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Abstract
Background: Oral malodor is a very discomforting condition deriving from the pres‐
ence	of	volatile	sulfur	compounds	in	the	expired	air.	In	halitosis	of	intraoral	etiology,	
the volatile sulfur compounds are metabolic products of the oral microorganisms 
within the biofilm coating the tongue dorsum as well as other tissues in the oral cav‐
ity.	The	aim	of	this	study	was	to	characterize	and	compare	the	microbial	composition	
of tongue biofilm in volunteers suffering from halitosis and healthy volunteers by 
means	of	both	the	culture	method	and	culture‐independent	cloning	technique.
Results: A	high	bacterial	variety	(more	than	80	different	species)	was	detected	using	
the	 combination	 of	 both	 methods.	 A	 distinct	 bacterial	 composition	 was	 revealed	
in	 the	 halitosis‐associated	 biofilms	 compared	 with	 the	 health‐associated	 biofilms.	
Actinomyces graevenitzii was shown to be significantly associated with the halitosis 
condition.	 The	 culture	 method	 identified	 47	 species,	 included	 Veillonella rogosae,	
never isolated from the tongue biofilm of halitosis patients so far. In the healthy con‐
dition,	the	culture‐dependent	method	showed	that	the	most	frequent	species	were	
Streptococcus parasanguinis among the aerobes and Veillonella spp. among the an‐
aerobes.	The	culture‐independent	cloning	method	detected	more	than	50	species.	
Streptococci,	 in	particular	S. mitis/oralis,	S. pseudopneumoniae, and S. infantis as well 
as Prevotella	spp.,	were	found	most	frequently	in	halitosis	patients.	Streptococcus sali‐
varius and Rothia mucilaginosa	were	found	more	frequently	in	the	healthy	condition.
Conclusions: The	 combination	 of	 the	 culture‐dependent	 and	 culture‐independent	
cloning	techniques	allowed	for	a	widespread	analysis	of	the	tongue	biofilm	in	halitosis	
patients. The results can support further pharmacological research for new antimi‐
crobial agents and halitosis therapy strategies.
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1  | INTRODUC TION

Halitosis	is	widely	known	as	malodor	deriving	from	exhaled	breath	
due	to	the	presence	of	volatile	sulfur	compounds	(VSCs)	arising	from	
the	oral	cavity	or	from	the	upper	airways	(Scully	&	Greenman,	2008).	
The	VSCs	include	hydrogen	sulfide,	methyl	mercaptan,	and	dimethyl	
sulfide	(Scully	&	Porter,	2008).	The	volatile	products	causing	intra‐
oral halitosis derive from the interaction of oral microbiota with 
specific	 substrates,	 such	 as	 the	 amino	 acid	 cysteine,	 methionine,	
tryptophan,	arginine,	and	lysine	that	are	metabolized	into	the	differ‐
ent	VSCs	(Dzink	&	Socransky,	1990).

Clinical halitosis is classified according to the primary source. We 
can	therefore	distinguish	between	 intraoral	halitosis,	with	the	oral	
cavity	as	etiological	source,	and	extraoral	halitosis,	usually	a	symp‐
tom	of	a	pathological	disease	(Tangerman	&	Winkel,	2010),	such	as	an	
organ	dysfunction	or	systemic	disease.	In	that	context,	respiratory	
disorders	or	respiratory	tract	 inflammations,	as	well	as	diseases	of	
the	gastrointestinal	system,	can	result	in	the	release	of	smelly	gases	
within the oral cavity and the nose. Concerning the gastrointestinal 
apparatus,	gastroesophageal	reflux	disease	(GERD)	and	Helicobacter 
pylori‐related	diseases	are	also	associated	with	bad	breath.	Systemic	
diseases	such	as	diabetes,	renal	failure,	liver	disease,	trimethylamin‐
uria,	 hypermethioninemia,	 and	 cystinosis	 can	 also	 have	 a	 specific	
malodor	 as	 a	 clinical	 manifestation	 (Madhushankari	 et	 al.,	 2015;	
Scully	&	Porter,	2008;	Tangerman	&	Winkel,	2010).

The organoleptic difference between the intraoral and extraoral 
halitosis	consists	in	the	composition	of	the	VSCs.	Indeed,	hydrogen	
sulfide and methyl mercaptan have been found to be the main con‐
tributors	to	intraoral	halitosis,	whereas	dimethyl	sulfide	is	more	asso‐
ciated	with	extraoral,	“blood‐borne”	halitosis	(Tangerman	&	Winkel,	
2010).	 Intraoral	 halitosis	 is	 associated	 with	 periodontal	 diseases,	
poor	oral	hygiene,	salivary	flow	alterations,	cancerous	 lesions,	and	
bone	necrosis	(Dzink	&	Socransky,	1990).	It	is	etiologically	related	to	
the	microbiota	of	the	dorsal	tongue	biofilm	(Roldán,	Herrera,	&	Sanz,	
2003;	 Yaegaki	&	Coil,	 2000),	 and	 in	 particular	 to	 the	 presence	 of	
anaerobic	microorganisms	responsible	for	the	production	of	VSCs,	
such as Centipeda periodontii, Eikenella corrodens,	Fusobacterium nu‐
cleatum, F. periodonticum,	Porphyromonas gingivalis,	Prevotella mela‐
ninogenica,	P. intermedia,	Solobacterium moorei,	Tannerella forsythia, 
and Treponema denticola. Due to its papillary structure that creates 
an	 ecological	 niche	 for	 microorganisms,	 the	 tongue	 biofilm	 rep‐
resents an oral microenvironment which is well distinguished from 
the	supragingival	biofilm,	also	known	as	dental	plaque,	and	the	sub‐
gingival	biofilm	(Amou,	Hinode,	Yoshioka,	&	Grenier,	2014;	Bernardi	
et	al.,	2018;	Bernardi,	Marzo,	&	Continenza,	2016;	Bernardi,	Zeka,	
Mummolo,	Marzo,	&	Continenza,	2013).

To	date,	the	halitosis‐relevant	literature	comprises	many	studies	
on	the	microbial	characterization	of	the	biofilm	using	in	vitro	mod‐
els,	 culture	 technique,	 species‐specific	 PCR	 (Brunner,	 Kurmann,	&	
Filippi,	 2010;	 Mashima,	 Kamaguchi,	 &	 Nakazawa,	 2011),	 confocal	
laser	 scanning	microscopy	study	 (Bernardi	et	al.,	2019),	 and	quan‐
titative	 PCR	 assays	 (Vancauwenberghe	 et	 al.,	 2013),	 allowing	 for	
the	study	of	the	targeted	species,	as	well	as	a	few	studies	applying	

high‐throughput	sequencing	to	tongue	biofilm	(Hall	et	al.,	2017;	Ren	
et	al.,	2016;	Seerangaiyan	et	al.,	2017).

Up	to	now,	over	300	bacterial	species	have	been	found	 inhab‐
iting	the	tongue	(Yang	et	al.,	2013),	revealing	a	high	bacterial	diver‐
sity	within	this	biofilm	(Mashima	et	al.,	2011;	Mashima	&	Nakazawa,	
2013;	Vancauwenberghe	et	al.,	2013).

The	aim	of	this	study	was	to	characterize	the	in	vivo	biofilm	on	
the dorsal tongue surface combining molecular and culture tech‐
niques	 in	healthy	volunteers	and	halitosis	patients,	 in	order	 to	un‐
derstand	which	microbial	taxa	contribute	to	the	halitosis‐associated	
tongue	 biofilm.	 So	 far,	 this	 combination	 of	methods	 has	 not	 been	
used	to	study	this	particular	biofilm.	The	open‐end	approach	of	the	
molecular	cloning	technique	in	addition	to	the	culture	method	rep‐
resents a valid contribution to the research in this field.

2  | METHODS

2.1 | Subjects and samples

According	 to	 the	 study	 protocol	 six	 patients	 affected	 by	 oral	
malodor and six healthy volunteers were recruited. The pres‐
ence of halitosis was assessed by the instrumental measurement 
of	exhaled	air,	 using	a	 sulfide	monitor	 (Halimeter,	manufactured	
by	Interscan	Corporation).	Furthermore,	the	medical	history	and	
dental	 history	 were	 comprehensively	 checked	 as	 well	 as	 perio‐
dontal clinical investigations performed: Periodontal probing and 
gingival	 bleeding	were	 assessed.	 Subsequently,	 the	 tongue	 dor‐
sum biofilm was collected using 0.1 ml sterile inoculating loops. 
The sampling was performed with two loops. The pooled samples 
were divided and stored in two vials containing 0.75 ml Reduced 
Transfer	 Fluid	 (RTF)	 (Syed	&	 Loesche,	 1972)	 and	 kept	 at	 −80°C	
prior to use.

2.2 | Clinical halitosis assessment

A	total	of	12	patients	and	volunteers	were	recruited	at	the	Dental	
Clinic	of	the	University	of	Basel,	Switzerland.	The	patients	included	
in the study suffered from intraoral halitosis. The exclusion criteria 
were	(a)	presence	of	extraoral	halitosis,	(b)	diagnosis	of	a	mental	ill‐
ness,	(c)	patients	aged	under	18	years,	(d)	the	intake	of	antibiotics	in	
the previous 3 months before the start of the study and/or the use of 
antiseptics	one	month	before	study	start,	and	(e)	poor	general	health	
with	 reference	 to	 American	 Society	 of	 Anesthesiologists	 Physical	
Classification	 System.	 Prior	 to	 the	 sampling	 procedure,	 a	 general	
medical	history	questionnaire	was	submitted	to	the	participants	of	
the	study	(Table	1).	The	periodontal	status	of	each	participant	was	
then	 assessed	 and	 documented,	 using	 the	 Periodontal	 Screening	
and	Recording	(PSR)	Index,	recommended	by	the	American	Dental	
Association	as	an	established	stage	of	oral	diagnostic	examinations	
for	all	dental	patients	(Periodontology,	1993).	The	presence	of	VSCs	
was	determined	by	means	of	a	Halimeter	(Brunner	et	al.,	2010),	and	
the	results	were	recorded.	Lastly,	 the	tongue	dorsum	biofilm	sam‐
ples were collected as described above.
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2.3 | Culture method

The culture method was performed as described in detail previously 
(Schirrmeister	et	al.,	2009).	The	vials	containing	the	samples	in	RTF	
were	thawed	at	36°C	in	a	water	bath	and	vortexed	for	30–45	s.	For	
the	isolation	and	identification	of	the	microorganisms,	100	µl	of	the	
undiluted sample and serial dilutions thereof were cultivated. The 
serial	dilutions	(10−1–10−7)	were	prepared	in	peptone	yeast	medium	
(PY).	Each	dilution	was	plated	on	yeast	 cysteine	blood	agar	plates	
(HCB)	 to	 cultivate	 anaerobic	 bacteria	 at	 37°C	 for	 10	 days	 and	 on	
Columbia	blood	agar	plates	(CBA),	 incubated	at	37°C	and	5%–10%	
CO2 atmosphere for 5 days to cultivate aerobic species. The result‐
ing colony types were phenotypically evaluated and counted to 
calculate	 the	number	of	colony‐forming	units	 (CFUs)	per	ml	 in	 the	

original	sample.	All	colony	types	were	subcultivated	to	obtain	pure	
cultures	 which	 were	 analyzed	 by	 MALDI‐TOF	 (MALDI	 Biotyper,	
Bruker	 Daltonik	 GmbH),	 as	 described	 in	 detail	 by	 our	 own	 group	
(Anderson	et	al.,	2014).

2.4 | DNA Isolation

The	biofilm	samples	were	centrifuged	at	16.000	g	for	10	min,	and	
the	 supernatant	 was	 discarded.	 Lysis	 of	 microbial	 cells	 was	 then	
performed	 using	 a	 Precellys	 24	 bead	 mill	 homogenizer	 (PEQLab	
Biotechnologie	GmbH)	 in	 ATL	 buffer	 (QiaAMP	Micro	 Kit;	Qiagen,	
Hilden).	The	vials	were	shaken	twice	at	3,500	rpm	for	30	s.	The	DNA	
was	subsequently	purified	by	means	of	QiaAMP	Micro	Kit	(Qiagen,	
Hilden)	 according	 to	 the	 manufacturer's	 protocol	 for	 tissue	 sam‐
ples.	The	total	microbial	DNA	was	eluted	twice	with	50	µl	AE	buffer	
(Qiagen)	and	then	stored	at	−20°C.

2.5 | PCR Amplification of 16S rRNA Genes

Bacterial	 16S	 rRNA	genes	were	 amplified	using	 the	 following	uni‐
versal	 primers:	 27F‐YM	 (5′‐AGAGTTTGATYMTGGCTCAG‐3′)	 and	
1492R	 (5′	 TACGGYTACCTTGTTACGACTT‐3′)	 (Frank	 et	 al.,	 2008).	
The	PCR	amplification	was	performed	in	a	total	volume	of	50	µl.	The	
reaction	mixture	contained	1	×	PCR	buffer	 (Qiagen),	0.2	mM	each	
of	 the	 four	 deoxyribonucleoside	 triphosphates	 (dNTPs;	 PEQLab	
Biotechnologie),	0.5	µM	of	forward	and	reverse	primers,	2	µl	UTaq‐
Polymerase	(Qiagen),	and	5	µl	of	the	isolated	sample	DNA.	The	PCR	
cycling	conditions	consisted	of	a	denaturation	step	at	94°C	for	2	min,	
followed	by	35	cycles	with	denaturation	at	94°C	for	1	min;	annealing	
at	55°C	for	1	min;	extension	at	72°C	for	1.5	min;	and	a	final	exten‐
sion	step	at	72°C	for	10	min.

A	 no‐template	 control	 and	 a	 positive	 control	were	 included	 in	
each	set	of	PCRs.	PCR	reaction	products	were	analyzed	by	electro‐
phoresis	in	a	1.5%	agarose	gel	and	positive	reactions	were	used	to	
prepare clone libraries.

2.6 | Cloning of PCR products and analysis of 
clone libraries

The	 16S	 rDNA	 amplification	 products	 were	 ligated	 into	 the	
PCR®2.1‐TOPO®	plasmid	vector	using	the	TOPO	TA	Cloning®	Kit	
(Invitrogen,	 Life	 Technologies)	 according	 to	 the	 manufacturer's	
protocol	and	as	described	in	detail	earlier	(Anderson	et	al.,	2012).	
Fifty	white	 clones	 from	 each	 library	were	 picked,	 and	 the	 pres‐
ence of inserts was confirmed by PCR amplification with their re‐
spective	primers,	 followed	by	gel	 electrophoresis.	PCR	products	
of	all	recombinants	were	subjected	to	a	restriction	enzyme	diges‐
tion	with	Hha	 I,	 Rsa	 I,	 and	Hinf	 I	 (New	England	Biolabs	GmbH).	
Fragment	 length	 patterns	 were	 compared	 and	 grouped	 if	 they	
were similar. One representative clone was selected from each 
group	and	used	for	sequencing.	Sequencing	was	performed	on	an	
automated	ABI	3,730	×	l	DNA	Analyzer	(Applied	Biosystems,	Life	
Technologies	GmbH).

TA B L E  1  Anamnestic	questionnaire

Patient number

Anamnestic	questionnaire

Age

Gender

Current health Status

Do You suffer from chronic gastroesophageal reflux?

Do You suffer from diabetes?

Do	You	suffer	from	renal	disease	(chronic	kidney	failure)?

Did You undergo antibiotic treatment during the last 3 months?

If	so,	do	You	remember	the	medication?

Habits

Do	You	drink	alcohol	regularly?	(more	than	three	times	a	week)

Do	You	smoke?

Do	You	brush	Your	tongue?	If	yes,	with	what	frequency?

Periodontal health status

Does the patient wear a removable prosthetic device?

Number	of	present	teeth

Number	of	missing	teeth

PSR	INDEX

PSR™

Code	0	indicated	periodontal	health	(neither	bleeding	on	prob‐
ing nor defective restoration margins and gingival sulcus depths 
<3.5	mm)

Code	1	indicated	bleeding	on	probing,	no	defective	restoration	
margins and a gingival sulcus depth <3.5 mm at a minimum of one 
site within the sextant

Code	2	indicated	bleeding	on	probing,	the	presence	of	supra‐	or	
subgingival	calculus,	defective	restoration	margins,	and	a	gingival	
sulcus depth <3.5 mm at a minimum of one site within the sextant

Code	3	indicated	bleeding	on	probing	and	a	pocket	depth	of	
3.5–5.5	mm	at	a	minimum	of	one	site	within	the	sextant

Code	4	indicated	that	a	pocket	depth	>5.5	mm	was	present	at	a	
minimum of one site within the sextant
(American	Dental	Association	and	American	Academy	of	
Periodontology,	1992)

VSCs	Analysis	result
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2.7 | Sequence analysis

The	sequence	data	obtained	from	the	ABI	sequencer	were	visually	
proofread	 and	 edited	 using	 the	 Ridom	 TraceEdit	 software	 (Ridom	
GmbH).	The	partial	and	almost	full‐length	16S	rDNA	sequences	were	
compared	 with	 those	 from	 public	 sequence	 databases,	 GenBank,	
EMBL,	and	DDBJ	using	the	BLAST	program,	which	was	run	through	
the	 server	 hosted	 by	 the	 National	 Center	 for	 Biotechnology	
Information	 (http://www.ncbi.nigh.gov/BLAST	)	 (Altschul,	 Gish,	
Miller,	Myers,	&	Lipman,	1990).

The	 sequences	 that	 showed	 98%	 similarity	 or	 less	with	 public	
database	sequences	were	checked	for	chimeras	with	the	Pintail	soft‐
ware	(version	1.0)	(Ashelford,	Chuzhanova,	Fry,	Jones,	&	Weightman,	
2005).	The	chimeric	sequences	were	excluded	from	further	analysis.	
The	 sequences	 with	 a	 99%–100%	match	 to	 a	 database	 sequence	
were considered to belong to the same species as the one with the 
highest	similarity	and	score	bits.	In	addition,	all	16S	rDNA	sequences	
were	 compared	 with	 the	 database	 sequences	 of	 the	 Ribosomal	
Database	Project	(http://rdp.cme.msu.edu/)	(Cole	et	al.,	2009).

2.8 | Statistical analysis

The	concentration	and	the	abundance	of	the	species	were	analyzed	
with	descriptive	and	associative	statistical	test	(Wilcoxon	rank	sum	
and	Fisher's	exact	tests).	All	calculations	were	done	by	the	statistical	
software	STATA	14.1.

3  | RESULTS

3.1 | Clinical assessment

The	six	recruited	halitosis	patients,	four	female	and	two	male	sub‐
jects,	were	between	25	and	65	years	old.	Two	patients	claimed	to	
suffer from gastroesophageal disorder within the limit of the physi‐
ological	disturbance,	and	one	of	them	was	a	smoker.	Tongue	brush‐
ing was not performed by any of them as part of normal oral hygiene 
procedure.	The	PSR	Index	was	between	0	and	3,	indicating	a	certain	
degree	of	periodontal	disease	and	the	Halimeter	values	ranged	from	
122	to	226	parts	per	billion	(Table	2).

The ages of the six healthy volunteers ranged between 22 and 
33	years.	The	tongue	plaque	was	sampled	from	four	females	and	
two	males.	One	volunteer	consumed	alcohol	on	a	regular	basis,	and	
two subjects brushed the dorsal tongue surface regularly. The PSR 
Index	and	 the	Halimeter	values	were	0	 for	all	healthy	volunteers	
(Table	2).

3.2 | Microbiological analysis

The	 combination	 of	 the	 culture‐dependent	methods	 and	 the	mo‐
lecular	cloning	technique	revealed	a	high	abundance	and	diversity	of	
bacterial	species	in	both	the	halitosis	and	control	groups.	A	high	bac‐
terial	variety	(more	than	80	different	species)	resulted	from	the	com‐
bination of the two methods. While the culture method identified TA
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almost	 47,	 the	 culture‐independent	 cloning	 method	 detected	 55	
species.

3.3 | Culture analysis revealed a distinct bacterial 
composition of halitosis‐associated biofilms compared 
to the health‐associated biofilms

By	means	of	MALDI‐TOF	analysis,	it	was	possible	to	identify	47	dif‐
ferent	microbial	species	overall.	A	total	of	36	different	species	were	
identified	 in	 the	halitosis	condition,	and	36	different	 species	were	
identified in the samples derived from the healthy condition. The 
culture analysis of the microflora disclosed distinguishable differ‐
ences in the abundance distribution of the aerobic and anaerobic 
species within the tongue dorsum biofilm of healthy volunteers and 
halitosis	patients	 (Figures	1,2).	 In	particular,	 in	 the	halitosis	 condi‐
tion	18	aerobic	and	18	anaerobic	species	were	identified;	similarly,	
in the healthy group 19 aerobic species and 17 anaerobic species 
were	 detected.	 The	 highest	 percentage	 of	 CFUs	 among	 aerobic	
species	 (1.9	 ×	 108	 CFU/ml)	 in	 the	 halitosis	 volunteers	 was	 found	
for Streptococcus mitis	 (Figures	3,4);	 in	 the	healthy	volunteers,	 the	
highest	percentage	of	CFUs	among	aerobic	 species	was	 found	 for	
Streptococcus parasanguinis	(1.11	×	108	CFU/ml).	Among	the	anaero‐
bic	 species,	 the	highest	percentage	was	 found	 for	Veillonella atyp‐
ica	(7.6	×	107	CFU/ml)	in	the	halitosis	group	and	for	Veillonella spp. 
(9	×	106	CFU/ml)	in	the	healthy	group	(Figures	3,4).	A	statistically	sig‐
nificant association was found between the presence of Actinomyces 

graevenitzii	and	the	halitosis	condition	(p	<	.05)	(Figure	3).	In	addition,	
the culture analysis allowed the identification of V. rogosae in the 
tongue biofilm also of halitosis patients.

3.4 | Analysis of the 16S rDNA clone libraries 
disclosed a high bacterial diversity within the 
halitosis‐associated biofilms

The molecular identification confirmed the presence of the bacterial 
species	detected	by	the	culture	method,	and	it	allowed	us	to	detect	
even more species including various Streptococcus and other taxa 
including Haemophilus parainfluenzae, Okadaella gastrococcus, and 
Tannerella forsythia	(Figures	5	and	6).

More	 specifically,	 the	 other	 species	 detected	 in	 halitosis	 sam‐
ples were Streptococcus anginosus, S. cristatus, S. gordonii, S. lactarius, 
S. oligofermentans, S. thermophilus, S. tigurinus, S. pseudopneumoniae, 
S. australis, Okadaella gastrococcus, Prevotella sp., P. histicola, P. pal‐
lens, P. melaninogenica, P. veroralis, and Veillonella parvula	(Figure	5).

The adjunctive taxa detected in the samples derived from the 
healthy volunteers were Gemella sanguinis, Streptococcus thermophi‐
lus, Porphyromonas sp., Prevotella pallens, Haemophilus parainfluenzae, 
Abiotrophia para‐adiacens, and Selenomonas sp.

The most abundant species found in the halitosis condition was 
Streptococcus mitis	 (Figure	 6).	 The	 most	 abundant	 species	 among	
the samples derived from the healthy condition was Streptococcus 
salivarius	 (Figure	 6).	 The	 statistical	 analysis	 revealed	 a	 significant	

F I G U R E  1  Culture	technique:	(a)	Relative	distribution	(in	%	CFU)	of	anaerobic	bacteria	among	the	halitosis	patients	and	(b)	relative	
distribution	(in	%	CFU)	of	anaerobic	bacteria	among	the	healthy	volunteers
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association	(p	value	<	.05)	of	S. mitis and S. pseudopneumoniae with 
the	 halitosis	 condition	 (Figure	 6).	 Some	 taxa	 were	 only	 found	 in	
the	halitosis	patients,	but	not	 in	the	healthy	controls,	 for	example,	
Okadaella gastrococcus	 (4%	 abundance),	 Leptotrichia	 sp.	 (1%	 abun‐
dance),	and	Tannerella forsythia	(1%	abundance).

4  | DISCUSSION

Intraoral	halitosis	is	predominantly	caused	by	bacteria.	According	to	
literature,	it	is	widely	accepted	that	the	microbial	composition	of	the	
dorsal	tongue	surface	correlates	with	the	VSCs'	production	as	stated	
in	different	studies	(Amou	et	al.,	2014;	Aylıkcı	&	Colak,	2013;	Bosy,	
Kulkarni,	 Rosenberg,	 &	 McCulloch,	 1994;	 De	 Boever	 &	 Loesche,	
1995;	Hess,	Greenman,	&	Duffield,	2008;	Kazor	et	al.,	2003;	Yang	et	
al.,	2013).	The	VSCs	produced	by	the	dorsal	tongue	microbiota	are	
the molecules directly responsible for the oral malodor.

In	 clinical	 practice,	 patients	 affected	by	 this	 health	 issue	 ad‐
dress	their	dentist	or	dental	hygienist	in	order	to	solve	it	(Thoppay	
et	al.,	2019).	The	first	steps	for	a	correct	diagnosis	are	to	obtain	
data	 using	 a	 general	 medical	 history	 questionnaire	 and	 to	 clini‐
cally	evaluate	the	oral	health	status	and	the	detection	of	the	VSCs	
(Seemann	et	al.,	2014).	The	detection	of	VSCs	is	a	crucial	step	and	
topic	of	debate.	Indeed,	as	reported	by	Scully	C	et	al.	the	clinical	
assessment can be performed using portable gas chromatography 

or	a	sulfide	monitor	or	organoleptic	assessment,	performed	by	the	
nose	of	the	clinicians	(Scully	&	Greenman,	2012).	The	last	method	
is	considered	the	gold	standard	in	the	clinical	practice,	but	the	cli‐
nician sniff can present many side effects such as the transmission 
of	diseases	or	subjectivity	level	(Falcão	et	al.,	2017).	The	portable	
gas chromatography can be preferred if the clinical situation re‐
quires	a	differentiation	of	 the	VSCs.	The	sulfide	monitor	 instead	
can be sufficient for an initial objective assessment of halitosis 
(Scully	&	Greenman,	2012).	In	our	clinical	assessment,	the	general	
medical	history	questionnaire	revealed	the	absence	of	mechanical	
tongue scraping among the adopted oral hygiene habits. The clini‐
cal examination allowed for the documentation of the periodontal 
status,	and	the	objective	assessment	of	VSCs	by	means	of	the	sul‐
fide monitor enabled the diagnosis of halitosis associated with the 
tongue	 coating.	However	 giving	 the	 limit	 of	 the	 sulfide	monitor,	
we were not able to assess the degree of the halitosis condition. 
The periodontal status was found to be in good condition in the 
healthy	volunteers'	group	and	with	signs	of	disease	in	the	halitosis	
group. Two patients belonging to the halitosis group also showed 
GERD,	which	can	be	a	primary	cause	of	oral	malodor.	Indeed,	the	
GERD	 lowers	 the	pH	 in	 the	oral	 cavity	 and	 therefore	 influences	
the	microbial	composition	of	the	oral	biofilm	of	teeth,	mucosa,	and	
tongue	dorsum.	However,	the	microbial	composition	of	the	tongue	
biofilm belonging to these two particular patients did not show 
any	taxa	significantly	predominant.	Among	the	aerobes,	the	most	

F I G U R E  2  Culture	technique:	(a)	Relative	distribution	(in	%	CFU)	of	aerobic	bacteria	among	the	halitosis	patients	and	(b)	relative	
distribution	(in	%	CFU)	of	aerobic	bacteria	among	the	healthy	volunteers
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abundant species were Streptococcus parasanguinis and Okadella 
gastrococcus,	while	among	the	anaerobes	the	most	abundant	spe‐
cies were Veillonella atypica,	 Prevotella histicola, and Veillonella 
Rogosae.	Interestingly,	the	patient	suffering	from	GERD	presented	
as most abundant species the V. Rogosae.	 As	 stated	 before,	 the	
source of the oral malodor is found in the microbial metabolism. 
Many studies have reported that the composition of the micro‐
flora	is	characterized	by	a	great	diversity	and	accompanied	by	the	
presence	of	high	proportions	of	anaerobic	bacteria	(Anesti	et	al.,	
2005;	Loesche	&	Kazor,	2003;	Mantilla	Gómez	et	al.,	2001;	Roldán	
et	al.,	2003).

The	 combination	 of	 culture	 and	 culture‐independent	 methods	
applied	 in	 the	present	 study	 confirmed	 this	 trend,	 showing	a	high	
variability	 of	 the	microbial	 population	of	 the	biofilm,	 and	 a	higher	
proportion of the aerobic taxa in the halitosis group.

In	 particular,	we	were	 able	 to	 detect	 the	main	 species	 associ‐
ated	with	 oral	 malodor	 so	 far,	 including	 Prevotella melaninogenica, 
Fusobacterium periodonticum, Tannerella forsythia, and Solobacterium 
moorei.

Previous studies profiled the microbiota in halitosis patients and 
healthy	 individuals	by	means	of	culture‐dependent	and	culture‐in‐
dependent	techniques	 in	order	to	understand	the	microflora	dom‐
inating	 this	 pathological	 biofilm	 microenvironment	 (De	 Boever	 &	

Loesche,	1995;	Hess	et	al.,	2008;	Kato	et	al.,	2005;	Kazor	et	al.,	2003;	
Mantilla	 Gómez	 et	 al.,	 2001;	 Seerangaiyan	 et	 al.,	 2017).	 In	 1966,	
Gordon	and	Gibbons	were	the	first	to	report	the	prevalence	of	bac‐
terial	species	on	the	tongue	surface	using	culture	methods	(Gordon	
&	Gibbons,	1966).	They	found	streptococci,	Veillonella	 spp.,	micro‐
cocci,	staphylococci,	Bacteroides	spp.,	Neisseria	spp.,	Fusobacterium 
spp.,	 and	 unidentified	 Gram‐negative	 rods	 and	 cocci.	 Later,	 De	
Boever	and	Loesche	made	a	first	effort	to	determine	which	of	the	
bacterial	species	colonizing	the	tongue	surface	correlated	with	oral	
malodor	(De	Boever	&	Loesche,	1995).	In	that	context,	they	isolated	
cultivable	bacteria	 from	tongue	plaque	 from	halitosis	patients	and	
found	 that	 the	prevalent	Gram‐positive	halitosis‐associated	bacte‐
rial species were Actinomyces	spp.,	Streptococcus salivarius,	S. sangui‐
nis, and Rothia dentocariosa,	whereas	 the	prevalent	Gram‐negative	
halitosis‐associated	 bacterial	 species	 were	 Prevotella intermedia,	
Capnocytophaga	spp.,	and	Fusobacterium spp. Our study confirmed 
the presence of these aerobic species associated with halitosis 
condition,

Since the detection of uncultivable bacteria is not possible using 
solely	culture‐dependent	methods,	the	available	information	on	the	
microbiota	situated	on	the	tongue	surface	was	limited.	After	applying	
culture‐independent	methods,	namely	the	amplification,	cloning,	and	
sequencing	of	16S	rRNA	cistrons,	Kazor	et	al.	managed	to	determine	

F I G U R E  3  Culture	technique:	(a)	Microbial	composition	(in	%	CFU)	of	aerobic	bacteria	in	biofilm	samples	of	halitosis	patients	and	(b)	
bacterial	concentration	composition	(in	%	CFU)	of	aerobic	species	in	biofilm	samples	of	healthy	volunteers.	The	significantly	associated	
species	(p	value	<.05)	are	marked
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the bacterial composition on the tongue surface in halitosis patients 
more	comprehensively	(Kazor	et	al.,	2003).	Interestingly,	the	author	
found the most prevalent bacterial species were Atopobium parvulum 
and Solobacterium moorei.	In	contrast,	other	bacterial	species	such	as	
Streptococcus salivarius and Rothia mucilaginosa were predominant 
in	healthy	subjects	(Kazor	et	al.,	2003).	This	finding	was	confirmed	
in	the	present	study,	in	which	S. salivarius and R. mucilaginosa were 
also found in healthy. In healthy subjects R. mucilaginosa comprise 
5%	CFU,	 in	halitosis	4%.	 In	another	study,	Haraszthy	et	al.	applied	
the combination of the anaerobic culture and direct amplification of 
16S	ribosomal	DNA	using	an	open‐ended	method	similar	to	the	one	
in	 the	 present	 study,	 in	 an	 attempt	 to	 overcome	 the	 limits	 of	 the	
culture	technique	(Haraszthy	et	al.,	2007).	They	found	Streptococcus 
salivarius and Campylobacter concisus as the most prevalent species 
in the control group. These species were found in the control group 
of	our	 study,	 too.	 In	 addition,	Actinomyces graevenitzii, statistically 
associated	with	the	halitosis	condition	in	the	present	study,	was	also	
one	of	the	most	prevalent	species	in	halitosis	group	in	the	Haraszthy	
et	al.	study	(Haraszthy	et	al.,	2007).

Moreover,	 the	 present	 results	 revealed,	 in	 accordance	 with	
these	 earlier	 findings,	 the	 presence	 of	 Actinomyces odontolyticus,	
Solobacterium moorei,	Streptococcus oralis,	and	S. sanguinis in halito‐
sis patients. These bacterial species were often detected in halitosis 

biofilm	 in	 literature	 (Haraszthy	 et	 al.,	 2007).	 Riggio	 et	 al.	 profiled	
and compared the microbiota on the tongue dorsum by means of 
culture‐independent	 techniques,	 using	 PCR	 amplification,	 cloning,	
and	sequencing	of	16S	rRNA	genes	(Riggio	et	al.,	2008).	The	authors	
concluded that the tongue dorsum presents a higher microbial di‐
versity	 in	halitosis	samples	compared	with	the	controls.	According	
to	the	authors'	findings,	S. salivarius was present in high concentra‐
tions	both	 in	 the	halitosis	and	control	groups	 (Riggio	et	al.,	2008).	
The	present	study	confirmed	these	findings.	Consequently,	it	can	be	
assumed that this microorganism does not play an etiological role in 
the development of oral malodor.

Recently,	Yang	et	al.	used	pyrosequencing	 in	a	cross‐sectional	
and longitudinal study for a comparison of the microbial commu‐
nities	 in	 halitosis	 patients	 and	 in	 healthy	 volunteers	 (Yang	 et	 al.,	
2013).	 They	 found	 that	Prevotella spp. and Leptotrichia spp. were 
positively	 linked	to	hydrogen	sulfide	 (Yang	et	al.,	2013).	Similarly,	
Ren et al. found members of the genera Prevotella and Leptotrichia 
(and	 Actinomyces,	 Selenomonas	 etc.)	 in	 halitosis	 with	 pyrose‐
quencing	 (Ren	 et	 al.,	 2016).	 Seerangaiyan	 et	 al.	 using	 Illumina	
MiSeq	 high‐throughput	 sequencing	 found	 Leptotrichia, Prevotella, 
Selenomonas, and Tannerella	 taxa	 abundant	 in	 halitosis,	 whereas	
several Streptococcus species were more abundant in the control 
(Seerangaiyan	et	al.,	2017).

F I G U R E  4  Culture	technique:	(a)	Microbial	composition	(in	%	CFU)	of	anaerobic	bacteria	in	biofilm	samples	of	halitosis	patients	and	(b)	
microbial	composition	(in	%	CFU)	of	anaerobic	bacteria	in	biofilm	samples	of	healthy	volunteers.	The	significantly	associated	species	(p value 
<.05)	are	depicted
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The	 results	 deriving	 from	 our	 culture‐independent	 “open‐
ended”	 technique	 in	combination	with	 the	culture	 technique	con‐
firmed	 the	 presence	 of	 the	 taxa	 found	 in	 these	 high‐throughput	
sequencing	studies,	specifically	the	detection	of	several	Prevotella 
species	 with	 both	 methods,	 for	 example,	 P. histicola,	 which	 was	
found in high concentrations in samples from the halitosis patients 
with	 culture	 technique.	Moreover,	 our	methods	 revealed	 the	 sig‐
nificant presence of S. mitis and S. pseudopneumoniae in the hali‐
tosis samples which might indicate their role in the adhesion to 
the tongue surface during the biofilm formation. In contrast to the 
high‐throughput	sequencing	studies,	with	our	methodological	ap‐
proach	 by	means	 of	 sequencing	 full‐length	16S	 rDNA	 fragments,	
we were able to differentiate the many Streptococcus species that 
were	detected.	Both	Seerangayian	K	et	al. and Yang et al. found cer‐
tain	OTUs	(operational	taxonomic	units)	of	the	genus	Streptococcus 
associated	with	healthy	study	participants,	yet	they	were	not	able	
to	achieve	a	clear	species‐level	analysis	(Seerangayian	K	et	al.,	2017;	
Yang	et	al.,	2013).

The low number of participants in our study is an obvious limita‐
tion;	however,	other	reports	draw	conclusions	regarding	the	etiolog‐
ical	 flora	 for	halitosis	using	similar	study	populations,	 for	example,	
the	study	by	Kazor	CE	et	al.	using	a	culture‐independent	approach	

on	six	halitosis	patients	and	five	healthy	controls,	or	the	study	by	Ren	
W	et	al.	comparing	five	halitosis	patients	with	five	controls	 (Kazor	
et	al.,	2003;	Ren	et	al.,	2016).	In	our	study,	the	results	of	the	combi‐
nation	of	culture‐dependent	and	culture‐independent	“open‐ended”	
cloning	techniques	highlighted	the	most	prevalent	bacterial	species	
within the halitosis biofilms and the bacterial species influencing the 
healthy biofilms. This had not been performed yet. The aerobic and 
anaerobic cultivable species from the halitosis group corresponded 
to	the	taxa	reported	by	many	authors:	All	of	 those	species	except	
for Veillonella rogosae were previously found on the tongue dorsum 
of halitosis subjects. This species had previously been isolated from 
supragingival	dental	plaque	and	from	the	tongue	biofilm	of	healthy	
individuals	 (Arif	 et	 al.,	 2008;	 Mashima	 et	 al.,	 2011;	 Mashima	 &	
Nakazawa,	2013).	Veillonella rogosae	is	a	Gram‐negative,	nonmotile,	
nonsporulating coccoid and appears as a single cell or in short chains. 
It	is	strictly	anaerobic	and	oxidase‐negative.	It	exhibits	pyroglutamic	
acid	 arylamidase	 and	variable	 alkaline	phosphatase	 activity.	Major	
acid	end	products	are	acetic	and	propionic	acids	(Arif	et	al.,	2008).	
Veillonella genus has always been connected with the production 
of	VSCs	 and	 is	 therefore	 responsible	 for	malodor	 (Mashima	et	 al.,	
2011),	but	to	our	knowledge,	V. rogosae was never associated with 
halitosis so far.

F I G U R E  5  Cloning	technique:	(a)	Relative	distribution	of	all	bacteria	among	the	halitosis	patients	(in	%).	(b)	Relative	distribution	of	all	
bacteria	among	the	healthy	volunteers	(in	%)
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The	cloning	method,	exploiting	a	“hypothesis‐free”	approach	
to	 achieve	 a	 greater	 overview	 of	 the	 total	 microbial	 diversity,	
showed a high variability among the detected species between the 
two	groups.	Particularly	in	the	halitosis	group,	it	allowed	for	the	
detection of different Streptococcus	spp,	Haemophilus parainfluen‐
zae,	Prevotella pallens,	P. veroralis,	Photobacterium spp. Leptotrichia 
wadei,	 and	Tannerella forsythia,	 in	 line	with	 the	 results	obtained	
by	 (Riggio	 et	 al.,	 2008;	Yang	 et	 al.,	 2013).	 In	 the	 control	 group,	
using	 the	 cloning	 method,	 we	 were	 able	 to	 detect	 Abiotrophia 
para‐adiacens,	 Granulicatella	 spp.,	 Lachnoanaerobaculum sabur‐
reum,	 Selenomonas	 spp.,	 and	 Staphylococcus warneri,	 which	
were	 not	 detected	 by	 means	 of	 culture‐dependent	 methods.	
Particularly	 in	 the	 control	 group,	 two	 interesting	 species	 were	
noted: Selenomonas	 is	 a	 genus	which	 is	 generally	 taken	 to	 be	 a	
volatile	sulfur	compounds	producer	(Persson	et	al.,	1990).	In	gen‐
eral,	 S. mitis,	S. oralis, and S. pseudopneumoniae are rather seen 
as belonging to the healthy physiological flora than associated 
with	 any	 oral	 disease.	 However,	 the	 16S	 rRNA	 gene	 of	 S. mitis 

and S. pseudopneumoniae,	as	shown	by	the	recent	study	of	Tze	et	
al.,	has	a	98%	correspondence	with	a	new	isolated	species	from	
the tongue dorsum in a halitosis patient: the S. halitosis.	Hence,	it	
might be possible that these taxa would provide favorable con‐
ditions	in	the	microenvironment	of	the	tongue	biofilm	for	other,	
halitosis‐associated	taxa	to	thrive.

5  | CONCLUSION

In	 conclusion,	 in	 combining	 the	 culture	method	 and	 culture‐inde‐
pendent	 cloning	 technique	 this	 study	 confirmed	 the	 wide	 variety	
of	the	tongue	microbiota	in	halitosis	patients,	including	new	species	
that	had	not	been	detected	so	far.	A	combination	of	different	micro‐
bial	techniques	is	recommended	to	analyze	the	etiological	microflora	
associated	with	halitosis.	Increased	knowledge	of	the	microbiota	of	
the tongue biofilm is essential for further research to develop new 
antimicrobial agents for halitosis therapy strategies.

F I G U R E  6  Cloning	technique:	(a)	Relative	abundance	(in	%)	of	all	bacteria	in	biofilm	samples	of	halitosis	patients.	The	significantly	
associated	species	(p	value	<.05)	are	marked.	(b)	Relative	abundance	(in	%)	of	all	bacteria	in	biofilm	samples	of	healthy	volunteers
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