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Abstract Objective: Solobacterium moorei is suggested to be associated with the production of
volatile sulphur compounds (VSCs) and can be found in subgingival plaques of deep periodontal
pockets. We examined whether this bacterium’s count was reduced in periodontitis patients with
halitosis following non-surgical periodontal treatment, while the bacterial count of Prevotella inter-
media was measured simultaneously as a control.

Material & methods: This clinical study included 20 adults with chronic periodontitis who com-
plained of halitosis. The bacterial relationship in the subgingival plaque sample was measured after
8 weeks post-treatment, including the probing pocket depth (PPD). Quantitative real-time PCR
(qPCR) was used to measure the proportion of S. moorei, while the concentrations of H,S and CH3-
SH were determined using oral ChromaTM.

Results: The presence of S. moorei was consistently observed in participants with periodontitis
before and after non-surgical periodontal treatment and consistent showed a significantly lower
proportion compared with P. intermedia. Solobacterium moorei showed a strong positive correlation
with H,S and CH3SH concentrations, but a negative correlation with deep periodontal pocket mea-
surements. Conversely, reduced P. intermedia may be more associated with a deep pocket, indepen-
dent of the concentration of CH;SH.
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Conclusion: The study data showed that the proportion of S. moorei in the subgingival biofilm
can be related to halitosis in periodontitis patients.

© 2022 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Bad breath odor or halitosis is an oral health condition com-
mon in patients who visit periodontal clinics. Although halito-
sis itself does not seem to be a severe illness, it could be a very
troublesome condition, particularly in social interaction
(Tangerman, 2002, Feller and Blignaut, 2005, Porter and
Scully, 2006). It is a fact that microbes play an essential role
in the etiopathogenesis of halitosis, where 10% of bacteria
are of extra-oral origin, and about 90% of cases have intra-
oral origin (Hampelska et al., 2020). Although no specific oral
bacterial infection shows an obvious association with halitosis,
most cases (43%) are correlated with microbes that dwell on
the tongue surface, and some of them (11%) can be attributed
to periodontal disease or a combination of the two (18%)
(Nandlal et al., 2016).

Volatile sulphur compounds (VSCs) are the main odorous
substances. Two members of VSCs, hydrogen sulphide (H,S)
and methyl mercaptan (CH3SH), are the most frequently asso-
ciated with halitosis (Takeshita et al., 2012). Porphyromonas
gingivalis, Prevotella intermedia, Fusobacterium nucleatum,
and Tannerella forsythia are periodontal pathogens that can
lead to the production of VSCs, which are increased in peri-
odontitis patients (Hampelska et al., 2020). These reports indi-
cate that periodontitis can be a factor in chronic halitosis (van
den Broek et al., 2008). Hence, to improve halitosis parameter,
professional periodontal treatment is necessary as it might
reduce the proportion of halitosis-associated bacteria.

Currently, there is an increased interest in Solobacterium
moorei, which is a non-spore-forming gram-positive anaerobic
bacillus species that has been reported as a component of the
human dorsal tongue flora (Haraszthy et al., 2014). Although
the association of S. moorei with halitosis-associated periodon-
tal disease has been studied (Colombo et al., 2009, Haraszthy
et al., 2014), there is insufficient evidence to suggest that the
periodontal niche is the habitat of S. moorei. We hypothesized
that the presence of S. moorei in the periodontal niche might
be the causative constituent of periodontitis-associated halito-
sis. Therefore, this study aimed to compare the proportion of
S. moorei and P. intermedia, with VCSs (H,S and CH;SH),
and deep periodontal pockets, before and after non-surgery
periodontal disease treatment

2. Materials and methods

This investigation was conducted between June 1, 2019 and
July 31 of 2019. The study was carried out in accordance with
STROBE (Strengthening the Reporting of Observational
Studies in Epidemiology) guidelines (von Elm et al., 2014).

2.1. Patients and study design

This study obtained ethical approval from the Ethical Review
Committee of Faculty of Dentistry Universitas Indonesia (pro-

tocol number, 090460419). All patients were recruited from
The Dental Hospital Faculty of Dentistry Universitas Indone-
sia and were diagnosed with periodontitis (Papapanou et al.,
2018). All patients had subjective halitosis complaints. The
study participants provided their written informed consent
prior to participation, and this work was conducted in accor-
dance with the principles of the Declaration of Helsinki. Sam-
ple collection, assessment procedures, and clinical evaluations
were performed by one registered dentist.

Only subjects who met the pre-specified study inclusion cri-
teria were deemed eligible for enrollment in the current study.
The study inclusion criteria were as follows: (a) no periodontal
therapy received during the previous three months, (b) system-
atically healthy subjects (i.e., the enrolled patients were not
suffering from diabetes mellitus, respiratory dysfunction, cir-
rhosis of the liver, chronic renal failure, sinusitis, gastrointesti-
nal disorders, malignant carcinomas, and/or other similarly
severe conditions) (Grover et al., 2015), (c) no antibiotics
received within the previous three months; and (d) non-
smokers.

Because it is difficult to accurately determine the periodon-
tal sites undergoing progressive tissue breakdown, clinicians
rely on detecting signs of tissue damage by measuring the
probing pocket depth (PPD) to detect loss of attachment
(Awang et al., 2014, Zhuang et al., 2014). In this study, PPD
determination was performed as previously reported
(Bachtiar et al., 2021). Moreover, for non-surgical periodontal
treatment, we conducted a procedure for professional mechan-
ical plaque removal as suggested previously (Needleman et al.,
2015).

2.2. Microbial samples

Microbial samples were collected in accordance with a previ-
ously published protocol (Bachtiar and Bachtiar, 2020).
Briefly, each sample was collected from one diseased site (with
a probing depth of >5 mm) that presented with bleeding on
probing. The collection area was isolated with cotton rolls,
and supragingival plaque was carefully removed with curettes.
Collection was performed with a sterile endodontic paper
point by inserting the point to the depth of the sulcus and mov-
ing it laterally along the axis of the tooth. Immediately after
sampling, the paper point was placed in a microcentrifuge tube
and stored at —70 °C until additional processing.

Bacterial counts (S. moorei and P. intermedia) were deter-
mined within subgingival biofilm samples based on their pro-
portion relative to the total bacterial count in the same oral
niche. We first extracted DNA from the samples using the
GENEzoITM reagent following the manufacturer’s instruc-
tions (General, Ltd, New Taipei City, Taiwan). The concentra-
tion and quality of the obtained DNA was determined using
Qubit assay reagents (Invitrogen, Carlsbad, CA, USA). After
dissolving the DNA in Tris-EDTA buffer, the DNA was
cooled to —20 °C until additional processing.
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2.3. Viable spore count (VSC) assessment

To investigate the association between halitosis and the pro-
portion of S. moorei present in the periodontal niche, we col-
lected breath samples from the enrolled participants and
analyzed VSCs as well as the presence of H,S and CH3;SH
using an Oral Chrome device (Oral Chroma™ Abimedical,
Abilit Corp., Osaka, Japan). In the current study, we only
measured H,S and CH3;SH, which are regarded as the main
causative substances with respect to oral malodor (Awano
et al., 2004). The protocol for this evaluation was described
previously (Awano et al., 2004).

Briefly, subjects were asked to avoid eating, drinking, chew-
ing, brushing, and mouth rinsing for at least one hour prior to
the VSC assessment, and were likewise asked not to fast for
more than 4 h prior to the assessment. Subsequently, a dispos-
able 1 mL syringe was inserted into the oral cavity and the sub-
jects were instructed to breathe through their nose while the
oral cavity was kept sealed and unventilated for 1 min. After
one minute, the piston was pulled to the very end of the syr-
inge, and the syringe was filled again with a breath sample.
To remove unwanted air from the syringe, we repeated the
process of pulling the piston. Following this, the breath sample
(0.5 mL) was injected into the Oral Chroma™nd the measure-
ment was performed according to manufacturer instructions.

Table 1 Study participant characteristics.
Age (year) Periodontitis (CAL)*
Group 27-40 41-70 Moderate Severe
Male 3 2 3 2
Female S 10 6 9
* The previously published Clinical Attachment Loss (CAL) scale was implemented to define the severity of periodontitis (Papapanou et al.,
2018).
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Fig. 1  Proportion of S. moorei and P. intermedia. Mean and standard deviation for the relative bacterial proportion, before and after

non-surgery periodontal treatment (upper panel) of S. moorei (A) and P. intermedia (B), relative to total bacteria in subgingival microbiota
of periodontitis patients with halitosis. The lower panel shows the different proportion between the two species, before (C) and after (D)
the treatment. The mark ns = non significance; * p < 0.05.
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The concentrations of H,S and CH3;SH were calculated and
recorded.

2.4. Real-time quantitative PCR for measuring S. moorei, P.
intermedia, and total bacterial counts

Quantitative real-time polymerase chain reaction (qPCR)
assays were carried out to obtain S. moorei, P. intermedia,
and total bacterial gross counts, as well as the relative propor-
tion of each targeted species. We used quantitative real-time
PCR (qPCR) because this is a rapid, inexpensive, and simple
methodology that can produce a large number of DNA copies
in a short period of time (Fouad et al., 2002, Tomas et al.,
2017).

The primers used for S. moorei were as follows: forward,
CTCAACCCAATCCAGCCACT,; reverse, TATTGGCTCCC
CACGGTTTC (Nani et al., 2017). For P. intermedia, the fol-
lowing primers were used: forward, TCCACCGAT-
GAATCTTTGGTC; reverse, ATCCAACCTTCCCTCCAC
TC (Suzuki et al., 2005). Finally, the following primers were
used to evaluate total bacterial counts: forward, TGGAG-
CATGTGGTTTAATTCGA; reverse, TGCGGGACTTAAC
CCAACA (Yang et al., 2002). All qPCR procedures were per-
formed as previously reported (Bachtiar and Bachtiar, 2020).

The qPCR reaction was carried out with a total volume of
10 pL (comprising 5 pL of SYBRI1 Selected Master Mix
[Thermo Fisher Scientific, Waltham, USA], 2 uL of the
DNA template, and 1 pL of the primer pair solution
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(300 nM/reaction). For each run, diethyl pyrocarbonate
(DEPC) treated water (Thermo Fisher Scientific) was used as
a negative control. Melting peaks were used to determine
PCR specificity. qPCR analysis was performed using the
ABI StepOnePlus Real-Time PCR Master Mix (Applied
Biosystems, Waltham, MA, USA) following the manufac-
turer’s protocol. The thermal cycling conditions were as fol-
lows: pre-denaturation at 95 °C for 10 min followed by 40
cycles of 95 °C for 15 s, 40 cycles of 55 °C for 30 s, and an addi-
tional step at 72 °C for 15 s.

The relative abundance of each evaluated bacterium (S.
moorei and P. intermedia) was calculated using relative calcu-
lations within the previously published AACt method (274"
(Navidshad et al., 2012). ACt was calculated as the difference
between the Ct value specific to the primers for each bacterium
and the Ct value (specific to the primers for the total bacterial
count. AACt was defined as the difference between the ACt
value before and after treatment, where the value derived from
the 24" method shows the changes in bacterial abundance in
each sample after periodontal treatment as compared with
those of the pre-treatment sample. The 222! value prior to
periodontal treatment was set to 1.

2.5. Statistical analyses

Statistical analyses were performed using GraphPad software
(version 9.0, GraphPad Software, Inc., San Diego, CA,
USA). The objective of this study was to determine the associ-
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Correlation between the relative proportion of bacteria and periodontal pocket deep (PPD). The upper panel shows the

correlation between S. moorei and PPD, before (A) and after (B) non-surgery periodontal treatment of periodontitis patient with halitosis.
The lower panel shows the correlation between P. intermedia and PPD, before (C) and after (D) the treatment. (r) = correlation

coefficient.
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ations between concentrations of the tested bacteria, VSCs,
and PPD values. We used Student’s z-test to compare the pro-
portions of S. moorei and P. intermedia and we used Spear-
man’s rank correlation to assess the strength of the
associations of the relative abundance of each evaluated bacte-
rial type with H,S concentrations, CH;SH concentrations, and
the depth of the periodontal pocket before and after treatment.
Statistical significance was set to P < 0.05.

3. Results

Twenty patients with chronic periodontitis were enrolled in
this study (Table 1). The mean age of the participants was
31 years (range, 17-55 years). All subjects were diagnosed with
periodontitis (moderate to severe) according to the criteria
specified within the American Academy of Periodontology
Classification of Periodontal Disease (Caton et al., 2018).

3.1. S. moorei and P. intermedia: Correlations with periodontal
pocket depth

The proportions of bacterial species (S. moorei and P. interme-
dia) in subgingival microbiota samples collected before and
after treatment are shown in Fig. 1A-B. The proportion of
S. moorei in each subgingival sample was not found to be sta-
tistically significantly different in comparisons before and after
non-surgical periodontal treatment (p > 0.05). However, the
reducing effect of the treatment was observed with regard to

the proportion of P. intermedia, which was statistically signif-
icantly decreased (p < 0.0001) as compared with prior to treat-
ment. Differences were observed when comparing both species.
The proportion of S. moorei was statistically significantly
lower than that of P. intermedia (p < 0.0004; Fig. 1C) at base-
line as well as after eight weeks of non-surgical periodontal
treatment (p < 0.0001; Fig. 1D).

Correlations between bacterial proportions and PPD before
and after treatment are shown in Fig. 2A-D. The proportion of
S. moorei showed a negative correlation with PPD, though a
statistically significant correlation was only found prior to
treatment (p < 0.0001; r = 0.812). In contrast, P. intermedia
showed a positive correlation with PPD both before
(r = 0.258) or after (r = 0.234) treatment; however, this cor-
relation was not statistically significant (p > 0.05).

3.2. Concentrations of H»S and CH3SH. Correlations with
periodontal pocket depth

Values for the production of H,S and CH3SH before and after
treatment are shown in Fig. 3A. We observed that the H,S and
CH;SH concentrations were not statistically significantly dif-
ferent prior to treatment. Following treatment, each of their
concentrations were statistically significantly reduced
(p < 0.0001), and the concentration of H,S was statistically
significantly higher than that of CH;SH (p < 0.003). More-
over, before treatment, the respective correlations of pocket
depth with H,S and CH3;SH were as follows: r = 0.489,
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Fig. 3 Concentrations of VSC and their correlation with periodontal pocket depth (PPD). The left panel shows mean and standard
deviation for reduced rates of H,S and CH3SH, before and after non-surgery periodontal treatment of periodontitis patients with halitosis
(A). The right panel shows the correlation between H,S and PPD, before (B) and after (C) non-surgery periodontal treatment of
periodontitis patients with halitosis, while D and E show the correlation between CH3SH and PPD, before and after the non-surgery
periodontal treatment, respectively. The mark ns = non significance; * p < 0.05. (r) = correlation coefficient.
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(p < 0.03) and r = 0.266 (p < 0.02) (Fig. 3B and 3D). After
treatment, neither gas was found to have a statistically signif-
icant correlation with pocket depth. The correlation coeffi-
cients for H,S and CH3SH were r = 0.344 and r = 0.147,
respectively (p > 0.05, Fig. 3C and 3E).

3.3. H,S/CH;SH concentrations and the proportions of S.
moorei and P. intermedia

To examine the relationships between the tested VSCs and the
proportions of S. moorei and P. intermedia, the values of H,S
and CH;SH were measured before and after treatment. Before
treatment, the proportions of S. moorei (p < 0.0006;
r = 0.968) and P. intermedia (p < 0.003; r = 0.512) were sta-
tistically significantly positively correlated with H,S concentra-
tions (Fig. 4A and 4C). After treatment, a weak positive
correlation (r = 0.014) was found between the proportion of
S. moorei and H,S; this correlation was not statistically signif-
icant (Fig. 4B; p > 0.05). In contrast, a mild positive and sta-
tistically significant correlation (r = 0.472) was observed for P.
intermedia (Fig. 4D; p < 0.03).

For CH;3SH, a statistically significant strong positive corre-
lation was observed between the proportion of S. moorei and
the concentration of CH3SH before (p < 0.0001; r = 0.956)
and after (p < 0.0001; r = 0.816) treatment (Fig. 5 A-B). In
contrast, no statistically significant correlations were found
between the proportion of P. intermedia and the concentration
of CH3SH both before and after treatment (p > 0.05). The

A
r=0.9685

T T 1
0.004 0.006 0.008

S. moorei

T
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respective correlation coefficients were r = 0.07 and

r = 0.16 (Fig. 4 C-D).
4. Discussion

Periodontitis-associated gram-negative bacteria are important
factors associated with halitosis (Awano et al., 2002). How-
ever, no specific bacterial infections have been reported as
associated with this condition, suggesting that halitosis mirrors
complex interactions between oral bacterial species. This pre-
liminary study provides additional evidence for the involve-
ment of S. moorei in cases of periodontitis-associated halitosis.

The major focus of this study was to compare the propor-
tion of S. moorei and P. intermedia in subgingival plaque as
well as the associations of these bacterial species with the con-
centrations of H,S and CH3;SH in periodontitis patients with
halitosis. Our qPCR data demonstrated that all patients with
halitosis had moderate to severe loss of periodontal supporting
tissues (Papapanou et al., 2018) and harbored S. moorei and P.
intermedia in their subgingival microbiota. This result is in
agreement with a previous report regarding bacterial involve-
ment in periodontitis-associated halitosis (Vancauwenberghe
et al., 2013, Haraszthy et al., 2014). By comparing the propor-
tion of bacterial cells within a total of 20 subgingival plaque
samples, our results showed that in both sample types (before
and after non-surgical periodontal treatment), the proportion
of S. moorei was lower than that of P. intermedia. This obser-
vation suggests that this relationship may be driven by peri-
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Fig. 4 Correlation between the relative proportion of the tested bacteria and H,S. The upper panel shows the relative proportion of S.
moorei and H,S, before (A) and after (B) non-surgery periodontal treatment of periodontitis patient with halitosis. The lower panel shows
the relative proportion of P. intermedia and H,S, before (C) and after (D) the treatment. (r) = correlation coefficient.
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shows the relative proportion of P. intermedia and CH3;SH, before (C) and after (D) the treatment. (r) = correlation coefficient.

odontal pocket characteristics and that plaque control (non-
surgical periodontal treatment) did not modulate the patho-
genic patterns shown by the two evaluated bacteria.

This assumption was also confirmed within our data, which
demonstrated that in both tested sample types, a similar pro-
portion was found for S. moorei before and after treatment,
whereas the proportion of P. intermedia was statistically signif-
icantly reduced after treatment. The proportion of S. moorei
tended to show a negative association with improving peri-
odontal pocket depth, although a statistically significant corre-
lation was found only before non-surgical periodontal
treatment. In contrast, a weak positive correlation was
observed for P. intermedia. The present findings are contrary
to those of previous studies (Colombo et al., 2009, Zheng
et al., 2010), which reported that the participation of S. moorei
in biofilm fosters the presence of Prevotella and Porphy-
romonas species in biofilm. The reason for this discrepancy
may be that the colonization of the subgingival niche by S.
moorei is not dependent on the pathologic condition of peri-
odontal tissue.

In addition to S. moorei and P. intermedia, we also analyzed
the concentrations of H,S and CH3;SH, which were each com-
parable before and after non-surgical periodontal treatment.
Although three of the tested individuals had no measurable
levels of H,S or CH3SH following treatment (data not shown),
we observed that the major effect of mechanical cleaning of the
periodontal pocket areas seems to be to statistically signifi-
cantly decrease the concentration of the two gases as compared
with prior to treatment. Interestingly, although the growth of

S. moorei showed a negative correlation with periodontal
depth, it showed a strong positive association with CH3SH
concentrations before and after periodontal treatment. Addi-
tionally, an early report demonstrated that CH3SH influences
halitosis more strongly as compared with H,S (Awano et al.,
2004).

Our results show that, following treatment, CH3SH concen-
trations were statistically significantly reduced as compared
with those of H,S. Given these results, it can be assumed that
the production of CH;SH in the oral cavity occurs due to the
existence of S. moorei in the periodontal pocket niche. There-
fore, it is possible that the presence of S. moorei in the subgin-
gival microbiota may be responsible for halitosis in
periodontitis patients. However, a recent study reported that
the bacterial composition of the tongue coating, including
the presence of S. moorei, may be responsible for halitosis
(Haraszthy et al., 2008, Ye et al., 2019).

The observational nature of our study is a definite limita-
tion in reaching causal inferences. Another limitation of the
current study is that we only measured VSC levels using a por-
table halitosis detector (OralChroma™), whereas organoleptic
measurement has been suggested as the gold standard for diag-
nosing halitosis (Dadamio et al., 2013). Thus, we recommend
that future studies evaluate both measurements. Finally, the
participants enrolled in this study were recruited from among
patients with periodontitis presenting at our clinic. Although
we adopted the most recent classification for staging periodon-
titis (Papapanou et al., 2018), halitosis was not analyzed with
regard to the severity of periodontitis (moderate vs. severe).
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The above two considerations suggest that the obtained results
may only be applicable to individuals with similar
backgrounds.

5. Conclusions

Within the limitations of the present study, our data revealed
that the periodontitis microenvironment in patients with hali-
tosis maintains a distinctive relationship between S. moorei
and P. intermedia. The relationship between these species is
not associated with an altered periodontal pocket condition
after non-surgical treatment, though mechanical plaque con-
trol was found to generate fluctuations in H,S and CH3;SH
concentrations in this study. The results of our preliminary
study inform the understanding of the underlying association
between VSCs and periodontal disease, as well as the relation-
ship between periodontal disease and the P. intermedia peri-
odontopathogen; this information could be wused to
distinguish between active and non-active periodontitis condi-
tions during the monitoring of non-surgical periodontal treat-
ment. Thus, comprehensive research needs to be conducted on
this topic in the future. Our findings thereby inform future
research directions and clinical decision-making.
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