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ABSTRACT 
 

Background: Streptococcus mutans is a Gram-positive bacteria which plays a major role in tooth 
decay. S. mutans is among the bacterial agents that initiate biofilm formation on the tooth surface 
and other bacteria will added then to the attached bacteria to make dental plaque. Some of these 
secondary bacteria are important agents in halitosis 
Objectives: To compare the presence of Streptococcus mutans in saliva of patients with halitosis 
and control group, using culture method.  
Materials and Methods: Saliva specimens of 100 patients referring to diagnosis ward of Shiraz 
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medical school were collected. 51 patients (34 female and 17 male) complaining of halitosis were 
considered as study group and 49 patients (31 female and 18 male) without halitosis as control 
group. All specimens were cultured on MSB agar media and isolates were identified as S. mutans 
by traditional tests. The number of S. mutans was determined as cfu/ml in each patient saliva. 
An organoleptic evaluation was carried out during the initial consultation with the distance of 
operator to patient (1 m =grade 3) and (30 cm =grade 2 and 10 cm =grade 1). 
Results: Of 51 patients with halitosis in 11 (21.61%) patients saliva S. mutans were detected. In 
49 patients of control group, 14 subjects (28.6%) showed growth of S. mutans. There was no 
Statistical difference between halitosis group and control group in the frequency of Streptococcus 
mutans detection (OR= 0.69, 95% C.I: 0.28-1.71, p=0.419). Statistical analysis also did not show 
any significant difference between the number of S. mutans colonies per ml of saliva between 
halitosis and control groups (p=0.287).  
Conclusion: Our findings showed that there was no association exists between halitosis and the 
Streptococcus mutans presence in saliva. 
 

 
Keywords: Halitosis; oral malodour; Streptococcus mutans. 
 

1. INTRODUCTION 

 
Halitosis, fetor oris, oral malodor or bad breath 
are the general terms used to describe the 
unpleasant breath emitted from a person’s mouth 
regardless of its oral or non-oral origin. 

 

Halitosis is a wide spread problem among the 
general population. Causes of bad breath can be 
multifactorial and longtime sufferers can be 
marred from deep psychological stress. Bad 
breath occurs as noticeably unpleasant odors are 
exhaled in breathing. Halitosis is estimated to be 
the third most frequent reason for seeking dental 
aid, following tooth decay and periodontal 
disease. As 9 out of 10 cases of bad breath have 
an oral origin, the initial inquiry should be with a 
dentis [1]. 

 

Bad breath is originated from the mouth in most 
cases (85–90%). The simplest way to distinguish 
the oral from non- oral etiologies is to compare 
the smell coming from the patient`s mouth with 
the smell exiting the nose. If the odor is primarily 
from the mouth, an oral origin may be inferred 
[2]. 

 

The intensity of bad breath differs during the day 
due to eating certain foods (such as garlic, 
onions, meat, fish, and cheese), obesity, 
smoking, and alcohol consumption [3,4]. Bad 
breath is usually worse upon awakening 
("morning breath") since the mouth is exposed to 
less oxygen and is inactive during the night. It 
might be also transient, that is disappearing 
following eating, brushing teeth, flossing or 
rinsing with specialized mouthwash. 

A literature review was conducted and volatile 
sulfur compounds (VSCs) was found to be a 
major cause of bad breath. Bacterial enzymes 
can produce these compounds in the mouth by 
breaking down the substances such as food 
debris, cells, saliva, bacteria and blood. Amino 
acids such as cystine, methionine and cysteine 
are metabolized through this process and creat 
malodorous gases. Most common compounds 
are hydrogen sulfide, methyl mercaptan and 
dimethyl sulfide [4-6]. The most common bacteria 
to produce these compounds are gram–negative 
anaerobic bacteria such as Porphyromonas 
gingivalis, Prevotella intermedia, Fusobacterium 
nucleatum, Bacteroides forsythus and 
Treponema denticola, and actinobacilli which are 
commonly isolated from halitosis patients and 
well-characterized as VSC-producing bacteria 
[4,6]. Many oral sites such as teeth, periodontal 
pockets, faulty restorations, buccal mucosa and 
removable partial dentures harbor these bacteria. 
However, the posterior dorsal surface of the 
tongue is considered as the primary site. The 
presence of halitosis bacteria at the dorsum of 
the tongue play an important role in the 
development of bad breath [4-6]. Recognition of 
this condition is simple, but diseases causing 
halitosis may produce distinctly different smells. 
The distinct smell produced by each disease may 
offer some help in differentiating the etiology of 
halitosis if various factors causing this condition 
are understood. Halitosis can be divided into the 
following categories: (1) halitosis due to local 
factors of the pathological origin, (2) halitosis due 
to local factors of non-pathological origin, (3) 
halitosis due to systemic factors of pathologic 
origin, (4) halitosis due to systemic factors of 
non-pathologic origin, (5) halitosis due to 
systemic administration of drugs, and (6) 
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halitosis due to xerostomia. Halitosis may be 
caused by local conditions such as poor oral 
hygiene, extensive caries, gingivitis, periodontitis, 
open contacts allowing food impaction, Vincent’s 
disease, hairy or coated tongue, fissured tongue, 
excessive smoking, healing extraction wounds 
and necrotic tissues from ulceration [7,8]. 
Chronic periodontal disease is a major cause of 
halitosis in adults. Periodontal pockets produce 
hydrogen sulfides which give off an offensive 
odor and these pockets encourage trapping of 
foods [6,7]. Halitosis may also be related to     
the increase of gram-negative filamentous 
organisms, the increase of pH to 7.2 and the 
formation of indoles and amines in the oral cavity 
[9]. Some studies suggest that kakidrosis may be 
caused by gram-positive bacteria and especially 
coryneform bacteria [10]. Recent studies have 
demonstrated a close association between 
halitosis and Gram-positive, non-sporeforming 
anaerobic bacillus which can produce VSC. This 
bacterium is called Solo bacterium moorei       
[11-13]. A study in UK showed that in persons 
suffering halitosis, Lysobacter-type species,       
S. salivarius, Prevotella melaninogenica, 
unidentified oral bacterium, Prevotella veroralis 
and Prevotella pallens are the most commonly 
found species [14]. Much of the previous studies 
regarding bad breath have concentrated on the 
characterization of the tongue microflora using 
conventional microbiological culture methods. It 
has been estimated according to some studies 
that almost 50% of the oral microflora is 
uncultivable in routine methods [15]. 
 
Streptococcus mutans (S. mutans) is facultatively 
anaerobic coccus-shaped, Gram-positive 
bacteria which is commonly found in the oral 
cavities and play a major role in tooth decay 
formation and metabolizing sucrose to lactic acid 
[16,17]. There are twenty-five species of oral 
streptococci in human oral cavity, each one 
develops specialized properties for colonization 
in oral sites and constantly changing conditions 
to fight competing bacteria. Oral diseases can be 
initiated by imbalances in the microbial flora. In 
specific conditions, commensal streptococci can 
be changed in to opportunistic pathogen, which 
can initiate the disease and produce damage in 
the host. So, oral streptococci may be harmless 
or harmful bacteria according to oral 
environmental condition. 
 
A study in US showed that there is a positive 
correlation between the concentrations of S. 
mutans in saliva and its isolation from the smooth 
surface of the teeth, on the other hand no 

positive relationship was found between the 
concentrations of  S. mutans in the plaque and in 
saliva [18].  
 
As we know S. mutans is among the bacterial 
agents that initiate biofilm formation on the tooth 
surface and other bacteria will added then to the 
attached bacteria to make dental plaque. Some 
of these secondary bacteria are important agents 
in halitosis such as Fusobacterium, 
Porphyromonas, Prevotella and etc. So there 
may be a possible relation between the number 
of S. mutans present in the mouth and biofilm 
formation and halitosis. There are few reports in 
the literature evaluating the association between 
S. mutans and halitosis. Our aim was to find any 
association between halitosis and the presence 
of S. mutans in saliva of patients who attended 
Shiraz Dentistry School, Shiraz, Iran. 

 

2. MATERIALS AND METHODS 

 
The study sample consisted of 51 patients with 
manifestations of halitosis as study group and 49 
participants without halitosis as control group. 
The current study was conducted between 
September to May 2011 and all patients were 
examined in oral medicine department of Shiraz 
University of medical sciences, Shiraz, Iran. With 
the beginning of the study, patients were 
instructed not to eat, drink coffee or perform any 
oral hygiene at least for 4 hours before the 
examination, and also to refrain from any activity 
that could mask their bad breath including 
Perfumed cosmetic products, chewing gum, 
candy or mouthwash. Onion and garlic should be 
avoided two days before the examination and 
any treatment with antibiotic must be completed 
at least four weeks or more before visiting the 
clinic. Organoleptic measurement was carried 
out simply by sniffing the patient’s breath and 
scoring the level of oral malodor. By inserting a 
translucent tube (2.5 cm diameter, 10 cm length) 
in to the patient’s mouth and having the person 
exhale slowly, the breath (which is now undiluted 
by room air) can be evaluated and assigned      
an organoleptic score [19]. An organoleptic 
evaluation was carried out during the initial 
consultation with the distance of operator to 
patient (1 m =grade 3) and (30 cm =grade 2    
and 10 cm =grade 1) each patient filled             
out a specially designed questionnaire. The 
questionnaire includes many items (general and 
local) that may affect halitosis. History of all 
systemic disease & certain drug consumption 
upper respiratory tract disease, hormonal statue, 
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GI problem, constipation, H. pylori infection, 
Diabetes, psychological problems, Liver 
dysfunction, kidney diseases, blood borne 
disease & any special condition were made. 
Complete information was collected about type, 
frequency, time of day, extent of halitosis, 
previous therapies & psychological stress as well 
as typical halitosis co-factors such as dietary and 
smoking habits. The approval of the local ethics 
committee was obtained before the trial started 
and all the patients expressed their written 
informed consent. Oral cavities were examined 
carefully by two expert dentists. The recorded 
clinical findings focused on common halitosis 
sites including an examination of the oral and 
pharyngeal soft tissue coated tongue, Waldeyer’s 
ring, salivary ducts as well as dental fillings and 
restorations. A periodontal screening and 
assessment of oral hygiene was also evaluated. 
If signs of periodontal disease or pericoronitis 
were present, an orthopantomogram (OPG) was 
taken for further periodontal therapy or 
extraction. All fillings, dentures, crown & bridges 
quality & hygiene were evaluated carefully. 
Plaque index & pocket depth were measured 
using periodontal probes and disclosing tablets 
and patients oral hygiene were categorized from 
poor to excellent (poor, fair, good & excellent).  
Patients with history of smoking, alcohol and 
antibiotic consumption, systemic disease, 
untreated periodontal disease and orthodontic 
appliances were excluded from the study.  In the 
present study halitosis group consisted of 
patients with organoleptic score or score more 
than 2. 

  

Patients’ unstimulated saliva samples were 
collected by spitting the whole saliva into sterile 
containers in the educational dental clinic         
and transported to microbiology laboratory 
immediately. 
  

For isolating and enumerating the S. mutans, the 
inoculated plates were incubated in anaerobic 
atmosphere by the following method (18). The 
collected saliva were spread on selective media 
by a sterile L shaped glass (spread method).  So 
one hundred microliters of whole saliva were 
spread on mitis salivarius-bacitracin agar (MSB), 
composed of mitis salivarius agar base (Himedia, 
Mumbai, India), potassium tellurite 0.01/ml and 
0.1 U of bacitracin (Sigma Chemical Co., St. 
Louis, Mo.) per ml. The plates were incubated at 
37ºC for 48 hours in an atmosphere of 80% N2, 
10% H2 and 10% CO2. 
 

Colony counts with morphology typical of S. 
mutans were made on MSB agar (Emilson 
1981). Microbial counts were expressed as 
colony-forming units (cfu) per ml of saliva. 
Colonies on the MSB agar plates were visualized 
by Gram’s staining and subjected to the 
biochemical tests. The biochemical profile of S. 
mutans is: raffinose, mannitol, melibiose, 
trehalose and inulin positive fermentation; esculin 
hydrolysis negative in the presence of bile and 
positive in the absence of bile; negative urease; 
negative arginine hydrolysis; and resistance to 
2U of bacitracin. 
 

Statistical analysis was done by SPSS version 
20.0 (IBM SPSS, IBM corporation, Chicago, IL, 
USA). Chi-square and Student's t tests were 
used to compare the demographic characteristics 
between the groups. The relationship of the 
presence of S. mutans with Halitosis, sex groups 
was assessed using Chi-square test, Odds ratio 
(OR) and corresponding 95% confidence interval 
(C.I). Mann-Whitney U test was performed to 
compare mean number of S. mutans colonies 
per ml of saliva and age between the groups. A 
p-value less than 0.05 was considered 
statistically significant. 
 

3. RESULTS 
 
The study sample consisted of 51 patients (34 
female and 17 male) with manifestations of 
halitosis as study group and 49 subjects (31 
female and 18 male) without halitosis as control 
group. The mean age of participants was 25.59 ± 
5.15 years. Table 1 shows demographic 
characteristics of participants. There was no 
significant difference between the two groups in 
terms of mean age (p=0.301) and sex ratio 
(p=0.721). In halitosis group, 11 (21.61%) 
patients showed growth of S. mutans. In control 
group, 14 subjects (28.6%) S. mutans and was 
detected. There was no Statistical difference 
between halitosis group and control group in the 
frequency of S. mutans detection (OR= 0.69, 
95% C.I: 0.28-1.71, p=0.419). There was also no 
significant difference between males (10 
subjects, 28.6%) and females (15 subjects, 
23.1%) in the frequency of S. mutans detection 
(OR= 0.75, 95% C.I: 0.30-1.91, p=0.545). 
However, the mean age of participants with a S. 
mutans detection (33.45±11.63) was significantly 
greater that of participants without S. mutans 
(26.73±7.83) (p=0.001). Table 2 summarizes the 
relationship of the S. mutans detection with 
halitosis, sex, and age. 

 



 
 
 
 

Ghapanchi et al.; BJMMR, 10(3): 1-7, 2015; Article no.BJMMR.19571 
 
 

 
5 
 

Table 1. Demographic characteristics of participants 
 

Variable  Group p 
Halitosis (n=51) Control (n=49) 

Age  26.11±5.00 25.05±5.20 0.301 
Sex F 34 (67) 31 (63) 0.721 

M 17 (33) 18 (37) 
The qualitative variables are presented as mean±SD and qualitative variables are summarized using  

frequency (%) 

 
Table 2. The association of presence of S. mutans with halitosis and demographic 

characteristics 
 
Variable  n     S. mutans p OR 95% C.I 

No Yes 
Group Control 49 35 (71.40) 14 (28.60) 0.419 1 - 

Halitosis 51 40 (78.39) 11 (21.61) 0.69 0.28-1.71 
Sex M 35 25 (71.40) 11 (28.60) 0.545 1 - 

F 65 51 (76.90) 14 (23.10) 0.75 0.30-1.91 
Age - - 26.73±7.83 33.45±11.63 0.001 - - 

The qualitative variables are summarized using mean±SD and qualitative variables are summarized using 
frequency (%) 

 

Statistical analysis also did not show any 
significant difference between the number of S. 
mutans colonies per ml of saliva in halitosis 
(3.49±7.53) and control (4.84±7.98) groups 
(p=0.287). 

 

4. DISCUSSION 

 
Bad breath has been recorded in the literature for 
thousands of years. It is estimated that more 
than 85% of bad breath originates from oral 
cavities and numerous reports have proved this 
finding [19]. Halitosis is estimated to be the third 
most frequent reason for seeking dental aid, 
following tooth decay and periodontal disease. 
The etiology of halitosis can be of systemic 
(extra–oral) or intra–oral origins. Halitosis is often 
caused by food debris and biofilm buildup on the 
teeth and tongue. Oral bad breath originates 
from bacterial flora with high capability to 
produce volatile sulfur compounds. Halitosis may 
be also related to the increase of Gram-negative 
filamentous organisms, the increase of pH to 7.2 
and the formation of indoles and amines in the 
oral cavity [10]. Periodontopathogenic bacteria 
can produce volatile sulfur compounds (VSCs) 
including hydrogen sulfide (H2S) and methyl 
mercaptan (CH3SH) [20]. The H2S and CH3SH 
in exhaled air of the mouth were found to be the 
major elements of oral malodor. These elements 
are produced primarily through the putrefaction 
of the salivary bacteria, periodontal pockets, 
tongue surface and in other oral sites [21].  

The oral microorganisms which are most likely to 
cause oral malodor include Gram-negative 
bacteria species including Treponema denticola, 
Porphyromonas gingivalis, Porphyromonas 
endodontalis, Prevotella intermedia, Bacteroides 
loescheii, Enterobacteriaceae, Tannerella 
forsythensis, Centipeda periodontii, Eikenella 
corrodens, Fusobacterium nucleatum [22].  
 

However, there exists no significant association 
between halitosis and any specific bacterial 
infection.  These findings suggest that halitosis 
reflects complex interactions between numerous 
species of oral bacteria. The volatile sulfide 
compounds, diamines and short chain fatty acids 
are considered as the main agents involved in 
oral malodor [5]. This finding may be associated 
with changing in oral bacterial flora and decrease 
in salivary flow in this group. 
 
Some studies suggest that Solobacterium moorei 
is associated with oral halitosis. Haraszthy et al. 
[12] showed that S. moorei can be isolated from 
dorsal surface of the tongue in 100% of the 
halitosis patients and 14% of subjects without 
halitosis. Infection with this bacteria is correlated 
with level of produced volatile sulfur compounds. 
Apparently, some oral bacteria can inhibit the 
growth of S. moorei. L. Masdea reported that 
Streptococcus salivarius K12 has an inhibitory 
effect on halitosis associated bacterial growth. 
These bacteria include Solobacterium moorei 
CCUG39336, four clinical S. moorei isolates, 
Atopobium parvulum ATCC33793 and 
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Eubacterium sulci ATCC35585. This study 
demonstrated that S. salivarius K12 inhibits the 
growth of all Gram-positive bacteria tested, but 
the extent bacterial inhibition was varied. E. sulci 
ATCC35585 was the most sensitive strain, while 
all five S. moorei isolates were inhibited to a 
lesser extent. This researcher  recommended 
that using antimicrobial agents such as tea tree 
oil and alpha-bisabolol in oral health care 
products may reduce the halitosis due to S. 
moorei growth inhibition [23]. 
 
A study on oral microflora in  20 patients 
suffering from halitosis  and 12 subjects without it 
in UK showed that uncultured Veillonella spp. are 
the most uncultured species in both the halitosis  
samples and the control group. 
 
P. pallens was unique to the halitosis group 
which was found in nine halitosis samples (2.7% 
of the totalclones). The next prevalent species 
only in the halitosis group was Bulleidia 
(Solobacterium moorei) which was found in five 
samples (1.1% of the clones). The most 
important finding of the present study was the 
higher microbial diversity on the dorsal surface of 
the tongue in halitosis subjects compared to 
control group [14]. Kazor  study  presented that  
S. salivarius, Rothia mucilaginosa 
(Stomatococcus mucilaginosus) and an 
uncharacterized cultivable species of 
Eubacterium (strain FTB41) were the most 
prevalent microorganisms [13]. Chen et al. [24] 
reported that the administration of Lactobacillus 
salivarius TI2711 (LS1) neutralized salivary pH 
and decreased the numbers of black-pigmented 
anaerobic rods in the saliva of healthy subjects. 
Many studies found that consumption of products 
containing probiotic lactobacilli will reduce the 
number of S. mutans in the oral cavity and 
decrease caries rate [25,26]. Iwamoto  et al. 
concluded that physiologic halitosis is decreased 
significantly after consumption of  probiotic 
tablets containing L. salivarius WB21 And 
according to the current study the level of  H2S, 
CH3SH, VSC and finally bad breath is  reduced 
prominently [27]. 
 
A key finding of our study was that S. mutans 
detection from the saliva of patients with halitosis 
did not show any statistical difference with 
control group and presence of this 
microorganism is not a marker of halitosis. 
However, further studies are required to prove 
this finding and also to establish the relationship 
between VSCs production and these gram 
positive bacteria. 

5. CONCLUSION 
 
Halitosis has multifactorial origin and our findings 
showed that there was no association exists 
between halitosis and the Streptococcus mutans 
presence in the saliva. 
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