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[Abstract] Microorganisms are closely associated with human health, and their pathogenicity is a key factor in vari-
ous infectious diseases, particularly in dentistry, where they contribute to common conditions such as dental caries, peri-
odontitis, and oral mucosal diseases. Accurate and rapid microbial detection is crucial for early diagnosis, targeted
therapy, and disease prevention. Conventional methods, including bacterial culture and molecular biological assays,
offer specificity but are limited by long detection cycles, complex procedures, and dependence on laboratory conditions.
Terahertz (THz) spectroscopy has emerged as a promising tool in microbial detection due to its non-ionizing nature, high
sensitivity, and specific responses to water molecules and biomacromolecules. Integrating THz time-domain spectros-
copy, near-field imaging, and metamaterial-enhanced techniques, studies have demonstrated the ability of this approach
to effectively distinguish bacteria, fungi, and yeast, differentiate gram-positive and gram-negative bacteria, and even as-

sess bacterial viability. Machine learning has further enhanced feature extraction and classification accuracy, and THz-
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based methods have shown notable advantages in multi-class microbial identification, detection of antibiotic-resistant
strains, and quantitative analysis of microbial concentrations. However, current THz technologies are still constrained
by strong water absorption, limited penetration depth, and the lack of standardized spectral databases. Future efforts
should focus on mitigating water background interference, improving detection in complex samples, and establishing
unified microbial spectral standards. This review systematically summarizes the latest advances of THz technologies in

microbial detection, analyzes their mechanisms, advantages, and translational challenges, and proposes directions for fu-

ture research.
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Figure 1 Schematic illustration of the application of terahertz spectroscopy in microbial detection

B ORBHEE G BB A TE fole 2 WA I o ) 1o P R R

Te A AR TR B9 25 7 2R T . 3 =[G
B R B = 2 G54 - A B K 3RO 2 A I
I 5 T 2 2% B P T i = AN B SR )2 R 4
30~100 nm, 75 A BB 7 3 A W s R 25 L,
(A I3 o THz A6z 0 AT 75 280 AN [R] Y i W 2 250 0 3 53
RAGE L N SE B X 4y o Yu 25D A A 5 36 B THz-
TDS A 38 158 46 I sk A= 4 4 JHE X THz % 14 S [5] 1) )i
FRPE AL L R B I R B 25 5 T AL
DX 3 2 SR A0 TR L B A R R R
EAFMEY, ARG FSRR AP, HK,
TR R B B ER T 40 5 35 2 T R ARtk A 0 22
S, A EERE B S BAT X A B B 5 T I RRAE
THz-TDS F AR AT LSS 5 4 o A7 15 IR A, HLRB %
25 W 0 4 A S 5 2 R0 4 R S AR AR AR
=AW AE R A A K B B sk Az B0 25 W 1R i, 3
PN 465 4 1) 7 Al 2 T BOB T RRAE A E0AE o 33X il
Fi AR A Tl A= 0 0 e T P A SR T —
A B R T B

FEARINT T, THz-TDS $7 A fE % 38 o K I 1 2E 9
43 T IK - () 45 A8 A AN K 40 o0 AR ZS |, S BER f
A R B R o %A AR 3 A AT R A 1
TR OIS B A 5 AR A DL B R Al B A

AT RLD oy IR AR e B AR (AT TR T L
TR ) LA K 22 T A R R 2 I A T A
(7] Foft 28 9 B 2B 0, O R A 0 AP IR S o
IR RPN v Sy all Bul S W R D i N R A
AL A A, QAN 23 X0 it 3 AT AT 92 5, 5640 IR
BT REAS 0 B A IR S RN A T o S AR B IR
P14 RS T AP ol H R ) T 0 DR Bl 2 W R A 1 4
BT, g SR R P 1 R A2 W AR O e 4R T
EVE & NS =
2.2 Jk T THz & 5 AR fit & 75 AR

FHH T4% 58 THz-TDS $UAR , THz 35 375 AR AR
(terahertz near-field imaging ) i 13 2 8% fi7 5 # B2, 52
PRI T A ROBE (AT 35 W oK 9% ) 1 =5 1] 43 98
BT AT | ELE AR IR S S5 M WLSE S THz
A HLUREPE ARG U S THz 3T 3 B A% 1T 43 Ry 155 AL
FUE I 062 W 0% (s-SNOM) R 37 L S K 2k
P 2teseod v s-SNOM R 8 45 [1] 43 9 5 G A
st 29 TAT Je ¥4 235 4 1) SRR, 0 T A )
B S ReREM AT . 5 HAb G 2 UG O
FHLE , THz s-SNOM A B % 52 LR 1wy =5[] 43 B 4%
AR AR AR, 38 AT 4245 = 5 19 THZ 6% 1E &
A BT 5 B W g S ARPIR S SR



AfEgmkiiE 202655 $£34% £58
Journal of Prevention and Treatment for Stomatological Diseases, May 2026,Vol.34 No.5 https://www.kqjbfz.com - 487 -

AR AT W LA B L BUGH RE 518 45 Ry B
PEo IR THAERE , BIF 5T i D0 A PR BT (AN
ANERAER TS P A2 7 B R B 3 ) (B R IR
T VR A5 5 AL B ¥R, LU BOKE s-SNOM 5 HoAb
TR A Cln i 7 S8BT ) AR 2 5 S SR,
BT AR BT AR B AR IRE Ty, ST X B
T A 40 PN P 2 R A T3 o AT 20 SR )
o 2H ) S30) AR AR T, T T e R 000 R P DA
FLHAHL 7 BN, Wang 2572 F) H THz s-SNOM
JL T AR AT R o A TR 5 4 v ) 2 R R ) O3 R I
Ypoe vk 181, 3 38 2o 3 B P b A B R R 1 YOG 1S 1E
526 S ST 3K T e 24 R LA B DX G

FERE PN 4B T 1T, THz 3 5 U RE 9% 48 7 TUE
Yri N AZ AR R TR i A 2 B I (dn A=
YA ) A 5 15 5 T B2 i, HESh A AR
FE TR BB ] 5 TR R AR R S 9 MR L Zhang
SEDTH ] THz s-SNOM X 11 2R 9, 450 936 35088 1k
Az ) (78 S R TR S L S8 R ) L s DL 4 Ty (11
O e R T TR ) S LT (R BT ) S5 A [ B A= ) i
7 THz 3 37 A, 38 3 XU i 0 DB 4% %) THz i 3
FEIG E 47 B b B, I FH Image-J I 42 7] 3145 20 14
10 2 A e i JEE R A A L O Bl WL ¢ B AN
[Fi] 1 o L A1 2 40 2 o 1% i e s ) A A R
H I B = S T A A Y B GE B AT, K S R R
$& 78 THz HARTE 1R G0 2 T0 81 88 A 2l 285 1
T BAT I T, R FEAT T 1 — 20 B e A v K
g Z 2 Brh BT RE Oy, DAAE B i R FE 1k
I3
2.3 kT THz # v 2269 5 & iR AL H R

THz # #F K} 25 & it 4 2 H1 (THz thermal
curve analysis, TTCA) 8% H T A Wt B4 8 | ix A%
AT 6 5 nl e AR SRR Y THz 88 A4 25 4 F )
PN A A R AR R O X S TR A A A
BRI, B R T MR e A K K
1% (DA 7 14 1240 Jif B 1 R 45 By B, S B A W 1Y
I BURPPE R AR AR AL, S O BRI IR AR A A 2, A
M BCRFE P R Pt 2, PTH TR 0 25 . Jun
SR USE A B R 0 25 S LT DX 4 T A AR B T
DA R = I PH PR RN A 22 TC B PR TR, OF ATR A 4
WA T AR R R . B Jeong 55X
Tr¥EYT R T T S 20 I R0 o AR, R T A
I ) THz J5 ¥ 38 J T W REREAS L as (] Jp B R
B, X LA 12 00 4 o R 8 S R AE
24 AT THz AR AEHRSHMNK S ik

E R A S

THz F A B — 2838 i A T3 B g &5 4
HAZ DT F A /N F K 0 RO A8 1 H A 5 ik
HL 8 T N7 7 BT, G0 43 ZE IR HR AR L Fano SL4R £5F |
FA IR B S . O IR & 4
& T A BT 20 1 1) P 5 B8 P R A A, R
FE THz 450K T 7= A i Z1 Y s L PR 7 5 @ Fano 3t
v il Bt ik — B AR A S & 2 5
B T8, 8 AR X R L PR 06 o 32 06 XoF Je) 388 /)
AR AR AR F U RT3 R 0 55 A S A DU RE Y
(B2 HL i JR IV 375 ) 235 4 2 1 J P sk v g o 98 o R
B VIR BT, (A5 T A 0 A e A0 B s B T 1T
BP0 7 F R SN o PO o T 45 T A
FE v A0 [N R0 X B 45 F BB S TE 4% A8 THz AR
BV B ZU 0 R 38 S 05 5, A K Hb 3 5 5 AR AR
2 (B B A ELAE DT X B85 v b B /N 1 AR Ak
G (VARSI o/ i N VAU L R R S DO R
PIAEAS 1 TN 2 e BE R, R T ARG T A4 i
T )3T 569 2R A8 Ak AR W 43 i AT Sk DL B 4
SER I SO 85 Tl — b 22 Tl B A IR o A
N7 L

F 58 % B, 40 B8 DT AR AE THz 8 A4 R 2 1o i, H:
21 B BE 25 0 | R 1AL 52 B SR B K R A 2
S, Y] 51 THz H4R 4505 119 B sl W 50 2 11 A8
b, ST AR TCAR PR il dn Y
== [ BHPE 55 911 4 B 3 500 W R b L 3R I
Jry S FHL B P05 DY 0 AR T 2 B AR SR A TR
{4 THz Wi J37 REAE , DT 58 A0 TR 1) DX 57

T, THz 8 AR B AR T DA F— A6 0] )
ZUIREE T A &R . OfF 5 BORPLE 3 T+
R AT RN R A SR R i a5
A& YUORRLF R IAY S5 S KL, THz
AR RGN R A BB KRR G, @
T A% 530820 K 4 T4 2 Zhao SE R T —Fh
F T Fano 4% 88 26 T8 19 30 45 THz 7% A &, %
K FF B ALk A8 20T A DU R BR 4 156 5x10°
CFU/mL H15 pg/mL. Q@YIKE AW 5 1 B (A3 51
FESFPE : Yu S Ol 45 B Fe,0,@Au KR G5
T Jic AR T B8 Ak R M4 ), S BT 4 B 60 R A B R Y
2 o IO ARG I, RS I BR Ry 4.78%107 CFU/mL. @
Z B PR A 3 S0 B U« Ma A5 IR T H AR
FFRIE (A FH EE 4 THz @B AR, S230 T 5% KT
TR 4 0 7 4 BR B 9 TR e IR T T B
£ 10* CFU/mL.



AfEgmkiiE 202655 $£34% £58
+ 488 +  Journal of Prevention and Treatment for Stomatological Diseases, May 2026,Vol.34 No.5 https://www.kqjbfz.com

X BERF Y I, BT THz B ARG 18 SE B 7E
A P 9 A 00 R A 0 3 P 3 i v B A ) I Y
FHRTR . BeAh B AR AS W 1) 22 1 v] 4 7
6] 2 8 , A0 R FH 2 v PET JL S L 88005 [ 1B 44k
PERE, T $2 5 28 1 AE 2 2% A AR (AN ) h i
B M, JF A AP K g W Al ok B (E S
T
2.5 THzA# 5 LS 5 3 F ik ey akd m A

W T THz GG £t 48 2 & R IEE 2%, Z 0 s
THRAILAS 2% > kg vz i FH AR TR R 5
HER R . THZ G615 5 HL a8 5 > Bk 09 Rl & v F 7E
Tl AR W) B A ) K 4y T R I e BRAS T 3
Je 00, THaz K0 B8 0% 4l 512 £k 25 9 AR v ) 2 A
TERRAE A 455 4 6 RE B RS2 A DA K A L K
FEAREEE R . SR, IR 4R 6 EloH
W R 2 A MR 2 R 5 AR 5 b
J7 2 ME DL 3E 43 42 38 B0 vh 0 TR 2 R AR R B/
Z5.

Bt 37 £ 19) & H1 (support vector machine, SVM) |
[ WL A% AR (random forest, RF) | 45 FR # 22 B 2% (con-
volutional neural network , CNN) 28 #L %% 27 > 58 15 1/
FHF THz S35 o3 A v AN T T3 53 25 e
KGR T f05S R AE U RRAE 0 O % | W2 Wi
AR A SE) AR B RE F1°0 . Zhou %3l 1 TH2
s-SNOM R Bt 4> # {6 75 25 BR B bn viERR L K B 4T 5 b
THEAAR T 4 e €00 7 2 33K AT T 24 4K 19 THz 3 37 R[]
Af 75 1) THz 307 37 58 B (5 8 40 o o L, SR R 2R
PUARAE FH— /NS, FE %5 THz 35 35 3 il 26 v ] —
15 B {E X 8] (40~80 nm) PN 119 3T b 9 A, 0 A
SVM B34 58 WK W FF T8 5 4 B 00 ) 2 33K 781 114 [X 43
DL R 4 0 4 2 3K TR A 1 PR A 245 R 11X 43,
B3R 25 35 90% L) b o Hu 2504 F1) F THz 6 1% 45 &
Z R bl & 2% ) 551k (40 4 PCA-RF 5 CARS-RBF-
SVM ) % IR Jt 2 i1 25 25 38 v W AT o PR TR o
CARS-RBF-SVM #5% R {14 151 0 # 5 % 15 18 99.17%,
R T HLES 2% > 76 THz 635 A B 150 vp i) O i
EH o BLAh, CNN 5536 78 THz O3 E5 R il v 3R
I AR S I R R SRR ), BE A% ) Sl P 5 1A
1 G 55 28 Ak, 3E — 20 4 TR A T Y R RS RN R S
PET, Wang 5558 52 5] A CNN, A 802 T+ T THz
TR A 15 (W2 238+ 47 35 238 ) X6 20 Fofr 220 56 82 114 R IF 44
W5 et ae, 72 AL 4 1S T 99.9% A
99.2% B = HEH 32, AH B W 0IE 12 729 12.5%
H123% , 5853 B T IR % 2] 7 48 THz Y65 fig

P A I A
2.6 THz XiE5 4 F £ e n 3 R e aké 2

H AT, THz G B AR L 5 R G Bl 5 i 1
FoR J A A% R A i 1R 62 L B A A I R 12 W
55 B PRSI 45 e I HH A v
2.6.1 THz il 5 PCR ™ £ R @& PCR &
ST AR E AN ERY BB )R
FH 55 T 0 A v PR A 0 5 5 S L JHC A T S
AR B JEE L VK B AR IR IR AR AR R R 2
S Z 5 Y TP AE BRI 9E A 220K PCR #R
55 THz-TDS £ AR AH G5, FIFH THz 8 68 1 A= 4 K
I3 F U SCIRE R Y B W e AR e VAR B
fol AN % 5 R A I 2 ) AR A 1)y X
ANIA], THz-TDS 5 B R 9™ $ R 45 4, vl DL T4
53 A0 RS FARFE EAEA . Arora IR
B Tz mh A R mE e AT B SRR O TR
(133 bp 5 697 bp) () 41 B DNA | PCR "1 5 B %
BT KAl 3 THZ-TDS W I H7F 0.3~1.2 THz
A BE PR R R, & B DN A Y TR 9% b i 3 PR
H 0 A IR AL SR RN T S R AR AL, RO S
DNA ¥ J& 52 IEAHOC G &, S fliAS T BRAJ 3k 0.1
ng/pL, SCIL T THz-TDS X /K A o PCR 7= ¥ 19 To b
e
262 THz GG 5 FIREAY ARG %
T PCR X HAE IR 15 25 75 oK & HRAE 2 4, S L 4
FARWZE W28 XK., FRIEFY Y Golling
circle amplification, RCA ) JC 77 1% PCR AP #£ i 17 &
JENEIN, 78 IR A5 1 B n] SE R A5 R DNA 973
WA A I PGER I . Yang 2511 015 P ##F RCA
PR R 5 TH2-TDS #H &5 &, T — Fh e S 1
SR TG FRIC A 0 B DNA 2806 I )y s, SE B0 T %
4 5 DNA (R BR 29 0.12 fmol ) &2 %5 5 20 DNA ( %
W JE 29 0.05 ng/w L) 19 35 R SO I, I 76 T 3 1R A7
T g i 5 e Sk

¥k PCR 5 RCA 4b, 3 A 5 55 il 47 34 (loop-
mediated isothermal amplification, LAMP) [ H § 1%
R A EORAL, B A T B R R
MHr 55 THz S g a5 & WA SBAE Y B 45 o s
B P AT e AR AR i X A T R B, 9
DX SR ET B UK 43 BT KT . 7E CRISPR/Cas
Fer A 2 7 T, & A BF5E A THZ S5 W Cas12a
59N H e A 2% R, SEBL T MRS ctDNA B
i R AR CF R ATk 0.8 fmol) , & 7R i THz 78
CRISPR & & P VE N5 5 5 S 0 Nk o, ik
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Ah, THz Y6 1%t € 8 FH 4 8 35 13 il Ak (— 258
T AR AN 3 AR A5 1 BB DNA RNA B %8 Ik 7 1, fiE
Fe RIS BAn o+, A R Fe 1k
1 FI g TABM ) 19 43 F R 5 M 2E A% RS FE IS
FEAR ST X B AR 2 T 0 R 8 TS kR ke,
PR R, TH2 G AT 5 R 5 38 £ R
], LA 5 22 b o R J vk fl B 19 L FH i 5

3 THzH RFERE WG & ) H R 1%

SRS THz FOARAERUE Yy I b BoA I B
(B HG Il R R AT A R 1 22 PR R WIRE i 19 )
R AR5 0 THz Wi B B A g SRR, R o )R
JEE R 5 R R 45 ) THz 0 A9 % 125 TR JEE A
W LENO s 2B N AR OK g B e RO SRS (H
H 7K B 45 5 7K ) & P sE THz W ISR P 19 O B A
U AR SEBRAG I |, THz I X K A L AgURR K 4
P 5 R S 2 7 R AR A 5 588 B R HE 5 L B D i
AIE, 5 BRI R BO% N R S Gk Sy T B
FEH O IF R M OR R s 22 s R R
il ML AR HOR B BB T vk BRE R4 ik
AR T, AT ME 52 42 T BR 2K 20 XA I A S R
AT T e B it ] A OGS A IE e K b BT vk b
A . HOR, TH2 B ZE e 1A B, X T
50 R O 2 A R AR LR TR A A I SR, 52 B afe
DASE BRI G2 HT 20, AR R AT 75 7 1 5k THz 28 35 1k
AE A5 T R BTk Bk — A . ek, s =
BRAEAR B4 THZ A5 55 Kl dfs 28 1 ol A= 0 006 18 161 38, 8 T
S v A2 2 TR TR A TR A A AT AT AR 22
SEVE U, BRI T B AR B RO A ) Rl PR
MO TR ) A o A B0 P ok R R i

4 REERE

THz S35 2 AR LE GAE A6 I v 2 98 15 LA A S
& 80 3 37 R 5 5 R OR A% O 1Y
Z AW MAR R It 58 RSk AL R Y 1
FH RGBT TR R RS S H
PR, R HESI A Py D2 W 3 PR TR AR B R AR A
AT AL TR ST BOR B AL . THz Sk R i I
PRI TS A T 0 20 - R B B, TG 7K 43 WA | 25 38
AE 7752 BR ik = A fE AL B8 22 B 2 2 A o e ol A
SRETEFR . KRR FEIA THz 5 24
ARl HE S B 55 N R AR W B AR BHAR S  b 1
AT B 2 T RE 22 v im R B8k LA AR R S
HoAth AR B 2 1 R R 555 55 5 T R IT, LA

gy FEN 256 16 I PR Ak, S BRUARCAE By R g A L 3
AW K AT I Y T o

IEAER, THz S 1 FORTE F 5 BE 27 G i) 1o
Bz B . B 7RI DR Y A
RS 5 A K T S bR S T TR A R BT g
J1U, THz G H R BB 7 TC 4 AR iC 2610 T
T 2 Rl 50 2F A B b K o3 R ROWL A ) 4
A, DT S R s 1 S0 THz JE A% I
AEFH T DX £ B2 A5 98 78 1 10 A T R 2R
HL i V7 75 Y AR Y THEz % RS BE 52 IR
5 i J A 20 R0 L THL 25 1 B 2 o )
AT Tk A B B, A R i — B S T K
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