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BURSER ALY SERS 48 SURFIEAFTE2E 59 ; OPLS-DA 45 28 W /R M 4TREAS AT ] {2 [X 73 s PCA-LDA R X 73 e AR 254
IR AR ) I8R5 51K 91.67% 100.00% 5 X 43 A J& ¢ 583 Il 25 4 R SR 1 IE A R 0 100.00% ., 2538 FIHH SERS KK
SRS 53 7T AR -4 SR I X 43 5 J] 98 R0 38 IR MRSBRE A, S 2 A 48 10 AR A 20 i e A 10 JEL B
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Study on detection of saliva fingerprint spectrum based on surface enhanced Raman scattering technology for screening of
periodontitis

SHI Qian, YAN Ke, ZHANG Liying, WANG Xiaogian. ( Department of Periodontology, The Affiliated Stomatological Hospital of Nanjing
Medical University, Nanjing 210029, China)

Abstract: Objective To explore the feasibility of using surface enhanced Raman scattering (SERS) to distinguish the saliva of pa-
tients with periodontitis from healthy people. Methods A total of 26 healthy volunteers and 26 periodontitis patients were enrolled as
study subjects. General demographic data, periodontal clinical indices including probing depth (PD) , clinical attachment loss ( CAL) ,
and percentage of bleeding on probing (BOP) positive sites were recorded. Saliva samples were collected for SERS analysis, followed
by principal component analysis (PCA) and orthogonal partial least squares discriminant analysis (OPLS-DA) on the acquired Raman
spectra. Linear discriminant analysis ( LDA) was also performed for combined analysis. Results There were statistically significant
differences in PD, CAL, and percentage of BOP positive sites between the two groups (P<0.001). There were differences in the Ra-
man peak intensities of substances such as glutathione, DNA | tryptophan, guanine, tyrosine, creatinine, creatine, thymine, N-acetyl-
D-glucosamine, and CH2 deformation between the two groups of saliva samples. PCA results indicated differences in SERS fingerprint
characteristics between the two sample groups; OPLS-DA analysis demonstrated significant distinguishability between the two groups.
The PCA-LDA model achieved distinguishing accuracy rates of 91.67% and 100.00% for the training and test sets of the healthy group,
respectively, and 100.00% for the training and test sets of the periodontitis group, respectively. Conclusion The SERS combined with
fingerprint analysis can effectively identify saliva samples from
HeG I E T TR ( BJ25022) s TLIR B RHEAEJI3E Tl periodontitis patients, providing a novel approach for preliminary
TRV A AR BE (TIXYISDW4) TR BB F T L clinical screening of periodontitis.
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fifi 11 DXR 306 3 R4 H = 8 HOE 3% Y ( La-
bRAM, Thermo Fisher,%)iﬂ:ﬁi‘ﬁ?ﬂﬂo He 10 L FE
A5 10 pL ORI IRIR A ¥ 5, B4
WBOR AW, B4 [ T3 b & THES
b EwRT, W E OGS 780 nm, fLIE K 50
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1.9 AbEitHEsfrek

K H SIMCA-P V14.1 #4475 PCA J& OPLS-
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BERLJE 5 0 BE LA 3T PCA HREBUH 4R AE
H>1; Bt 77 22 5Tk %>80.00% HITT 6 > sy, F
JH SPSSAU 74 4i it 73 M °F- & ( Version 26.0) # 47
LDA F 51 5341 , 2 50805 H T 90.00% 1E A Il 454k
FTINGBLEFR 3 H B R 10.00%4F At
BT RS AG M, SRAFEHE 4 AT Origin
Pro 2025 #4142
1.10  Geit2#4ir

R H IBM SPSS 25.0 3K {47438, AAF 4 IE
A Y 3 2578 B RO L r s B0 D 3oz [ B
7N, K H Mann-Whitney U #3555 11011 74 & IEE
3 AT Y 3 LA i B DT A B A o 22 3RO
TSI REAS ¢ R0 5 X 43287 RO SR FH R 7 A 50 5 4
KANE3 T Pearson AHOCHERG . P<0.05 25 A

2 & R

2.1 —EER

AT A 52 BIBEFE XS 5, B 27 B, % 25
B 445 18 ~55 %, A s LA 26 B, 5 13
], 2 13 1], A1 34.50(24.75,40.75) %, F-14 BMI
(21.41+4.49) kg/m”, fREEA LY A 26 i, 5 14
W, 2 12 1], 4485 28.50(24.75,32.25) %, 14 BMI
(23.15+3.37) kg/m’,

SRR AR R AW I = TR (P =
0.02) , FidH ] PES (P=0.78) .BMI(P=0.14) 5
R,

2.2 FJEIGIRIEEL

JFRE 4L PD  CAL BOP RN £ 1 43 L 4

Fe TR (P<0.001) (R 1),
*1 2 AFREIGEFKIESR

Tab.l Two groups of periodontal clinical indices

25 PD/mm CAL/mm  BOP PHIEN 5 H 50t
FRRHH 2.25(2.09,2.72) 0.28(0.09,1.10)  9.84(5.88,13.99)
fRELH 1.53(1.23,1.67) 0 2.98(2.23,6.10)

U 21.00 0 126.50
Z -5.80 -6.63 -3.88
P <0.001 <0.001 <0.001
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Fig.1 Filter results of detection condition
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Tab.2 Intensity analysis of Raman shifts in two groups

h 2/ cm™ FIRRA frags P
458 0.45(0.42,0.49)  0.47(0.45,0.49) 0.02
498 0.54(0.50,0.59)  0.49(0.47,0.52)  <0.01
566 0.51(0.50,0.55)  0.49(0.47,0.51) 0.02
603 0.48(0.46,0.50)  0.47(0.46,0.49) 0.18
648 0.49+0.03 0.470.02 0.01
684 0.47+0.04 0.44+0.03 <0.01
746 0.60(0.57,0.62)  0.57(0.55,0.60) 0.03

1 144 0.49+0.07 0.460.06 0.15
1184 0.46+0.05 0.440.04 0.09
1 243 0.44(0.40,0.46)  0.44(0.40,0.49) 0.26
1 269 0.44(0.40,0.46)  0.44(0.40,0.49) 0.26
1316 0.48+0.09 0.49:£0.04 0.85
1 361 0.48+0.07 0.54+0.05 <0.01
1 461 0.47+0.03 0.45+0.04 0.01
1587 0.50+0.08 0.50£0.09 0.81

A e SR, 2 2 J 98 2 R At R 2 i 2 3 7
AIREIR , Ik 3 R
R3 HEBABYRHATERERE

Tab.3 Possible attribution of the material in the

Raman shift material

P #/ cm™! YA E
448 ~ 461 I e
498 DNA[®]
566 R
603 [ 2!
640~ 675 19 ik gl
684 WLEF LR
746 i g e 22
1144 EHm
1 150~1 186 &5t J5 R R R A R
1215~1295 P T ( BEHL ) Mg gz 17
1269 P T 022
1315~1325 WERE I (& AR ) C—H sl
1361 N-Z. Bt g (2
1 440~1 475 CH, A7)
1587 L-f R

T &) 5 ARV e 4 A6 43 e H K DNA | 8 2 |
BL NS R | JULIEE LR e B s g | N - L P 2
HIEHE | CH, B AR (7 2 0 0 1 22 S A BT 3 &
(P<0.05), HH SIS T 662 cm™ {7 2 1621
% 648 cm™',
2.5 PCA OPLS-DA }2 LDA %37

M 2.4 S5 5Ok A, Wi P Bl 0 £ 2 AR
HITE 450~750 em™ B, BEHUE 1 450~750 ecm™' 1Y
W BLHAT PCA 28T,

PCA Z5 9 WoR B IEME > 1 B 19 D 3 s Bt
T ETTHR AR R 97.73%, 7 6 A~ 3 A 4 B AT fift B
82.55% MBI Ar 5 . PCA 154y B R {4 5 oF
JAIRAFE PC1 J7 ] BB — 22 43 B M 3 HE/R P 4L R
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Fig.4 PCA score diagram of healthy group and
periodontitis group
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Fig.6 OPLS-DA model permutation test plot
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