
Short communication

Streptococcus mutans is widely accepted
as the main pathogen of dental caries,
while it is also known to be involved with
bacteremia and infective endocarditis (9).
In our previous study, S. mutans was
frequently detected in cardiovascular
specimens, such as heart valves and
atheromatous plaques (17). Recently, cer-
tain S. mutans strains were reported that
were capable of attaching to the surfaces of
human coronary artery endothelial cells,
then entering and surviving in those cells
(1). Such data indicated the potential role

of the bacterium in the pathogenesis of
some types of cardiovascular disease.
S. mutans was previously classified into

three serotypes, c, e and f, based on the
structures of cell-wall-associated polysac-
charides (14). However, some S. mutans
strains isolated from patients with bacter-
emia or infective endocarditis could not be
classified (6), which led to the designation
of the novel serotype k (21). In general, the
major serotype in the oral cavity is sero-
type c (approximately 70–80%), followed
by serotype e (approximately 20%), while

the prevalence of serotype f is low (<5%)
(3, 4, 8, 10, 11, 29, 31). As for serotype k,
its distribution in Japanese populations has
been reported to range from 2 to 5% (21,
25). In addition, recent results indicate the
possibility that S. mutans serotype k is
virulent in blood (23). Serotype k has been
found among strains isolated in Japan,
Finland and the UK (18, 32), whereas
there is no information available on the
serotype distribution of strains isolated in
Thailand. In the present study, we exam-
ined the serotype distribution of S. mutans
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Introduction: Streptococcus mutans, known to be a pathogen of dental caries as well as
bacteremia and infective endocarditis, is classified into four serotypes, c, e, f and k, based
on the structures of serotype-specific polysaccharides. Serotype k was recently designated
using blood isolates from Japanese subjects and such strains are considered to be virulent
in the bloodstream. The purpose of the present study was to analyse the serotype
distribution of strains isolated from Thai subjects and determine whether serotype k
strains were present.
Methods: A total of 250 S. mutans strains were isolated from 50 Thai subjects,
and serotypes of all strains were determined. Then, molecular and biological analyses
were carried out for serotype k strains.
Results: Immunodiffusion and polymerase chain reaction analyses showed that serotype
c was the most prevalent (70%), followed by serotypes e (22.8%), f (4.4%) and k (2.8%),
which indicated that serotype k S. mutans strains occurred in Thai individuals at a similar
rate to that previously reported for Japanese and Finnish populations. Molecular analyses
of the seven serotype k strains showed extremely low expression of rgpE, which is related
to glucose side-chain formation in serotype-specific rhamnose-glucose polymers, similar
to previous reports for those other populations. In addition, analysis of the biological
properties of the seven serotype k strains demonstrated low levels of sucrose-dependent
adhesion, cellular hydrophobicity, dextran-binding activity and phagocytosis suscepti-
bility by human polymorphonuclear leukocytes, which are characteristics similar to those
of serotype k strains previously isolated in Japan.
Conclusion: Our results indicate the possibility of a worldwide prevalence of serotype k
strains with properties in common with those of previously reported strains.
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strains isolated from a Thai population to
determine the presence of serotype k.
Stimulated saliva specimens were col-

lected from 50 Thai individuals (25 male,
25 female; aged 13–62 years) with the
approval of the Ethics Committee of
Mahidol University. Serial dilutions of
the specimens were cultured on mitis
salivarius agar (Difco Laboratories,
Detroit, MI, USA) containing bacitracin
(0.2 U/ml; Sigma Chemical Co., St Louis,
MO, USA), 0.001% (volume/volume) tel-
lurite solution (Becton, Dickinson & Co.,
Sparks, MD) and 15% (weight/volume)
sucrose. Five presumptive rough colonies
of S. mutans were chosen from each
subject, as our previous results showed
that this number of isolates is adequate
for whole-mouth S. mutans representation
(13). All isolates were then confirmed to
be S. mutans by biochemical analyses,
such as sugar fermentation profiles for
1% mannitol, sorbitol, raffinose or melibi-
ose as well as negative for dextran agglu-
tination (7). For serotype determination,
we used an immunodiffusion method with
rabbit antisera specific for serotypes c, e, f
and k, as well as polymerase chain reaction
(PCR) with serotype-specific sets of prim-
ers, as described previously (25, 31).
Table 1 shows the serotype distribution

for the samples from Thai subjects.
Among the 250 S. mutans strains isolated,
serotype c was the most frequently de-
tected at a prevalence of 70%, followed by
serotypes e (22.8%) and f (4.4%). These
results are similar to those reported world-
wide (3, 4, 8, 10, 11, 29, 31). In addition,
seven serotype k strains (2.8%) were
detected in samples from two subjects
(4%). One of those was a 29-year-old man,
from whom two serotype k strains were
isolated and five serotype k strains were
isolated from a 21-year-old woman. All
serotype k strains in each subject were
derived from a single clone (data not
shown), which was confirmed using an
arbitrary primed PCR technique. When the
number of serotypes harbored by each
subject was considered, 82% of the sub-
jects had a single serotype, while the
others had multiple serotypes, of which

serotypes c and e were the most prevalent
(Table 2). These findings are similar to
those reported previously for Finnish and
Japanese populations (2, 20).
Serotype-specific polysaccharides of

S. mutans are composed of rhamnose-
glucose polymers, with a backbone of
rhamnose and side chains of a-linked or
b-linked glucosidic residues (14). The
unique characteristic of serotype k com-
pared with the other serotypes is a drastic
reduction of glucose side chains (6, 21),
which is considered to be caused by a lack
of glucosyltransferase activity from rgpE
gene, leading to inhibition of glucose
polymer production by serotype-specific
polysaccharides (27). This is the first
report of serotype k strains isolated in
Thailand so we decided to analyse the
etiology of the loss of glucose side chains
in the present serotype k strains. Reverse
transcriptase-mediated PCR analyses iden-
tified no transcription of rgpE in any of the
seven isolates (data not shown). This result
showed that the lack of rgpE gene expres-
sion in serotype k strains isolated in Japan
was also present in the strains from Thai
individuals.
We previously reported that serotype k

strains commonly possess defects of major
surface proteins, such as protein antigen
(PA) and glucan-binding proteins (Gbps)
(19, 24, 26). These defects bring about low
levels of cellular hydrophobicity, sucrose-
dependent adhesion and dextran-binding

ability, as well as low susceptibility to
phagocytosis (19, 21, 24, 26). Moreover,
a glucose side-chain-defect mutant
(MT8148GD), which produced a precipi-
tation band with a serotype k antibody, also
showed greatly decreasing levels of all
those properties compared with its sero-
type c parent strain (21, 22). Therefore,
we performed experiments to evaluate
sucrose-dependent adhesion, cellular
hydrophobicity, dextran-binding ability
and phagocytosis susceptibility using the
seven serotype k strains isolated from the
Thai subjects using previously described
methods (12, 15, 21, 30).
Compared with the serotype c S. mutans

strain MT8148 (28), nearly all of the
serotype k strains isolated from our Thai
subjects showed significantly low levels
of sucrose-dependent adhesion, cellular
hydrophobicity, dextran-binding ability,
and phagocytosis susceptibility (Table 3).
Exceptions were seen in the sucrose-
dependent adhesion rates of strains
TLJ26-2, TLJ26-3 and TLJ26-5, and the
cellular hydrophobicity rate of TLJ11-5.
To clarify these results, we performed
Western blot analyses to detect the expres-
sion of major surface proteins, including
PA and GbpA, using our previously
reported methods (5, 26). Interestingly,
none of the serotype k strains from the
Thai subjects expressed GbpA, and the
expression of PA was only found in the
strains from one subject (TLJ26-1, TLJ26-
2, TLJ26-3, TLJ26-4 and TLJ26-5) (data
not shown). GbpA is known to play a role
in the glucan-binding properties of S. mu-
tans in the presence of sucrose (16).
Hence, the attenuation of GbpA expression
could partially explain the decreases in
both sucrose-dependent adhesion and dex-
tran-binding ability found in most of the
serotype k strains isolated in the present
study. However, the sucrose-dependent
adhesion rates of some of the present
serotype k strains (TLJ26-2, TLJ26-3 and

Table 1. Serotype distribution of 250 Strepto-
coccus mutans isolates obtained from 50
subjects

Serotype
No. of isolates
(n = 250)

No. of subjects
(n = 50)

c 175 (70.0%) 38 (76.0%)
e 57 (22.8%) 16 (32.0%)
f 11 (4.4%) 3 (6.0%)
k 7 (2.8%) 2 (4.0%)

Table 2. Individual serotype distribution in 50
subjects

Serotype
No. of
subjects Serotype

No. of
subjects

Single 41 (82.0%) c 30 (60.0%)
e 8 (16.0%)
f 2 (4.0%)
k 1 (2.0%)

Multiple 9 (18.0%) c and e 7 (14.0%)
c and f 1 (2.0%)
e and k 1 (2.0%)

Table 3. Biological properties of serotype k strains isolated in Thailand

Strains
Sucrose-dependent
adhesion (%)

Cellular
hydrophobicity (%)

Dextran-binding
(A405)

Phagocytosis
rate (%)

MT8148 91.2 ± 1.0 84.5 ± 0.9 0.117 ± 0.002 87.2 ± 5.9
TLJ11-2 64.6 ± 1.7** 70.9 ± 5.6* 0.061 ± 0.005** 62.0 ± 3.4**
TLJ11-5 56.4 ± 3.8** 78.9 ± 6.6 0.056 ± 0.002** 59.2 ± 6.2**
TLJ26-1 86.5 ± 0.8** 63.6 ± 7.7* 0.062 ± 0.003** 55.6 ± 7.2**
TLJ26-2 90.6 ± 0.9 74.4 ± 2.0** 0.061 ± 0.004** 58.0 ± 5.1**
TLJ26-3 90.1 ± 1.1 71.0 ± 3.7** 0.071 ± 0.006** 59.6 ± 5.1**
TLJ26-4 88.3 ± 0.8* 69.4 ± 2.4** 0.071 ± 0.004** 60.0 ± 4.6**
TLJ26-5 90.5 ± 1.0 73.1 ± 1.8** 0.063 ± 0.002** 58.4 ± 6.3**

Statistically significant differences between MT8148 and other strains (by Fisher’s post-test for least
significant differences analysis).
*P < 0.01.
**P < 0.001.

432 Lapirattanakul et al.



TLJ26-5) were compatible with that of
MT8148 (Table 3). Hence, other protein
antigens may have influenced these results.
In summary, this is the first report to

describe the presence of serotype k S. mu-
tans strains in a Thai population and it
adds the detection of serotype k in another
country besides Japan, Finland and the
UK. In addition, the biological properties
of the serotype k strains isolated in Thai-
land were similar to those of the serotype k
strains isolated in Japan. Additional exper-
iments as well as clinical studies are
necessary to provide conclusive evidence
of an association between cardiovascular
disease and the presence of S. mutans
serotype k.
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2. Alaluusua S, Mättö J, Grönroos L et al.
Oral colonization by more than one clonal
type of mutans streptococcus in children
with nursing-bottle dental caries. Arch Oral
Biol 1996: 41: 167–173.

3. Beighton D, Rippon HR, Thomas HE. The
distribution of Streptococcus mutans sero-
types and dental caries in a group of 5- to
8-year-old Hampshire schoolchildren.
Br Dent J 1987: 162: 103–106.

4. Fitzgerald DB, Fitzgerald RJ, Adams BO,
Morhart RE. Prevalence, distribution of
serotypes, and cariogenic potential in ham-
sters of mutans streptococci from elderly
individuals. Infect Immun 1983: 41: 691–
697.

5. Fujita K, Matsumoto-Nakano M, Inagaki S,
Ooshima T. Biological functions of glucan-
binding protein B of Streptococcus mutans.
Oral Microbiol Immunol 2007: 22: 289–
292.

6. Fujiwara T, Nakano K, Kawaguchi M et al.
Biochemical and genetic characterization of
serologically untypable Streptococcus mu-
tans strains isolated from patients with

bacteremia. Eur J Oral Sci 2001: 109:
330–334.

7. Fujiwara T, Sasada E, Mima N, Ooshima T.
Caries prevalence and salivary mutans
streptococci in 0-2-year-old children of
Japan. Community Dent Oral Epidemiol
1991: 19: 151–154.

8. Hamada S, Masuda N, Kotani S. Isolation
and serotyping of Streptococcus mutans
from teeth and feces of children. J Clin
Microbiol 1980: 11: 314–318.

9. Hamada S, Slade HD. Biology, immunol-
ogy, and cariogenicity of Streptococcus
mutans. Microbiol Rev 1980: 44: 331–384.

10. Hirasawa M, Takada K. A new selective
medium for Streptococcus mutans and the
distribution of S. mutans and S. sobrinus
and their serotypes in dental plaque. Caries
Res 2003: 37: 212–217.

11. Holbrook WP, Beighton D. Streptococcus
mutans levels in saliva and distribution of
serotypes among 9-year-old Icelandic chil-
dren. Scand J Dent Res 1987: 95: 37–42.

12. Kawabata S, Hamada S. Studying biofilm
formation of mutans streptococci. Methods
Enzymol 1999: 310: 513–523.

13. Lapirattanakul J, Nakano K, Nomura R,
Hamada S, Nakagawa I, Ooshima T. Dem-
onstration of mother-to-child transmission
of Streptococcus mutans using multilocus
sequence typing. Caries Res 2008: 42: 466–
474.

14. Linzer R, Reddy MS, Levine MJ. Immu-
nochemical aspects of serotype carbo-
hydrate antigens of Streptococcus mutans.
In: Hamada S, Michalek SM, Kiyono H,
Manaker L, McGhee JR, ed. Molecular
microbiology and immunology of Strepto-
coccus mutans. Amsterdam: Elsevier, 1986:
29–38.

15. Lis M, Shiroza T, Kuramitsu HK. Role
of C-terminal direct repeating units of the
Streptococcus mutans glucosyltransferase-S
in glucan binding. Appl Environ Microbiol
1995: 61: 2040–2042.

16. Matsumura M, Izumi T, Matsumoto M,
Tsuji M, Fujiwara T, Ooshima T. The role of
glucan-binding proteins in the cariogenicity
of Streptococcus mutans. Microbiol Immu-
nol 2003: 47: 213–215.

17. Nakano K, Inaba H, Nomura R et al.
Detection of cariogenic Streptococcus
mutans in extirpated heart valve and ather-
omatous plaque specimens. J Clin Micro-
biol 2006: 44: 3313–3317.

18. Nakano K, Lapirattanakul J, Nomura R
et al. Streptococcus mutans clonal variation
revealed by multilocus sequence typing.
J Clin Microbiol 2007: 45: 2616–2625.

19. Nakano K, Matsumura M, Kawaguchi M
et al. Attenuation of glucan-binding protein
C reduces the cariogenicity of Streptococcus
mutans: analysis of strains isolated from
human blood. J Dent Res 2002: 81: 376–379.

20. Nakano K, Nemoto H, Nomura R et al.
Serotype distribution of Streptococcus mu-
tans a pathogen of dental caries in cardio-
vascular specimens from Japanese patients.
J Med Microbiol 2007: 56: 551–556.

21. Nakano K, Nomura R, Nakagawa I,
Hamada S, Ooshima T. Demonstration of
Streptococcus mutans with a cell wall
polysaccharide specific to a new serotype,
k, in the human oral cavity. J Clin Microbiol
2004: 42: 198–202.

22. Nakano K, Nomura R, Nakagawa I, Ha-
mada S, Ooshima T. Role of glucose side
chains with serotype-specific polysaccha-
ride in the cariogenicity of Streptococcus
mutans. Caries Res 2005: 39: 262–268.

23. Nakano K, Nomura R, Nemoto H et al.
Detection of novel serotype k Streptococcus
mutans in infective endocarditis patients.
J Med Microbiol 2007: 56: 1413–1415.

24. Nakano K, Nomura R, Nemoto H et al.
Protein antigen in serotype k Streptococcus
mutans clinical isolates. J Dent Res 2008:
87: 964–968.

25. Nakano K, Nomura R, Shimizu N, Nakag-
awa I, Hamada S, Ooshima T. Development
of a PCR method for rapid identification of
new Streptococcus mutans serotype
k strains. J Clin Microbiol 2004: 42:
4925–4930.

26. Nakano K, Tsuji M, Nishimura K, Nomura
R, Ooshima T. Contribution of cell surface
protein antigen PAc of Streptococcus
mutans to bacteremia. Microbes Infect
2006: 8: 114–121.

27. Nomura R, Nakano K, Ooshima T. Molec-
ular analysis of the genes involved in the
biosynthesis of serotype specific polysac-
charide in the novel serotype k strains of
Streptococcus mutans. Oral Microbiol
Immunol 2005: 20: 303–309.

28. Ooshima T, Izumitani A, Sobue S, Hamada
S. Cariostatic effect of palatinose on exper-
imental dental caries in rats. Jpn J Med Sci
Biol 1983: 36: 219–223.

29. Perch B, Kjems E, Ravn T. Biochemical
and serological properties of Streptococcus
mutans from various human and animal
sources. Acta Pathol Microbiol Scand B
Microbiol Immunol 1974: 82: 357–370.

30. Rosenberg M, Gutnick D, Rosenberg E.
Adherence of bacteria to hydrocarbon:
a simple method for measuring cell-sure
hydrophobicity. FEMS Microbiol Lett
1980: 9: 29–33.

31. Shibata Y, Ozaki K, Seki M et al. Analysis
of loci required for determination of sero-
type antigenicity in Streptococcus mutans
and its clinical utilization. J Clin Microbiol
2003: 41: 4107–4112.

32. Waterhouse JC, Russell RR. Dispensable
genes and foreign DNA in Streptococcus
mutans. Microbiology 2006: 152: 1777–
1788.

Serotype k S. mutans in Thailand 433




