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ABSTRACT

Objective: Halitosis may be caused by several factors, including various types of food, periodontal diseases, layer of tongue bacteria, and systemic
disorders such as diabetes mellitus (DM), which is a chronic disease that affects the health of periodontal tissue. The present study aimed to assess
the association between the quantity of Tannerella forsythia bacteria and the levels of methyl mercaptan and hydrogen sulfide in periodontitis patients
with type 2 DM (T2DM).

Methods: Gingival crevicular fluids (GCF) were collected from 20 patients who were divided into those with periodontitis and who were normoglycemic
(n=8); those with periodontitis and T2DM (n=8); and healthy controls (n=4). The patients underwent intraoral periodontal tissue examination,
including pocket depth, attachment loss, plaque index, calculus index, and papilla bleeding index. The quantity of T forsythia bacteria was evaluated
using quantitative real-time reverse transcription-polymerase chain reaction. The relationship between the number of T. forsythia bacteria and the
levels of methyl mercaptan and hydrogen sulfide in the patients was analyzed by Spearman’s correlative tests.

Results: There is a weak and non-significant correlation (p>0.05) between the levels of methyl mercaptan and hydrogen sulfide and the quantity of
T forsythia in the GCF and tongue coating of periodontitis patients with halitosis regardless of the presence of T2DM.

Conclusion: This study suggests no significant relationship between the levels of methyl mercaptan and hydrogen sulfide and the quantity of

T. forsythia in periodontitis patients with halitosis and DM.
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INTRODUCTION

Halitosis, also known as fetor oris, oral bad breath, or simply bad
breath, influences the quality of a person’s social interactions and his/
her level of confidence. The main factors causing halitosis are local
factors such as plaque, calculus, periodontal disease, dental caries,
xerostomia, tongue coating (TC), tobacco use, and oral cavity infections.
Other factors include several systemic factors such as diabetes, upper
respiratory infections, and types of food [1].

Malodor is associated with the degradation of sulfur-containing amino
acids (methionine, cysteine, and cystine) by anaerobic Gram-negative
bacteria present in the oral cavity, including Porphyromonas gingivalis,
Fusobacterium nucleatum, Prevotella intermedia, Tannerella forsythia,
and P. endodontalis. Volatile sulfur compounds (VSC), such as hydrogen
sulfide (H,S), methyl mercaptan (CH,SH), and dimethyl sulfide
[(CH,),S], are produced as metabolic products of degradation [2].
Research has demonstrated that VSCs are major contributors to bad
breath. Hydrogen sulfide, methyl mercaptan, and to a lesser extent,
(CH,),S, represent 90% of the VSCs in bad breath [3].

Halitosis is divided into two conditions - delusional (pseudohalitosis
and halitophobia) and original halitosis. Original halitosis is further
divided into two subconditions - physiological and pathological
halitosis. Pathological halitosis can be oral or extraoral [4], with
oral pathologies that include conditions such as tongue biofilm,

bad oral hygiene, and periodontal disease. Periodontal disease
is a polymicrobial immune-inflammatory disease that can cause
destruction of periodontal ligaments and adjacent supporting alveolar
bones. Subgingival plaques comprise more than 700 bacterial species,
and some of these species are involved in the early stages of periodontal
diseases [5]. The primary etiological factor of most periodontal diseases
is bacterial plaque comprising pathogenic microflora growing in the
periodontal pocket and teeth. Some bacteria are able to attach to and
colonize the tooth surface, thus establishing a place for colonization
of other microorganisms. Basically, periodontitis begins with the
inflammation of the gingiva in response to bacteria, which represents a
pathogenic shift in bacterial flora around the teeth [3].

Diabetes mellitus (DM) is a metabolic disease that has the characteristics
of hyperglycemia and occurs due to abnormalities in insulin secretion,
insulin action, or both. DM is characterized by chronic hyperglycemia
due to both relative and absolute insulin deficiency [6]. The triad
of symptoms in people with DM is called polydipsia, polyuria, and
polyphagia. These symptoms are direct results of hyperglycemia and
the subsequent osmotic imbalance [7].

The periodontal sites of individuals with critical glycemic control are
associated with an increased frequency of T. forsythia and the four orange
complex species studied here compared with those of patients with
better controlled glycemia [8]. T forsythia is a periodontopathogenic
bacterium belonging to the red complex group that includes the main
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causative agents of periodontal diseases. It has been detected in
significantly higher quantities in obese patients (both diabetic and
non-diabetic) compared with non-obese non-diabetic controls [9]. The
present study aimed to analyze the relationships between the levels of
methyl mercaptan and hydrogen sulfide and the quantities of T. forsythia
bacteria in periodontitis patients with halitosis and DM.

METHODS

The study population comprised patients at the clinic for the
Periodontics Section of the University of Indonesia Dental and Oral
Hospital, and IMER]I, the Faculty of Medicine, University of Indonesia,
starting from June 2019 to July 2019. Research at the laboratory
was conducted at the Oral Biology Laboratory, Faculty of Dentistry,
University of Indonesia.

This study was implemented with a cross-sectional design. Subjects were
divided into three groups, which are control group (n=4), periodontitis
group (n=8), and periodontitis with type 2 DM (T2DM) group (n=8).
All groups were selected from the existing patient population, and then
examined to determine whether they had periodontitis with halitosis or
whether they had periodontitis with halitosis accompanied by DM. All the
research patients signed informed consent forms to demonstrate their
willingness to participate in the study. The research process initiated with a
brief history, followed by intraoral examination and sample collection. The
inclusion criteria were as follows: Adults (17-50 years); with no history of
aggressive periodontitis; with a history of DM, especially T2DM; with an
HbA1C value; (26.5%); and with a history of halitosis (both subjective and
objective). The exclusion criteria were as follows: A history of periodontitis
with systemic diseases other than DM; receiving periodontal treatment
within the previous 3 months before the examination; smoked within
<24 h before the examination; used antibiotics within the previous month
before the examination; used fragrances; consumed foods that caused bad
breath; and underwent fasting.

Clinical examinations were performed to evaluate periodontal tissue
conditions in the form of pocket depth using the UNC 15 Periodontal
Probe (Osung Mnd, Korea) to collect data on plaque index (PI), calculus
index (KI), and papilla bleeding index.

The levels of methyl mercaptan and hydrogen sulfide were measured
using OralChroma (Morita, Japan) in 2014, following the manufacturer’s
instructions. Briefly, the patients were asked to close their mouth
tightly and not speak for 3 min. Gas was collected with a 1-mL syringe
by inserting its body into the tip of the oral cavity. The patients were
asked not to blow or suck into the syringe when gas was obtained
from the oral cavity. A 27-gauge needle was attached to the body of the
syringe, and its gas contents were injected into a port in OralChroma.
While OralChroma was measuring the levels of methyl mercaptan
and hydrogen sulfide, an intraoral examination was performed. Oral
hygiene checks, pocket examinations, and TC scores were recorded.
The periodontal pocket comprises the absolute sac, without gingival
recession, and is measured from the gingival margin to the base of the
sulcus. Organoleptic tests were also performed by the same operator
for each patient.

Microbial samples were collected from gingival crevicular fluid (GCF)
using a sterilized no. 30 paper point (30 s in the deepest pocket) and
from TC using sterile cotton swabs. The surface to be sample was first
air-dried and wiped with a cotton roll before the gingival sulcus fluid
was sampled. The paper point was carefully inserted into the gingival
sulcus for 30 s, ensuring that bleeding from the gingiva is prevented.
During sampling, the surrounding area was dried and all efforts were
taken to avoid bleeding. The samples were placed in a sterile 1.5-mL
microcentrifuge tube using Ringer Solution as a transfer medium.
Twenty samples collected from GCF and tongues coating were frozen
at -20°C and transferred to the Oral Biology Laboratory for analysis.

Total DNA was extracted using the GENEzolTM reagent following the
manufacturer’s instructions. DNA concentration was measured by the
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Qubit® 3.0 Fluorometer (ThermoFisher Scientific, USA). Quantitative
real-time reverse transcription-polymerase chain reaction (qRT-PCR)
was performed on the ABI StepOnePlus RT-PCR System with the
SYBR Green PCR master (Applied Biosystems, USA) following the
manufacturer’s instructions. DNA samples were amplified with
T forsythia primers (Table 1) [10]. The thermal cycling conditions
were as follows: Pre-denaturation at 95°C for 5 min, followed by 40
amplification cycles comprising 95°C for 10 s, 60°C for 30 s, and 72°C
for 30 s. The melting curve profile was set at 95°C for 15 s, 60°C for 60 s,
and 95°C for 15 s. This study was approved by the Ethical Committee of
Dental Research (KEPKG), Faculty of Dentistry, Universitas Indonesia
(protocol number 090460419).

Statistical analysis

Data were analyzed using descriptive statistics, and hypothesis testing
statistics was used to test whether there is a relationship between
methyl mercaptan and hydrogen sulfide levels and the number of
T. forsythia bacteria in periodontitis patients with halitosis complaints
accompanied by DM. Data were analyzed using the SPSS (SPSS, Chicago,
USA) software program. To determine the existence and direction
of these relationships, Spearman’s correlative test was performed
(p>0.05).

RESULTS AND DISCUSSION

Based on Table 2, the levels of hydrogen sulfide between periodontitis
patients and periodontitis patients with DM differed significantly
(p=0.011). The proportion of T forsythia in the GCF and TC and the
quantities of methyl mercaptan between periodontitis patients and
periodontitis patients with DM do not differ significantly.

The levels of T forsythia in the GCF of periodontitis patients and
periodontitis patients with DM did not differ significantly. T forsythia
is a Gram-negative anaerobic bacteria that are considered the main
periodontal pathogen [11,12]. Farias et al. reported that these bacteria
are commonly found in deep pockets where the oxygen partial pressure
is relatively low [11]. T forsythia, P. gingivalis, and Treponema denticola
form a “red complex” of bacterial species strongly associated with
severe chronic periodontitis [12].

Farias et al. evaluated the clinical and microbiological data of patients
with chronic periodontitis and found elevated amounts of T. forsythia
in pockets deeper than 8 mm. Moreover, the quantity of T. forsythia is
elevated following increased interactions with several other bacteria,
such as P, gingivalis and T denticola [11]. Several independent studies
on different populations worldwide have demonstrated a great
number of T forsythia in the subgingival plaques of patients with
periodontitis [12].

The proportion of T. forsythia on the TCs of periodontitis patients and
periodontitis patients with DM did not differ significantly. A recent
observational study on patients aged t40 years demonstrated that
periodontitis is more prevalent among individuals with diabetes than in
non-diabetic patients; this association holds true regardless of patients’
sex and age [13].

The specific mechanism connecting DM and periodontal disease has
not been fully elucidated. Several reports have suggested that DM
alters the subgingival bacterial community through changes in the
substrate that offers a favorable microenvironment for the growth of
pathogens [13]. Patients with DM often have decreased salivary flow

Table 1: Tannerella forsythia primer sequences

Primer name Sequences References

Tannerella Forward: 5'-GGG TGA GTA ACG CGT [10]
forsythia ATG TAA CCT-3'

Reverse: 5'-GCC CAT CCG CAA CCA

ATA AA-3'
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Table 2: Comparison of Tannerella forsythia in GCF and tongue coating, proportion of methyl mercaptan, and hydrogen sulfide between
periodontitis patients and periodontitis patients with diabetes mellitus

Median (Min-Max) p value
Periodontitis (n=8) Periodontitis with DM (n=8)
Tannerella forsythia in GCF 33.88 (3.75-379.18) 403.99 (13.24-4242.65) 0.172
Tannerella forsythia in tongue coating 536.51 (103.44-1830.97) 362.61 (10.88-2747.65) 0.462
Methyl mercaptan 0.49 (0.01-8.88) 1.04 (0.28-2.42) 0.113
Hydrogen sulfide 1.39 (0.28-4.65) 0.00 (0.00-10.05) 0.011

Comparison significance at p<0.05. GCF: Gingival crevicular fluid

Table 3: Correlations between the proportion of Tannerella forsythia in the GCF and TC of periodontitis patients and periodontitis
patients with diabetes mellitus

r values of Tannerella forsythia in GCF

r values of Tannerella forsythia in TC

Periodontitis Periodontitis with DM Periodontitis Periodontitis with DM
Methyl mercaptan [p] 0.060 [0.887] -0.024 [0.955] -0.277 [0.506] 0.382[0.351]
Hydrogen sulfide [p] 0.214[0.610] 0.214[0.610] 1.00 [0] -0.071[0.867]

GCF: Gingival crevicular fluid, TC: Tongue coating

and high salivary viscosity, which reduces the mouth’s cleaning capacity
as well as the action of salivary antimicrobial factors. These conditions
facilitate the retention of exfoliating mucous cells and the proliferation
of microorganisms, especially on tongue surfaces. High retention of
cells on the tongue surface facilitates the deposition and proliferation
of microorganisms [14].

GCE, TC correlations are considered significant at p<0.05. Based on
our Spearman’s correlative tests, the proportion of T. forsythia on the
tongues of periodontitis patients is perfectly correlated with the levels
of hydrogen sulfide. The remaining tests revealed no other significant
correlations between the quantity of T. forsythia and the levels of methyl
mercaptan and hydrogen sulfide. There is negative correlation between
the number of T forsythia in the GCF and TC both on methyl mercaptan
and hydrogen sulfide, whereas the positive correlation between the
levels of methyl mercaptan and hydrogen sulfide and the number of
T forsythia in the GCF and the tongue lining.

Table 3 shows that the number of T forsythia in TCs is significantly
correlated with the levels of hydrogen sulfide. This indicates that the
proportion of T. forsythia in the TC leads to increased levels of hydrogen
sulfide in periodontitis patients. In addition, Table 3 shows no other
significant result. This can be explained by the presence of factors other
than T. forsythia that result in increased levels of methyl mercaptan in
both the GCF and TC of periodontitis patients or increased levels of
hydrogen sulfide in the GCF of periodontitis patients.

Table 3 also shows that the number of T forsythia in the GCF and TC
of periodontitis patients with DM is correlated but not significant
with the levels of both methyl mercaptan and hydrogen sulfide. This
is because halitosis patients with DM have different patterns/types of
gases that cause halitosis. Usually, patients with DM have bad breath
caused by pathologic halitosis that tends to lower the levels of methyl
mercaptan and hydrogen sulfide. This may explain why the levels of
methyl mercaptan and hydrogen sulfide were not significantly correlated
with the proportion of T forsythia, although the absolute proportion of
T. forsythia is high. Extraoral halitosis may originate from the respiratory
or other system [4]. Systemic diseases or the disease process affect
the host defense system, thus acting as a risk factor for gingivitis and
periodontitis. Therefore, some host responses can be associated with
increased incidence and severity of periodontitis in diabetics [15].

CONCLUSION

The proportion of T. forsythia is higher on the TC both in periodontitis
patients and periodontitis patients with DM; however, the proportion

of T forsythia in the GCF and TC of periodontitis patients does not differ
significantly from those of periodontitis patients with DM. The levels of
methyl mercaptan and hydrogen sulfide are not significantly correlated
with the quantity of T. forsythia in the GCF and TC. Further studies are
needed to confirm the results of this study.
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