were mixed with sterile water at a ratio of 1:3
(vol:vol) in a 50 ml sterile EP tube, and the supernatant was
transferred to a new 50 ml sterile EP tube for further use.

Then, the tested strains—Enterobacter hormaechei,
Streptococcus salivarius, Staphylococcus aureus, E. cloacae,
Enterococcus faecalis, L. salivarius, andCandida albicans—were
co-incubated with traditional Chinese medicinal toothpaste
solution or antibacterial toothpaste solution for 4 h at 37� C, and
a viable cell counting method was used to count the number of
bacteria (Table 2; Deng et al., 2015).

Statistical Analysis
Statistical analysis was carried out using R software. PLS-DA
analysis was carried out according to the species abundance
matrix and sample grouped data, and a discriminant model was
constructed. Di�erences among groups were analyzed based on
the Kruskal–Wallis test using Statistical Product and Service
Solutions 20.0 (SPSS 20.0) software. The statistical signi�cance
was set atP< 0.05 for signi�cant di�erence.

RESULTS

Alpha Diversity of Microbiota in the Oral
Cavity and Toothbrushes
To compare the microbes in the oral cavity and toothbrushes,
16S rDNA amplicon sequencing analysis was used to sequence
the V4 hypervariable region, and the sequencing data were
�ltered to obtain valid data. The e�ective tags of all samples
were clustered, and sequences with more than 97% similarity
were considered as one OTU. In total, 1,680,600 usable raw

sequences and 4,283 OTUs were obtained from all the samples,
and the average number of OTUs in each group was 1,070
(data not shown).

As shown in Figure 1A, the Shannon index showed
that the use of traditional Chinese medicinal toothpaste
increased the microbial abundance in toothbrushes (CB)
compared with the oral cavity (CO); microbial diversity in
the oral cavity (AO) and toothbrushes (AB) using antibacterial
toothpaste was almost the same.Figure 1B shows that use
of traditional Chinese medicinal toothpaste also increased
the number of bacterial species in toothbrushes (CB), while
an obvious reduction was observed for toothbrushes (AB)
compared with the oral cavity when antibacterial toothpaste was
used (400 vs. 344).

The Venn diagram inFigure 1C indicates that 1,136, 976,
1,130, and 1,041 OTUs were obtained from groups CB, AB,
CO, and AO, and the common OTUs (666) represented 58.63%
(666/1,136) of CB, 68.24% (666/976) of AB, 58.94% (666/1,130) of
CO, and 63.98% (666/1,041) of AO, respectively. In addition,the
opportunistic pathogensBurkholderia cepaciaandPseudomonas
pseudoalcaligeneswere identi�ed from groups CB and AB, and a
large number of the opportunistic pathogensStenotrophomonas
maltophiliaand Acinetobacter baumannii(reported as clinically
drug-resistant) were identi�ed from group AB (Moore et al.,
1999; Gales et al., 2001).

In Figure 1D, we can see that the dots in groups CO and
CB are far away from each other, while those in AO and AB
are gathered together, indicating that the strong antimicrobial
activity of antibacterial toothpaste had an impactful convergent
e�ect on microbial diversity.

Beta Diversity of Microbiota in Oral Cavity
and Toothbrush
Based on the weighted UniFrac distance at phylum level, data
for the top 12 microorganism populations were analyzed to
check the similarity among di�erent groups (24). As presented
in Figure 2A, Firmicutes, Proteobacteria, and Bacteroidetes
were the three dominant phyla and accounted for> 85% of
the total sequencing number in all groups; the percentage
of Firmicutes, Proteobacteria, and Bacteroidetes was 42.84%
vs. 41.46% vs. 43.14% vs. 33.70%, 27.34% vs. 40.33% vs.
31.61% vs. 48.17%, and 18.34% vs. 4.84% vs. 14.80% vs.
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FIGURE 1 | Indices of oral bacterial diversity.(A) Calculations of Shannon indices among groups CO, CB, AO, andAB; (B) calculations of species observed among
groups CO, CB, AO, and AB;(C) scalar Venn diagrams among groups CO, CB, AO, and AB;(D) PLS-DA analysis of groups CO, CB, AO, and AB. CO, oral
microbiota of people using traditional Chinese medicinal toothpaste (n D 10); CB, microbiota of toothbrushes corresponding to groupCO (n D 10); AO, oral
microbiota of people using antimicrobial toothpaste (n D 10); AB, microbiota of toothbrushes corresponding to groupAO (n D 10).

FIGURE 2 | Ratios of the known bacteria in groups CO, CB, AO, and AB at thephylum level(A). Relative abundance of Bacteroidetes(B), Firmicutes(C), and
Proteobacteria(D) in groups CO, CB, AO, and AB. CO, oral microbiota of people using traditional Chinese medicinal toothpaste (n D 10); CB, microbiota of
toothbrushes corresponding to group CO (n D 10); AO, oral microbiota of people using antimicrobial toothpaste (n D 10); AB, microbiota of toothbrushes
corresponding to group AO (n D 10). Data are presented as means� SD; *P < 0.05 by Kruskal–Wallis.
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FIGURE 3 | Ratios of the known bacteria in groups CO, CB, AO, and AB at thegenus level.(A) Relative abundance ofStreptococcus (B), Acinetobacter (C),
Burkholderia(D), Stenotrophomonas(E), and Prevotella(F) in groups CO, CB, AO, and AB. CO, oral microbiota of people using traditional Chinese medicinal
toothpaste (n D 10); CB, microbiota of toothbrushes corresponding to groupCO (n D 10); AO, oral microbiota of people using antimicrobial toothpaste (n D 10); AB,
microbiota of toothbrushes corresponding to group AO (n D 10). Data are presented as means� SD; *P < 0.05 by Kruskal–Wallis.

6.40% in groups CO, CB, AO, and AB, respectively. Use
of traditional Chinese medicinal toothpaste reduced the
abundance of Bacteroidetes (CB vs. COD 4.84 vs. 18.34%)
and increased the abundance of Proteobacteria (CB vs.
CO D 40.33 vs. 27.34%;Figures 2B,D). Antibacterial toothpaste
obviously reduced the abundance of Bacteroidetes (AB vs.
AO D 6.40 vs. 14.80%) and Firmicutes (AB vs. AOD 33.70 vs.
43.13%), while it increased the abundance of Proteobacteria
(AB vs. AO D 48.16 vs. 31.61%) compared with group AO
(Figures 2B–D).

At genus level, Streptococcus, Terrahaemophilus,
Neisseria, and Prevotella were dominant in all groups
(Figure 3A), and traditional Chinese medicinal toothpaste
and antibacterial toothpaste hardly a�ected the abundance
of Neisseria, Actinomyces, Stenotrophomonas, Acinetobacter,
or Burkholderia in all groups (Figures 3B–F). However,
it seems that use of antibacterial toothpaste in group
AO could increase the number ofStreptococcusin the
oral cavity compared with traditional Chinese medicinal
toothpaste (Figure 3).

Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 5 February 2020 | Volume 10 | Article 17

https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles


Shang et al. Microbiota in Oral Cavity and Toothbrush

FIGURE 4 | Relative abundance of groups CO, CB, AO, and AB using PICRUSt based on the KEGG database. Classi�cation based on cellular process—transport
and catabolism(A), cell motility(B). Classi�cation based on human disease—neurodegenerative diseases(C), infectious diseases(D), cancers (E), cardiovascular
diseases(F). CO, oral microbiota of people using traditional Chinese medicinal toothpaste (n D 10); CB, microbiota of toothbrushes corresponding to groupCO
(n D 10); AO, oral microbiota of people using antimicrobial toothpaste (n D 10); AB, microbiota of toothbrushes corresponding to groupAO (n D 10). Data are
presented as means� SD; *P < 0.05 by Kruskal–Wallis.

FIGURE 5 | Inhibitory action of traditional Chinese medicinal toothpaste and
antimicrobial toothpaste on isolated strains. CTL: PBS buffer; C, 20%
concentration of traditional Chinese medicinal toothpaste; A, 20%
concentration of antimicrobial toothpaste. CO, oral microbiota of people using
traditional Chinese medicinal toothpaste (n D 10); CB, microbiota of
toothbrushes corresponding to group CO (n D 10); AO, oral microbiota of
people using antimicrobial toothpaste (n D 10); AB, microbiota of toothbrushes
corresponding to group AO (n D 10). *P < 0.05, **P < 0.01, # P < 0.05,
## P < 0.01. Data are presented as means� SD; *P < 0.05 vs. control group
(CTL group) by ANOVA,# P < 0.05 vs. C group by Kruskal–Wallis.

Potential Risk of Microbial Changes in the
Oral Cavity and Toothbrushes for Human
Diseases
We evaluated the potential risk of microbial diversity in the
oral cavity and toothbrushes for human diseases based on

the KEGG database. As shown inFigure 4, there were no
signi�cant di�erences in transport and catabolism capability
among groups CO, CB, AO, and AB (Figure 4A), while bacteria
in toothbrushes (from both traditional Chinese medicinal
toothpaste and antibacterial toothpaste groups) greatly enhanced
cell motility in the host (Figure 4B) and the chance of
the host su�ering from neurodegenerative diseases, infectious
diseases, cancers, and cardiovascular diseases (Figures 4C–F).
It seems that the high abundance of pathogenic bacteria
in toothbrushes obviously increased the potential risk for
human health.

Bacterial Isolation and Antibacterial Effect
of Toothpastes on Isolates
To further study the antibacterial e�ect of toothpastes on
oral bacteria, the plate method and molecular biological
identi�cation were used to isolate bacteria from the oral cavity
and toothbrushes. As shown inTable 1, E. hormaechei, S.
salivarius, S. aureus, E. cloacae, E. faecalis, L. salivarius, andC.
albicanswere screened, of whichE. hormaechei, S. aureus, E.
cloacae, E. faecalis, andC. albicansare pathogenic bacteria, and
L. salivariusandS. salivariusare bene�cial bacteria.

When testing the antibacterial e�ect of toothpastes, we found
that antibacterial toothpaste signi�cantly inhibited the growth of
E. hormaechei(A vs. CTLD Lg 6.01 vs. Lg 7.23,p < 0.01),S.
salivarius(A vs. CTLD Lg 7.45 vs. Lg 8.48,p < 0.05),S. aureus
(A vs. CTLD Lg 4.95 vs. Lg 7.40,p < 0.01),E. cloacae(A vs.
CTL D Lg 6.14 vs. Lg 7.92,p< 0.01),E. faecalis(A vs. CTLD ND
vs. Lg 7.28,p < 0.01),L. salivarius(A vs. CTLD Lg 4.89 vs. Lg
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8.05,p < 0.01), andC. albicans(A vs. CTLD Lg 5.04 vs. Lg 7.61,
p < 0.01). Although the antibacterial e�ect of traditional Chinese
medicinal toothpaste was inferior, it also obviously inhibited the
growth of E. hormaechei(C vs. CTLD Lg 5.40 vs. Lg 7.23,
p < 0.01),S. aureus(C vs. CTLD Lg 6.51 vs. Lg 7.40,p < 0.05),
E. faecalis(C vs. CTLD Lg 5.77 vs. Lg 7.28,p < 0.01), andC.
albicans(C vs. CTLD Lg 5.53 vs. Lg 7.61,p < 0.01;Figure 5).

DISCUSSION

The long-term use of mouthwash, antibacterial toothpaste, and
throat tablets can cause dysbacteriosis and further endanger oral
health (Hays, 2006; Bik et al., 2010). Research has indicated that
microorganisms in toothbrushes might have a potential risk to
cause a variety of diseases (Hays, 2006), but little research has
been carried out to explore the interaction of microbiota between
the oral cavity and toothbrush.

In the present study, high-throughput sequencing was
used to explore microbial diversity in the oral cavity and
toothbrushes. The oral cavity and toothbrushes had a similar
Shannon index and species observed, and the common OTUs
(666) represented 58.63, 68.24, 58.94, and 63.98% of the
population in groups CB, AB, CO, and AO. Therefore, the
abundant nutrients and frequent microbial communication
resulted in a high number and variety of species of bacteria
in toothbrushes (Figure 1). Although some ingredients
(e.g., honeysuckle,Sarcandra glabra, pseudo-ginseng, mint)
contained in traditional Chinese medicinal toothpaste possess
and anti-in�ammatory e�ects, it seems these ingredients
allow for a greater abundance of bacteria compared with
antibacterial toothpaste containing antibacterial ingredients
(e.g., sodium �uoride, stannous chloride;Figure 1D). In

addition, some opportunistic pathogens, e.g.,A. baumannii
(which causes wound infection, sepsis, and even leads to death),
B. cepacia(which causes cystic �brosis in human lungs), andS.
maltophilia (which causes iatrogenic infection and respiratory
infections), were identi�ed in groups AB and CB (Moore
et al., 1999; Gales et al., 2001). This means these pathogens
in toothbrushes may cause serious infectious diseases in
low-immunity populations.

At phylum level, we found greater abundance of
Proteobacteria in groups CB and AB. The phylum Proteobacteria
contains various human pathogens, e.g.,Helicobacter, Neisseria,
Brucella, and Rickettsia, and they are reported to have a
strong connection with metabolic disorders, in�ammatory
bowel disease, and lung disease (Wade, 2013; Chen and Jiang,
2014; Rizzatti et al., 2017; Vester-Andersen et al., 2017).
At genus level, higher levels ofActinomyces, Burkholderia,
and Stenotrophomonaswere identi�ed in groups CB and
AB. Acinetobacterspecies are ubiquitous organisms widely
distributed in nature as important opportunistic pathogens
causing a range of nosocomial infections, including pneumonia,
bacteraemia, secondary meningitis, urinary tract infections, and
surgical wound infections (Gales et al., 2001). Burkebacteria
were originally part of thepseudogencin, and B. cepaciaand
B. pseudomalleiin this genus have harmful e�ects on human
health because of their characteristics of resistance to antibiotics
and high motility (Moore et al., 1999). Stenotrophomonasis
famous for S. maltophiliawhich is an important nosocomial
pathogen associated with infections of compromised individuals
(Gales et al., 2001). S. maltophiliais associated with infections
of the respiratory tract and causes bacteraemia, endocarditis,
and urinary tract infections. It is intrinsically resistant to
multiple antibiotics and disinfectants, and clinical isolatesoften

FIGURE 6 | Flow chart of the present study. Toothbrush and oral sampleswere obtained from the participants treated with traditional Chinese medicinal toothpaste
and antibacterial toothpaste, respectively. A high-throughput sequencing method was used to analyse species richness. Genera showing a signi�cant increase
compared with other groups are shown with" ; those showing a highly signi�cant increase are shown with"" . The increased risks of human disease for each group
are shown.
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display high-level multidrug resistance (Zhang et al., 2000).
Interestingly, we also found a lower abundance ofStreptococcus
and Prevotellain toothbrushes than in the oral cavity. As we
know, Streptococcusand Prevotellaare dominant pathogens
for inducing oral diseases; therefore, the residual ingredients
in toothbrushes can better inhibit their growth because there
are more antimicrobial ingredients in toothbrushes than in
the oral cavity due to the high �uidity of the oral cavity.
Furthermore, our bioinformatics prediction results indicate
that the bacteria in toothbrushes greatly enhanced cell motility,
neurodegenerative diseases, cancers, and cardiovascular
diseases when traditional Chinese medicinal toothpaste was
used, and the antimicrobial toothpaste greatly enhanced the
potential for cell motility, neurodegenerative diseases, infectious
diseases, cancers, and cardiovascular diseases compared
with the bacteria in the oral cavity (Figure 4). However, as
limited data are provided by high-throughput sequencing, the
shotgun metagenomic method is needed to further con�rm
these results.

To further discuss the potential e�ects of toothpastes on
bacterial growth, the viable counting method was applied and
E. hormaechei, S. salivarius, S. aureus, E. cloacae, E. faecalis,
L. salivarius, and C. albicanswere isolated from the oral
cavities and toothbrushes. Our results indicate that traditional
Chinese medicinal toothpaste and antimicrobial toothpaste
possess sound inhibitory e�ects on all tested strains (Figure 5).
E. hormaecheiis a nosocomial pathogen that can infect vulnerable
hospitalized patients and can be transmitted from patient
to patient when infection control techniques are inadequate
(Wenger et al., 1997). The traditional Chinese medicinal
toothpaste had a better inhibitory e�ect onE. hormaechei.
S. aureus, including methicillin-resistantS. aureus(MRSA), is
an important food-borne pathogenic bacterium associated with
signi�cant morbidity and mortality.C. albicansis primarily a
commensal organism in the oral cavity, digestive tract, and
genital regions of healthy individuals and yet is responsible for
mucosal candidiasis, such as thrush and angular keratitis,as
well as visceral candidiasis, often deadly infections (Rai et al.,
2019). We also tested two oral probiotics,L. salivarius,and
S. salivarius. As a typical anti-allergic probiotic,L. salivarius
helps reduce the production of speci�c IgE antibodies in
serum, promotes the secretion of interferon (IFN-g) in spleen
cells, and enhances the TH1-type immune response to regulate
the TH2-type immune response which is overactive due to
allergies (Iwamoto et al., 2010; Li et al., 2010). S. salivarius
can produce bacteriocin, which has an inhibitory e�ect on
bad breath-related bacteria, especially anaerobic bacteria which
decompose to produce sul�des, emitting a foul odor and
producing bad breath (Volpe et al., 1969; Iwamoto et al., 2010).
Studies have shown that people with bad breath have less
S. salivariusin the mouth (Iwamoto et al., 2010). Although
both traditional Chinese medicinal toothpaste and antibacterial
toothpaste e�ectively reduced pathogenic bacteria, they also
suppressed the oral probiotics which destroyed the stability of

the oral microbiota and damaged oral health, especially the
antibacterial toothpaste.

CONCLUSION

In the present study, we compared microbial diversity in the
oral cavities and toothbrushes, and found a large number
of bacteria in toothbrushes, including some pathogens.
Pathogens existing in toothbrushes may transfer to the oral
cavity and enhance the risk of neurodegenerative diseases,
cancers, and cardiovascular diseases (Figure 6). Moreover,
the strong antimicrobial e�ect of toothpaste on bene�cial
oral bacteria may also disturb the oral microbial system.
Here, we compared the microbiota between oral cavities
and toothbrushes, and explored the potential risk of bacteria
in toothbrushes, which provides useful data on oral health.
However, sampling by gargling carries a risk of contamination
from the throat or upper aerodigestive ways; therefore, a
more suitable sampling method for oral bacteria should be
used (Santigli et al., 2017).

DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. This data
can be found here: GenBank accession number PRJNA553856.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethical Committee of the Stomatological
Hospital of Nanchang University and all participants
provided written informed consent. All experiences were
conducted in accordance with the approved guidelines. The
patients/participants provided their written informed consentto
participate in this study.

AUTHOR CONTRIBUTIONS

TC designed the experiments. TC, YS, QS, YG, TQ,
and SW analyzed the data and wrote the manuscript.
QS, YG, TQ, and SW performed the experiments. All
authors discussed the results and commented on the
�nal manuscript.

FUNDING

This work was supported by grants from the National
Natural Science Foundation of China (No. 31560264),
the Major Academic Discipline and Technical Leader of
JiangxiProvince (No. 20194BCJ22032), Key R&D plan of JiangXi
Science and Technology Agency (No. 20181BBG70028),
JiangXi Provincial Science and technology innovation
team (No. 20181BCB24003).

Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 8 February 2020 | Volume 10 | Article 17



Shang et al. Microbiota in Oral Cavity and Toothbrush

REFERENCES

Aas, J. A., Paster, B. J., Stokes, L. N., Olsen, I., and Dewhirst, F. E. (2005). De�ning
the normal bacterial �ora of the oral cavity.J. Clin. Microbiol.43, 5721–5732.
doi: 10.1128/JCM.43.11.5721-5732.2005

Bik, E. M., Long, C. D., Armitage, G. C., Loomer, P., Emerson, J., Mongodin, E.
F., et al. (2010). Bacterial diversity in the oral cavity of 10 healthy individuals.
ISME J.4, 962–974. doi: 10.1038/ismej.2010.30

Bo, L., Faller, L. L., Niels, K., Varun, M., Mohammad, G., Sommer, D. D.,
et al. (2012). Deep sequencing of the oral microbiome reveals signatures of
periodontal disease.PLoS ONE7:e37919. doi: 10.1371/journal.pone.0037919

Chen, H., and Jiang, W. (2014). Application of high-throughput sequencing in
understanding human oral microbiome related with health and disease. Front.
Microbiol.5:508. doi: 10.3389/fmicb.2014.00508

Deng, K., Chen, T., Wu, Q., Xin, H., Wei, Q., Hu, P., et al. (2015).In vitro and
in vivoexamination of anticolonization of pathogens byLactobacillus paracasei
FJ861111.1.J. Dairy Sci.98, 6759–6766. doi: 10.3168/jds.2015-9761

Edgar, R. C. (2010). Search and clustering orders of magnitude faster than BLAST.
Bioinformatics26, 2460–2461. doi: 10.1093/bioinformatics

Fang, X., Wang, X., Yang, S., Meng, F., Wang, X., Wei, H., et al.
(2016). Evaluation of the microbial diversity in amyotrophic lateral
sclerosis using high-throughput sequencing.Front. Microbiol. 7:1479.
doi: 10.3389/fmicb.2016.01479

Fischman, S. L. (1997). The history of oral hygiene products: how
far have we come in 6000 years?Periodontol 2000 15, 7–14.
doi: 10.1111/j.1600-0757.1997.tb00099.x

Gales, A. C., Jones, R. N., Forward, K. R., Liñares, J., Sader, H. S., and Verhoef,
J. (2001). Emerging importance of multidrug-resistant acinetobacter species
and Stenotrophomonas maltophiliaas pathogens in seriously Ill patients:
geographic patterns, epidemiological features, and trends in the SENTRY
antimicrobial surveillance program (1997–1999).Clin. Infect. Dis.32, S104–
S113. doi: 10.1086/320183

Hays, C. J. (2006). Bacteria in the oral �ora: a study of antimicrobial agents in
toothpastes on toothbrushes.Saint Martin's Univ. Biol. J.1, 167–173.

Iwamoto, T., Suzuki, N., Tanabe, K., Takeshita, T., and Hirofuji, T. (2010). E�ects
of probioticLactobacillus salivariusWB21 on halitosis and oral health: an open-
label pilot trial. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod.110,
201–208. doi: 10.1016/j.tripleo.2010.03.032

Li, C. Y., Lin, H. C., Hsueh, K. C., Wu, S. F., and Fang, S. H. (2010). Oral
administration ofLactobacillus salivariusinhibits the allergic airway response
in mice.Can. J. Microbiol.56, 373–379. doi: 10.1139/W10-024

Lin, C. K., Tsai, H. C., Lin, P. P., Tsen, H. Y., and Tsai, C. C. (2008).
Lactobacillus acidophilusLAP5 able to inhibit the Salmonella choleraesuis
invasion to the human Caco-2 epithelial cell.Anaerobe 14, 251–255.
doi: 10.1016/j.anaerobe.2008.07.003

Magoc, T., and Salzberg, S. L. (2011) FLASH: fast length adjustment of
short reads to improve genome assemblies.Bioinformatics27, 2957–2963.
doi: 10.1093/bioinformatics/btr507

Mojon, P. (2002). Oral health and respiratory infection.J. Can. Dent. Assoc.
68, 340–345.

Moore, R. A., Deshazer, D., Reckseidler, S., Weissman, A., and Woods,
D. E. (1999). E�ux-mediated aminoglycoside and macrolide resistance
in Burkholderia pseudomallei. Antimicrob. Agents Chemother.43, 465–470.
doi: 10.1128/AAC.43.3.465

Okpalugo, J., Ibrahim, K., and Inyang, U. S. (2009). Toothpaste formulation
e�cacy in reducing oral �ora. Trop. J. Pharm. Res.8, 71–77.
doi: 10.4314/tjpr.v8i1.14714

Pinducciu, G., Micheletti, L., Piras, V., Songini, C., Serra, C., Pompei, R., et al.
(1996). Periodontal disease, oral microbial �ora and salivary antibacterial
factors in diabetes mellitus type 1 patients.Eur. J. Epidemiol.12, 631–636.
doi: 10.1007/BF00499463

Pritchard, A. B., Crean, S., Olsen, I., and Singhrao, S. K. (2017).Periodontitis,
microbiomes and their role in Alzheimer's disease.Front. Aging Neurosci.9:336.
doi: 10.3389/fnagi.2017.00336

Rai, L. S., Singha, R., Sanchez, H., Chakraborty, T., Chand, B.,Bachellier-Bassi,
S., et al. (2019). TheCandida albicansbio�lm gene circuit modulated at
the chromatin level by a recent molecular histone innovation.PLoS Biol.
17:e3000422. doi: 10.1371/journal.pbio.3000422

Rizzatti, G., Lopetuso, L. R., Gibiino, G., Binda, C., and Gasbarrini, A. (2017).
Proteobacteria: a common factor in human diseases.Biomed. Res. Int.
2017:9351507. doi: 10.1155/2017/9351507

Santigli, E., Koller, M., and Klug, B. (2017). Oral bio�lm sampling formicrobiome
analysis in healthy children.J. Vis. Exp.2017, 130:e56320. doi: 10.3791/56320

Vester-Andersen, M., Mirsepasi-Lauridsen, H. C., Vind, I., Prosberg,
M., Mortensen, C., Träger, C., et al. (2017). In Crohn's disease,an
aggressive disease course is related to an increased abundancy of
proteobacteria; a seven year follow up study.Gastroenterology152:S625.
doi: 10.1016/S0016-5085(17)32219-9

Volpe, A. R., Kupczak, L. J., Brant, J. H., King, W. J., Kestenbaum, R. C., and
Schlissel, H. J. (1969). Antimicrobial control of bacterial plaque and calculus
and the e�ects of these agents on oral �ora.J. Dental Res.48, 832–841.
doi: 10.1177/00220345690480053701

Wade, W. G. (2013). The oral microbiome in health and disease.Pharmacol. Res.
69, 137–143. doi: 10.1016/j.phrs.2012.11.006

Wang, X., Wu, Q., Deng, K., Wei, Q., Hu, P., He, J., et al. (2015). A novel method
for screening of potential probiotics for high adhesion capability. J. Dairy Sci.
98, 4310–4317. doi: 10.3168/jds.2015-9356

Wenger, P. N., Tokars, J., Brennan, P., Samel, C., Bland, L., Miller, M., et al.
(1997). An outbreak of Enterobacter hormaechei infection and colonization
in an intensive care nursery.Clin. Infect. Dis.24, 1243–1244. doi: 10.1086/
513650

Whitmore, S. E., and Lamont, R. J. (2014). Oral bacteria and cancer.PLoS Pathog.
10:e1003933. doi: 10.1371/journal.ppat.1003933

Xie, G., Chain, P. S. G., Lo, C. C., Liu, K. L., Gans, J., Merritt,
J., et al. (2010). Community and gene composition of a human
dental plaque microbiota obtained by metagenomic sequencing.
Mol. Oral Microbiol. 25, 391–405. doi: 10.1111/j.2041-1014.2010.
00587.x

Zhang, L., Li, X. Z., and Poole, K. (2000). Multiple antibiotic
resistance in Stenotrophomonas maltophilia: involvement of a
multidrug e�ux system. Antimicrob. Agents Chemother.44, 287–293.
doi: 10.1128/AAC.44.2.287-293.2000

Con�ict of Interest: The authors declare that the research was conducted in the
absence of any commercial or �nancial relationships that could be construed as a
potential con�ict of interest.

Copyright © 2020 Shang, Gao, Qin, Wang, Shi and Chen. This is an open-access
article distributed under the terms of the Creative CommonsAttribution License (CC
BY). The use, distribution or reproduction in other forums ispermitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 9 February 2020 | Volume 10 | Article 17


