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Research progress in the application of single-cell Raman
technology in the field of bacteria
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Abstract: In recent years, as the antibiotic resistance of bacteria is aggravating, bacterial infections
have brought severe challenges to disease prevention and control. Rapid and accurate identification
of bacteria and their basic characteristics is extremely important for disease prevention and control,
medical diagnosis, and scientific research. Compared with conventional detection methods such as
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plate culture counting, polymerase chain reaction (PCR), and adenosine triphosphate
bioluminescence (ATP) bioluminescence, single-cell Raman spectroscopy has shown advantages
and broad application prospects in bacterial classification and identification, bacterial pathogenicity
and antibiotic resistance detection, and bacterial viability evaluation. This paper reviews the
application of single-cell Raman technology in the field of bacteria, aiming to provide technical
and application reference for practitioners engaged in the research on bacteria and Raman

technology.

Keywords: single cell; Raman spectroscopy; bacteria; detection
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Figure 1 Bacterial detection workflow for single-cell Raman technology. MRSA: Methicillin resistant

Staphylococcus aureus; MSSA: Methicillin-Sensitive Staphylococcus aureus.

http://journals.im.ac.cn/actamicrocn



5286

SONG Xiaohui et al. | Acta Microbiologica Sinica, 2025, 65(12)

(Mycobacterium tuberculosis) X 4%, Liu 20500
PR B BT 2 O i 5 A B 28 I 2% (convolutional
neural network, CNN)# I A1 4% & H T 4 8% 4 5
%4 BK B (Staphylococcus aureus) 7% 1K 1E %8 &
CNN SR I sE 28 WAk . i B A P AR i
725 3K TR RIS [R] A A< B B g TR 3 AR A 25 50 3] Ry
93.90%. 98.73% Fi1 98.66%, LA Fibta T
Fit, BTERIESR . IR LA AT s i
D7 EA —E . Locke ZFP R HUB G244 T
0T )22 AR R T AR 45 A DA ARSI I R
W& ¥ T8 (Haemophilus influenzae) . i 7% #% BR &
(Streptococcus pneumoniae). % R R 547 [
(Moraxella catarrhalis) F1 il 2% R 5}
(Pseudomonas aeruginosa) 3T 5 5 | 24 5 I
A R 22 5, T SE B B2 1 4 Fh 32
FEGRRAYIX 53 Cui FEC2H) AR B C v
$7 2 BT (coherent anti-Stokes Raman scattering,
CARS)AELE M WG H AN 1 589 em™ 4L 1Y
P2 (55, AR X 0 55 =2 0GB 40 B R =2
ICPHMEA T . MRS, AR JEL M T s
S AR A, A S RN A R R 1 AN S R A
WAL

BRI 2 ' T B R i A% 4 1A 4 TR 40 B Y
“OTFAREC, Mlin o ERIE A K S rh g
T B R . ER U R AP . B
FIFIE R 22 3 T2l 55 5% e A0 o R4 7 S 5 a2
X B B ) AR B G 95 05 TF R AR 4
A& A A R TR B A B b 2 B R B H T B
A RN R & A SR B W, DR A LS
IBE Rl R TR O — AR S R
S, ASPGREIRE S A AR R
RS, RN EFES R, RN R
$7 2 H R (surface-enhanced Raman spectroscopy,
SERS)il 128 43 48 KA R 1] 7= A= 11 ey 3 3 1 45 1598
JURON M S B pe/mL 2% 53] %) IR A6 24361
CARS W H R B0k v 06175 5 10 = i JE et
WAk FEHESR 5 5, Gudavicius ZEC7 1 v s2 #E
T 1089 AR SR UL 19 CARS g, ST

P4 actamicro@im.ac.cn, 7 010-64807516

0.3 Hz WK H 7154 % CARS B RE, M
PSR SR HE T I ml . /U E BRIE T 2 | R T,
JE B RO T A e ST . SR H AT = 4 —
R v TR Y SHe 48 5 40 i 7 8 5 R 78 4 7 40
FEME IR, FEOSRIWFGE Z 8] 25

ME LU FCRTEGAIE . R MBI o8 A B3 3 ) s ik
BRAEDRE . B AT 5 1k DL bR AL b 20 i
BRI, TR PR P2 s B fERfbE L T
FePEAIAT B

3 BRBAR

2 A 0 B0 P A A TR S A S A B A R
eI AEDLIR Y BEE 5 B REME o A TR 4 ik
MUA TG RER B0 5 1 1A %, PrEeignr L
PO 5 5 A OB W) S 75 43 F - Wang
ZEEDSMfE P A R A 2 TG iR P 2 B R S e A5 IR
KL A 2Bk A 5 K B, Zhang 250
Bhi2tiE SV g G, AEHAL 2 FE
F TR OO, P . A M X o A R S
FHE. BEREE . WAREBHZ B MK g
TR, MEFAIEE] 100%.

YRR IE IS ARG B YA G . AR
H: W) i (bacterial biofilm) -+ F8 21 B8 25 B T2 firk %
M, WML 4R A . IRBREAS,
B 58 H R TR B ) 5 40 B SR AR R 4
TR A P IR A T R aE N F AR IS L AR T A
W —MEamg, it RMEEEHRAR
WA E A, DT SR A 38 A 201
HAET, AR5 SCEEE M AY . FARME &
YIRN T 208 i A A 3R TP B i 4 7 A
YIEE, XAhAYIRR R EUR R R R —,
HE S5 MPT 2 PEE I TIRIT e, fi
Fe AR BEAS W A= Wy B B8 Wi A2, A By L2 4
FURE 4y, F Bl 3 A 20 TR 0% A A7 R W o Samek
ARG S SRR AL 2 RO RO, FE A
TP b DR fik 1y 7 =28 52 Bsf IX 53 A 40 B B 42 R
AR AP e B AT AT BRI . Shakeel 55T
RGP 2 H ARMPLAFZ T RIETE . P,



R 55 | BUEY~#R, 2025, 65(12)

5287

5 A= P REEIE B A 26 B A A BK TR TR PR . A SR
B, 2 B ROGIE R AN B R AT ) 2 R
AERE B — ARG AR sk T AM, e g
(Eo R Er NCINE S a7/ E 3 NN R ol NI )
1k, SerE ML 2AE . Sandt ZE950)0 LB A
LI H RS T R sh b A K g e 4
KELEWREARL . SSWMET, JFRIAY
HEE 1 53 7 56 A2 7K B R 32 1 e A W g v i st 1]
B oA o AR 20 M RN A1 3R 1 i B 2
TEARRAE D5

BAH M7 2 AR AT DA B 4 R TR SRR e A
RN ER N S A R AR e, AR RR . R
P, BE28%E, LIE /R HBoRALHEIN. fr 8 H
AR A=y B ) R D A T 55 AR TR S T A= P BE 1)
YIPRAEAE S5 M 254, R I Oor 5
FRMBE, Rl Emieieft 7 HE S
X Al A W B B A A 1 5 R AR W 2R i
550 B RS bl R A A R . R Y
PNEE ZR A0n] AR B rh Bl S DA A A A T A
) SIS BIHLHI ST . Sl fd 7 2 o R b DL
AL A PN A P B R L, DT S BlOUL I B
RiAT T ai A B AR i, R E R
FORHLE PR HEEE . REC AR AZE
FhEEZR , (HIZOEL 0SS X &, A
Z T N B R FIEE 2R SCHAILH] 5 AR 785018
Ko LLS. aureus R, PLAT )RR HL 2 BF 5T
ETE S, aureus H5HABMRE 4325 E, X H ™A
PIARER . o YWILER . INREE RS A hr 2 05T
B, Sl n] URETX o= AR R
HRARIR TR, SR BE R M HERUE B X 7.

4 PEFWHHFR

PUAR R M 25 PR AR I A (A . 7 . 3L
PR S5) TOVE B A 3R N HABAUER G 25 WA 3R K
AR BE 1 o LRI RIZ Wb o R R A I 7 1247
A ARSI AN T B A J7 VR o H T A TR T 2
()l H g™ 0%, 38 R0 T B AT RSN L 24
WU 1 5 (antimicrobial susceptibility testing,

AST). fE5EHY AST I EARARR I ik . BhJE
PUHOEE | R R R R R R AR SR T B
(E-test %), X277 LT SEAT A A 4 5%, Ak
T B2 3 2 Y R DR 24 REORS IN T A 2 A R
Sy 0T ] L KU = 5~ O el 211 P
B - 2R Y (1) 245 SO I 32 SRS T 176 40 6]
IK(DLO) AR A, 38 2 A6 I 3% - I (C-D) I Y
548 JE B 8% S BT 1A 24 1) 5 (I 00 T2 € S (minimum
inhibitory concentration, MIC)J RGN .

C-D W T8 63 ) 2 040-2 300 em™ P
B, P BAEARIEAT DO BRI Y 4N P E T
GIR A1 EEE A= S = O SIS B S (5 W v
RGN 73 785 TR AR X 4% 28 24 ) ) o ARG A T vk S 2 /0
T2 16-18 h, ML & P 24 ol 50 7 AL
4-5 W, Yang ST T IE T IRIbRAR B
LRR I B PR AR EOETEROR , A8 C-D LU
(C-D ratio) ¥ FE fith I 38 178 15 ' 0 8%/t 245 46 1k fEL
(susceptible/resistant, S/R)UE1T 25 #54% A5, S
T AU PR bR A 320 255 SR 12 B0 R AGE I B (1] 4
FEZE 2.5 h HUEGE R ARCR . BEE R B E K
SHORAITE 2 h A HRGHTEU P8 T s D A P i 245
P X & IR R B R K R =
HOR, i3t MIC R TGS P A4 R I 1
W ¥ & (minimum inhibitory concentration based
on metabolic activity, MIC-MA) % & PEH T )l &
FRURT S P BR VA 4 A A AN I . i D0
TF& T — bR 2 4 B Hi A 3R 24 B0 (fast
Raman-assisted antibiotic  susceptibility  test,
FRAST), Jf¥ 30 H T 9 A RIS PEREAS AN
3 M IRBEAEAEAS A SEBRIG R T, (412 15 48 R
[ 50464 2 3 h A 21 he X 51858 255k )
BBCR W I (B AR LR R AR T & ipa), AR
0 35 5 5 2 o B O A AT I ) B 3% 8
A 2 RO 45 R — 2 TEIR K2 W T,
Zhao 5553l 1 45 & (O IE VE 5 FRAST, 7£ 3 h
W58 T R GRS 1Y 25 B0, 48R TR
I ¥F B . 2§ B BK B (Enterococcus faecalis)
S. aureus PRBAEAS I 2538, 458 5 Rz

http://journals.im.ac.cn/actamicrocn



5288

SONG Xiaohui et al. | Acta Microbiologica Sinica, 2025, 65(12)

FRIE—3. S MRL S H AR AL A PR v A
SR/ N % R DO 2 N N T 2t A D NG I oK /1 i s
fhad B EAT R AR . Dastgir ZEPUHF 58 IE ] SERS
AT T PR S 1) 235 A s BE A ) i~ T 24 4 A T
S0 BH P R AR S UBREAS . Ogunlade S50
P g R R ML a2 S S A, LB T X
25 000 FEXT 4 Fh =BG 2 CRARBE . R4
L BEPGYD RRIBK R ) 2 — T 2 S5 o R
W 2 A BER A 1 B AR (Bacillus Calmette-Guérin,
BCG)MPLE R M2y or2e, Hrp T A n i
B I8 B 98%, R IAEAS B9 HER 5 5] 79%.
B M P = R BEAS S A B BR b AR 2R U 1)
ik ZPirE A LA R . Yang SE50K K T
2 RIEA 25 TIRRGIT A 2N EA N E R R,
i AN 2 IR R R -2 o0 i S 2
FRBC B ik, SC T m oA Zhot it
I TR AR BRI ) PR A B B . RIS &
B, AW AE BT AR 2 AL BT 1 I A BRAE A 0E
WA, 1B R A7 M T R

B2 7 2 R R B8 0 S S A T 4 i % B A=
RN, FRMEEDC IR T A
e FIAE W HIL % B A 240 Y kA S kR =
KEZ, FPHfh 2B AT AST IEEMIGIK
HeALBY B, 0 HATAETEDUA RS 55 A PR A)
Mo MAMREZEPAESINHR . ZHEER B
ST R R, B-I B T IR =
FFE X T R A INUAE SRR RE AR, TR
AR R IR, AP IR GG M R+
PLrgIE oL, P T LLEE G SO 42 B[R] B R ik
A — DY . RO B b 2k R
A A Sk kR, 20 e R A D B[]
PE R RTIOR

5 AEEMETEN
A Y N A Y A YA e 1 5T

REVE PR A E A . PP A0 TG A PR e AE AR K
Hhk . BT IE A (colony forming unit, CFU),

P4 actamicro@im.ac.cn, 7 010-64807516

Y % JiF (optical density, OD) . 4 fifd B 58 & 1 L)
KA 254 o v LR 27 B 43k 4t AT BA Y — T3
5T R, B2 M 2 R BE 4 7 PH 2 1 AN
FH B8 - 2% 1 06 M50 X S, aureus BT EAE FH HL
i, 7E e pH A5 T R TS MR Be AT AU IR
S. aureus WIANMEIEEHEME:, SR N F 2R
(B2 . 26 (A0 (5 20) A s i T BAAA
WEHAZESAE N Z AR 13 38 AR AT H T2 AN [H]
S DRI AR B 1 35 200 R 178 A SR 3 R e 5] 7 %2
T R IR AS [+) A4 K B 300 240 iy e i 207
T 18 TSR B 2 o 3 25 B B/ 3 TR I
(partial least squares regression, PLSR) /7 & X} 52 f5
WA 2 PO R T U (R A A AT 50% O, Ui
A1) R B pH AELEEA T T0I , 127 1% RE 8 ME A
THIN I 5 O R ANES 21 A8 1) B 7% A AN 5L
FRTAEL, XRWHELiES5 G PLSR ALAYTE il
T s AN 285 R A P 8 Oy T B A R AR
J1o Liu SR 5 i ] DO Fric i SR 40 i 2
Heik g GHLas 2= T HAR, LT XS S, aureus X
TR PR B ARG N 0288 5 SCAE ] B AL B X9 1Y
FFEH S. aureus 17 ZEUERHRIK 99.82%, 1MLk
P A3 AR B A RS PR S. aureus
53 FEUER RN 99.92%, — T 58 XF 2 Fp 2 Al
()98 A0 LR T T AR Y B AR L A A, IR FEARE R
VAR 22 1Y) BT 2 20 M b AT T T 3 2 Y B 4
M8, B2 T 1571 em™ AbBYRLE 15N TR
YA G R I BRRAEC . 2R K, nI ks
G TR I M AH OC B 2 R AR, I RE AR X6 1
(149490 o i 26 AN () 35 P 4 B ) A, AT
EEAE T2 T YR EY)

B A 2 R RE A S 2 TR AR
Ak, AR A AR R AME R, RIEE
ZNZR TR I AR AL, R R A S
i P A 00 R A M PR TP T B T 14 1
Al . TERUZEY RO, P AR
B T W00 i A 4 O e ot R v A ) A Y A
FACHPIRA, PR M a6 e e v . TEPRE



R 55 | BUEY~#R, 2025, 65(12)

5289

AR PPN T AT, PR A & A SR S0 1
AR I PR AR AMEAL A0 Hr, TRAb T AR 5E
BRI PR PR BB 4% P RSP B A TR S L
By e 2 2O R AN L, A B bR T 4
AIARCT B AR bR G B0 2 e 57 <Ak
FARGC S, LA ) SRR L T
PREOGIE 22 57, W DR BCAE W 3t A% A M R R
TETE

6 RENRELLHY

P72 ST T S I — YRR A BB A4 L 7 A
PUAEARRRE, HrhZa & TN A2 | e
EARAFACRAENFEEHEE . BFRNA
SEFORTE SR AL 53 ML % [ Bh 2358 20 7 i Bl A
EEEIERIUR 127 N VA5 WA X (SR i e i BN | 2
PRICIIEAR, SZ2HFIERE 4b, FEE 420
K, $i2 23R F 5 (Ramanome technology
platform, RTP) Y #E-& 8k £ th , A 220 H T4t it
H BE 9 156 1 AR T &1, Kobayashi-Kirschvink
SEIORFE S T — Tl DTG 4 L 2 3 T 4
FEIRTE ) To kR 10 T AE S2 (Raman2RNA),  HE KT
EZNGE R N E SN N S E A= D R E L TS
ECREAK . Qin F MK & HAR HH LI 2E A
EHRAELS A, R T 328 sk R TR S5
TELEZ R Y B A M A A S . SERS 2 Ok K
THiepy e A 2= R 2T, SR
A2 A IR A W vh o AR ) AR B Y 41
TEWARTG R . A2, U E YD RERE ST
BT 5 T s AN SR, R ARG S
Bl fig e 2 Ll b TR R B, &
Ji WSk A A T i S AR N T e
FITF AR SRR AR 58 RSB L 1O,

7T RES5EE

ZE LR, LS O6E AT S B B A P Y
PR H R, RGBS, e
WSEE . BURTE . PUAR R 2 PR 58 5 05 A

SR, ARG T N LR B — R
(R D)o HAN NS CHEBORTE — A I Hh AE %
AR W SRR, PTARIR R 04 ) 07 B |
56 JEE R RN R ) 49 Jom ) P2 e R E A 45
OF TR, T4 7 A0 TR BT AR 2R BURORT 24 £
BB . AR PR SRR
e S 2 R A5 G Y 2 A I 27 5 WE 0T,
A BT 2 v b LA AR BT A T 24 1 R B0 P
Bl o

FAT, PaifpdosdoRmmEmes . ik
figp i AN SRR M R SE e pm AL, AR SEER =
bl (21 DSR2 ] R A 5 (A e A= 5 3 NN
TR T 1 AR AL IR AR B AN R AT ST, AT
FE 2 b o A Bl 2 R S 1L B A L v A ]
PR RCE B, AT 2 A 5 AU A A7F 52 A0
K o R 2 BT 22 MR R A W)
(DR AL EOE TR ,  fe 20 H] T H LR o
(SE G R/ a3l A | [ 1 i E SR Al K =D
TR RS s R R A LA S N T
RERY I, B4 7 2 F R 2O LE I AR 2 W
Tl A= 0y~ B 8 R A5 e ) 25 1l 5 AL 5 s 11
Ji&, AR R AR,

B

JE TP B B AR R ST I A RIS 57
T E BB B AR YIRS i R AT I AR A A
FEO L A DR T $ ] PO A DR T 4 o
JIIEI AT I GO £ 2RI S 9R T

B2 Uik = WA

REEH: ORI RMESE . MR 1630
RS
1B A 45 o RATE WA

VR 75 WIANAFAEAT ] AT E 23 52 R AR SCHT iR
o TARRME AT 1 s AR

http://journals.im.ac.cn/actamicrocn



5290

SONG Xiaohui et al. | Acta Microbiologica Sinica, 2025, 65(12)

=1

BIRRR SRR SER AL

Table 1 Comparison of single-cell Raman technology with traditional methods
Research Traditional methods Single-cell Raman spectroscopy technology
content
Classification 1. Cultivation to the logarithmic growth phase requires 1. No culture required
and several days or weeks 2. Capable of distinguishing down to the strain
identification 2. Complex technical procedures such as biochemical level
reactions and sequencing increase costs 3. Direct spectral acquisition following water
3. Differentiation down to genus or species level washing, with straightforward operation
4. Dependence on the technical proficiency of personnel
Pathogenicity 1. Require large quantities of pure cultures 1. Direct detection of virulence factors within less
research 2. Molecular biology methods take 2-3 hours and yield than one hour
inconsistent results 2. High sensitivity with detection limits at the
3. Animal models are costly and time-consuming nanogram level, enhanced to the picogram level
via SERS
3. Low cost
Antimicrobial 1. Cultures must be maintained until the logarithmic growth 1. Directly assesses phenotypic expression
resistance phase and further observation is required 2. Provide insights into drug resistance
research 2. Blurred zones in the paper disc diffusion method may lead mechanisms
to misinterpretation
3. The broth dilution method is unsuitable for detecting low
concentrations of bacteria
4. Only qualitative determination is possible
Activity 1. The plate count method relies on cultivation, is 1. Capable of distinguishing VBNC bacteria
evaluation operationally complex, allows for quantification, but 2. Enable dynamic monitoring of bacterial activity

Multi-omics
research

requires several days

2. The fluorescent dye method is susceptible to interference,
has poor specificity, but is rapid

3. It cannot detect viable but non-culturable bacteria (VBNC
bacteria)

1. The procedure is complex and destructive, failing to
preserve the original morphology of bacteria

2. The experimental cycle is lengthy, requiring several days
or weeks

3. Unknown metabolites can be identified

3. Heavy water incubation requires 2—4 hours

1. No need to lyse bacteria, preserving their
original morphology

2. Enable linking of metabolic phenotypes to
genotypes

3. Cannot directly identify metabolite structures;
requires combination with other methods

SR

(1]

(3]

GBD 2021 Antimicrobial Resistance Collaborators.
Global burden of bacterial antimicrobial resistance
1990-2021: a systematic analysis with forecasts to
2050[J]. The Lancet, 2024, 404(10459): 1199-1226.
RO, B AR, 2N . AR DRI b B 20 T 50 TR ().
FfE 5.2 7475, 2009, 43(3): 50-52.

DU XB, ZHAO Y, LI WIJ. Methods of bacterial
identification in the program of culture collection[J].
Chinese Journal of Veterinary Drug, 2009, 43(3): 50-52
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