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ABSTRACT

Objectives: Oral bacterial samples included subgingival, supragingival, and saliva plaques. As the diversity and number of
microorganisms deffer depending on the area of the oral cavity and the method used, an appropriate and reliable collection
method is important. The present study investigated oral bacterial sampling methods. Methods: Supragingival dental plague was
collected from the buccal and lingual tooth surfaces of study participants using sterilized cotton swabs. Plaques were collected
from the subgingival area using a sterilized curette. Bacterial genomic DNA was extracted using MagNA Pure 96 DNA and Viral
NA low-volume kits. Real-time polymerase chain reaction (PCR) was performed using the PowerCheck™ Periodontitis Pathogens
Multiplex Real-time PCR kit. Results: Aggregatibacter actinomycetemcomitans, Prevotella intermedia, and Fusobacterium
nucleatum of the orange complex were not observed in the subgingival biofilms of all study participants. For Porphyromonas.
gingivalis, a significant correlation was observed between supragingival, subgingival, and total tooth surface biofilms. Compared
to the supragingival and subgingival biofilmss, total tooth surface biofilm exhibited the highest bacterial count when the
inswabbing method was used. Conclusions: Based on these findings, the supragingival swab method is recommended for oral
bacterial research.

Key Words: Biofilm, Dental plaque, Real-time polymerase reaction, Specimen handling
MO MIT, XA, HAIZE SR AAMEE, HH| KHF

ME
AL TRt ndEe] Aate|m A oo 2 nllE S ol el 74 niEE ielel wet thste £ 8 5, milE
g, 12|al ohe 2]lof ofs Heke ). B tolld 4 n] e A, XIoke-AlS, et ek o] 9l.om[2] 2| Zoll= Al 247
. o ula1 ot

e Lo wed=lo] Qlokar B s QIeH3-7]. ek ofet £ 7 U n g ES ERU 431718 Boll MAlolE 9 v|H T,
AEBAgH oF A=slo|n 2]ufe] ol . ibAdo] Qlttal H1E|Q{H3 7).

|25t 2| AR} 7 W A2 A} 22 O oY E-2 Al e e 2 EXsk=t] §5] 2|25t Ak X|Fgo] Ao =
Q3 %S Shrhal B | ok8-11].

Received March 15, 2024 Revised April 10, 2024 Accepted April 12,2024
Copyright © 2024 by Journal of Korean Society of Dental Hygiene. This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License(http://creativecommons.org/licenses/by-nc/4.0)


http://orcid.org/0000-0002-6360-187X
http://orcid.org/0000-0003-2114-6028
https://orcid.org/0000-0003-3169-4941
http://orcid.org/0000-0002-6360-187X
http://orcid.org/0000-0003-2114-6028
https://orcid.org/0000-0003-3169-4941

132 - J Korean Soc Dent Hyg 2024;24(2):131-9

x| 25t A HAlE A E flsiie X2l Bt FElolu Ho|HEQIE F4-8 FolE5 AFY Foll A she Jiol Eef ARSEH A
TH12, 13]. Thet Fele ARgshe 2 72 2 Al ehe AFshe Wiolalf12] 4| 287 S Fole 213
] -F-&5FHI3]. 12 el ARSShe W2 4] =
ojH ZJAEZF MFE L7 H= ¢ AP F ol & o= Jlem 27t 22207l mlo]H 2RI EL Fol7H Al HA] =t Bl
S AcH13,14].

A Aol nE A F-ole A2 Ask XAl 22/ X WA, Bl So] et the iR Al H o FeE
2 Alete] thdat 2 HlwskAl = RtTH14]. 3t 2|2 Ask XAl el 2| 2/ 2HAlEE F9lollA o] Attt dat Aldtd
Of Hju A7} F=51et, o] o 22 oHA| = 517 Lol Thafet el ek Wil wet e v d it o] Atol7) vk ARt A3 e Al
Alsk= Zo] F2sit.

webd £ Ao =22 1 W 2|2/ Felek 2|25t F-ofef A Al et Al /el et Alte] v d it Al i Hlalsto] 517
Mg Q75 et Al A3 Holl 7124k 2 = 286kt 5k 2ol

)
)
BN
>

)

ro

A

o

1. HLCHA

20239 62 520l 20231 62 1027H] AT 2ol F-2l51aL Zofst 194] o) 11788 tiido 2 ZIeysiylon Solg H4ldgto] gl
TA Y 255 SR For (3 FehS W] ok 2k2 St gt o7 B B 6Tt of/d 51, Wt A2 36.741(1% He:
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Fig. 1. Socransky classification for oral bacteria
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Table 1. Target genes of oral bacteria included in the PowerCheck™ periodontitis pathogens multiplex Real-Time PCR Kit

Socransky complex  Oral bacteria Target gene
Aa complex Aggregatibacter actinomycetemcomitans (A. actinomycetemcomitans) fts 1
Red complex Porphyromonas gingivalis (P. gingivalis) waaA
Tannerella forsythia (T. forsythia) ftsZ
Treponema denticola (T. denticola) ftsK
Orange complex Prevotella intermedia (P. intermedia) PIiACP
Fusobacterium nucleatum (F. nucleatum) rpoB
Parvimonas micra (P. micra) fus A
Others Filifactor alocis (F. alocis) gyrB
Porphyromonas endodontalis (P. endodontalis) 16S
Treponema socranskii (T. socranskii) 16S
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Table 2. The quantities and variety of periodontal bacteria by plaque sampling site

Bacteria Sampling method M SD Mean Rank p Ty’ r.” r,¢

A. actinomycetem comitans Supragingival plaque 0.55 1.81 18.00 0.368
Subgingival plaque 0.00 0.00 16.50
Whole plaque 0.00 0.00 16.50

P. gingivalis Supragingival plaque 149.05 46542 16.73 0.429 0.840° 0778 0879"
Subgingival plaque 549 12.28 15.05
Whole plaque 730.38 1,290.91 19.23

T. forsythia Supragingival plaque 8144 194.42 1691 0089 0662 0705  0762"
Subgingival plaque 18.10 4118 13.05
Whole plaque 31871 449.73 21.05

T. denticola Supragingival plaque 190.21 609.51 17.32 0752 05% 0671 0995
Subgingival plaque 67.86 225.08 1591
Whole plaque 529.82 1,178.77 17.77

P. intermedia Supragingival plaque 0.00 0.00 - - - - -
Subgingival plaque 0.00 0.00
Whole plaque 0.00 0.00

F. nucleatum Supragingival plaque 0.00 0.00 - - - - -
Subgingival plaque 0.00 0.00
Whole plaque 0.00 0.00

P. micra Supragingival plaque 177.37 197.43 1323 0.270 - 0150 0500
Subgingival plaque 952.86 1,702.10 1823
Whole plaque 363.75 346.36 19.55

F. alocis Supragingival plaque 76.51 242.87 17.73 0.426 0.380 0.570 0.360
Subgingival plaque 1.35 448 14.82
Whole plaque 24811 457.73 1845

P. endodontalis Supragingival plaque 484.19 910.22 14.27 0018 0300 0230 0616
Subgingival plaque 136.81 195.84 13.09
Whole plaque 1,952.67 1,691.22 23.64

T. socranskii Supragingival plaque 5,958.57 15,831.10 1473 0.300 - 0.250 0.180
Subgingival plaque 102774 22,04340 15.64
Whole plaque 2,594.65 1,876.17 20.64

"by Kruskal-Wallis test

*Spearman’s rank correlation coefficient between subgingival plaque and supragingival plaque
"Spearman’s rank correlation coefficient between subgingival plaque and whole plaque
‘Spearman’s rank correlation coefficient between supragingival plaque and whole plaque
Statistical significance at ‘p<0.05 and “p<0.01

https://doi.org/10.13065/jksdh.20240014



36 - J Korean Soc Dent Hyg 2024;24(2):131-9

3 o 2ot

& @7 F U Al A7 AT Al ZFEE EES5H] 91et ofW] dFzA 71E AollM AAIE B 7HA] 2 Al QFH o] Al
T} Aol TS wA st T Al Al S Hlals3i:

T Al 2AE flel] ti AR XA} AW 107H] A2 2450 oM Al 2/ S cransky—‘?% o]l w2t Red complex,
Orange complex 522 ZF3I{TH22]. t/gAREolA] 71 Aol 271= A =y % A2 AFstod Al B d o A2 E‘—"i

Sk AaH14], Alete] th/doll lojile 2 Aol 5 HolA] Rgtom AR Al ool QlojA= 14 Folgt xto] 7k A Ith feg 2 A X
802 AREsh= BhHo] AAIEA] ol 2 Ate] AA| X|HE HE-o® FA2E= AFHR] A A7t om|loka AteETh 6] A
actinomycetemcomitans, P. intermedia, 18] I nuc]eaium2 L gRRe] A FfjollA] =] A] gkt o]2st xfol= Al A
Z2%t 7] (mechanism) 2t A= o] A7) 2 BFo] RS n|H S 7 0 2 AZETt. A. actinomycetemcomitanse X1582] 2 R Al
Tolet7| Bite 5 HolE AT ZN At 7+ /ol FF= “]X CHL AL 174 Yol A o 43 ASH Tl B H]IeH15]. 2
AT Fozkso] 2ol 227 htom HAIEE AA] AEfA] ghotd HEHA| kS 2oz 537tk J2|3L P intermedias 22} X
Fo] Z7YH Sof| 224 0 & F3 FAShe nERA S50 HHES 2L dEA lHle]. weba 2 Aoll= tldAt
2| 7ol o= ek Aol B2 P. intermedia”} HEEA] 022kl AR etotUzt F. nucleatum 215 2%0] Q= F4l g
AolA FFFe vlxl= w7l Al oz el om SHEs) HEF, A A ol Qe FAlela] 53] Wdgo] EoktH17]. ek 2 Ao
A= 2|22 gl A S| o]ghE] 2] 2ot F nucleatum S-0) BFAE] A 99k 71 o 2 A7)

T. forsythia®} P. gingivalise 2|21/ 2 HA =} Hiol Al &t X|2s} Bl 34| 2|1 e] 2| HA2} Uil Al &ate] = &4 114

FoJaHAl el T. denticola SA] X2V 24| X5 XAt} 1]t 24| X H 2] 216} X A2} Ujel] Altie] A

do] EAH 02 FolsiA| LrERHTE T. denticola®t P. gingivalise Red complex2A] Alat M2t WHsHA| e Zoz =8 49l
[18].

Z[FHA |2 W) Al =2 34| 2 2212 B ol 718 B AREEIRl e 3] P. gingivalis, T. denticola, 12|11 P. micra 52| Al
501 7P BA AR 3 Ul Al At XA 8, RS 9 OREX & 59 S $9] WShE A E e FevH otk of2eh
T 9 QA Tk BRlshr] ffslAE AF WRie] Mol gt njE &) t/dE ERlsh] sl A xHS HEo 2 AHsh= 7Y
o] f-gstthar Azt Tk, 2 ofju] Atofd= WA A HE ZA 2 /o] g 27K R Ha 2971 7P 4L, Ale] Bat &
&= Hob O A2 S o= AT shAR AL B2 2 SAR o= folohA] stttk

S 2l 2] 3 Bl S0, x| S x| & F4Jof] Sl R0l ZHAIE A
Foliof &het. thEA] Shob, EstAe] g Ent ofuje} kst 3 & o]t o|2{gh %ﬁ"é = & 2 Aol =35t Ho A At

|

J;‘r

3} chopg 2 ke 21 ojnl} ik Azate. Al Tl w2, 4Rlo) X 2@, WXL, Telw Eolo] Al 21 Bl uf
e G| 4ol ol Slonm A B9l molA] ZAE AHste] Hat wxﬂ—g— ANIBlelof stk 2eISiciza), velol Ha
YA SRS 915 RN MZE0) WskE A 271AR) oA 2| SiskRg), 2 e ohiel, Teln eololajo) AlFEe) waks

FA] otM 7P Gt /Rl Bfelie] AMitE-2 HAME &3l Al S 1D 4 lvhal BAsigio24]. 37 mlAE A S AlAl
3171 Sl = FolE Ao Ml HIShE Ejlohe Zo] Fae wrk okuet A A 2] ok g3t &ol g Hluste] A T.e/de] 3

=

£3), EEAHo] 9
i

o 2

4 BRSY R BE WA Aol A2 L Aok EYE HAR I Aolol 17 45 o4 A
92 242 slo skt Zo|cHI4L 77t A 29V 9] 2 sl 485k MBS u S Holm ol 4 B8
AATBFACHIAL Cheh AT AT oA = Thakh R A2 S ANIGH e = ARRle) 77 Ml ulmstal ok
2o 45 ol ol ICkR 2T T 1ol fofel ol Sl A2 on B 2o 242 A
SR Ho| 2] eeirhal BsteiA 2| S AT, WA So] A2 Wish] uhgolekl stelck. 2 A gt 2
WA 3| 2 XAl 242 ol chet E848 Bstelr24l,

37] laH Bt 2] = 23053 9l oL} Ejole oled k] wigeol ofsl chashAl wish | uhgo] x| g S A
0] chop ik 982 TS ol 471 SIck W HSICH2S, aieb el 12, ek T2k Bolgol B0 WS FAsi

& s AR A S SR AIF R F AR S A ffsl 71E R PSS Hlalste] 7 Al E Mg e R EAlEE

l:l W2 30

DI U (A

H rlo o o
%ﬁ?ﬁ
== (o]
R
&5 Fe
%%ﬂﬁ
Jkga Su i o}m
rE rlo F%;-

rlr

https://doi.org/10.13065/jksdh.20240014



0>

K7, /8], IS / 72 A A0 T2 M) Cepnt of M2 ofot ol 2t + 137

Hplo] Ajze] Tl Aol o3t o 2 Aokt ik i Qe R 72 B 1K) AR 744 7 ik 3 7 ) Al 2
K2 93 10714 2 ATk BAgIc mebd 3% 77t ) ) Al BAek wels a7l B asith S4) dqiie) 747
7 A, 77pEl s, Elole] Bulak 9l AR £ 7k U] Aol ke ) 4 91% Q1 e Aafsh| Laigict. chek HA) Apcht
7H Bt 20w 1A ERE Al o LS Qlato] =)o) £ttt AR, Aot
£ we|x2510] Yuisks}] ofele AgHdol It s} ok 2 Qg 77 *1]4111%‘4 1.2 A2ka17] 915 71 A5l AR WolA o]
20| Tiebat ok v mlo] R S Akt Hol o)} QT AR, 25 Theret WA fok 177 Alelet Ele] £
% 52 ZeHoR Telstel Qalol B A0 R AR ET,

r i'
ﬂ
R}
1)
r]o
>
i)
Lﬁi
>
r?L'
ol
K
N
P~
.ok
12
:ﬂn l:O

2 AT 2 A7 194] o) 1S Tl o= At Aol whE ohd it RS vl Atote] 25 743 AltE A& 5b7) flst
ofB|ATLEA F o5 AT AUt

1. A. actinomycetemcomitans, P. intermedia, F. nucleatum 5= m]gz}2] 2] 2A5} 2 Aol A 2H2e]z] ekgtct.

2. P. gingivalis®] 7%, -2/ X HAlat, 2|2 A5t XA}, 24| X[HE] 2| A= Ato]of] -f-o] gt A A7 F = Qi)

3. TS ARESE X291/ X HAat A0 B 2] 2-A5k X H At ZW 2} vl asto] HERES ARGt ZA] X HAE 2H3 o] Al
2Jo| 712} wot}

ol/de] A o 2 THE-S ARSS HA| A A NS A W H o= AAIE 4 Tk FE chet AR g5k
73717 2ol w2 u| & ket s AfF Mol chet 27FAQ) A B e g Z o &2 Abs L)

Notes

Author Contributions

Conceptualization:HS Shin, SJ Sim, JH Kim; Data collection: SJ Sim, JH Kim; Formal analysis: SJ Sim, HS Shin; Writing-original
draft: HS Shin, SJ Sim, JH Kim; Writing-review&editing: HS Shin, SJ Sim, JH Kim

Conflicts of Interest

The authors declared no conflicts of interest.

Funding

This research was supported by Basic Science Research Program through the National Research Foundation of Korea (NRF)
funded by the Ministry of Education (NRF ~2022R111A1A01066197).

Ethical Statement
This study was approved by the Institutional Review Board (IRB) of Baekseok University (BUIRB-202305- HR-011).

Acknowledgements

None.

https://doi.org/10.13065/jksdh.20240014



138

- J Korean Soc Dent Hyg 2024;24(2):131-9

References

1

10.

11

12.
13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.
24.

Verma D, Garg PK, Dubey AK. Insights into the human oral bacteria. Arch Microbiol 2018;200(4):525-40. https://doi.org/10.1007
/s00203-018-1505-3

Wade WG. The oral bacteria in health and disease. Pharmacol Res 2013;69(1):137-43. https://doi.org/10.1016/j.phrs.2012.11.006

Xiao E, Mattos M, Vieira GHA, Chen S, Corréa JD, Wu Y, et al. Diabetes enhances IL-17 expression and alters the oral bacteria to increase its
pathogenicity. Cell Host Microbe 2017;22(1):120-8.e4. https://doi.org/10.1016/j.chom.2017.06.014

Schenkein HA, Papapanou PN, Genco R, Sanz M. Mechanisms underlying the association between periodontitis and atherosclerotic disease.
Periodontol 2000 2020;83(1):90-106. https://doi.org/10.1111/prd.12304

Fan X, Alekseyenko AV, Wu J, Peters BA, Jacobs EJ, Gapstur SM, et al. Human oral bacteria and prospective risk for pancreatic cancer: a
population-based nested case-control study. Gut 2018;67(1):120-7. https://doi.org/10.1136/gutjnl-2016-312580

Ryder MI. Porphyromonas gingivalis and Alzheimer disease: recent findings and potential therapies. J Periodontol 2020;91(Suppl 1):545-s9.
https://doi.org/10.1002/jper.20- 0104

Graves DT, Corréa JD, Silva TA. The oral microbiota is modified by systemic diseases. J Dent Res 2019;98(2):148-56. https://doi.o
rg/10.1177/0022034518805739

Ivanovski S, Lee R. Comparison of peri-implant and periodontal marginal soft tissues in health and disease. Periodontol 2000 2018;76(1):116-
30. https://doi.org/10.1111/prd.12150

KoY, Lee EM, Park JC, Gu MB, Bak S, Ji S. Salivary microbiota in periodontal health and disease and their changes following nonsurgical
periodontal treatment. J Periodontal Implant Sci 2020;50(3):171-82. https://doi.org/10.5051/jpis.2020.50.3.171

Bui FQ, Almeida-da-Silva CLC, Huynh B, Trinh A, Liu J, Woodward J, et al. Association between periodontal pathogens and systemic disease.
Biomed J 2019;42(1):27-35. https://doi.org/10.1016/j.bj.2018.12.001

Salhi L, Rompen E, Sakalihasan N, Laleman I, Teughels W, Michel JB, et al. Can periodontitis influence the progression of abdominal aortic
aneurysm? a systematic review. Angiology 2019;70(6):479-91. https://doi.org/10.1177/0003319718821243

Hussein H. Oral sampling techniques. New York: Humana; 2021: 17-29.

Lu H, Zhao Y, Feng X, He L, Meng H. Bacteria in maintained periodontitis and its shift over a single maintenance interval of 3 months. J Clin
Periodontol 2019;46(11):1094-104. https://doi.org/10.1111/jcpe.13177

LuH, Zou P, ZhangY, Zhang Q, Chen Z, Chen F. The sampling strategy of oral bacteria. iMeta 2022;1(2):e23. https://doi.org/10.1002/imt2.23
Nerskov-Lauritsen N, Claesson R, Birkeholm Jensen A, Aberg CH, Haubek D. Aggregatibacter actinomycetemcomitans: clinical significance
of a pathobiont subjected to ample changes in classification and nomenclature. Pathogens 2019;8(4):243-61. https://doi.org/10.3390/
pathogens8040243

Dayakar MM, Bhat S, Lakshmi KNB. Prevotella intermedia-An overview and its role in periodontitis. J Adv Clin Res Insights 2021;8(4):79-82.
Fan Z, Tang P, Li C, Yang Q, Xu Y, Su C, et al. Fusobacterium nucleatum and its associated systemic diseases: epidemiologic studies and
possible mechanisms. J Oral Microbiol 2023;15(1):2145729. https://doi.org/10.1080/20002297.2022.2145729

Mineoka T, Awano S, Rikimaru T, Kurata H, Yoshida A, Ansai T, et al. Site-specific development of periodontal disease is associated with
increased levels of Porphyromonas gingivalis, Treponema denticola, and Tannerella forsythia in subgingival plaque. J Periodontol
2008;79(4):670-6. https://doi.org/10.1902/jop.2008.070398

Aja E, Mangar M, Fletcher HM, Mishra A. Filifactor alocis: recent insights and advances. J Dent Res 2021;100(8):790-7. https://doi.o
rg/10.1177/00220345211000656

Na HS, Kim SY, Han H, Kim HJ, Lee JY, Lee JH, et al. Identification of potential oral microbial biomarkers for the diagnosis of periodontitis. J
Clin Med 2020;9(5):1549. https://doi.org/10.3390/jcm9051549

Takeuchi Y, Umeda M, Sakamoto M, Benno Y, Huang Y, Ishikawa I. Treponema socranskii, Treponema denticola, and Porphyromonas
gingivalis are associated with severity of periodontal tissue destruction. J Periodontol 2001;72(10):1354-63. https://doi.org/10.1902/
j0p.2001.72.10.1354

Socransky SS, Haffajee AD, Cugini MA, Smith C, Kent RL Jr. Microbial complexes in subgingival plaque. J Clin Periodontol 1998;25(2):134-44.
https://doi.org/10.1111/].1600- 051x.1998.tb02419.x

Drucker DB, Jolly M. Sensitivity of oral micro-organisms to antibiotics. Br Dent J 1971;131(10):442-4. https://doi.org/10.1038/sj.bdj.4802771
Shin SH, Kim BK, Song JH, Park SH, Chung IK. Antimicrobial susceptibility test on oral flora from different sampling sites in children. J Korean
Assoc Oral Maxillofac Surg 2000;26(1):40-4.

https://doi.org/10.13065/jksdh.20240014



A7, IS, MBI /72 M KON 2 M2 Chrdmt of S AS Slt ofl| 47 - 139

25. JiangY, Song B, Brandt BW, Cheng L, Zhou X, Exterkate RAM, et al. Comparison of red-complex B bacteria between saliva and subgingival
plaque of periodontitis patients: a systematic review and meta-analysis. Front Cell Infect Microbiol 2021;11:727732. https://doi.org/10.3389/
fcimb.2021.727732

https://doi.org/10.13065/jksdh.20240014





