
Postoperative maxillary cyst (POMC) is
known to occur as a delayed complication
of radical maxillary sinus surgery, such as
Caldwell-Luc surgery. It is believed that
POMC develops when the residual mucosa
of maxillary sinus and mucous glands is
trapped in the wound and the sinus ostia is
obstructed (16, 22). The cyst gradually
expands as a result of increased fluid
retention and bone remodeling over a
period of years, and occasionally causes
swelling and pain in the buccal region and/

or the mucogingival fold (11, 12).
Although the cyst cavity is isolated from
the nasal cavity by the cyst wall, which is
covered with lining epithelium, it is prob-
able that oral bacteria invade the ob-
structed cyst cavity through the teeth or
periodontal pockets and cause the symp-
toms of POMC (34). Because the bottom
of the sinus antrum is thin across the oral
cavity and the cyst tends to expand toward
the oral cavity by gravitation (10, 30),
bone resorption of the bottom of sinus

antrum of POMC sometimes occurs,
resulting in vulnerability to bacterial inva-
sion.
It has been estimated by culturing and

molecular biological methods that more
than 600 bacterial species inhabit the
human oral cavity (21, 31, 35, 40, 49).
Few bacteriological studies on POMC
have been performed (17, 42), and thus
the relationship between the presence of
bacteria and the progression of POMC
symptoms remains unclear.
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Background/aims: Postoperative maxillary cyst (POMC) is known to occur as a delayed
complication of radical maxillary sinus surgery, such as Caldwell-Luc surgery. The cyst
gradually expands with no symptoms over a period of years, and then occasionally causes
swelling and pain in the buccal region and/or the mucogingival fold. It is probable that
bacterial infection affects the progression of POMC symptoms. The aims of this study
were to determine the bacterial density and to examine the presence of 20 oral bacteria in
POMC fluids.
Methods: POMC fluids (4 purulent, 2 mucous and 4 serous) were sampled from 10
subjects (aged 43–77 years). Bacterial quantification and detection were performed by
real-time polymerase chain reaction (PCR) and nested PCR based on bacterial 16S rRNA
genes, respectively.
Results: Bacterial DNA was detected in all samples and the average concentrations of
bacterial DNA were 5.9 (purulent), 0.5 (mucous), and 0.7 (serous) ng/mg of sample.
Twelve bacterial species, including anginosus streptococci, known to be associated with
abscess formation, were detected in the purulent fluids, while two and five species were
detected in the mucous and serous fluids, respectively.
Conclusion: Purulent fluids contained numerous bacteria of various types, thus
suggesting that oral bacteria may cause symptoms such as pain in POMC with purulent
fluids. Mucous and serous fluids also contained bacteria, although their numbers were
small, thus suggesting an association between bacteria and progression of POMC.
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The aims of this study were to deter-
mine the bacterial density of the cyst fluids
by real-time polymerase chain reaction
(PCR) and to examine the presence of 20
oral bacteria (Table 1) by nested PCR
based on bacterial 16S rRNA genes. These
bacteria were selected in this study since
these species have frequently been isolated
as putative pathogens from various oral
diseases such as odontogenic infections,
alveolar abscesses, periodontitis, and den-
tal caries lesions (14, 23, 24, 37).

Material and methods

Subject population

Informed consent was obtained from each
subject, and POMC fluids were sampled
from 10 subjects (mean age, 57.2 ±

10.3 years; range, 43–77 years) (Table 2).
Three of these subjects received antimi-
crobial therapy less than 2 weeks before
sampling.

Collection of samples

Retained POMC fluids were collected
using disposable sterilized 19-gauge nee-
dles attached to syringes and poured into
sterilized vials. At the time of cystectomy
or marsupialization, fluids were aspirated
directly from the cysts. Samples were
punctured from a disinfected area in the
most prominent or fluctuant mucosal point
overlaying the cyst. All samples were
immediately transferred and stored at
) 20�C before extraction of genomic
DNA.

DNA extraction

Each sample (5.0–9.9 mg) was immersed
in 1 ml of sterilized distilled water and
genomic DNA was extracted using a GFX
Genomic Blood DNA Purification Kit
(Amersham Bioscience, Piscataway, NJ)
according to the manufacturer’s instruc-
tions.

Real-time PCR

Quantitative real-time PCR amplification
was performed with universal primers
357F and 907R (27), and iQ SYBR Green
Supermix (Bio-Rad Laboratories, Rich-
mond, CA), according to the manufac-
turer’s instructions. The primer sequences
were: 357F, 5¢-CTC CTA CGG GAG

Table 1. Target bacteria and their species-specific primers

Species Sequence (5¢)3¢) Size (bp) References

Anaerococcus sp. GCG TGA TTT AGA AGG C 980 (41)
ACG GGC GGT GTG TAC

Campylobacter rectusa TTT CGG AGC GTA AAC TCC TTT TC 598 (1)
TTT CTG CAA GCA GAC ACT CTT

Dialister pneumosintes TTC TAA GCA TCG CAT GGT GC 1105 (6)
GAT TTC GCT TCT CTT TGT TG

Eikenella corrodens CGA TTA GCT GTT GGG CAA CTT 410 (9)
ACC CTC TGT ACC GAC CAT TGT AT

Eubacterium saphenum TCT ACT AAG CGC GGG GTG A 430 (13)
ATA CCC GAT TAA GGG TAC

Finegordia magna GCA TAA AAT CGT AGA AAC AC 1200 (41)
ACG GGC GGT GTG TAC

Fusobacterium nucleatum GAA GAA ACA AAT GAC GGT AAC AAC 705 (39)
GTC ATC CCC ACC TTC CTC CT

Mogibacterium timidum AAG CTT GGA AAT GAC GC 524 (13)
CCT TGC GCT TAG GTA A

Peptoniphilus asaccharolyticus ATG AAA ATC AAA CAG AAC C 300 (41)
ACG GGC GGT GTG TAC

Peptostreptococcus anaerobius GTA GTT AGC CTC CGA AA 780 (41)
ACG GGC GGT GTG TAC

Peptostreptococcus micros TCG GGA CAA CTA TAC AG 380 (41)
ACG GGC GGT GTG TAC

Porphyromonas gingivalisb GCG TAT GCA ACT TGC CTT AC 518 (46)
GTT TCA ACG GCA GGC TGA AC

Prevotella intermedia CGT GGA CCA AAG ATT CAT CGG TGG A 259 (33)
CCG CTT TAC TCC CCA ACA AA

Prevotella nigrescens GTG TTT CAT TGA CGG CAT CCG ATA TGA AAC 828 (33)
CCA CGT CTC TGT GGG CTG CGA

Propionibacterium acnesc AAG GCC CTG CTT TTG TGG 388 (15)
ACT CAC GCT TCG TCA CAG

Slackia exigua GCC AAG CGG CCT CGT CGA AG 697 (13)
GCC GGC TTT AAG GGA TTC GCT CG

Streptococcus anginosus ATG CAA TTG CAT CGC TAG T 445 (18)
GCA GGC TTT GGA AAC TGT TTA ACT

Streptococcus constellatus GTG CAA GAG CAT CAC TAC C 445 (18)
GCA GGC TTT GGA AAC TGT TTA ACT

Streptococcus intermediusd GTG CAA ATG CAT CAC TAC C 445 (18)
GCA GGC TTT GGA AAC TGT TTA ACT

Streptococcus mutans GGT CAG GAA AGT CTG GAG TAA AAG GCT A 282 (39)
GCG GTA GCT CCG GCA CTA AGC C

aIn-silico determination of the specificity, the primers may cross-react to Campylobacter curvus, Campylobacter showae, and Campylobacter sputorum.
bIn-silico determination of the specificity, the primers may cross-react with Porphyromonas gulae.
cIn-silico determination of the specificity, the primers may cross-react with Propionibacterium sp. LG and uncultured phylotypes (clones), i.e. lw29,
Tc134–108, PE40, PE36, PE34, PE33PE30, PE27, PE22, PE21, PE20, PE15, PE13, PE12, PE06, 47 mm60, ACTINO8A, AT425_EubE10, DZ_D6,
1519, and PH-B24N.
dIn-silico determination of the specificity, the primers may cross-react with S. pneumoniae, S. pseudopneumoniae, and Streptococcus sp. MGH.
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GCA GCA G-3¢; and 907R, 5¢-CCG TCA
ATT CMT TTR AGT TT-3¢. Real-time
PCR amplification was performed in an
iCycler (Bio-Rad Laboratories) pro-
grammed for 3 min at 95�C for initial heat
activation, followed by 40 cycles of 15 s at
95�C for denaturation, 30 s at 55�C for
annealing and 30 s at 72�C for extension.
During the extension step, fluorescence
emissions were monitored, and data were
analyzed using iCycler iQ Software (Bio-
Rad Laboratories). The genomic DNA of
Propionibacterium acnes ATCC 6919 was
used as a standard for quantitative analy-
sis.

Nested PCR

In the first amplification, the 16S rRNA
genes were amplified by PCR with uni-
versal primers 27F and 1492R (27) and
Taq DNA polymerase (HotStarTaq Master
mix; Qiagen GmbH, Hilden, Germany)
according to the manufacturer’s instruc-
tions. The primer sequences were: 27F, 5¢-
AGA GTT TGA TCM TGG CTC AG-3¢;
and 1492R, 5¢-TAC GGY TAC CTT GTT
ACG ACT T-3¢. PCR amplification was
performed in a PCR Thermal Cycler MP
(TaKaRa Biomedicals, Ohtsu, Shiga,
Japan) programmed for 15 min at 95�C
for initial heat activation, followed by 35
cycles of 1 min at 94�C for denaturation,
1 min at 55�C for annealing, and 1.5 min
at 72�C for extension, and 10 min at 72�C
for final extension. The predicted PCR
product with the universal primers was
1505 bp in length. In the second amplifi-
cation (nested PCR), the first PCR prod-
ucts were used as templates and 20
bacteria were identified using species-spe-
cific primers based on 16S rRNA gene
sequences (Table 1). In order to determine
the specificity of the primers in-silico, blast
searches were performed through the web
site of the National Center for Biotechno-
logy Information. PCR amplification was
performed in a PCR Thermal Cycler MP
(TaKaRa Biomedicals) programmed for
15 min at 95�C for initial heat activation,
followed by 35 cycles of 1 min at 94�C
for denaturation, 1 min at 58.5�C for

annealing, and 1.5 min at 72�C for exten-
sion, and 10 min at 72�C for final exten-
sion. The predicted sizes of PCR products
with species-specific primers are listed in
Table 1.
PCR products were separated on 1%

agarose gels (Certified Low Range Ultra
Agarose, Bio-Rad Laboratories) stained
with ethidium bromide and photographed
under ultraviolet light. The sizes of PCR
products were compared with a molecular
size marker (Ready-Load 100-bp DNA
Ladder, Invitrogen Corp., Carlsbad, CA),
and confirmed to correspond to those listed
in Table 1.

Data analysis

Fisher’s exact probability tests and
Tukey’s tests were used to analyze signi-
ficance. P-values of < 0.05 were consid-
ered statistically significant.

Results

Clinical signs of subjects and the state of
cyst fluids are shown in Table 2. All
patients had swelling and half had pain
in the buccal region and/or mucogingival
fold. Three patients received antibiotic
therapy less than 2 weeks before sampling.
Four of the fluids samples were purulent,
two mucous and four serous.
The results of quantitative real-time

PCR and nested PCR are shown in
Table 3. Bacterial DNA was detected in
all samples, and thus bacteria were proven
to be present in all samples. The average
quantity of bacterial DNA was 5.9 ± 2.1
(purulent), 0.5 ± 0.2 (mucous), and
0.7 ± 0.1 (serous) ng/mg of sample. Puru-
lent fluids contained approximately 8–12
times more bacteria than mucous and
serous fluids. Bacterial DNA was detected
in the cyst fluids of the patients who
received antibiotic therapy less than
2 weeks before sampling (Tables 2 and 3).
P. acnes was detected in nine samples,

and its detection frequency was the highest
among the bacterial species tested in this
study. Porphyromonas gingivalis, Strepto-
coccus constellatus, and S. intermedius

were detected in five samples, Anaerococ-
cus sp., Fusobacterium nucleatum and
Streptococcus anginosus in three samples,
Campylobacter rectus, Dialister pneumos-
intes, Eikenella corrodens, Mogibacterium
timidum, and Peptostreptococcus micros in
two samples, and Slackia exigua in one
sample. Anaerobic gram-positive cocci
such as Peptostreptococcus species, which
is frequently detected in oral maxillofacial
infections (24), were detected in small
numbers in this study. The other seven
species tested for were not detected in this
study.
In the purulent fluids, 12 bacterial

species including anginosus streptococci,
which is reported to be associated with
abscess formation (25, 26), were detected,
while two and five species were detected
in the mucous and serous fluids, respect-
ively. P. gingivalis was detected with a
high frequency (three of four cases) in the
serous fluids. In eight cases, two species
and/or more than two species were detec-
ted. In two cases (one mucous and one
serous), P. acnes was the only species
detected in this study.
In in-silico determination of the specific-

ity of the primers used in this study, the
primers ofP. gingivaliswere found to cross-
react with Porphyromonas gulae; those of
P. acnes to cross-react with Propionibacte-
rium sp. LG and uncultured phylotypes
(clones), i.e. lw29, Tc134–108, PE40,
PE36, PE34, PE33PE30, PE27, PE22,
PE21, PE20, PE15, PE13, PE12, PE06,
47 mm60, ACTINO8A, AT425_EubE10,
DZ_D6, 1519, and PH-B24N; those of C.
rectus to cross-react with Campylobacter
curvus, Campylobacter showae, and Cam-
pylobacter sputorum; and those of S. inter-
medius to cross-react with Streptococcus
pneumoniae, Streptococcus pseudopneu-
moniae, and Streptococcus sp. MGH.

Discussion

In this study, bacterial DNA was detected
by quantitative real-time PCR in all sam-
ples (Table 3). A low bacterial detection
frequency (< 50%) has been reported in
POMC fluids (17, 42), and the discrepancy

Table 2. Clinical signs and conditions of subjects in this study

Subjects

1 2 3 4 5 6 7 8 9 10

Age 50 50 48 43 66 58 53 62 65 77
Gender M M M M F M M F M F
Swelling + + + + + + + + + +
Pain + + – + – + – + – –
Antibiotic therapya – – – + – + – – + –
Fluid state Purulent Purulent Purulent Purulent Mucous Mucous Serous Serous Serous Serous
aApplication of antibiotic therapy (2 weeks before sampling) is designated as positive.
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could be because previous reports depen-
ded on culturing methods and fastidious
bacteria were dominant in POMC fluids. In
our study, however, the use of molecular
biology made it possible to detect bacteria
from mucous and serous cyst fluids despite
their small numbers.
P. acnes was detected in nine samples

and was the most frequently detected
bacterium (Table 3). P. acnes is an anaer-
obic gram-positive rod that is considered to
be an indigenous bacteria of skin as well as
oral and intestinal mucosa. However, the
species has been reported to have patho-
genicity based on superantigenicity and
mitogen activity of T cells (2, 8, 19).
P. acnes has been recently detected in
various diseases, such as alveolar abscess,
sinusitis, osteomyelitis, meningitis, noma,
endocarditis, septicemia, hepatitis granulo-
ma, facial acne, and abscess of orbit (5, 28,
29) as well as in opportunistic infection (5).
P. gingivalis, detected in five samples in

this study (Table 3), is an obligate anaer-
obic gram-negative rod, and is reportedly
associated with the pathogenicity of peri-
odontitis, alveolar abscesses, and oral
infections (7, 23). P. gingivalis possesses
high proteolytic activity to degrade pro-
teins in periodontal tissues and gingival
fluids due to expression of various peptid-
ases, such as gingipain (36, 45). P. gingi-
valis also produces lipopolysacccharide
and cytotoxic metabolites such as ammo-
nia, butyrate, and propionate (32, 44).

Therefore, P. gingivalis, detected in POMC
fluids, may be associated with POMC
inflammation. P. gingivalis was detected
with a high frequency in the serous fluids
in this study, thus suggesting that the
properties of serous fluids resembling
those of serum, which is rich in protein
and neutral in pH (3), may provide a
suitable environment for P. gingivalis to
survive (43).
S. constellatus and S. intermedius,

detected in five samples in this study
(Table 3), and S. anginosus, detected in
three samples in this study (Table 3), are
designated as the anginosus group of
streptococci. The anginosus groups are
facultative anaerobic gram-positive cocci
and are indigenous bacteria in humans. It
has been reported that they possess
pathogenicity to form abscesses (4, 24,
48) based on tolerance to polymorphonu-
clear leukocytes (47), cellular components
such as capsules (20), and extracellular
enzymes such as hyaluronidase (38). It
has also been reported that abscess
formation by the anginosus group is
enhanced by interaction with other bac-
teria, such as F. nucleatum, because its
heat-resistant extracellular materials may
enhance the pathogenicity of the angino-
sus group (25, 26). The growth of
S. constellatus was enhanced by the
presence of E. corrodens (4). In this
study, particularly in the purulent sam-
ples, the anginosus group of streptococci

was frequently detected with F. nucleatum
and E. corrodens (Table 3). These results
support previous reports, and suggest that
bacterial interaction may be a symptom of
POMC.
In in-silico determination of the specif-

icity of the primers used in this study, the
primers of P. gingivalis, P. acnes, C. rectus,
and S. intermedius were found to cross-
react with other established species and
uncultured phylotypes. Thus, it is possible
that some uncultured phylotypes which
resemble established species, such as
P. acnes, were frequently detected by
PCR in this study, and that these phylo-
types may relate to the pathogenicity of
POMC, although further studies on the
taxonomy of these phylotypes and their
pathogenic roles are required.
Purulent fluids of POMC contained

numerous bacteria of various types in this
study (Table 3), suggesting that the bac-
teria in the purulent fluids are associated
with POMC symptoms such as pain. Pain
was the most common clinical manifesta-
tion in purulent cases in this study
(Table 2). On the other hand, mucous
and serous fluids also contained bacteria,
although their numbers were small
(Table 3), suggesting that the increase in
internal pressure of POMC resulting from
increases in the amount of fluid is closely
related to POMC symptoms, although
bacteria may be related to the progression
of POMC symptoms.

Table 3. Total bacterial DNA and detected bacterial species

Universala

Purulent Mucous Serous

No. of positive samples

1 2 3 4 5 6 7 8 9 10

7.9 b 7.5 4.7 3.5 0.4 0.6 0.6 0.7 0.9 0.8

( 5.9 ± 2.1b, c, d) ( 0.5 ± 0.2 ) ( 0.7 ± 0.1 ) 10

Propionibacterium acnes + + + – + + + + + + 9
Porphyromonas gingivalis – – + – + – + + + – 5
Streptococcus constellatus + + + + – – + – – – 5
Streptococcus intermedius + + + + – – + – – – 5
Anaerococcus sp. + + + – – – – – – – 3
Fusobacterium nucleatum + + + – – – – – – – 3
Streptococcus anginosus + + + – – – – – – – 3
Campylobacter rectus + + – – – – – – – – 2
Dialister pneumosintes + + – – – – – – – – 2
Eikenella corrodens + + – – – – – – – – 2
Peptostreptococcus micros + + – – – – – – – – 2
Mogibacterium timidum + – – + – – – – – – 2
Slackia exigua – – – – – – – + – – 1
Eubacterium saphenum – – – – – – – – – – 0
Finegordia magna – – – – – – – – – – 0
Peptostreptococcus anaerobius – – – – – – – – – – 0
Peptoniphilus asaccharolyticus – – – – – – – – – – 0
Prevotella intermedia – – – – – – – – – – 0
Prevotella nigrescens – – – – – – – – – – 0
Streptococcus mutans – – – – – – – – – – 0
No. of positive bacterial species 11 10 7 3 2 1 4 3 2 1
a Quantification of total bacterial DNA by real-time PCR with universal primers of 16S ribosomal RNA genes.
b ng per mg of sample.
c Mean values ± standard deviations.
d Significantly different (P < 0.05) from mucous and serous sample.
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It has been reported that various types of
bacteria are detected in oral maxillofacial
infections and periodontal diseases, and
many efforts have been made to determine
the pathogenicity of these bacteria. Never-
theless, the relationship between bacteria
and POMC symptoms has not been widely
investigated. Our results suggest that bac-
teria, frequently detected in the oral cavity,
were present in the fluids of POMC, and that
these bacteria were partially responsible for
the progression of POMC symptoms,
although further studies on the presence of
bacterial species other than the 20 species
selected in this study and their etiologic
roles are required. PCR methods are effect-
ive in detecting fastidious bacteria in max-
illofacial infections and these methods will
assist in conventional bacteriological exam-
ination, including culturing methods.

Acknowledgments

This study was supported in part by
Grants-in-Aid for Scientific Research
(17659659, 17591985, 16390601) from
the Ministry of Education, Culture, Sports,
Science and Technology, Japan.

References

1. Ashimoto A, Chen C, Bakker I, Slots J.
Polymerase chain reaction detection of 8
putative periodontal pathogens in subgingi-
val plaque of gingivitis and advanced
periodontitis lesions. Oral Microbiol Immu-
nol 1996: 11: 266–273.

2. Brook I, Frazier EH. Infections caused by
Propionibacterium species. Rev Infect Dis
1991: 13: 819–822.

3. Carranza FA, Bulkacz J. Defense mecha-
nisms of the gingival. In: Carranza FA,
Newman MG, eds. Clinical Periodontology,
8th edn. Philadelphia: W.B. Saunders, 1996:
103–107.

4. Clarridge JE III, Attorri S, Musher DM,
Hebert J, Dunbar S. Streptococcus interme-
dius, Streptococcus constellatus, and Strep-
tococcus anginosus (‘Streptococcus milleri
Group’) are of different clinical importance
and are not equally associated with abscess.
Clin Infect Dis 2001: 32: 1511–1515.

5. Csukas Z, Banizs B, Rozgonyi F. Studies on
the cytotoxic effects of Propionibacterium
acnes strains isolated from cornea. Microb
Pathog 2004: 36: 171–174.

6. Doan N, Contreras A, Flynn J, Slots J,
Chen C. Molecular identification of Dia-
lister pneumosintes in subgingival plaque of
humans. J Clin Microbiol 2000: 38: 3043–
3047.

7. Dymock D, Weighan AJ, Scully C, Wade
WG. Molecular analysis of microflora asso-
ciated with dentoalveolar abscesses. J Clin
Microbiol 1996: 34: 537–542.

8. Eady EA, Ingham E. Propionibacterium
acnes – friend or foe. Rev Med Microbiol
1994: 5: 163–173.

9. Furcht C, Eschrich K, Merte K. Detection
of Eikenella corrodens and Actionobacillus
actionomycetemcomitans by use of the
polymerase chain reaction (PCR) in vitro
and in subgingival plaque. J Clin Period-
ontol 1996: 23: 891–897.

10. Gardner DG, Gullane PJ. Mucoceles of the
maxillary sinus. Oral Surg Oral Med Oral
Pathol 1986: 62: 538–543.

11. Gothberg KAT, Little JW, King DR, Bean
RL. A clinical study of cysts arising from
mucosa of the maxillary sinus. Oral Surg
Oral Med Oral Pathol 1976: 41: 52–58.

12. Hadar T, Shvero J, Nogevis BI, Yaniv E.
Mucus retention cyst of the maxillary sinus:
the endoscopic approach. Br J Oral Max-
illofac Surg 2000: 38: 227–229.

13. Hashimura T, Sato M, Hoshino E. Mogi-
bacterium timidum and Eubacterium
saphenum from pulpal and periradicular
samples using the polymerase chain reac-
tion (PCR) method. Int Endod J 2001: 34:
463–470.

14. Heimdahl A, von Konow L, Satoh T, Nord
CE. Clinical appearance of orofacial infec-
tions of odontogenic origin in relation to
microbiological findings. J Clin Microbiol
1985: 22: 299–302.

15. Hykin PG, Tobal K, McIntyre G, Matheson
MM, Towler HM, Lighan SL. The diagno-
sis of delayed post-operative endophthalm-
itis by polymerase chain reaction of
bacterial DNA in vitreous samples. J Med
Microbiol 1994: 40: 408–415.

16. Imai T. Mucocele of the maxillary sinus
after radical operation for sinusitis. Z Otol
Tokyo 1933: 39: 723–735.

17. Ito K, Miyata H, Watanabe K, Ueno K.
Bacteriology of infectious desease in oto-
rhinolaryngology (1). Bacteriological study
of paranasal cyst. Nippon Jibiinkouka Gak-
kai Kaiho 1992: 95: 1229–1238.

18. Jacobs JA, Schot CS, Bunschoten AE,
Schouls LM. Rapid species identification
of ‘Streptococcus milleri’ strains by line
blot hybridization: identification of a dis-
tinct 16S rRNA population closely related
to Streptococcus constellatus. J Clin Micro-
biol 1996: 34: 1717–1721.

19. Jappe U, Ingham E, Henwood J, Holland
KT. Propionibacterium acnes and inflam-
mation in acne; P. acnes has T-cell mito-
genic activity. Br J Dermatol 2002: 146:
202–209.

20. Kanamori S, Kusano N, Shinzato T, Saito A.
The role of the capsule of the Streptococcus
milleri group in the pathogenicity. J Infect
Chemother 2004: 10: 105–109.

21. Kazor CE, Mitchell PM, Lee AM, Stokes
LN, Loesche WJ, Dewhirst FE, Paster BJ.
Diversity of bacterial populations on the
tongue dorsa of patients with halitosis and
healthy patients. J Clin Microbiol 2003: 41:
558–563.

22. Kubo I. A buccal cyst occurred after radical
operation of the maxillary sinus. Z Otol
Tokyo 1927: 33: 896–897.

23. Kuriyama T, Karasawa T, Nakagawa K,
Saiki Y, Yamamoto E, Nakamura S. Bacte-
riologic features and antimicrobial suscep-
tibility in isolates from orofacial
odontogenic infections. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 2000:
90: 600–608.

24. Kuriyama T, Karasawa T, Nakagawa K,
Yamamoto E, Nakamura S. Bacteriology
and antimicrobial susceptibility of gram-
positive cocci isolated from pus specimens
of orofacial odontogenic infections. Oral
Microbiol Immunol 2002: 17: 132–135.

25. Kuriyama T, Nakagawa K, Kawashiri S,
Yamamoto E, Nakamura S, Karasawa T.
The virulence of mixed infection with
Streptococcus constellatus and Fusobacte-
rium nucleatum in a murine orofacial
infection model. Microbes Infect 2000: 2:
1425–1430.

26. Kuriyama T, Nakagawa K, Kawashiri S,
Yamamoto E, Saiki Y. Study of pathogens
of odontogenic infections using the oral
floor abscess model in mouse. – potential of
Streptococcus constellatus and Fusobacte-
rium nucleatum for abscess production. –
Jpn J Oral Maxillfac 1998: 44: 382–387.

27. Lane DJ. 16S/23S rRNA sequencing. In:
Stackebrandt E, Goodfellow M, eds.
Nucleic Acid Techniques in Bacterial Sys-
tematics. Chichester: John Wiley & Sons,
1991: 115–175.

28. Linton AH, Hinton MH. The normal
microbiota of the body. In: Linton AH,
Heather MD, eds. Topley and Wilson’s
Principles of Bacteriology and Immunity,
Vol. 2, 8th edn. London: Edward Arnold,
1990: 312–329.

29. Mandell GL, Bennett JE, Mandell DR.
Douglas and Benett’s Principles and Prac-
tice of Infectious Diseases, 5th edn. Lon-
don: A. Harcourt Health Sciences
Company, Churchhill Livingstone, 2000.

30. Marks SC, Latoni JD, Mathog RH. Muco-
celes of the maxillary sinus. Otolaryngol
Head Neck Surg 1997: 117: 18–21.

31. Moore WE, Moore LV. The bacteria of
periodontal diseases. Periodontol 2000
1994: 5: 66–77.

32. Niederman R, Zhang J, Kashket S. Short-
chain carboxylic-acid-stimulated, PMN-
mediated gingival inflammation. Crit Rev
Oral Biol Med 1997: 8: 269–290.

33. Okamoto M, Maeda N, Kondo K, Leung
KP. Hemolytic and hemagglutinating activ-
ities of Prevotella intermedia and Prevotella
nigrescens. FEMS Microbiol Lett 1999:
178: 299–304.

34. Paju S, Bernstein JM, Hasse EM, Scann-
apieco FA. Molecular analysis of bacterial
flora associated with chronically inflamed
maxillary sinuses. J Med Microbiol 2003:
52: 591–597.

35. Paster BJ, Boches SK, Galvin JL, Ericson
RE, Lau CN, Levanos VA, et al. Bacterial
diversity in human subgingival plaque.
J Bacteriol 2001: 183: 3770–3783.

36. Potempa J, Banbula A, Travis J. Role of
bacterial proteinases in matrix destruction
and modulation of host responses. Period-
ontol 2000 2000: 24: 153–192.

37. Roche Y, Yoshimori RN. In-vitro activity of
spiramycin and metronidazole alone in
combination against clinical isolates from
odontogenic abscesses. J Antimicrob Chem-
other 1997: 41: 353–357.

38. Ruoff KL. Streptococcus anginosus (‘Strep-
tococcus milleri’): the unrecognized patho-
gen. Clin Microbiol Rev 1998: 1: 102–108.

39. Rupf S, Merte K, Eschrich K. Quantifica-
tion of bacteria in oral samples by

Bacteria in postoperative maxillary cyst 337



competitive polymerase chain reaction.
J Dent Res 1999: 78: 850–856.

40. Socransky SS, Haffajee AD. Evidence of
bacterial etiology: a historical perspective.
Periodontol 2000 1994: 5: 7–25.

41. Song Y, Liu C, McTeague M, Vu A, Liu JY,
Finegold SM. Rapid identification of Gram-
positive anaerobic coccal species originally
classified in the genus Peptostreptococcus
by multiplex PCR assays using genus- and
species-specific primers. Microbiology
2003: 149: 1719–1727.

42. Tachikawa J. Clinico-pathological study of
postoperative maxillary cysts. Shikwa
Gakuho 1975: 75: 1117–1142.

43. Takahashi N, Saito K, Schachtele CF,
Yamada T. Acid tolerance and acid-neutral-
izing activity of Porphyromonas gingivalis.
Prevotella intermedia and Fusobacterium

nucleatum. Oral Microbiol Immunol 1997:
12: 323–328.

44. Takahashi N, Sato T, Yamada T. Metabolic
pathways for cytotoxic end product forma-
tion from glutamate- and aspartate-contain-
ing peptides by Porphyromonas gingivalis.
J Bacteriol 2000: 182: 4704–4710.

45. Travis J, Pike R, Imamura T, Potempa J.
Porphyromonas gingivalis proteinases as
virulence factors in the development of
periodontitis. J Periodontal Res 1997: 32:
120–125.

46. Wahlfors J, Meurman JH, Vaisanen P,
Alakuijala P, Korhnen A, Torkko H, Janne
J. Simultaneous detection of Actionobacil-
lus actinomycetemcomitans and Porphyro-
monas gingivalis by a rapid PCR method.
J Dent Res 1995: 74: 1796–1801.

47. Wanahita A, Goldsmith EA, Musher DM,
Clarridge JE III, Rubio J, Krishnan B, et al.
Interaction between human polymorphonu-
clear leukocytes and Streptococcus milleri
group bacteria. J Infect Dis 2002: 185: 85–
90.

48. Whiley RA, Beighton D, Winstanley TG,
Fraser HY, Hardie JM. Streptococcus inter-
medius, Streptococcus constellatus, and
Streptococcus anginosus (the Streptococcus
milleri group): association with different
body sites and clinical infections. J Clin
Microbiol 1992: 30: 243–244.

49. Wilson MJ, Weighan AJ, Wade WG.
Applications of molecular ecology in the
characterization of uncultured microorgan-
ism associated with human disease. Rev
Med Microbiol 1997: 8: 91–101.

338 Yamaura et al.




