
Background. The authors examined the tongue
bacteria associated with oral halitosis (bad breath
originating from the oral cavity), focusing on noncul-
tivable bacteria—bacteria that cannot be identified by
bacterial culture techniques.
Methods. The authors took samples from the dorsal tongue surface of
eight adult subjects with halitosis and five control subjects who did not
have halitosis. They identified the bacteria in these samples by using
both anaerobic culture and direct amplification of 16S ribosomal DNA, a
method that can identify both cultivable and noncultivable microorgan-
isms. They analyzed the resulting microbiological data using χ2 and cor-
relation coefficient tests.
Results. Clinical measures of halitosis were correlated highly with each
other and with tongue coating scores. Of 4,088 isolates and phylotypes
identified from the 13 subjects, 32 species including 13 noncultivable
species were found only in subjects with halitosis. Solobacterium moorei
was present in all subjects with halitosis but not in any control subjects.
Conclusions. Subjects with halitosis harbor some bacterial species on
their dorsal tongue surfaces that are distinct from bacterial species found
in control subjects. This finding is consistent with the hypothesis that
halitosis has a microbial etiology.
Clinical Implications. Like other oral diseases with microbial eti-
ology, halitosis may be amenable to specific and nonspecific antimicrobial
therapy targeted toward the bacteria associated with it.
Key Words. Halitosis; Solobacterium moorei; direct amplification;
polymerase chain reaction; anaerobic culture.
JADA 2007;138(8):1113-20.

O
ral halitosis—bad breath
originating from the oral
cavity—regularly affects
about one in four adults1

and frequently is caused
by bacteria infecting the dorsal sur-
face of the tongue and producing
volatile sulfur compounds (VSCs).2

(Throughout the article, we use the
term halitosis when referring to
oral halitosis.) Until recently, most
studies of infectious diseases
focused on microorganisms identi-
fied by traditional bacterial culture
methods. Newer methods, however,
such as the direct amplification of
microbial nucleic acids (also called
broad-range polymerase chain reac-
tion [PCR]),3 can identify both cul-
tivable and noncultivable microor-
ganisms. This is important because
noncultivable bacterial species are
more numerous than cultivable bac-
terial species.4 Consequently, new
microorganisms are being discov-
ered by direct amplification of
microbial nucleic acids, and these
techniques have doubled the
number of bacterial species esti-
mated to infect the human oral
cavity from 400 to 800.5 The most
tangible result of these new
methods is the identification of pre-
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viously unknown microbial etiologies for infec-
tious diseases such as Tropheryma whippleii in
Whipple’s disease6 and Prevotella bergensis in
skin infections.7

In this study, we used direct amplification of
microbial nucleic acids together with traditional
bacterial culture to identify the bacteria infecting
the dorsal surface of the tongue in subjects with
halitosis.

SUBJECTS, MATERIALS AND METHODS

Subjects. Thirteen adults (eight men, five
women; mean age 41 years, range 21-71 years)
participated in the study. Eight of the subjects
had halitosis (six men, two women; mean age 47
years, range 21-71 years), and five subjects did
not have halitosis (two men; three women; mean
age 33 years, range 21-55 years). We explained
the study to the subjects, who acknowledged their
agreement by signing an informed consent state-
ment. Each subject had at least 20 erupted nat-
ural teeth, including at least one molar and one
premolar in each quadrant. Subjects did not have
systemic disease, did not use a removable partial
denture, and had not received antibiotics in the
past three months. Two of the subjects smoked.
All of the subjects reported brushing their teeth
at least once a day, but none reported brushing
their tongues. For 12 hours before testing, sub-
jects refrained from undergoing their customary
oral hygiene procedures, as well as using oral
rinses or breath fresheners.

Halitosis assessment. We determined the pres-
ence and severity of halitosis three ways. First, in
an organoleptic assessment, we scored the sub-
jects’ breath from 0 (no appreciable odor) to 5
(extremely foul odor); we considered a score from
3 to 5 to be positive. Second, we used a portable
sulfide detector (Halimeter, Interscan,
Chatsworth, Calif.) to determine the sulfur con-
tent of the subject’s mouth air; we considered
greater than 250 parts per billion to be positive.8

Third, we used a VSC/polyamine assay; we con-
sidered “medium” and “high” reactions to be posi-
tive. For the purposes of our study, we defined
subjects as having oral halitosis only if they were
positive for all three assessments. Control sub-
jects were negative for all three assessments. We
also determined the thickness and extent of
tongue coating (0 = no coating to 3 = heavy
coating).9

Sampling and bacterial culture. We took
samples by gently scraping an area of the dorsal

tongue surface that was approximately 2 square
centimeters and placed the sample in 3 milliliters
of prereduced anaerobically sterilized Ringer’s
solution.

After dispersing the sample to achieve as uni-
form a bacterial cell suspension as possible, we
determined the number of bacterial cells per mil-
liliter by phase contrast microscopy using a
Petroff-Hauser Bacteria Counter (Horsham, Pa.).
We determined the number of colony-forming
units after anaerobically incubating the samples
at 37 C for five to seven days on enriched tryptic
soy agar. From each cultured sample, we ran-
domly selected up to 200 bacterial colonies, iso-
lated them to purity and identified them by ana-
lyzing the 16S ribosomal DNA (rDNA) sequence
as described below.

Direct amplification. We isolated DNA from
the original sample and from randomly selected
bacterial colonies using a DNA isolation kit. 
We amplified bacterial 16S rDNA genes by 
PCR using a thermocycler and primers (5’-
AGAGTTTGATCA/CTGG-3’ and 5’-
TACCTTGTTACGACTT-3’). We performed the
amplification for 30 cycles of 30 seconds at 95 C,
30 seconds at 55 C and 30 seconds at 72 C. The
negative control samples contained all the PCR
reagents except for the sample DNA. The positive
control samples contained all the PCR reagents
together with Escherichia coli DNA. We cloned
the PCR-amplified DNA into E. coli using a
cloning kit. We isolated the DNA from the trans-
formed cells, sequenced the DNA and identified
the bacteria by comparing the DNA sequence to
published sequences.

Statistical analysis. We used a correlation
coefficient test to examine the relationship
between clinical indexes. We used a χ2 analysis to
examine the association between bacterial species
and halitosis. We considered P values of < .05 to
be significant.

RESULTS

Table 1 lists the demographic and clinical data
for subjects in our study. As might be expected
based on the patient selection criteria, we found a
strong correlation between the different measures
of halitosis: organoleptic scores and VSC 
(r = 0.85; P = .0003) and organoleptic scores and
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VSC/polyamine assays 
(r = 0.92, P = .0021). We
also found a strong correla-
tion between the measures
of halitosis and the tongue
coating scores: organoleptic
scores and tongue coating
scores (r = 0.89; P = .0021),
VSC and tongue coating
scores (r = 0.74; P = .001),
and VSC/polyamine assays
and tongue coating scores
(r = 0.91, P = .0003).

We identified 4,088 bac-
terial isolates and phylo-
types (genetic signatures)
in the samples we took
from the 13 subjects. From
the eight subjects with hal-
itosis, we identified 2,768
bacterial isolates and phy-
lotypes, including 1,204
cultivable isolates and
1,564 phylotypes. We iden-
tified 84 bacterial species
in the group of subjects
with halitosis, and each
subject had 16 to 23
species. From the five con-
trol subjects, we identified
1,320 bacterial isolates and phylotypes, including
580 isolates from cultures and 740 phylotypes
identified by direct amplification of 16S rDNA.
We identified 69 species in the control group, and
each subject had 11 to 19 species.

Table 2 lists the most prevalent bacterial
species in the halitosis and the control groups.
Streptococcus salivarius was found in all subjects
and was the most frequently identified bacterial
species. S. salivarius comprised 12.87 percent of
the 1,320 isolates and phylotypes from the control
group (range, 1.3-21.0 percent) and 17.7 percent
of the 2,768 isolates and phylotypes from the hali-
tosis group (range, 6.1-38.6 percent).

The next most prevalent species found in all of
the control subjects were Prevotella melanino-
genica (8.95 percent of the total isolates and phy-
lotypes; range, 2.7-13.2 percent), Streptococcus
parasanguinis (8.32 percent; range, 4.5-23.0 per-
cent), Campylobacter concisus (7.77 percent;
range, 1.3-17.9 percent) and Streptococcus mitis
(6.99 percent; 0.7-13.2 percent). Also present in
all of the control subjects, but not as prevalent

were Veillonella atypica (2.59 percent; range, 0.5-
8.3 percent), Streptococcus species (2.51 percent;
range, 0.5-8.4 percent), Streptococcus sanguinis
(2.12 percent; range, 0.4-4.8 percent), Fusobac-
terium nucleatum (2.04 percent; range, 0.5-3.8
percent) and Veillonella parvula (1.49 percent;
range, 0.5-3.7 percent).

The next most prevalent species found in all of
the subjects with halitosis were S. parasanguinis
(12.91 percent of the total isolates and phylotypes
from the halitosis group; range, 1.4-18.3 percent)
and Actinomyces odontolyticus (8.51 percent;
range, 0.8-19.5 percent). Also present in all of the
subjects with halitosis were P. melaninogenica
(7.33 percent; range, 1.8-20.8 percent), S. mitis
(5.76 percent; range, 1.4-16.0 percent), Solobac-
terium moorei (4.79 percent; range, 0.9-10.8 per-
cent), Streptococcus oralis (3.50 percent; range,
0.6-13.3 percent), Granulicatella adiacens (2.00
percent; range, 0.2-5.8 percent) and S. sanguinis
(1.07 percent; range, 0.2-2.7 percent).

We identified 51 percent of the species in both
the halitosis and control groups. For example, we
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TABLE 1

Demographic data and clinical assessments of the
study population.
GROUP 
(SUBJECT
NUMBER)

AGE
(YEARS)

SEX ORGANOLEPTIC
SCORE*

VSC†

(PPB‡)
VSC/POLYAMINE

ASSAY
TONGUE

COATING§

1

1

1

1

1

5

4

4

3

4

5

4

4

* 0 = no appreciable odor to 5 = extremely foul odor.
† VSC: Volatile sulfur compound.
‡ PPB: Parts per billion.
§ 0 = no coating to 3 = heavy coating.

Control
1

2

3

4

5

Halitosis
1

2

3

4

5

6

7

8

45

24

23

55

21

47

21

70

25

31

71

51

60

F

M

F

M

F

F

M

M

M

F

M

M

M

130

100

120

140

120

779

386

432

250

363

310

280

425

0

0

0

0

0

3

3

2

1

2

3

3

3

Low

Low

Low

Low

Low

High

High

Medium

Medium

High

High

High

High
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isolated S. salivarius from each subject, and it
composed a significant proportion of the
microflora in both groups. We identified some
species in both groups, but they represented a sig-
nificant proportion of the total microflora in only
one group, suggesting that they were associated
more closely with that group. For example, we
identified S. parasanguinis in each subject, but it
constituted a much larger proportion of the micro-
flora (> 10 percent) in the subjects with halitosis.

There was greater bacterial diversity in sam-
ples taken from the subjects with halitosis. We
found 32 species (including 13 “uncultured” or

“unidentified” species) only in the halitosis group,
while we found 17 species only in the control
group. S. moorei was key among the species
unique to the halitosis group (Table 3, page 1118).
We identified it in each of the subjects with hali-
tosis in proportions as high as 10.8 percent, and
we found that it was associated significantly with
halitosis χ2 = 0.22). This bacterium constituted
4.79 percent of the 2,768 bacterial isolates and
phylotypes from the halitosis samples and was
the seventh most numerous species identified in
the subjects with halitosis.

We found a number of species only in the sam-
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TABLE 2

Most prevalent bacterial species on the human tongue.*
BACTERIAL SPECIES CONTROL GROUP

Streptococcus salivarius

Prevotella melaninogenica

Streptococcus parasanguinis

Campylobacter concisus

Streptococcus mitis

Actinomyces odontolyticus

Prevotella species

Actinomyces meyeri

Streptococcus oralis

Streptococcus infantis

Veillonella atypica

Streptococcus species

Veillonella dispar

Granulicatella adiacens

Streptococcus sanguinis

Fusobacterium nucleatum

Prevotella veroralis

Veillonella parvula

Rhodococcus opacus

Prevotella pallens

Gemella species oral strains

Actinomyces species

Actinomyces graevenitzii

Solobacterium moorei

Haemophilus paraphrophilus

1

4.3§

2.7

23.0

4.3

5.9

11.2

0.5

9.1

4.3

3.7

0.5

0.5

1.6

8.0

4.8

0.5

0.0

3.7

0.5

0.0

3.7

0.5

1.1

0.0

0.0

21.0

8.6

4.9

5.8

13.2

0.0

1.7

1.7

4.6

8.3

1.4

1.4

0.9

2.3

0.9

1.4

2.0

1.2

1.7

0.0

0.0

0.0

0.0

0.0

0.0

13.2

13.2

6.6

17.9

6.6

3.8

0.0

4.7

2.8

0.0

0.5

1.9

0.0

0.5

1.4

3.8

0.9

0.5

0.0

0.5

0.0

0.0

0.0

0.0

0.0

17.9

10.7

4.5

10.3

0.7

9.3

5.9

0.0

0.0

0.3

8.3

0.7

6.6

0.0

3.8

2.1

3.5

1.0

0.0

0.0

0.0

1.7

0.0

0.0

0.0

1.3

8.4

8.0

1.3

6.8

4.2

14.8

3.4

4.2

0.4

0.8

8.4

1.3

1.3

0.4

2.5

0.0

1.7

1.3

3.0

0.0

0.0

0.0

0.0

0.0

12.87

8.95

8.32

7.77

6.99

5.18

4.63

3.22

3.14

2.98

2.59

2.51

2.20

2.12

2.12

2.04

1.49

1.49

0.78

0.63

0.55

0.47

0.16

0.00

0.00

100

100

100

100

100

80

80

80

80

80

100

100

80

80

100

100

60

100

60

40

20

40

20

0

0

2 3 4 5 % Isolates† % Prevalence

Continued 
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ples from the subjects with halitosis, but in lower
prevalence and proportions. They include
Abiotrophia defectiva, Atopobium vaginae, Bac-
teroides caccae, Bacteroides stercoris, Catonella
species, Clavibacter xyli, Dialister pneumosintes,
Enterococcus faecalis, Enterococcus malodoratus,
Eubacterium nodatum, Haemophilus para-
phrophilus, Kingella denitrificans, Luteococcus
japonicus, Mobiluncus curtisii, Mogibacterium
neglectum, Prevotella oris, Saccharothrix aus-

traliensis, Selenomonas infelix, Staphylococcus
haemolyticus, Stomatococcus mucilaginosus, Tre-
ponema species and Veillonella “oral clone.”

We categorized the sequences of 38 isolates (5.3
percent of the 704 phylotypes from the halitosis
samples) into 13 “uncultured” or “unidentified”
species (Table 4, page 1119). We found none of
these bacteria in the control subjects. Included
among these bacteria were those in the phylum
TM7 (a proposed taxonomic division that includes
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TABLE 2 (CONTINUED)

HALITOSIS GROUP

* Listed in order of the most prevalent species (percentage isolates) in the samples from the control subjects.
† Percentage of isolates identified by either culture or direct amplification methods from the control subject samples.
‡ Percentage of isolates identified by either culture or direct amplification methods from the subjects with halitosis samples.
§ Percentage of isolates identified by either culture or direct amplification methods from individual subject samples.

23.1

1.8

17.6

1.3

3.7

1.6

0.0

0.0

2.6

0.3

6.8

3.4

8.1

2.1

0.8

0.0

0.5

3.1

0.0

0.0

0.0

1.0

0.0

10.0

0.0

38.6

6.0

15.5

0.0

9.6

0.8

2.8

2.0

2.4

0.0

0.8

2.8

1.6

1.2

0.8

0.4

2.4

0.8

0.0

0.8

0.0

0.0

0.8

1.2

0.0

6.1

2.7

1.4

1.4

16.0

4.1

0.0

2.0

13.3

0.0

0.0

19.5

0.0

5.8

1.4

2.7

0.0

1.0

0.0

0.3

4.1

0.3

0.3

1.0

0.0

15.8

10.8

8.2

1.4

3.3

8.5

2.6

13.4

3.1

0.0

1.4

0.2

2.1

0.2

0.2

0.5

3.5

0.2

0.0

1.9

0.2

2.8

0.2

10.8

0.0

15.9

3.8

18.3

4.1

1.4

15.1

1.2

2.3

0.6

1.2

1.4

0.3

2.0

2.0

0.6

0.9

0.6

2.0

0.0

0.3

0.9

0.9

3.5

8.4

7.0

11.8

2.5

10.7

4.9

3.8

19.5

0.8

0.8

2.5

6.3

4.4

0.0

4.1

1.4

2.7

0.8

0.0

0.0

0.3

1.1

1.4

1.4

0.5

1.9

0.0

21.5

7.3

12.2

2.0

6.1

13.7

0.0

7.6

1.2

0.6

1.2

0.3

1.2

1.7

1.7

1.2

0.9

0.3

6.7

0.0

0.6

1.2

0.6

0.9

0.0

13.5

20.8

18.3

1.3

5.6

3.0

0.3

2.3

3.8

4.6

7.6

1.0

0.3

2.3

0.5

0.0

1.3

0.5

0.0

1.8

0.0

1.0

0.3

1.3

0.5

17.7

7.33

12.91

2.11

5.76

8.51

.093

4.08

3.50

1.72

3.18

3.00

2.54

2.00

1.07

0.75

1.18

1.00

0.86

0.82

8.22

1.18

0.75

4.79

0.93

100

100

100

88

100

100

63

88

100

63

88

88

88

100

100

75

75

88

25

75

63

75

88

100

25

1 2 3 4 5 6 7 8 % Isolates‡ % Prevalence
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bacteria that have never been cultured but have
been identified only through nucleic acid
sequencing) that have been identified in the gin-
gival sulcus10 and have been associated with
chronic periodontitis and necrotizing ulcerative
periodontitis.11

Species with low prevalence and numbers that
we found only in the control group included Acine-
tobacter lwoffii, Actinobacillus species, Capnocy-
tophaga gingivalis, Capnocytophaga sputigena,
Clostridium xylanolyticum, Corynebacterium
durum, Enterococcus pallens, Gemella sanguinis,
Helicobacter pylori, Kocuria varians, Oribac-
terium sinus, Porphyromonas catoniae, Rothia
aeria and Streptomyces species.

We detected several species only by direct
amplification of nucleic acids. They included
Abiotrophia defectiva, Firmicutes species, Dial-
ister species, Selenomonas species, Leptotrichia
species, Catonella species, Luteococcus species
and Corynebacterium durum. We rarely isolated
several other species by culture, but we could
detect them readily using direct amplification of
16S rDNA. They included Atopobium parvulum,
Enterococcus species, Granulicatella species,
Neisseria species and S. moorei.

DISCUSSION

Although the microbiology of the human
oral cavity has been investigated thor-
oughly (there are more than 22,000
resulting PubMed citations when the
search term “oral microbiology” is used),
studies that used direct amplification of
16S rDNA (broad-range PCR) indicated
that the oral microflora remained
incompletely characterized.3-5 Most pre-
vious studies focused on cultivable
microorganisms, which constituted only
1 to 10 percent of all microbial species.
Consequently, previous studies have
been biased toward “what grows” and
have ignored “what does not grow”: the
noncultivable species. As opposed to
bacterial culture, direct amplification of
16S rDNA can identify both cultivable
and noncultivable bacteria. This method
has identified previously unidentified
infectious agents such as T. whippleii in
Whipple’s disease6 and P. bergensis in
skin infections,7 as well as infectious
agents in “culture negative” clinical
samples.12

Using direct amplification of 16S rDNA, we
identified 38 phylotypes that we categorized into
13 “uncultured” or “unidentified” species based on
their nuclei acid sequences. This is consistent
with previous reports indicating that direct
amplification of 16S rDNA can identify greater
numbers of oral bacteria than can culture.13

Among the bacteria we identified only by direct
amplification were those in the phylum TM7,
which has been associated with periodontal dis-
ease,10 and several species normally associated
with the urogenital tract.

The results of both the bacterial culture assays
and the direct amplification assays confirm the
importance of oral microorganisms in halitosis
and point to differences in dorsal tongue bacteria
between subjects with halitosis and those
without. Veillonella species, Actinomyces species
and Streptococcus species were the bacteria pre-
dominantly found in both control subjects and
subjects with halitosis. Similar to a study by
Kazor and colleagues,5 we identified S. salivarius
most frequently in our study. Among species we
identified in two or more subjects in the group
and in proportions of 1 percent or more of a sub-
ject’s isolates, we identified two species exclu-
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TABLE 3

Bacterial species identified only in the 
control group or the halitosis group.*
BACTERIAL SPECIES % ISOLATES† % PREVALENCE 

* Species identified in two or more subjects in the group and in 1 percent or greater of a
subject’s isolates.

† Percentage of isolates identified by either culture or direct amplification methods from 
the subject samples.

Identified Only in Control Group

Porphyromonas catoniae

Gemella sanguinis 

Identified Only in Halitosis Group

Solobacterium moorei

Granulicatella elegens

Eubacterium species

Firmicutes species

Unidentified oral bacterium

Porphyromonas species

Staphylococcus warneri

Dialister species

Prevotella intermedia

2.0

0.5

4.8

0.6

0.3

0.1

0.8

0.3

0.1

0.5

0.2

60

40

100

63

50

50

38

38

38

25

25
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sively in healthy subjects, while we
identified nine exclusively in subjects
with halitosis. This suggests that there
is greater microbial diversity in the sub-
jects with halitosis, as was previously
reported by Donaldson and colleagues.14

Two patients with halitosis in our study
had mild-to-moderate generalized
chronic periodontitis and harbored peri-
odontal pathogens including Prevotella
intermedia and Fusobacterium species,
which both produce VSCs.15,16 However,
the remaining subjects with halitosis in
our study did not have periodontal dis-
ease or identifiable periodontal
pathogens, which implicated other
species as causing their halitosis.
Washio and colleagues17 made similar
observations.

Prominent among the species asso-
ciated with halitosis in our study was 
S. moorei, a gram-positive bacterium
originally isolated from human feces18

that has been associated with bac-
teremia,19 septicemia20 and refractory
cases of endodontic infections.21 In our
study, we found S. moorei in all subjects
with halitosis, but we did not detect it by either
culture or direct amplification of 16S rDNA in
any of the control subjects. Kazor and colleagues5

also associated halitosis with S. moorei, identi-
fying it in one of five subjects without halitosis
and in three of six subjects with halitosis. A
recent study showed that a number of antimicro-
bial agents and antibiotics are effective in vitro
against S. moorei and, presumably, against other
bacteria associated with halitosis, leading to the
possibility of antimicrobial therapy for halitosis.22

However, the clinical efficacy of such specific and
nonspecific agents in treating halitosis is still to
be determined.

As previously observed,2,23,24 we found a strong
correlation between a thick yellow or gray tongue
coating and halitosis. Tongue coatings are com-
prised of desquamated epithelial cells, blood cells
and bacteria. The dorsal tongue surface is prone
to bacterial accumulation. More than 100 bacteria
can attach to a single epithelial cell on the dorsal
tongue compared with about 25 bacteria that can
attach to other types of oral epithelial cells. Fur-
thermore, structural features of the tongue such
as tongue fissures or crenations can create a low-
oxygen microenvironment that is protected from

the flushing action of the saliva and favors the
growth of anaerobic bacteria that may produce
VSCs.

Although halitosis generally is considered to be
an esthetic problem, it may have implications for
systemic health. There is evidence to suggest that
even low concentrations of VSCs may be toxic.25

Toxicity may be related to the mechanisms of
action of the agents that comprise VSCs. For
example, hydrogen sulfide can split protein disul-
fide bonds to form persulfide groups; bind metal
ions26; inhibit enzymes such as myeloperoxidase,27

catalase,27 carbonic anhydrase and sodium/
potassium adenosine triphosphatase; and poten-
tiate the mutagenicity of hydrogen peroxide.28

Methyl mercaptan, another source of VSCs,
increases the permeability of intact mucosa and
stimulates cytokine production.25,29,30 Increased
VSC levels also may play a role in the link
between oral infection and systemic diseases such
as heart disease and preterm low birth weight.29

CONCLUSIONS

Our study suggests that subjects with halitosis
are infected with specific species such as S.
moorei that are not found in subjects without hal-

R E S E A R C H

JADA, Vol. 138     http://jada.ada.org    August 2007 1119

TABLE 4

Phylotypes from subjects with halitosis 
categorized as ‘uncultured’ or 
‘unidentified’ species.*
SPECIES % PREVALENCE

* The number and letter combinations before the species types are designations that 
indicate that one organism is not exactly the same as the others. 

AP0-8 Unidentified Oral Bacteria

AP60-1 Unidentified Bacteria

AP60-48 Unidentified Bacteria

AP60-8 Unidentified Bacteria

D0F5A Uncultured Bacteria

HstpL15 Uncultured Eubacterium

OS9E Uncultured Bacteria

OSs78 Uncultured Bacteria

PR55-19 Unidentified Bacteria

PR55-2 Unidentified Bacteria

RP55-19 Unidentified Oral Bacterium

RP55-4 Unidentified Oral Bacterium

Sp-7 Uncultured Veillonella

13

25

13

13

13

13

50

25

13

13

25

25

13
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itosis. Many of the halitosis-associated bacteria
produce high levels of VSCs, which are toxic to
tissues and may play a role in the pathogenesis of
inflammatory conditions. Consequently, halitosis
should not be treated simply as an esthetic
problem. It has been shown that halitosis is asso-
ciated with specific bacteria; therefore, it may be
amenable to specific and nonspecific antimicro-
bial therapies. ■

1. van Steenberghe D, Rosenberg M. Bad breath: A multidisciplinary
approach. Leuven, Belgium: Leuven University Press; 1996.

2. Miyazaki H, Sakao S, Katoh Y, Takehara T. Correlation between
volatile sulphur compounds and certain oral health measurements in
the general population. J Periodontol 1995;66(8):679-84.

3. Relman DA. New technologies, human-microbe interactions, and
the search for previously unrecognized pathogens. J Infect Dis
2002;186(supplement 2):S254-8.

4. Kroes I, Lepp PW, Relman DA. Bacterial diversity within the
human subgingival crevice. Proc Natl Acad Sci U S A 1999;96(25):
14547-52.

5. Kazor CE, Mitchell PM, Lee AM, et al. Diversity of bacterial popu-
lations on the tongue dorsa of patients with halitosis and healthy
patients. J Clin Microbiol 2003;41(2):558-63.

6. Relman DA, Schmidt TM, MacDermott RP, Falkow S. Identifica-
tion of the uncultured bacillus of Whipple’s disease. N Engl J Med
1992;327(5):293-301.

7. Downes J, Sutcliffe IC, Hofstad T, Wade WG. Prevotella bergensis
sp. nov., isolated from human infections. Int J Syst Evol Microbiol
2006;56(Pt 3):609-12.

8. Rosenberg M, Kulkarni GV, Bosy A, McCulloch CA. Repro-
ducibility and sensitivity of oral malodor measurements with a
portable sulphide monitor. J Dent Res 1991;70(11):1436-40.

9. Nara F. The relationship between the halitosis and oral conditions
of the periodontal patients [in Japanese]. Nippon Shishubyo Gakkai
Kaishi 1977;19(2):100-8.

10. Brinig MM, Lepp PW, Ouverney CC, Armitage GC, Relman DA.
Prevalence of bacteria of division TM7 in human subgingival plaque
and their association with disease. Appl Environ Microbiol
2003;69(3):1687-94.

11. Paster BJ, Russell MK, Alpagot T, et al. Bacterial diversity in
necrotizing ulcerative periodontitis in HIV-positive subjects. Ann Peri-
odontol 2002;7(1):8-16.

12. Hajjeh RA, Relman D, Cieslak PR, et al. Surveillance for unex-
plained deaths and critical illnesses due to possibly infectious causes,
United States, 1995-1998. Emerg Infect Dis 2002;8(2):145-53.

13. Paster BJ, Boches SK, Galvin JL, et al. Bacterial diversity in
human subgingival plaque. J Bacteriol 2001;183(12):3770-83.

14. Donaldson A, McKenzie D, Riggio M, et al. Microbiological culture
analysis of the tongue anaerobic microflora in subjects with and
without halitosis. Oral Dis 2005;11(supplement 1):61-3.

15. Claesson R, Edlund MB, Persson S, Carlsson J. Production of
volatile sulfur compounds by various Fusobacterium species. Oral
Microbiol Immunol 1990;5(3):137-42.

16. Persson S. Edlund MB, Claesson R, Carlsson J. The formation of
hydrogen sulfide and methyl mercaptan by oral bacteria. Oral Micro-
biol Immunol 1990;5(4):195-201

17. Washio J, Sato T, Koseki T, Takahashi N. Hydrogen sulfide-pro-
ducing bacteria in tongue biofilm and their relationship with oral mal-
odour. J Med Microbiol 2005;54(Pt 9):889-95.

18. Kageyama A, Benno Y. Phylogenic and phenotypic characteriza-
tion of some Eubacterium-like isolates from human feces: description of
Solobacterium moorei Gen. Nov., Sp. Nov. Microbiol Immunol 2000;
44(4):223-7.

19. Lau SK, Teng JL, Leung KW, et al. Bacteremia caused by
Solobacterium moorei in a patient with acute proctitis and carcinoma of
the cervix. J Clin Microbiol 2006;44(8):3031-4.

20. Detry G, Pierard D, Vandoorslaer K, Wauters G, Avesani V,
Glupczynski Y. Septicemia due to Solobacterium moorei in a patient
with multiple myeloma. Anaerobe 2006;12(3):160-2.

21. Rolph HJ, Lennon A, Riggio MP, et al. Molecular identification of
microorganisms from endodontic infections. J Clin Microbiol 2001;
39(9):3282-9.

22. Gerber DS, Haraszthy VI, Zambon JJ. Characterization of
Solobacterium moorei strains from subjects with halitosis (abstract).
Available at: “http://iadr.confex.com/iadr/2007orleans/techprogram/
abstract_90579.htm”. Accessed June 21, 2007.

23. Yaegaki K, Sanada K. Biochemical and clinical factors influencing
oral malodor in periodontal patients. J Periodontol 1992;63(9):783-9.

24. Yaegaki K, Sanada K. Volatile sulfur compounds in mouth air
from clinically healthy subjects and patients with periodontal disease.
J Periodontal Res 1992;27(4 part 1):233-8.

25. Beauchamp RO Jr, Bus JS, Popp JA, Boreiko CJ, Andjelkovich
DA. A critical review of the literature on hydrogen sulfide toxicity. Crit
Rev Toxicol 1984;13(1):25-97.

26. Claesson R, Granlund-Edstedt M, Persson S, Carlsson J. Activity
of polymorphonuclear leukocytes in the presence of sulfide. Infect
Immun 1989;57(9):2776-81.

27. Nicholls P. The action of anions on catalase peroxide compounds.
Biochem J 1961;81:365-74.

28. Berglin EH, Carlsson J. Potentiation by sulfide of hydrogen per-
oxide-induced killing of Escherichia coli. Infect Immun 1985;49(3):
538-43.

29. Sanz M, Roldán S, Herrera D. Fundamentals of breath malodor. J
Contemp Dent Pract 2001;4;1-17.

30. Ratcliff PA, Johnson PW. The relationship between oral malodor,
gingivitis, and periodontitis: a review. J Periodontol 1999;70(5):485-9.

R E S E A R C H

1120 JADA, Vol. 138 http://jada.ada.org    August 2007
Copyright ©2007 American Dental Association. All rights reserved.


	Identification of oral bacterial species associated with halitosis
	SUBJECTS, MATERIALS AND METHODS
	Subjects
	Sampling and bacterial culture
	Direct amplification
	Statistical analysis

	RESULTS
	DISCUSSION
	CONCLUSIONS
	REFERENCE


