International Journal of Oral B\o\ogy
Mini Review I
Int J Oral Biol 48:9-18, 2023

PISSN: 1226-7155 ¢ eISSN: 2287-6618 "I) Check for upda‘es
https://doi.org/10.11620/1J0B.2023.48.2.9

Trends in the rapid detection of infective oral diseases
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Department of Oral Microbiology, School of Dentistry, Chonnam National University, Gwangju 61186, Republic of Korea

The rapid detection of bacteria in the oral cavity, its species identification, and bacterial count determination are
important to diagnose oral diseases caused by pathogenic bacteria. The existing clinical microbial diagnosis methods
are time-consuming as they involve observing patients’ samples under a microscope or culturing and confirming
bacteria using polymerase chain reaction (PCR) kits, making the process complex. Therefore, it is required to analyze
the development status of substances and systems that can rapidly detect and analyze pathogenic microorganisms
in the oral cavity. With research advancements, a close relationship between oral and systemic diseases has been
identified, making it crucial to identify the changes in the oral cavity bacterial composition. Additionally, an early and
accurate diagnosis is essential for better prognosis in periodontal disease. However, most periodontal disease-
causing pathogens are anaerobic bacteria, which are difficult to identify using conventional bacterial culture methods.
Further, the existing PCR method takes a long time to detect and involves complicated stages. Therefore, to address
these challenges, the concept of point-of-care (PoC) has emerged, leading to the study and implementation of various
chair-side test methods. This study aims to investigate the different PoC diagnostic methods introduced thus far for
identifying pathogenic microorganisms in the oral cavity. These are classified into three categories: 1) microbiological
tests, 2) microchemical tests, and 3) genetic tests. The microbiological tests are used to determine the presence
or absence of representative causative bacteria of periodontal diseases, such as A. actinomycetemcomitans, P.
gingivalis, P. intermedia, and T. denticola. However, the quantitative analysis remains impossible, and detecting
pathogens other than the specific ones is challenging. The microchemical tests determine the activity of inflammation
or disease by measuring the levels of biomarkers present in the oral cavity. Although this diagnostic method is
based on increase in the specific biomarkers proportional to inflammation or disease progression in the oral cavity,
its commercialization is limited due to low sensitivity and specificity. The genetic tests are based on the concept
that differences in disease vulnerability and treatment response are caused by the patient’'s DNA predisposition.
Specifically, the IL-1 gene is used in such tests. PoC diagnostic methods developed to date serve as supplementary
diagnostic methods and tools for patient education, in addition to existing diagnostic methods, although they have
limitations in diagnosing oral diseases alone. Research on various PoC test methods that can analyze and manage
the oral cavity bacterial composition is expected to become more active, aligning with the shift from treatment-
oriented to prevention-oriented approaches in healthcare.
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Table 1. Oral pathogens associated with periodontitis

Very strong association ~ Aggregatibacter actinomycetemcomitans
Porphyromonas gingivalis
Spirochaetes of acute necrotizing gingivitis

Strong association Tannerella forsythia
Prevotella intermedia
Campylobacter rectus
Eubacterium nodatum
Treponema sp.
Moderate association Streptococcus intermedius
Prevotella nigrescens
Peptostreptococcus micros
Fusobacterium nucleatum
Eubacterium sp.

Eikenella corrodens

Unclear association Selenomonas sp.
Gr (-) enteral microorganisms
Staphylococcus sp.

Curvibacter gracilils

Data from the article of Consensus report. (Periodontal diseases:
pathogenesis and microbial factors. Ann Periodontol 1996;1:926-32) [13].
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Table 2. Common biomarkers released to oral saliva

Markers of periodontal

. . ) Markers of alveolar bone loss
soft tissue inflammation

PGE, Alkaline phosphatase
f-glucuronidase Osteoprotegerin
IL-1B Osteocalcin
IL-6 Collagen telopeptidase
TNF-o Pyridinoline cross-links of type |
Matrix Metalloproteinase (MMP-8,9 collagen
and 13) RANKL
osteonectin

Reused from the article of Srivastava et al. (Point of care- a novel
approach to periodontal diagnosis-a review. J Clin Diagn Res
2017;11:ZE01-6) [29].
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(8) Peri-implant crevicular fluid

PICF (Peri-implant crevicular fluid)2t, X|2Z 29| St |01|k| Al
L0 MEMOR DIJHE AEUCEA XHHX|0
It RARH 284S JHEICH36]. £3| PICF W2l g3
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PICFOIIAM HO| RF S = AU Ol= LSHE
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(1) PGE,

Prostaglandin2 arachidonic acid2| CHAIZEE [R2fE AOZ &
30| Uz FLI0IM K5 ZEECH38]. §3] X2 et BAE 0] o
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Table 3. Common biomarkers released to gingival crevicular fluid

Inflammatory and

) Bacterial proteases
immune products

Host derived enzymes

Tissue breakdown products Bone specific proteins

« Prostaglandin E,

* Cytokines

* Antibacterial antibodies

* Acute phase proteins

» Complement

« Vasoactive intestinal peptide

« Alkaline phosphatase

* Aminopepti dases

» Chondroitin sulphatase
« Collagenase

« Fibrinolysin

* Glucosidases

« Alkaline phosphatase
* B-Glucuronidase

« Elastase

« Cathepsins

« Serine protease (G)
* Nonspecific neutral

* Proteinases

* Glycosamin oglycan
* Hyaluronic acid
+ Chondroitin-4-sulfate
+ Chondroitin-6-sulfate
* Hydroxyproline « Tartrate-resistant acid
« Fibronectin fragments phosphatase
+ Connective tissue and bone + Hydroxyproline

proteins + Galactosyl hydroxylysine

* Glycosaminoglycans

* Pyridinium crosslink urine
pyridinoline

* Pyridinium cross-link
collagen peptide fragment

Reused from the article of Srivastava et al. (Point of care- a novel approach to periodontal diagnosis-a review. J Clin Diagn Res 2017;11:ZE01-6) [29].
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(6) MMP-8,9 and 13
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Organization0| A= PoC HX|E0| 7tX0F & LR XS0 sl 'AS-
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‘40| Z010f 5t (robust), S EH|7H HQSHK| §21(no complex
equipment), AF2X7t A8 7156 AX|(deliverable end-users)®
OF SHCH53].
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(1) Microbiological Test Kits
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(D Omnigene” diagnostics
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@ MyPeroipath
MyPeriopath= EfHOA RHF|St MES 0|83 DNA test2A X|F=
20| 2010] &= WO Yt HE HIISIC}. Edt X2 §UE
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MEIRICEM X|g M29| HEHS HIH 4= ATt MyPeriopathOf|
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SHAH| MEH A =20] EITH55].

® PerioScan®

PerioScan2 X|HMZ0| ZXH5H= trypsin-like protease?| &
Mg E%t BANA (N-benzoyl-DLarginine=2 naphthylamide)
o #3 H3S 0|8ol HedS LOt= chair-side 22T
HOICk(Fig. 1). ==&} EtS0| LOjLIH 29 BANAJt chromo-
phore—p-naphthylamideE WESCE F2MOE Hot= A2 &
off Heldo| EME LotLi= 20|t +3HtE S Uo7 |= Helwto|
= P. gingivalisLt T. denticola %! T. forsythia?} £0|X0|H, 15&
Qtofl A7t Lk2Ch= MRS 7HRICH55].

SIX|2H ZEXH| RP= TS = QOLL FHXQI ZM0| 2&Fo11
gingivalisLt T. denticola 2! T. forsythia0|2|Q| HAHFS SHGHLY
O{ELCt. Eot EAok= A M2t 24 Zat F2bd = A0 4

9] H=d0| RTH(65].

@ Evalusite

Evalusite= membrane-based SAHAZMHOZ A actino-
mycetemcomitans, P. gingivalis, P. intermedia®i S0|HQ 2 Ht
2ol EfX|oH 4= U= chair-side EXFITHHO|CE, Paper pointZ 0|
2ol X2GFHS 58t £ detergent?t ZXH5H= sample tubel|
X[t A. actinomycetemcomitans, P. gingivalis % P. inter—
media®il £0|EQI SH|7t DY E 0| X|H MALU0M L2 HES
X2|otH -8t SEXH7t YMEIH ELISA (enzyme-linked im-
munosorbent) EFS0i| 2ls 0| LIEHLIA| =X 0| Sall S&S ot
Al ECH54].

0l= 2= 0| ol CHEXQI 37IX| Heds Sl HE2 U
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7t S £ QUL ), o QX0 ANE ket o= il 371K

- ﬂﬂ =
Hed 0|29 CE HAR2 HEY & Ch= HHEO| ACHBA

0

A substrate-conjugated N-Benzoyl-d-1-Arginine-2-naphthalamide BANA
(colorless)
| (hydrolyzed by)
Trypsin-like enzyme
| (releases)
Free B-naphthylamide(chromophore)
| (reacts with o)
Variety of dyes
| (products)
Colored products (orange red)

Fig. 1. Principle of PerioScan.

Reused from the article of Srivastava et al. (Point of care- a novel ap-
proach to periodontal diagnosis-a review. J Clin Diagn Res 2017;11:ZE01-
6) [29].
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® Toxicity Prescreening Assay

TOPAS (Toxicity Prescreening Assay)= X|2Z
M OAX|= Miztel =49 HHHES HESHO 7HYH
chair-side EZZITHHO|C}, 0| ZITHHO| 2= USHH 2ES oh=
HAURQ AR A 20| = HIHE= A2 HAL A
QF MOl SO M} XI5 Zete] g FTE mergt o= QUh= EH

of
Of QULH.

fl
K
u
I

(2) Biochemical Test Kits

Biochemical test kits= EfHO|L} X|2S MU0 U= HIO| 201
£ 0|80t 71Z W MlzS SHot= LHOCt HIO|20H0= 84
Lt SSO7HA J2|0 MEL7 |2 42 S0| el 0|52 X X&
0| HEIS CHESH 2 QL YHIMO R 0] HXXIHHES =xi5t Uiy
= HXO0F 5tal 2IZER £0|440| Lot UMM ALZSt (0= SHAI7t
UCHSE].

@ Periogard

Periogard= AST (aspartate aminotransferase)2| £%0| 7|€t0|
El= AAO|CHFig. 2). AST= MEELHO| ZXHot= aAZAM MZET}

P I HEEICD 22K UL X3 HRAZ0|AM MZE2| AFES Of
2 25 20| JIX|EE X2YAMO| ASTO| Y2 =7| X|FXZ]9
2 U 4= U= DIHEM 26 7H540| QT & 4= QUCH54]. &

o= 220] Hioto] 40| = RLI0ME & ASTS| 20| £H

0% Qtofl & B7tetH57].
Periogard®| ®2|= AST Z=X 510 aspartate?} a—keto—glutaric
acid’7| HF2510f oxaloactete®t glutamateZt S EICt M HHSIE A
OF|= FAokS FItol HatE Mol et AST 28 HIYSHT D
Hi= A0|T}. J3Lt HM2= M Hato| XI0|1§ 8o |7F oE@ Ll &
A7} SESICHE HEO| QU0] A5 (01| BEA| 7} QACH54].

>~

19 0

=]

1]
0

0x

w

B

@ Pocket watch (PerioWatch)

Pocket WatchE= ASTE E£X5t= HCH ZH:HSH BIHO|CHFig. 3).
Pyridoxal phosphate2| ZXj 50| AST= a-keto-glutaric acid=5

Collection of GCF on filter paper strip
+

Tromethamine hydrochloride buffer
+
1-aspartic and a-keto-glutaric acid
| (in the presence of AST)
Aspartate+a-keto-glutaric acid — oxaloacetate and glutamate
|
The addition of a dye such as fast red results in color product
!
The intensity of which is proportional to the AST activity in the GCF sample

E{ cysteine sulfuric acid?| Ol0|= IE2 &7|= S0E H2 510
B-sulfinyl pyruvateE 443tCt Glutamate p-sulfinyl pyruvate2
HE MME|E= inorganic sulphite= Malachite Green(MG)2t 2H25t
O ZEM FMKE FMO| HEIZ TS0 ASTO| U2 HIIE = UA|

ECHB4].

® Periocheck

Periocheck= XI2Z+H LHO| EX5H= elastase, proteinase 1
2|1 collagenase?t Z2 neutral proteasesE LOtLf= 713 HHE
chair-side 2ZZITHHO|CHFig. 4). 2842| M Gaotoz 7
XSt collagen fibril2 ZESH geldt X|2ETAUUA L2 MES
HHQFSICE TH X[2G M L neutral protease?t QUCIHH 25f
=l IOl HMX|7} stripQ 2 A 1 0] H|HI5H0] stripO| LI
O HHYA| ECh 2Lt Q1M AO[2] B9l MES MFE
o|, Ol= Bt 2| 7t540| &7| MEO0|CH54].

o
> o =

FAH

il

rr

2l ox 0

4 g

@ Prognostik

Prognostik2 elastase?t Z2 MMP2| 42 ZH5ICt. Elastase=
Craeasdqo| 2| AZC=RE| HELH FE0| U= X0 X0
UL}, X2ETAEME Filter paper stripQZ XHF[5t0] HZHEX|Kt
£ S5t elastase| 7|Z0| ZEE AFSN LHOIA] HHREAIZICE, 2t
U elastase’t EXTIIH, 4268 S HHS0| LOLIHN SZEX]|
K17t elastaseOl| 2l5H &2 H&S LIEILA EICH54].

M2tA, &l 0| ULt= A2 X2EAHEN Y elastase] ¥
9| Z7IE 2o|stH Hete| Ed=It =2 X012t & 4 UCH58]. 1
2{Lt OFE! UMOIM AFBSH |Oll= SHAI7E U= ZITHRO|CH

Collection of GCF on filter paper strip
| (in the presence of AST and pyridoxal phosphate)
B-sulfinyl pyruvate
| (decomposition)
Releases inorganic sulphite
| (react with Malachite Green)
Color change (green to colorless)

Fig. 3. Principle of pocket watch.

GCF sample strip
|
Placed on a gel containing insoluble blue dye-labelled collagen fibrils
| (incubated)
In the presence of neutral proteases (which diffuse from the strip into the gel)
|
Insoluble collagen-dye complex — soluble dye-labelled fragments,
which diffuse back into the strip, turning it blue

Fig. 2. Principle of Periogard.

Reused from the article of Srivastava et al. (Point of care- a novel ap-
proach to periodontal diagnosis-a review. J Clin Diagn Res 2017;11:ZE01-
6) [29].
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Fig. 4. Principle of Periocheck.
Reused from the article of Srivastava et al. (Point of care- a novel ap-

proach to periodontal diagnosis-a review. J Clin Diagn Res 2017;11:ZE01-
6) [29].
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® PerioSafe” & ImplantSafe”

PerioSafe= Et L ZX{st= active matrix metalloprotein—
ase-8 (aMMP-8)2 &735t= StXt £0|HQ1 WH0|H ImplantSafe
= X|2g7at PICF Lio| ZXfot= aMMP-82 Sdot= 21X| £0|

Ol HATICHHO|CH L0l Test-stick® ORALyser 2|H7|2 E5
52 St WEstel=0, 0l= LS5t AutE L HIEESH0|1 oMY

=4
o
51l FHIEQI PoC 21T FXIZAM AR E = ATH59].

(3) Genetic Test Kits

IL-Ta2t IL-12] ST CIYME X[ RS0 CHEt 701 Fofdy)
20| UCH30]. 0|52 Heto| 2QI0| E|HLt JHAIE 317l oLt =
7| |3 Hetg AsA|7 = Hlof Y&ks 0|ZICHT 2K UCHB0).

i=

@ GenoType® & PST®

PST (Genetic Susceptibility Test)= Interleukin (IL)-12| LHES
TIXte| X8ts &lQloto] x| At I HEQ| YT E H= RYUSH R
HEMN ZALO|C) XI5 Retat HHAE IL-1 SHXI2| #IXl= (1) Inter-
leukin 1a. gene, position — 889, (2) Interleukin 1p gene, position
+39530|C}. IL-1 SHXt2| M2 Fit AXZI0|MQ Lot HA
HSS Lo HATO| L0| MO 25 XX o7} 2HEE 4 AU

[54]. ratA] Z{Z0j= $Xt JHRIO] SAO| M2} LIEHH= ZA10] ik

SHH X|=0f Dot HH3E CHSH| IR0 |XeHA HAL s 2+
2 g ot

@ MyperiolD

MyperiolD= EfHS 02510] Mlt0l| CHEH £ |MX HOIE 24
Sh= RTAL 7|8 AAZA, 41| RHMQI X|F 1T HEHE F7Io
7| ol AFSEIH, SHAHOIC LZESe| FUALS HWotoh= WHO|Ct
0[2{8F HAFITHH2 x| X229 Iyt HEHGHH =2 =S Bt

g = U= YHO| AUCHBA.

r
33
o

EQ -
2

0 =
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rlo
e rx

0] &A1 3! 70| |27 QUCH Efod |
o 22 7 U fluidoll= XITt OFAZN 0|8 7Hs$ AY4-2| Hio|R
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& QE XEEM HE2 A7 UHED AUCE 72 W Mo SES
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A AN LA AR 7|0z F2|7t ULt Th2tA chair-side0i|lA]
HCt ZHSHA 24 W M7 S85H7| fIgt PoCel ZITHH M 710

HEMEQIOon, S 72 LH PoC RITHHE2 1) microbiological test,
2) microchemical test, 3) genetic test2 2FZICt. Microbiologi-
cal test2] &2, XI5 At MHE 2QIH0[2t1 ok= A. actinomy-
cetemcomitans, P. gingivalis, P. intermedia & denticola®l &
N FFE MHot= Ol ARZEIX|2H OFRIZEX| HZXQ E410] 27t5t
H EH Had 0[29] HAAS BX|Sh= Hi= 0{24=20] ULt HEX
©2 Omnigene” diagnostics, MyPeriopath, PerioScan” (BANA),
Evalusite, TOPASZ} UCt. Microchemical test= 72 L ZXH5H=
HIO|20tH2| &g MESI0 FS0|LE Mt 2T E S ECt
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ot P 7X0f 5tal DIAE=et £0140| ot 483te| SHAI7F ULt
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Prognostik, PerioSafe & ImplantSafe” S0| Q/Ct. OFX|2A4OZ Ge-
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