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ORIGINAL ARTICLE
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Abstract
Different oral hygiene practices are used to overcome endemic diseases such as dental caries and oral infections. In Mali (Africa), natural

plant-based toothbrushes are used for eliminating bacterial biofilm. The repertoire of microorganisms associated with natural

toothbrushes is unknown. The aim of our study is to study microbial flora in particular the methanogenic archaea associated with natural

toothbrushes recently recognized as responsible for periodontitis and peri-implantitis. We investigated the methanogens and bacteria

associated with 15 different natural plant toothbrushes collected in Bamako local market (Mali). Microbiological investigations consisted in

culturing the bacteria on agar plates and searching archaea using molecular techniques. No archaea were demonstrated by molecular

biology but 50 bacterial species, including 33 aero-anaerobic and 17 aerobic species, were isolated from natural toothbrushes. We

isolated Pseudomonas sp., Staphylococcus sp. and Klebsiella pneumoniae, which are acknowledged as opportunistic human pathogens. This

study has highlighted the likely impact of the use of natural toothbrushes in the spread of potentially pathogenic bacteria in the human

oral cavity.

© 2021 The Authors. Published by Elsevier Ltd.

Keywords: Bacteria, Mali, methanogen, miswak, natural toothbrushes, oral cavity

Original Submission: 3 October 2019; Revised Submission: 13 January 2021; Accepted: 20 January 2021

Article published online: 3 February 2021
Corresponding author: Gérard Aboudharam, MEPHI, IHU Médi-
terranée Infection, 19-21, Boulevard Jean Moulin, 13005, Marseille.
France.
E-mail: gerard.aboudharam@univ-amu.fr

†In memoriam.
Introduction
Different oral hygiene methods have been used to overcome
widely endemic diseases such as dental caries and oral in-

fections [1]. Archaeological excavations have revealed the use
of many different methods and tools for cleaning teeth
throughout history: toothpicks in wood, feather, thorn,

porcupine hair and fibrous wood (stems of lentisque wood
with frayed ends) found in Egyptian tombs dating from 3000

BC [2].
This is an open access arti
The use of natural toothbrushes or chewing sticks became
popular in the Muslim world, including several African countries
including Mali. These natural toothbrushes, also called Miswak,

are prepared from the root, stem, twigs, or bark of trees and
are used to clean the oral cavity [3]. Miswak is an Arabic word

meaning tooth cleaning stick, becoming a common designation
for Salvadora persica [4]. Salvadora persica is the most used plant

for oral hygiene [5]. Today, the use of natural toothbrushes is
very common for reasons of low cost, ease of availability and

tradition.
There are around 173 different types of trees that can be used

as chewing sticks, belonging to the families Salvadoraceae, Acacia,

Fabaceae, Terminalia, Combretaceae, Lasianthera, Icacinaceae,
Gouania and Rhamnaceae [6–8]. Studies have shown that these

plants confer an essential antibacterial role, especially against
cariogenic bacteria and periodontal pathogens [6]. A recent study

has shown that the aqueous extract of the roots of Salvadora
persica contains thermostable components with significant anti-

protozoal activity against Blastocystis sp. subtypes [9]. As the
New Microbe and New Infect 2021; 40: 100844
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TABLE 1. Bacterial diversity of natural toothbrushes

Vernacular
name
(Bambara)

Scientific
name

Plant
parts
used Bacteria

Wo Fagara
xanthoxyloides

Root
and twig

Enterococcus faecium; Pediococcus
acidilactici; Enterococcus casseliflavus;
Pantoea septica; Cronobacter sakazakii;
Pantoea massiliensis; Staphylococcus
epidermidis

Zéguéné ou
Séréné

Balanites
aegyptiaca

Rod Enterobacter cloacae; Enterococcus faecium;
Bacillus marisflavi; Bacillus megaterium;
Bacillus pumilus

Souraka gèsè Salvadore
persica

Branch Pantoea intestinalis; Klebsiella pneumoniae;
Pantoea septica; Pantoea massiliensis;
Pseudomonas balearica; Cronobacter
sakazakii; Enterococcus faecium; Pantoea
dispersa; Enterobacter cloacae

Kounjè Guiera
senegalensis

Root Enterobacter tabaci; Enterobacter cloacae;
Enterobacter asburiae; Klebsiella
pneumoniae; Enterobacter asburiae; Bacillus
pumilus; Pantoea massiliensis; Pantoea
septica; Cronobacter sakazaki; Escherichia
coli; Kosakonia cowanii; Bacillus megaterium;
Kocuria marina

Gwele Prosopis
africana

Rod Pantoea septica; Klebsiella pneumoniae;
Pantoea massiliensis; Bacillus firmus; Bacillus
soli; Paenibacillus yunnanensis; Pantoea
dispersa; Pantoea eucrina; Enterococcus
faecium; Enterobacter cloacae; Escherichia
coli; Cronobacter sakazaki; Pantoea
massiliensis; Cronobacter helveticus;
Raoultella ornithinolytida
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correct decontamination of natural toothbrushes before use is

not always carried out, this could constitute a pathway for the
diffusion of environmental bacteria and archaea into the oral

microbiota in humans. It is known that the main route of expo-
sure of humans to resistant pathogens comes from other people,

either in clinics or in community settings. Environmental
dissemination routes for resistant bacteria have also been pointed
out as potentially important for the spread of antibiotic resistance

in humans [10]. Plants harbour a wide variety of microbiomes
that are specific to each plant genotype, but also specific to each

plant organ, for example roots, leaves and spheres [11]. Recent
next-generation sequencing studies of the environmental micro-

biome revealed archaeal signatures in substantial amounts in
diverse microbiomes associated with plants [12]. The microbial

community associated with the use of natural toothbrushes has
not been studied; hence the influence on the oral microbiota is
unknown. In this preliminary study conducted in Mali, we

examined for the first time the microbial flora that contaminates
natural toothbrushes used for oral hygiene.
Siri Burkea
africana

Branch Klebsiella pneumoniae; Kosakonia
radicincitans; Staphylococcus pasteuri;
Staphylococcus epidermidis; Enterobacter
cloacae; Pantoea septica; Cronobacter
sakazaki; Pantoea intestinalis
Materials and methods

Sunsun gèsè Diospyros

mespiliformis
Branch Klebsiella pneumoniae; Enterobacter

cloacae; Pantoea calida; Pantoea
massiliensis; Cronobacter sakazakii

Surukou
ntomono

Ziziphus
mucronata

Branch Raoultella ornithinolytica; Escherichia coli;
Pantoea septica; Klebsiella oxytoca;
Salmonella sp.; Pantoea calida; Pantoea
massiliensis; Kosakonia radicincitans

Suruku nièniè Ficus
exasperate

Branch Bacillus megaterium; Bacillus pumilus;
Pantoea septica; Staphylococcus epidermidis

Mandé sunsun Amona
senegalensis

Branch Pseudomonas aeruginosa; Klebsiella
pneumoniae; Enterobacter cloacae;
Cronobacter sakazakii; Stenotrophomonas
maltophila; Enterococcus casseliflavus;
Enterococcus faecium; Enterococcus
gallinarum; Acinetobacter baumannii

Sinjan Cassia
sieberiana

Roots Enterobacter cloacae; Klebsiella
pneumoniae; Enterobacter tabaci;
Enterobacter asburiae; Acinetobacter
variabilis; Pantoea massiliensis; Pantoea
septica; Pantoea calida

Seretoro Ficus capensis Branch Enterococcus casseliflavus; Enterobacter
cloacae; Klebsiella pneumoniae;
Acinetobacter calcoaceticus; Bacillus
circulans; Bacillus flexus

Nogo nogo Grewia bicolor Branch Pantoea septica; Pantoea massiliensis;
Enterococcus faecium; Enterobacter
hormachei; Enterococcus casseliflavus;
Pantoea calida; Bacillus megaterium;
Cronobacter helveticus; Candida fabianii;
Bacillus idriensis; Pantoea intestinalis

Tanba kunba Detarium
microscarpum

Branch Klebsiella pneumoniae; Cronobacter
sakazakii; Enterobacter cloacae;
Enterobacter aerogenes; Pseudomonas
putida; Leclercia adecarboxylata;
Enterococcus casseliflavus; Erwina sp.;
Kosakonia radicincitans; Salmonella sp.;
Escherichia vulneris

Mankana Loeseneriella
africana

Branch Klebsiella pneumoniae; Pantoea septica;
Pantoea calida; Pantoea massiliensis; Bacillus
pumilus; Cronobacter sakazaki; Raoultella
ornithinolytica
Collection and identification of samples
Unused natural toothbrushes were collected in March 2018
from the local market in Bamako, Mali. Identification of the

scientific names of plants was based on the literature by cor-
respondence with local names [8,13,14]. The collection con-

sisted of 15 natural toothbrushes from different plants,
including Fagara xanthoxyloides, Balanites aegyptiaca, Salvadora

persica, Guiera senegalensis, Prosopis africana, Burkea africana,
Diospyros mespiliformis, Ziziphus mucronata, Ficus exasperata,

Amona senegalensis, Cassia sieberiana, Ficus capensis, Grewia
bicolor, Detarium microscarpum and Loeseneriella africana
(Table 1). The samples were analysed at the IHU Mediterranée

Infection laboratory (Marseille, France) for microbiological
investigations.

Culture of the samples
The different samples were rehydrated in Falcon tubes con-

taining sterile phosphate-buffered saline for 24 hours at room
temperature. The suspension was used to inoculate the agars at
different dilutions. Culture of bacteria was performed at 37°C

on 5% sheep-blood-enriched Columbia agar and PolyViteX agar
(bioMérieux, Marcy l’Etoile, France) under aerobic and anaer-

obic atmospheres, for 48 hours.

Identification by MALDI-TOF MS
All microbial colonies that grew on agar plates were identi-
fied by matrix-assisted laser desorption– ionization time-of-
© 2021 The Authors. Published by Elsevier Ltd, NMNI, 40, 100844
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/lice
flight mass spectrometry (MALDI-TOF MS) using a Micro-

flex spectrometer (Bruker Daltonics, Bremen, Germany)
[15,16].
nses/by-nc-nd/4.0/).
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FIG. 1. Potential opportunistic

pathogens isolated on natural tooth-

brushes collected in Bamako, Mali.

The x-axis indicates the different

bacterial species potentially patho-

genic for humans, the y-axis indicates

the number of bacteria isolated for

each species.
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PCR sequencing
Methanogens were searched for by PCR sequencing. A 0.3-g

quantity of acid-washed beads (B106 mm; Sigma, Saint-Quentin
Fallavier, France) was added to each tube containing 250 μL of
toothbrush sample, the suspension was shaken to achieve a

mechanical lysis in a FastPrep BIO 101 apparatus (Qbiogene,
Strasbourg, France) at level 6.5 for 2 min. Then 200 μL of buffer

TL and OB Protease Solution (1.5 mL) from the E.Z.N.A. Tissue
DNA Kit (OMEGA, bio-tek, Norcross, GA, USA) were added.

The mixture was incubated overnight at 56°C. After a second
cycle of mechanical lysis, the mixture was incubated for 60 min

at 70°C. Extracted DNA was eluted with 100 μL of elution
buffer and the DNA was stored at –20°C.

Amplification of the archaea 16S rRNA gene (primers used:
SDArch0333aS15, 50-TCCAGGCCCTACGGG-30 and
SDArch0958aA19, 50-YCCGGCGTTGAMTCCAATT-30) and

the methyl-coenzyme M (mcrA) gene (primers used: mcrAFor,
50-GCTCTACGACCAGATMTGGCTTGG-30 and mcrARev,

50-CCGTAGTACGTGAAGTCATCCAGCA-30) was per-
formed as previously described [17]. Sequencing reactions

were carried-out using the Big-Dye Terminator, version 1.1,
cycle sequencing kit DNA according to the manufacturer’s in-

structions (Applied Biosystems, Foster City, CA, USA).
Nucleotide sequences were assembled using CHROMAS PRO
software, version 1.7 (Technelysium Pty Ltd., Tewantin, QLD,

Australia) and compared with the GenBank database by simi-
larity search using the BLASTN program (http://www.ncbi.nlm.

nih.gov/blast/).
This is an open access artic
Results and discussion
In this study, we were interested in the different types of nat-
ural toothbrushes used in Mali. We obtained a collection of 15
natural toothbrushes from different plants that are frequently

used in Mali (Table 1). The natural toothbrushes that presented
the most bacteria were: Prosopis africana and Guiera senegalensis

with respectively 15 and 13 bacterial species (Table 1).
We isolated 50 bacterial species from natural toothbrushes,

including 33 aero-anaerobic and 17 aerobic species.
Among them, a variety of potential pathogenic bacteria

[16–18] of the oral cavity were found. Among all bacteria isolated
by culture, 70% can cause pathologies in humans, including seven
bacterial genera that could potentially be responsible for respi-

ratory infection (Fig. 1). Enterobacteria were the most repre-
sented in our study. Among these bacteria, 15 Klebsiella

pneumoniae strains were isolated followed by 12 Cronobacter
sakazaki, 12 Enterobacter cloacae, four Escherichia coli and three

Raoultella ornithinolytica (Fig. 1). Klebsiella pneumoniae is an
opportunistic bacterial pathogen known for its high frequency

and diversity of antimicrobial resistance genes [19]. Natural
toothbrushes can contribute to the spread of multidrug-resistant

strains in humans from the environment [19].
Raoultella ornithinolytica is a bacterium often found in aquatic

environments, soil, insects, fish, ticks, and termites [20]. This

bacterium is involved in several pathologies in humans, including
in the oral cavity [20,21].
© 2021 The Authors. Published by Elsevier Ltd, NMNI, 40, 100844
le under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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In this study, we did not detect the presence of methanogens

and archaea in general on the toothbrushes using molecular
biology, suggesting that natural toothbrushes are not a source

for methanogens commonly found in the oral cavity, chiefly
Methanobrevibacter oralis [22–24], Methanobrevibacter smithii

and Methanobrevibacter massiliensis [18].
We isolated nine different bacterial species from the natural

toothbrush Salvadora persica despite its previously reported

antimicrobial activity against both aerobic and anaerobic bacteria
[4,6,25]. However, previous studies had shown some disadvan-

tages of using natural toothbrushes. A study by Eid et al. [26]
showed that natural toothbrush users had significantly more sites

with gingival recession than industrial toothbrush users, and this
may influence the periodontal health. The gingival recession may

have different origins, such as the absence or low thickness of
keratinized tissue, the traction of a frenumor even a thin external
table of bone, or traumatic or excessive brushing [27]. Another

study showed that the antimicrobial substances contained in
natural toothbrushes or chewing sticks provided no additional

benefits to those produced by the antimicrobial activity of
commercially available toothpastes [28]. The mechanical effect

exerted by natural toothbrushes during dental hygiene could lead
to micro-wounds through which methanogens and bacteria that

are present in the oral flora could enter the body and cause
systemic diseases [29]. These practices may pose a risk to the

elderly, immunosuppressed individuals and those following
chemotherapy or radiotherapy, who are more likely to develop
both oral cavity and systemic diseases.

The mechanical effect made by natural toothbrushes during
dental hygiene, asmentioned above, could causemicro-wounds and

promote thehaematogenous spreadofmicroorganisms in thebody.
Natural toothbrushes contaminated with Pseudomonas sp.,

Staphylococcus sp. and Klebsiella pneumoniae may be a source for
these opportunistic pathogens, posing a threat to oral as well as

general health in natural toothbrush users.
This pilot study made it possible to show the microbial di-

versity contaminating natural toothbrushes. In this work, we

have also shown that natural toothbrushes could lead to the
spread of multidrug-resistant bacteria in humans.

Further studies are needed to compare the oral flora of
individuals using natural toothbrushes and industrial tooth-

brushes. In order to test the hypotheses formulated in this
study, it would also be interesting to test the sensitivity of

environmental bacteria to antibiotics and to determine the
resistance genes circulating for a better oral health perspective.
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