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10'~10" 7 Be 2 a] DL SZ B PR 4y T4 . SERS
kR H KPR S T 48 8O6IE R RETY ) O B A
B R 2 R e R A R A AR AR AR s A
A A BR 2R A R B T AR B R BT N
AFEHRGE AEAEN . EMMHTeEd
W, Hop SERS BR 78 6 7 K I b 2 B A
ARG T 52 AT BB W8 ST B X AR B R O B YRR T L UE A
1L RN O i A 1 = PN B e = N S s 2
BY AT REEMNBAE2RETH . SERS £ K

% B

§

o SARS-CoV-2
2

3]
5
é >
< b S
Z
a .
2 Influenza virus
P

=\

i

18 Ao KT T B O 3 4 AR R AT 20 BT, R B R
ST, BB S X 23 A [ 2 0 B9 25, B 5 0 2 7 28 AR
Stk o X R B R S A G A O T 9 R L 20 2 AL
17903 2 W98 rh H A JRp i AR 3 AR SR RS
B3R SE B  SERS 94K B BHT %2 | 5 2 SERS R4 i
I K F & R4 BL K SERS $oR 5 HAt 43 B U5 i
RS, XSS R HES) T SERS £ R 78 2

N v ) A AT T, LA S i R i A L S B A A
UK

FEAR LRI AT ESS T3 —4F SERS AR 7
o B A 000 50 S8R O A R A B ST R g o DO R Y et
T Wy 5T i 15 T 28 R WA B BE 2 22 A BE 6 L 3
(9 SERS A A6 5 4 FIHK & Al T A9 Al B2 R 2E 17
TERALE S, TR

Pl SERS A B 2545 I 75 2 18
Fig.1 Schematic diagram of virus detection based on SERS technology

2 SERS £ AR VL N H: 3855 AL

1928 4%, E[1 £ ) #% 5% Raman'™ & B 16 iy 4 580
(SR EE Ve SR A=y QA E I A LI o561 %
2 R3O IR P M RE AR AT K AR AR AL X
o P BCARS R h Bie M BICS /NER 23  1 AE AR EE
AU, BV S BUN o 0 TR 32 51 59 T B0R 1 fi
B, R B A B IO T oy TR AL 2R as R L
2 6 I O O ok 3R BOE T 03 1 4k 2 A5 EL X AT
ISR 56 oy FROL R o B E R, m T AR
2 OCTEAR TR, PO R R A R IR oF TR R R Y
B B PR S A U A T B AT — E RO BRI . SERS

W4 5% B i Fleischmann 25 ¥F 1974 4E &K 9, 1977 4E ,
Jeanmaire %53 2 7 G5 By 5290 AN TS K B B A R
B AR 2 1T A AN T RE 4 F I h = U T SR
AH FFE I BE 4 L O A L BE SR 24 104, X 2
— 55 RE RS 2 T A DG Y 3R T 98 RN, 9 PR SERS
BN o

SERS @y ¥4 am ALl an K . 1) B 14 3% (EM) 3 58
SERS Jj& — M 45 & 6 -4 8 A B AR DL -4 7 4 B AE
ARG A OG5 4 8 A v A i, R
W AT LSR8l 4 J 40 oK 25 04 1 8 3 A% 5 i 7 iR AT AR AR
Vio MR 4 8 T A R TR A R
SRARVC FL A, 5 25 &k A 3 A B R LR (SPR) . &
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PR AT BLHE TR0 F 1 KN AR A PR B R
AR TFRES. S EAREHT, SPRAT L
o B A B R A A X B A e R R T AR R AL R
(LSPR). fig# = wh LSPR LN (19 99 K b T 7k oy 25
BT RGO RL T (PNP) L 38 3 & Ag Aufil Cu, BEAIE
Al LS B 3T 21 40 IX R s AR 5 ) SPR. LSPR fif
PG & A SR W el O R, A SR RE
DLAT 5% RS A B 4 w98 KOk T, 0 40 Kok 26 1
%) J 08 L A7 ik FEE G i 2 A B 9, X SERS R 5
Bt G R ) TE — B SR R AR A 0 B A )
Bt b, BT G S A A R 7 A B N A R S A b i B
I RN 2) A2 (CM) B a8, Bt T
[ el ol e T 9 i R o = el =1 - S 215
BolEn ., XAy, e e e s £ 5
bR VA

S R e A ARy I S o N L W o
SERS 7¢ £ i 5 F W 5% b2 5 YL a8y A
SR IN R BT L H AR 2 Y 5 A A B R A6 A s A
Tz BN

3 SERS i KK RNA % 5

5 B B 18 AL Wy B AT LA DNA B8 RNA 485, 9
B 5 M S AR 4l L 38t A% 4 o () A TR 28 O E AT 43 251
2 A% 2 975 B PR 0 RNAR 85, Hst 4 4 i RNA
A F DNASE 8 , RNA SR 8 H A K A S8, 2
M 4t BN S AR e A B RR B M BT AR
etk pans 2 51 %, h RNA G B B YL 1 1Y & 44
NP AL 35 3L (AIDS) ™ T 2 M I I T i e 1o
(SARS) 2019 B 5 R 95 5 (COVID-19) i 47 14 &
B AU % P JE B A CE K T RS

SRR 3 SARS-CoV-2 3 JLAE 1Y K FIL AR iR
TR AL | 1 B A ™ il A s 491, () B R [ B o e g
kit LA B ) 8 S o R e R L R AR I
W 3 A% Y 25 05 A 9 75 G I 40 3 v 1 T L A ()
B ARG R F B IR PR . R R R LA
ANTFE S R SERS H7 AR 7 A 5% 26 5 5 J A
1) 7 FH 2F o
3.1 SERS#HARE A FHE B RFSHEN

JUE 2R R LR A A e R B 2 (SARS-
CoV-2)J& O Ay 5 L AP g A\ e R 75, IF 51 &
T4 R COVID-19 ML G , H AL Jl w1 2 4 fi &5
SARS-CoV-2¥5 # i) RIK S5 Yoo . L | B A
il B 2 N L N o 1 0 A R Y AR T R TR
FeH, 530 A S i R Tl B SR R IR G R T S 0
A% 3 104 75 K B ] Ak B AL N TR R
LA EE , SERS £ A LA PR i 17 | 72 S50 5 45 AR AT 4 4
P #nT F T SARS-Co V-2 78 K U & e w101 425 il L o
W2 W S 300 175 R0 5 A Ti) s B b s ity 8 2

SERS 7€ %5 2 & U 57 v 32 2208 I bric AR A il

W Rh RS I S s . SARS-CoV-2 B 45+ ] 20, H 4 5
29T AE A G SE MY B 11 - AR (N) L 58
(S) AR (E) MR & 11 (M)W BT X 48—~ B bR 5L,
X P IR A 45 ER P BN 5

Ak bR 10 H AR 1 J5 B RO B FE AR B B S SERS
HARECIR A L IRBUR AR A B SERSF %, T
WA E R B . h THEATHRRA S FHRTE
55, AR bR B AR KR I LR 15 5 Rk e O
SR . Yang ZEVV R T — M LA AE Bk X6
fitf 2(ACE2) Ty i 1k 19 4 “ 95 5 A B 7 9 oK 45 # 1E hy
SERS FEJE A J7 %%, M 77 2207 LA 3k 351 b 47l 308 b o
WS 1A 238 10 e IR 75 , S 80 B0 B KA I . 4
& 2(a) i, SARS-CoV-2 1] Ak 1 &4 4 49 K 41 14 471
(GNASs)ZH A5 75 B BIE ™ 90 K 27 b 07, I Bl 4l
FE 799 B R VP BE BB 1 1 GNAs 11 ACE2 il 3k,
Bl R A2 2% B 22 B 1A J5R A B A B B o AL 7R o 2T AR
LA E ST B AR 5 (R B RS, AU I 5 min o] 52 8
BEALL B 15 B /K AR A ARSI, A5 0 BR 24 80 copies/mlL.
WEBR AT EE B M RN 58 4 AT A6 B8R 9 4 MO 5 1 T
S Xk DB 97 12 W B 2 05 O A A 2 A AT B G Y
FE HEAT RE TR 45 0 O Ak LA TG D SRR Y T AR
H1, Sarychev 25 ) SARS-CoV-2 #ill 58 # % 11 (S &
F1) Y 32 A 25 45 3 (RBD) AR 26 1w 1 it — A4~ i
Bk 42 8 A HL G K TR BN T 1 pg B9 R R RE
i, AR ICHE B0 B 13815 SARS-CoV-2 % 7 S f Bt
Ji S B 1 RBD By 7 2 il SERS #FfE ik . Wu
EVBETE IF M T — FhoBr B ) i & SERS (LR-
SERS) #JJE , %A R F T Au 4k A i/ MgF .,/ Au
Br/pi e b, LR S B T3P RS 19 LR-SERS &%
S, Forh ) A B X BR A IR 4R A T B9 S T Au
g4 KA (Au NPLs) [H 20 2% i 5%, e A5 A I R A 9.8 <
10 " g/mL. 54 F B4 43 Bt (PCA) il i fe /s — 3fe
I 43 B (PLS-DA) , vl ¥ S 85 1 JR e i e % 5 {akt B
N R AT X A, RO R 98 %6, R 5 M 100% .
Leonardi %" 3@ 37 SERS % A JE # T SARS-CoV-2
Omicron A5 4 5 (R 41 1 4% 25 48 20, BT A Mo 48 7 1 Hop
% 1 Bl L 48 80 f5 B .

e VEREORL ) {8 FH A 45 SERS H R 7T DL 7E & 2= i RE
sl % T FE AT = R BBCRE %) 63 A I, 3 A= 0 R i 3
JEE Y 322 fik 1 B . Paria 28 F & T — Bl B 9 KR ALY
T 3 40K R ED B R (NTL) 25 4 5% B8 4T B Rk A 2 ok
SERS & i ok 52 B 5 JoAnic kil , an &l 2(b) i 7, 14
SRS 1 42 R 4 G T KRR (FEMIA) &5 40 th 2 4~ &2 8
YE B R A — A AR REAL B . 7E 25 min PN AT DA 4 JE -4
GAR -4 R 9IOK S5 4 10 9 B RE AR R AT R B Y
SERS St i , i3 B 4l ik 2 SARS-CoV-2 5 HIN1
I3 BF Fl A 2R SR A 5, SC 50K DU R S 500 nmol.
Ab R PCA FBE AL AR AR 3 28 55325 1T DL 4 B AS (]
R A0 B RNA K 2, ERG R T 83% . nl 45 il 1
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K2 SERS & a8 KoV 6 i Z ek Bt B T SARS-CoV-2 JEFRIC AN . (a) COVID-19 SERS & R % B i B4 AF iR /R B 1R 5
(b)SERS 42 J& -4 £ {4 - 45 Jo 40 K 45 Hy 32 Pk B I 25 5 HLAR 2 20 0 AR A I F- 515 (o) SnS, R BEAR BT /R B B 5 (d) BoAy

I RS R T 1 Cu, O 9K B B 1 2 1 i LB
Fig. 2 SERS sensors and platforms are designed in a variety of diverse ways for label-free detection of SARS-CoV-2. (a) Schematic
diagram of the design and operation process of the COVID-19 SERS sensor™”; (b) flexible substrate combined with SERS
metal-insulator-metal nanostructures and machine learning-based label-free detection platform™”; (¢) schematic diagram of SnS,

microsphere substrates design"; (d) Raman enhancement mechanism of Cu,O nanoarray with significant enhancement factor'”
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FEMIA HEtR S 17 AT 2B W) A% I8 4 722 2 78 25 ity Fn m]
NIRRT S S-S WY - SE B2
e iR 5 9% B . Ramachandran 2577 & T — il 4t
R AL SERS - 65 , B 7K 4% JE A 1T i 4R 44 Kk 1
AT A A, MR R B . R A
GAgNPs [ 2 P 40 A% I8 X il 28 | (b AT/, %A%
JECES A R N 2.4 pg/pl. WA ME R R 28
PEATSZIE 3T, AT AE 2 min P9 A5 ARG 0 45

2 G ARAE N 3 T AL S ML B ) SERS % i, 7E 5 25
K I 5 B2 24 vb Ao SERS AR (4 8 9 [ 4 e
Peng 28" IF & T — R Ok K/NGERTE SnS, 4544, W
L 2(c) BT 7R, LA gh oK e 23 6 50 109 o0 0 4 oK 25 W A Sy 2F
TR FE SERS HLI , Al 4 AR b FIBL 25 07 A1 2 11 R A 5%
B Ak 27 1 5k LA K B 404 R0O8 51 A 4 T & 4R 0 B[R] 3
SR, B B A M 19 SERS R . A Wik
SERS 2 Wi #r % 4% , i iF SARS-CoV-2 S % 1 F1 RNA
1) SERS 15 511 5], 12 W SARS-CoV-2 My 1& Y vk , R i
YA B0 Fif7 41 S0 B 2R BT b AR R e 1 2 1) SARS-CoV-2
6 B BL T, 1 H AT PCR 5 ¥ #1 G 5E B, Feng %51
HAET RS RERMHEEN A HRRETFHEEN
1.78 X 10" em * By 38 B Cu,O 94 K M%), fn 18] 2(d) fir
TNo RAPUE R T SR h TR SR A
P8 (PIHET) o 99K [ 51 68 % 52 30 3E il A 6 9
1) SARS-CoV-2 RNA [ 5 & & I , il & B 8] /¢
% 5 min, KM A% PR R 60 copies/ml..

FEAE AR 12 SERS & I T AE 24 rfr | & 5 I FH BL A% 2%
AR BEATEE AR T SERS #AR = A R =0k
TEBOIE B AR B, LA 2 o AR R RE 98 AT Ak B s
YR AR Bl B T DR IORD 4 B o
FRAE RSN AR ED S0 FEE. 52T
AR 3 ST R TR B 2 2T B e AU R o AT 55 1R
P €, B T X 52 2 RN AR AR A RE AR BT BB A Hh T
B A T Sy 2 P 2SS 0 0 7 28 78 R 1) s ) A
TARMBB ., L [ %e T —Fl By 48
o 3 BT YO A S S o oo S
{7 B A A R e (115 5 i 2 1Y 9 19 SERS“ A7, fig
25 M 4G ) 3] IV TP A SARS-CoV-2., R FHEE T S04
ORI T s N OB o L X L (| K= | I R SO
SARS-CoV-2%i 7 .SARS-CoV-1 %57 . 4 Jifd ¥} s 44 A
FKIWORL BRI AE J7 o X COVID-19 B 3 Fl{dt JE X 1R 1)
I R AR A A7 B I, SRR Sl 100 %6, 4 5 8 ol 80 % ¢
BN FEA b BRI 4 3 B, 0T DAAE 5 h Z N 58 o

P T 768 IR s B o e A (7Y o DR R S BT AR
5, SARS-CoV-2 1Yy 2 18 H 22 (S) & H 1Y & LR 7 1)
RARD  HEZm I EY =6, B BE RN, 5
R TERE R BN o R, B B B 53 B 5% AR o) ) E A
BT X PR B3R 7 7 58 0 S it R o B S B i 2 OC HE
Qin Z"HF K T — R 3 T AL ER 2% 2 Logistic [l B 1k
B o bR 25 SERS 6 0 5 &, DA E 6 I 3] Beta(B.1.351/

501Y.V2) | Delta(B.1.617) . COVID-19 I Omicron
(BA. D) Bk, W&l 3(a) B 7R, B 7 35 78 PH A% R BH A
B FH W g ¥ 8 100% /B R . Yeh 5 fE
SERS E £ I E g A TR ER I T =42 fL4R
TS B TR TR A (AgMEN) 78 45 4 4K 1t
TR K , SR 4R 1 3 1 SERS 155, W 8] 3(b) ff i, 48
TR I AL 2 5 F T 9 SARS-CoV-2 S4B 14
(fu 4% BF 4= %1 | Alpha. Delta 1 Omicron) , i i £ il
SARS-CoV-2 SHINZE [, SERS A ¥ 1% Jak 2% 76 46 ) BR
43594 1 fg/mL F10.1 pg/mL. Mo %" Sz T —Fh %
TR B 2 2 0 et bR B R 28 B P2 R Rk,
Ay 5 A IR 2 (MERS-CoV . SARS-CoV . SARS-
CoV-2 ,HCoVHKU1 Fil HCoV-OC43) ] %€ & 1 iy $ii
SO TEEE A, I I b 2 ) 45 AR HE AT A 2

Ty —Fh e F SERS $7 A B A I 5 w2 AR 0 kI .
ISR W 1) S T 1 B BN B A SR PR 2 A5 S AR T
Gy FAE 1 B 4 JE AN KR Y FR T 8 A B R R G
A A5 ) I A M A 1R AR AR AR A, P O e T R
G3 T B B2 AF S AR Ak Sk 8] 22 S BT T H AR 10 5 S 1
FESEARTI . FRic SERS $2 R O 38 AE T 1T 52 8005 75 1 F
SN S BRI ARSI R T — R TR
T 184 i 2 O 1 04 B [ 3 B e e Mk (LFA) R A
MR T Y TS A8 K BURL , N i P2 IR A o TR N R
N R Ok BE Y38 bR, 45 A SERS # R X SARS-
CoV-2 NZE {47 T R Pl R o & R,
15 min Y & 0 BR & 0.03 ng/mL, £ M 3& Fl A 10~
1000 ng/mL, 5 & 50 /) 36 T I SE A0 A9 LFA A L, 1
Dk B EE A R EUE . Guan %L SARS-CoV-2
A 5 B Ry S A Ao A B G A ARG R A R 3 A
Rl S P R S O R S G N SARS-CoV-2 BT J5 , #y # T
— BRI B SERS & W - 15, 4n 14 4 (2) Fr 7w |, 18 FH P4 9
B, LA A LT, TR h 256 35U AE 5 min 4
K 2] SARS-CoV-2 5 8 K H AR S0k o Phe 35 19 6
W PR 124 TU pl ' (18 fmol ST M) , LT HE N
250~10000 TU pL 'o BEAh, %05 325 0l DL S5 130 51
SARS-CoV-2 4t J5t , 1Ml A 23 5 Ho Al 768 1R s 75 50 H 80 3
TR 4 S M B R R AR 28 U Y . Antoine %83 i X6
NI B EEHUAR (ScFV) SCE T AW, & 845
SARS-CoV-2 i & & (1 () B 55 A P4k 7 Br . 4%
ScFvs 5 1t 44 K Ok Il SERS 44 K bR ic 45 &, 8 il
s AW IR SARS-CoV-2 M 5 %5 11, 7E 9% % 1%
By A 5 30 min B9 R DU B R 257 fg/mL, SEEE T RIS
SERS . $% 43 #r , W] B A% 0 ) B. 1.1.7, B. 1.351 #0
B.1.617.2 W2 & (1,0 5% Wi A0 R 5 HKU1
i 58 7 1638 R . K 3% B SARS-CoV-2 4 ¥k ik
T 0 R I e B Sk 4.1 10" genomes/mL, bt L R f% e
PEA R B 96 B 2 (R AR 2 . Zhang %57 5% FH B 29 3k /
K/ (O/W/O) = F W - 5t 10 A 4 %€ J7 ¥ 6l &
SERS % iKW , & B )2 0% 38 51 19 4 9 oK ks
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— _— -
y BSA/PBS )
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3 LA ST H AR T SARS-CoV-2 AR e il . (a) 5K FH PCA X4l S 2 FARR & 9 SERS SE #1728 51775 (b)) =4 £ 4L Ag 4
KR (AGMEN)TUBUELF 4 R 4K |- (F2) , HAE R B i PTiA (AgMEN@AD) (H) 3 i3 SERS {55 43 H1 %t Rz A4 Bt (£7)
Fig. 3 Machine learning techniques are applied to SARS-CoV-2 label-free detection. (a) Identification of pure S protein standard

samples by SERS spectroscopy using PCA"; (b) SERS biosensors are engineered with 3D porous Ag nanoparticle-based

microplasma-engineered nanoassemblies (denoted as AgMEN) deposited on cellulose paper (left) and functionalized with

antibodies (AgMEN@ADb)(center part) to detect the corresponding antigens by analyzing the SERS response (right)

JiE5, 38 2 SARS-CoV-2 Jill 28 it A& A& 11 1) SERS % 32 ik
Yy I ZEBTJEEE FRPL 2 A AR 10 A S e Ag HOK Uk
2 BB S S B FEAT AN . 6T SERS 1 4= W 1% B4
T W R £ 2% vh ik 414 T X SARS-CoV-2 H % 2 1 1Y)
K I BR 4 0.77 fg/ml, 7 &b B e g 55 144 & I FR
6.07 fg/mL, %} SARS-CoV-2 5 5 7¢ B i KL 1 il 45 2
P AU

FRic it m] RUR AN R 59 SERS AR ic A A 79
TR, 38 3k A [R] RFAF 0 ok SE 505 8 . Vedelago %5
P T — B A2 U AR BN T 2 (ac-EHD) & 1
FT Au - Ag 98K & SERS T8 15 F1 94 K TR A5 19 S
SARS-CoV-2 ft & 4 W J5 i , AA& Il SARS-CoV-2 (1)
HIZ€ (S) AR A 58 (N) Z5 48 8 11, $2 Th J0AG T 4Rk 5 42
AR5 T Omicron F Delta #1254 59 38 51 F1 X 45, 40
E 4(b) fF 7% o e J7 ¥ A LUK I 2% 2= 20 virus/pl Al
50 pg/mL i RBD & [, Jf 76 2% 4L Finfgt B & i 4 7 o
T8 48 MR B

Xof # Y Il PR AE 7R th SARS-CoV-2 RNA i 47 %
S, 46 12 W g T S2 B0 HE R ) R R B O
B, Zhang 5 T — Fp 3L T SERS 1 P AR 40 K B

48]

(AgNRs) & BGE 7 AR Bk i M se i gl v = B
b 18] W {5 5 il K SR, A 5 (a) BT s, 6 B R 45 AT
(LPs) . %3 DNA fil SERS #5ic 5 SARS-CoV-2 RNA
FEARE — A B 51 1) SERS 1£ 1800 B Lk f7 2458, SE 8
XF SARS-CoV-2 RNA iy IR5I , $04T To A% R i fige 85
S0 H bR AE S8, JF 45 & SERS FR g 4 &
SERS {5 %5 . SARS-CoV-2 RNA (1) SERS 1% & %3 af
fE 50 min P9 A R I A5 R, OB & R R VT Gk
51.38 copies/mL. Lin %" JF % T — Ff F§ F SARS-
CoV-2 RNA & & & il i b % SERS & 808 F,
E 5(b) Fr 7 % 07 A8 T L RN EC X AL, SERS
8 A R 23 7 (4-MBN) B 5 & 0 #r i 52 15
KW E 47 F P2 {5 45, i 3R18 107 °~10 ¥ mol 1
o) AR I Y B R I PR AIE 2 7.61X10 " mol, Chen
UL 22 A DNAGE Bl R 1E 204, LA B A KW
4 4 K RL 2 1A S SERS A E 4, 5F SARS-CoV-2
PEAT RO, [ 5 (o) 7R, a2k W I Avu 44 oK kL 3R
T B A 38 BE AR DNA 5 SARS-CoV-2 96 2 K 1 iy
I 28 B 22 [EBT B 25 4 51 19 SERS W58 J8 A8 b, X)
SARS-CoV-2 2 47 T € 1 3 1, Al £ 15 min 5%
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Fig.4 Application of SERS nanoprobes in label detection and differentiation of SARS-CoV-2. (a) Schematic of the SERS assay based

51

on one-step aptamer recognition for rapid point-of-care detection of SARS-CoV-2 virus within 5 min""; (b) stepwise reactions of

RBD probe for SARS-CoV-2 capture and detection with SERS nanotags, for virus and variant identification based on the

average Raman spectrum results"™”

JEKS T, A B /N T 10 PEU/mL. Yin 285942 17—
Fofr Hly S5 498 DK 45 A4 20 ol 149 A Vi) 1 JEC 40, 2 OIS 0 A R
HE B, X SARS-CoV-2 ) N 3[R JE 178 5 8 = 0k £
PERG I o 3% 5 fE 9% 1T 00 b 46 Je AF 1 B ) 386 G
SERS &5, )L 1 fmol 3] 100 amol % M B2 1t A< fif H
eI S A5 S e m 1 1045

SERS $ A B H F 55 B 4 0 (149 T8 X0 A 31— i
Z TAE R W] SERS $ AR 45 G HAh A I £ A, I BB
DAL A FREE YR 24 0E S
R 254 A B T A B A HE IS IE 3R & T b7
B e PE A AT SEME . Gao BRI T — AT AuNPs
B b8 /SERS /98 0 = B 2E Wy A 1&g, an &1 6 (a) Fr o,
AL AR AT AE 40 min PN PR T BE PE R RS DU B RNA,
FERT A = R SR A0S0 B TR TR IR HL ST B A B A
W, W BEAL TR A 160 fmol, 2 YRR 2 259 fmol,
SERS 83~ K 395 fmol. %A% & 4% 1Y & — Fp T /E
AR 1 6% P51 0 AL DR vl iy P R A T L AT A K PR B
Hi s A BB R/ B, Wu SRR T — Rk
SERS-PCR £ W J7 % , % J7 B4 Au NPs N 7E 1L (1)
Au 4K 55 Y (Au NDS) L3 i3 i /> 37 38 DNA
W (8 G P28 B Ok 45 S 12 Wi i [B) L G 1] 6 (b) ir o |, 3k

F Au NDS ) SERS-PCR & Z 1 LL7E A 2] 10 4~ 4 4E
A R A 1% 50 R K %) bridge DNAs, It SERS-PCR
RGE T — A RFERIH e 0% 30 o #5 X Fr 2 ik
UK BEAS FT AuNPs H 351 A %] Au NDS #f, DT 52 81
S A B 12
3.2 SERSHEARKAFRBEFBSKEN

TR, SRR Ry 2B MR, S R TR B R R A —
Tl 2P IF 1 3 15 Y9 B R A N RL(TAV) L &
RL(IBV ) A0 P &, i HY RS R 2 70 3 J s 1 38 o S 5 1R
NRREW FERE, B R R & ER S, U
B AR B, R MM R EE AT —
& 2= (HA) I pl 28 22 1% ok 2 25 18 Tk 7% % il (NA) (19 A
WA S (A g 2R GE e LKL .

SERS 4 A P i mi 7 45 P Al 5 68 98 52 B S0 i
WU, A7 Bl F XoF i s 75 4% 1 A 7 S B 38 R R4 ], AT LA
T 3 22 A RS I B A R A O BT, 7E A SR Y
S0 IR RIS 1 A A 5 3o, 5 FH T I R A A e 1 R R
PEREN .

e E A e SERS A I 3 8 B T £ M4 b,
Tabarov %48 H i1 T i /80 7% 19 SERS i A H A7 45
JE W, DR OGS BB TR AT A 2SRRI o AE 2% vh R R
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K5 SERS #Ric A6 I i R H%HDSARSLovzfpﬁif”%@FRNA*n%E K o () SERS #1285 19 il 45 DL e A5 5 il K 5 w6 5k T

SERSH A 1y SARS-CoV-2 RNA I i) i JH 7 25 &/
J1 T SARS-CoV-2 RNA ¥ 14 7 2 K]

5 (b) Au@ AMBN@Ag NPs (il £ DL & 4 SERS 1% B0 i 191l &
U5 (o)l I3 T SERS 1 aptasensor i& &

P4l SARS-CoV-2 [l 7R 2 1|

Fig. 5 Application of SERS label detection method for the detection of RNA and proteins from SARS-CoV-2 virus lysates.
(a) Schematic illustrations of the preparation of SERS tags and the signal amplification strategy for SERS detection of SARS-

CoV-2 RNAY

RNA detection™; (¢) schematic illustration of the quantitative evaluation of SARS-CoV-2 using the SERS-based aptasensor

Hnl B SERS 5 #8221 $ A Sk A I 1 X 43 B R R
O RE B HLER A 2T H AR (R B2 SR = AL
) 1 S A H R SRR 2 TR TR T 1 RE AR TE TR A
200 pg/mL B 1) SERS %5 5| #E 1 R 35 5] 93% . AR 5
Lowry & 10 72 25, B 5 s 25 88 10T 1 o AR RS T ik
BE R ~0.05 pg/ml, 1% He B B T AR i 1 e T o ff
Ji 4 84% . Gribanyov %5 4 H — F iz (A 4R 409 K oA
(Ag NPs) 88 [ & 3 it (1) SERS F & , ¥ 1K 7k Ag
NPs [ 1) SERS $£ A 5 4% % i B 44 %505 75 19 4 5 411
B A, 76 15 min PN 0] 52 80 T AU 8 S8 5 A9 K .
Kim 258 T — FlOBr B 1) 6E3 PR ST B PR, BE 1510
NS5 A H275Y P 48 2 R 1 58 A8 | 4 L [ 2 7F & 40 oK
R4k Wok: |, GE 6% 5T SERS Kl H275Y %8 7% 14
pHINT, F| ] 6E3 Hit #4719 SERS e 9 43 #7 , W] 7E
107 plaque forming units/mI {5 v B2 T A5 I 21 i 24 3
IR T o

Frid SERS J7 % 1 H
B A o 1 1 e

T I IR T AR DAY A A By
, Zhdanov %54t — Fb 7 AU

; (b) preparation of Au@4MBN@Ag NPs and fabrication of two-dimensional SERS sensing chip for SARS-CoV-2

[57]

B 4 K R ) & 19 SERS 3 1R 1% IR A% FL R I B R
2 FF 1074~ B RY 338 8o 1 AORE , WA 7 Ca) TR L i fR
S b 1Y SERS AR 5 42t — oy 5 09 = 0 Pk g Rk
P AR Y, X Rh gL oRE 5 e 1 TE A 45 S B A AR 09 O A
A0 bo f T R G B T A B TR A
T, 1l A TR L N LS A AR Ay A
%3 e SR 28 A8 K DU 2 A 2 T 10°~5X 10" 4 9k 5
Wi . Wang % H ST T — Fb Al DL P 2 B HENT 7
T B B Y e 0 i Bk SERS ik, an il 7 (b) B
7, HENT 3t J8O B Bt IE B 5 w2k b 0 2 4 Ak — it
i VRE S YA R R — R e E A
Y (IMBSIs) , £ 3 B £k 31 2 5.0 10 ° TCID;,/mL.
O S, 5 HIND L HSN6 ,HIN2 648 X
N o Kukushkin 2 48 H T — Fh g B o € i SERS
T PR 3 T A R T B8 L A Ak M KR B IR R
W 5 28] 25 55 A A A R N OK UKL b A B 2 T A
0 Y BRI R 7 I O A B AR O 7 00 R S 1R
fig Ty 3o o FUE LA Bk mT LA A A R B 2 (]

0907006-8



E 514 F9HI/2024 £ 5 B/ E#N

6\ » 8%
a) W 2 »o.
( "ob\é@‘ QQQ Qae o ‘\’
& 0\\(‘7 Q ) 0 0 0 .\/,_6 7 «\é
J ¥ | &
2 VAVA™ / \/\
target
HAUC|4 AuNPs RNA
o ‘
%]
»n
A i
with target \ N\./\,::", without target
AP g Qt with target
Without talrget separation of %Al wemp
Fluorescence liquid and .
\ solid phase
A = '
without target /. / Absorbance
G
with target
Raman
(b) SERS
Target gene — nanotag ‘ \ \-
— = (;D-‘
. S - - Strong SERS sngnal
- Forward PrMET  — _— 8 Remaining
Revise primer 3
- p — =] . \ > 4
=" dNTP <g ‘Q \ t \
v
== Bridge DNA ——— SN o ¥x t {
=
Thermocycle —- o 3 Decompose ’ l L UJ Weak SERS signal
dNTP Au nanodimple
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A Tt =X B 4 1A o B DA K Bridge DNAs 19 SERS Al i
Fig. 6 Multi-mode virus detection scheme incorporating SERS technology. (a) Schematic of the triple—mode biosensors for COVID-19

virus RNA detection”

W AH VR R, A I B AT ARG = A 22 T 10 A RO B
Wk o

Ti] g 1 7% 3 B b HL 25 4 2 75 Ol JER Y 06 KA T
Jolp %) - W% 3 95 5 oﬁmﬁaﬁ%ﬁ 5o s BE P 8 B A%
Yt DL K A0 3 AR AL 1 SRR G e R A4S K A ek =
B NATTHE X 1 3 9 o 75 A ol R rh R BE S AP TETRVA

TE IR 2 RN B e R A R AT 0 18] T N &2 4R A
T, WEHITX W, WL, 752 TAES, X i

rh iy B R RO B BT R IR A u&ﬁmn{w&xr
3 T A VA T ) R [ s ARG Y B G EE B . Lu SR

Tk T —Fh 3T WU SERS 19 LFA 454, a] DL v ks B
ZWr SARS-CoV-2 F1 H B e 88 o 1 SARS-CoV-2
1 FR 2R R 1 n B I PR B AR R R 1R 2
PO R TR Y BB E W Tl (U B 7
SARS-CoV -2 F1 B 1 35t J8 g 53 [ B A 00 Bsf, JHEAH 10 ()
Ko PR 4y % k4 5.2 PFU/mL #1 23 HAU/mL.
Garsuault % [7] I 20 87 7 3 Fi 0P WG 5% 8 - 95 R e IR
95 7 , hCoV-229E 1 SARS-CoV-2; — F Bl 1 i J&% 9

" (b) PCR amplification process for bridge DNAs and SERS detections for bridge DNAs"”

7 ,HIN1, #H SERS 1 AN T8 (AD 454 3k X 43 3
ol IO K2 0 B, o B SR AE 95 %0 ~100% Z 6], 9% # 12
Wi 71 T2 . Chen %' Fil SERS 4 A # 12 i
FIX 43 7= H 2P I W 2 6 AiF S8 R 9% 3% 2(SARS-CoV-
2) FIH R HINT 7R, & 8(a) i . iE 428 DNA &
i A4 2 s 9 7 8 4R 45 (Cy3 Il RRX) A DL TE 45 48 K
LS W B0 40 K B B = AR 58 1) SERS {5 %5 o 24 SARS-
CoV-2 alt H 7Y 37 J8os B 2 1T 4 48 K A6 90 K R0 IR ) )
HY TR R 9 DNA I8 B 5005 3 B A B 455 R
J1 AR A DNA I B R 2 38 60 IR B s . Bl
A5 5 15 55 728 £k T DL PR 4 50 35k 7 A I I 3 9 0
Liu &8 T — Fh 3 2238 18 2 1 4G 9 S 2 B Y
BE 1] 9 G222 43 BT (SERS) |, i 1 v M B8 19 14 P SERS #5
2, () B R R AEORS I W G g B, B HY RO RO B
(HIND) , A= YR A Hp A7 4 7™ B 2 M I IR 25 3 i e R
B 2 A1 (SARSCoV-2) F I 38 4 M 5 (RSV) o 4
[ 8(b) i/~ , 85 A Fe,O, NPs 194 F I AL F 1 1k 2%
SV eR I Ry Pl o T AR e e e L =
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Fig. 7 SERS labeling method applied to the detection of influenza A virus. (a) Schematic diagram of using SERS assisted with pre-

filtering to sensitively detect influenza A virus "*; (b)schematic of the IMBSIs@Ag-SERS method for H5N1 influenza virus

&4 T DTNB B 4fi 78 Fe,O,@Au MNPs | il £ # M
SERS ¥rit , #2417 58 210 SERS 5 5 1 F & i ik 4%
G o R AR RO ik, % O R % HINL
SARSCoV-2 I RSV B B 43 51 15 2] 85 copies/mL .
8 pg/mL 18 pg/mL. Liang % ™Rl T — M % T 4
2 B 58 W48 T8 4K R T (Au@4-ATP@Ag NPs) , &
SERS FGHAON (PT) BY#T 8 LFIA , fir 45 4 SERS/PT
HEXAE LFIA(SERS/PT-dmlfia) , % F IR 5 (IA V) |
IR R EE (IBV) Al SARS-CoV-2(SARS-CoV-2)N
BRI, B2 5 5 0 R B 43 31k 31.25 pg/mlL .
93.75 pg/mL 1 31.25 pg/mlL, 5 2% 15 5 14 & 30 BR 43 531
2y 15.63 pg/mL . 187.5 pg/mL Hl 15.63 pg/mL. It %

detection™

]

B TSRS 0 B AN AT 5 e ) RO TR A
e AR H B PR R AR A FE S R A R
FIUASE 5 A R G JEE 11 A 46 A% o DR 12 0B 7 T LA AR K
SR
3.3 SERSH#E AN A FHMRNAKRHKN

HIV J& — Fl Be B0 AR 58 3 48 1) RNA K 7
HIV/AIDS #% A Sk & 4 Bk T 4= @i dak i £ 2Pk i 2 — .
Anwar 257G B IE BT ) 4l ok Sr iR
(AuNC) K ¥ 58 SERS {5 %5 , i o B fig H 09 45 € = 3h
iR A5 HIV-1DNA 4 , 76 A\ 25 Bl HL X B DNA
HIV-1DNA H ¥ 2 2] 3/ i hr & . FE 8 90 K kL
T (AgNPs) 45 & DNA 15 B0, 76 JL-F- A 6] 09 4 &
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Fig. 8 SERS labeling method applied to the detection and differentiation of multiple respiratory viruses. (a) Working principle of dual

aptamer-immobilized Au nanopopcorn substrate for virus assays'™’;

; (b) collection of throat swab sample and operating procedure

for the simultaneous quantitative detection of three respiratory viruses via the Fe,O,@Au-based SERS LFA strip"”

AT T HIV-1W 5 0 T A RRAE . i HOR BA & R UE
e e £, AT — 2D A D U 1B 4 B HIV -1 % 5 UKL
WA W) bR S AT RS . Yadav 2557 450 5 £ DT FR

Al & T — e B ARk B BR AN OK R R B R S SERS Sk
&L i 9Ca) firzs , 5 AN Al i HIV-1 WA (A B .C.D
I CRFO2_AG) £ A A e B (10°~10° copies/mL) H1 %
BT WY RO U o e RE A SR AR LS G Nl

FHBCAR 5 15 3 9 éMtiﬁE@ﬁ%%ﬁ%m%Mﬂ%nﬁ%
#9024 o, DA ) 4l TV -1 06 3 % B8 ik 47 39F — 40
NN Z TC G it Hr , 5 R R T SERS?‘*W&'J
FIIX 43 HIV-1 95 8 19 68 1, 3 8 Wk 2 HAE I IR b AR Fl
EM PN — SR, JFEER TAEY P, Yaday
S5 gk S T A E 5 B TR AT Y I PR A ST
i 1 3 Fh AS [6) 26 AU i) SERS % JiE < B8 Ag 40Kk 48 L
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Fig. 9 SERS technology applied to the detection of human immunodeficiency Virus (HIV-1) and norovirus (NoV). (a) Schematic

diagram demonstrating rapid handheld SERS platform for HIV detection™; (b) the stepwise dual-modality NoV detection'”
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FL-SER J& A Y 1% IR 85 K 360 F 3 & W 19 B 8 2% 3 g
fie 13 (S-agCDs) W WU 5 19 58 o Bt 5t -t 4 B 928 52 i
S 09 s 7 PR B 1Y S-agCDs 1 & L i 3 g 1k
B T PSR 40 K 57 07 iR [ POLY (DOP)-MNPs-Ag NCs ]
ZEIEWRZ DR RELZSY . R RS £ D
WO 76 L2 0 88 0 S5 K 1 E AT SERS B 20, i 4 s
B FE OB AY RS I YE Bl R 1 fg/mL~10 ng/mL, K 4
BRI R BR o 0.1 fg/mL . WAE 5 1% B 4% 19 B A 1
Pom o FL L R AR R R, 1T 7 SERS kil 2§
1B BE 26 AR AR b AY IR PR 5 A T AR I BR T G 24
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W, 5 IERE S 32 A 56, S BUR 40 A s 7% BREE (1M
iE A L0 R 27 446, B T TR R 48 0 B
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PR 2L N SR AR G i H R AR
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UK 7= ¥ %% % %) SERS 7% ¥ AgNRs [ 51 b i 45
SERS Kz il , SERS £ I () £& % i B o8 1 fmol~
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(BRI R A ~1.66 > 10° RNA copies) , fi % #2 B B
FE B AT 29 1 he

R S ACPSE R FAE RS RN Y e
MR AN EE WA AR AR B R K B
T R ™ A R R R B K 2 SRR . Tripathi
TR B RS T R IR AR N ok B O K L 1 )
SERS & & BRI, ARk 5 BA R 5% 1
PTG P R R A 1 5 R AT R T 2E R EE A
%A% B 2% IR I R R 0.11 ng/mL, £ ¥ 95 Bl ly 5~
1000 ng/mL. Jia & BE ] T — Fp 4 #5 20 SERS-] )
T sh e AT (LFTA) K245, F 178 Je 2 9 52 AR 4544
B LONSL) S BRAE & 0 A 3h | R R, A
ZH2 5 FRRIE ) Au@Ag 95 K R F (Au@Ag NPs)
1 SERS A2, %F 74 J& 2 a0 i # NS1 2 (A (19K I
B R 0.1 ng/mL, X 36 (4 7 J& 2 Tl 9% 35 0L 1 4 462
PRk 0.2X10° copies/pL, 2 B 5 298 % i 1t 10 4% 51 3R
A B E R N 7 A . BT 4% 9 SERS-LFIA X 74
JE %30 95 B AT v O R R AR B A R S B
Il PR N2 FH A 1A
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) DENV2NS1

’ SERS nanotag
—— s
7 I

P10 SERS HAR N H T 45 B R 2 (DENV) BY G I o (a) B8 G 90 K 97 B B BE ST I FIER B FLEE T 900K &1 SERS UK br4s , 76 1R
AN e I B A RS I DENV2 NST 978 B B 5 (b) i 33 LCHA il HCR #9 2% € JC B {7 5 B0 K 5 s 38 4T DENV 2[4 )

SERS 4 Him &1
Fig. 10 SERS technology applied to the detection of dengue virus (DENV). (a) Schematic of platform for DENV2 NS1 detection in a

single infected mosquito sample with the integration of nanoyeast scFvs affinity probes and nanobox-based SERS nanotags™”;

(b) schematic illustration of SERS assay of DENV gene via a cascade enzyme-free signal amplification strategy of LCHA and

4 SERS £ A& DNA J% 7%

DNA %5 5 & — 25 LA DNA E N 844 ¥ & 1006 7
I 655 A P AR T DNA B9 DNA B4 il E 47 5
fii DNA 9 5% A& 0% 7 J8% G 30 [ [ Bof 240 o A 28 1) 400 i
R AR R R U IR 24 DNA K # & i
% DNA WG 8 i 5 JEIZN & R RS F 2R
DNA ¥ 8 ¥ 545 i fb 40 M 9 6 s , 91 1 EB s 58 L & AT
R

TA6F DNA K #5: (19 )8 e 5 & 476 , SERS £ AR 19 1 H]

HCR™

ol RS 00y 58 W R o A TR S AR R B R 2
FRIF A I X . CHFR 2 — 25/ DNA JR
B Y R R Y I Y A —— A A e X
TR EE BRI, Kaminska 287352 Hy T KA i
Mooy 2 IR TR PR (HBs) B9 SERS J7 ¥k, &l 11(a)
TR, ol 4 2 8 e I T — Rl A 3 P AR 5 A T
i 25 W B M S 20 (FC) Fl— Fh MU RE 19 SERS 36 T IR
IF B EA PR QKSR EE 1. 40 ARIE
B JE 4 Y K AL TT LK B JERN BT AR [ % 78 DL Au-Ag A7
) GaN 2 [0 [ SERS 7 ¥E 5L [, JE B = B3R 25 4 .
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X TR BT IR B S A I R BR R 0.01 TU/mL. %07
I H AR FRE R 22 (RSD) /N T 10% . 75 2 T
Kl i) 75 & b, a0 B9 CRISPR-Cas &R i fE R R 16
T B T R A BB AR M DU S R T
— PP T IE T A B DNA A= A5 s 1992 W 7 1
WE TL() s, X By 36 0T DL 2 24 crRNA JP 515k
RS MR EE A SR Ah A X EE DNA € Bk
AT DL 2 s AR R R B . R G AT LLTE
50 min P 4 F CRISPR/Cas12a i 4= ¥ 14 & g bl e |
BRI D8 R H ARSI 2, FF 9 BE A TR L RIS R 0.1 pmol~
1 nmol., Batool " | % ] SERS | Z, 95 75 X Y
FE R B DNA #E47 545 Wil 5% X 5 0 7 9 430 4, X6 &
JHF 99 2 PH P A A R £t B R AR #E 4T SERS 25 45 19 PCA
E— 25 W] T OB AR AR R R RE AR X ) .
PLSDA i — 25K 50 43 2% 09 A7 Rtk | JEA0s% M A ke S5 1
G390 R 89 Y6 198 Y0 o e A I FE R & 1 SERS Y 4L
PEAE B REAS #8702 9 55 BH P A rp o 3
7% B Y PLSR A 7 . PLSR #5819 2 7 IR 1% 2%k
0.2923,R*>} 0.9031, PR IE T A R () A %01 o

M 9 (MPX) & — R B 0 05 0 3 MPXV 51 9 A
BEALE, ool M RRIR MBI . 2022 4,
MPX () L5 5 IR A B0 o R 3 &, 4l E A o Bk
PABZREO o AR I &b LA RSk bk e
S5 ORI B 35 R — S WIS AR . AR I K A
AIE 5 F IR A Tl = R N Bl S B O o 2R A R 2R 0
S S0 U % bR ME 0 AL B W T L BT E A RE R
MPXV g G BT PR s 4G 0 ) 75 22 . Zhang 557 &1 1
A7 FLBE TR BEET 0 B0 R T MPXV SE R 4 0
ZAPURE AR FRAE S a0, (1 5 s 0 E A S 8
B R MR GOKUORLAE M, 456 R A B e
g e U I 4 A [W] MPXV 8 BT JE (9 SERS
B, ATAE 2 min A B 2 5 ng/mL B MPXV 2 1
FIEE 2 100 copies/mL f) MPXV #% & ; 7€ 5 min P 3 51
FINX 43 1 3 T AS 6] 86 110 Y SERS J6 3%, od B b 7 %8
AT LAFE A 975 o b o B b 5852 MPXV EEH PR . Yu
GV IR I T —Ah H L /SERS XU 5 AL 3 5 4
PEEMT AT (ICA) 3, i 11(e) fif s , MoS, i 14k
2E SR AN 5 Au-Au #AY HRE S SR AN M 25 A, R

(@) (b)

@ gold nanoflower (AuNF)

¢  antigenanti-HBsAg AR, W

Y Raman reporter (basic fuchsin) g § o o % ? } = -

Y antibody anti-HBsAg ‘

W@, bovine serum albumin (BSA) T =
o I —
carmans - T ——

@ Laser (785nm)

K11
TS IR IS BUR B 5 (D) CRISPR/CAS12a-SERS
Fig. 11
(a) Schematic illustration showing the integration of a

coated GaN surface”™; (b) schematic diagram of CRI

Dual signal enhancement

Colorimetric
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ne
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P ¥
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........................................ R smetesareecacaas -
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SERS signal

Negative sample Colorimetric
signal

SERSH A M T Z MW (HBV) M5 1 (MPX V)% DNA G BRI () B i 25 0F 5 5T Au-Ag i )2 GaN K i (1) SERS

JREL AT R 2 Y (o) e -SERS WAL ICA Kl MPXV () 77% 72 [

SERS technology used for the detection of DNA viruses such as hepatitis B virus(HBV) and monkeypox virus(tMPXV).

microfluidic device with the SERS-active substrate based on Au-Ag
SPR/Cas12a-SERS principle analysis™; (c) the principle of MPXV

detection by colorimetric-SERS dual-mode ICA"”
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KAE 1 W EARAUE 5 41 % (MoS,@Au-Au) B SERS
M, MoS,@Au-Au 51 AR K TE T BUA G5Bt
J7 % B FHTE B, L b A5 5 SR H AR B 0 P
PG, SERS e MPXV () 5 f 4G 1, 4600 BR 43 51 4
0.20 ng/mL F10.002 ng/mL . R 52 BRAE i (0 15 1 i
I w] DLAE 20 min PN 58 % o

T U W -V R B (EBV) B 45K 249 90 % 1Y i
AR N, 3 S o O VA L RS 20 B T RE A B S
I AN B L 5 K 22 B R o I A RO ], A
SiE R 1Y Rk EBV RS R W R W KRR A 6
JAS — B  FE RS N EBV AT DL BT
T AR I R R 2 A BN EBV #E 4T i R SUE
MR . Tiwari & BF5E T B A ATREM LS, — Fl J2:
21 B T 95 B B R B N, T — R B A S
I 25 A0 R I A 5 R e R R SRR e 4 i
R 22 A2 W) 431 A S B I AR BT S OGS A X R . Sun Y
B IEHIVE T — AL T TMB (0 25T Fil i & 46 ) 24
JCIIRR N B, SE BT EBV HUAR A Wb 5 19 v] 41
o AT o AR IR R OR L /A AR R (PS/
AuNPs) sk FE 51 7 A7 g Aod IS L 41 0, 3 2o PS B Y
6% 5 AuNPs 195 2 oo i) U RS &, 90 45 SERS
55O B 4 AuNPs B9 1065 . 1] LLFE TMB g (2
B4 4] B R AT 0B T, I AT AR AR s A LR L
107'~10°" pg/mL FIIK F 0.045 pg/ml. fit) 3¢ fi % 56 Fi7 =
G N o B Al R IE R 1 (HSV-1) il 2 3k 0 48 -
TR 9 B2 8 T8 95 9 B8 2% T 2 A 9 B A S 2R
R Pezzotti Z H B X IE R 7 09 B8O
WFZEIESE T HSV-1 M EBV 784> Tk F E 2R by —
SE I ARRRAE , PCA Ji7 BE 0% 38 18 $7 2 56 3% 75 28 b X 4
EBV FITHSV-1, MATT hy PRe s 46 0 25 7 1 JEfilh

o 4 2 — Rl K DNA 5 25, B8 3 80 Fh A [
KAV RRAR EE (ADV ) i i PP W T8 AR 58 o i 1 s
N EATE T St I R AR R, B3 74930 RN 41 B e 928
THREEEAFAE . RIEMH M ANA T ADV B G 19 K
Ba 1 DR I A R e T RN ) R g e R
B S PR T o A b ARG T AR 3 AR R B G B
Chang %5 LA K [F] IR TR BE B9 B = AT Au gl ok
i 35 5 i HE 5 T B 1 22 PEAS I 1A S . IR RE S
F/INAH 24 1 G B 45 A0 B ORI PR — AR, gl
K e ¥ LR M O R T B A P WO . A IR
Y 1 F R RN KR L TT ROKE 9 B S H: T R
X a3 FF ok o o0 LR 995 7 BRI R D VR B
10° PFU/mL, i /8% 3 19 & ¥k B2 10° PFU/mL,
ZIR Y AT F B AR EE A9 P O BE A I . Kukushkin
VR T — P 2 O 2 SERS 1 R A 4 1R I
#4507 LAAE 17 min P[] B Gz 0 22 P WGGE 6 5 o 4 1 Fr
0 4 38 1A Bl B E E 4 SERS X4 42 J@ 26 T L 36 4k 19
R bR IC B SERS 5 %, A R e gl o — 2
PBFE — IR S S SARS-CoV-2 ., F 8 37 Jakofs 75

WP W T8 A B s 2 AR 2 A9 TR A 9 o Zhang 257
T — R i 84 5 AR A, T R IGE A EFE Y SERS
LI B T A AR S T 3 T A IR R 4 K R 7
i T A% Ge kT TR £h 30 SR 0 9 TC 7 W45 5 Rl B 3R A5 T
SARS-CoV-2. A\ 7 BRI B9k 5 \HIN1 5 2 55 2 i iF 0
TE B I T 20 T e B AR it £k, B AT R Rk
KF o BaLEH N2 W 5P (LDA), 7l 7E 2 min N
TE 1L 375 R R Y 5 1 3 3 B EE o

it JL 4 CRISPR/Cas-SERS V- & i i JH Wk
SERS # A 7 95 B A5 0 450 35 $2 44 1 58 Sy 28 SORN PR 1
R 75 %8 o a] 0] SCE A A0 N /) Il SCEE 2R
b WAE ST R 11 R 58 (CRISPR/Cas) # A 2 — Fh 3 4]
B DA R BB R S s I A B R X
PR PR A9 RT g AR PR SRR L BRI T g, o R
Yy AU T RE T — 2B B GE Y 0 B SERS R
52 M A0 DR S 5 206 M3 il K o SERS
F5" B ERE 11(h) B TAERr &, Du % IE &
FIH S & kI HBV 9% 2 19 DNA. BRIk Z 4h, Su
0 3 T CRISPR/Cas12a-SERS #7 # SERS # [A]
K S, 76 40 min PSE BT i i A O A b N EL Sk
85 % (HPV) J£ [H HPV 16 fl HPV 18 4 1 & 8 16
M, % CRISPR/Cas-SERS ¥ & i Il 2 & J& 0] ik 5
pmol. [A] A i A 2H Y 3 T CRISPR/dCas9 $ AR Al
i A AL 3 384 2 N, #ES7 T SERS K 7 125, e T AR
i HPV A ff i cpe stk I . an &1 12 (a) v,
CRISPR/dCas9/sgRNA & & ¥ 9% [ 2 76 #h 2k I, 7] LA
K00 4K H b8 DNA 81, % HPV 3 [H 36 B i ik 4%
PR, S2E h HVP 16 DNA Y K ) e B 38 B b 30~
190 ng., b A% JERAG I J7 2% BB 0 1l J2 ng 7K SF- 1995 3 DNA
R, ] DL fA7 2 b 3 5 2 sgRNA 7 81 3 o7 - H Al
1 DNA., Wang %" R ] SERS $ R 45 &5 CRISPR/
Cas12a Z 4o %F JE PN AE 5 22 (ASF V) 47 T 15 FE
I o SR FH PR A5 5 3 o SR WS, 44 s R AR T R B
HAR BN H . — I Casl2afE (I TC IR J 2r 241 6E
TURREE SRR AR, T DLIRCAE T TR B O 6 BE A 43
M, IR AE KR SERS #A o X H 4w 35 A A4 A6 00 KR
100 nmol~10 fmol, o LK1 2 98 . AL &7
AT L YE R G5 ASFV 3 B FR B RE A o 2 B
A% R 1 SERS K I, HAT 55 i 119 5 B0 B Rk Bk 4
X A A 25 <<8 %% .

CRISPR/Cas-SERS - {5 . 7F — £& T_/E v 4% 1 H
F RNA G5 3 B & I , Liang &7 & 7 4 F 04 4
SERS ) CRISPR & il SARS-CoV-2 Wi Wi - & , 1
BT ERY ] iZ T 1 7 & Al 7E 30~40 min 52
PRSI B 4 F bR A (n=112) F 42 B SARS-CoV-2
AR R IN . Ma 584 T — Rl AB 08 76 50 52 1M
R R AR PR ERA 8 45 M A SARS-CoV-2,
BTG B RGTTH0A J 58 38 ik o ] —Fh I Wb i A A
A DK RNA 5% Casl2a J2 1 .SERS 44 K 3% 4 32
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‘ M Laser
N b
e % dcaso |
: ) SERS of oxTMB
@._ dCas9-SERS Y . auwsasio,
ternary complex \f"/ @X ‘
RP
‘_\ HRP -
(b)
ﬂa) Preparation of SERS probe \ (c) SERS sensing \
| sDNAs" bA Psid-MBA/ssDNA m SERS pensuraments
s + w oNI @ @ -

T \P e

¢ o

(b) Activation of Cas12a protein \

- .~
—— alins M "
: ’ Strong SERS signal
A 4 MBA/s D 8 Magnetic field-induced aggregation
SERS probe
\nDNA Luu Blotingg Avdin ® Raman Reporter (JM.W
released SERS tag
m SERS measurements

Positive

Ya
= e Q \/

~ &
Y a- ¥ '
%
= Q’ Weak SERS signal
field-induced aggreg:

K12 CRISPR/Cas-SERS ¥ 3 B H] T i 38t 4 4 B A . () 2 T CRISPR/ dCas9 1) SERS Kl J7 v, ff B HRP i 4L I R A5
SRR R 5 () B ASFV dsDNA ) CRISPR/Cas12a-SERS #6973 2514
Fig. 12 CRISPR/Cas-SERS platform applied to the detection of viral genetic material. (a) Schematic diagram of the gene detection by
using the CRISPR/dCas9-based SERS method, assisted with HRP-Catalyzed signal amplification™""; (b) schematic diagram of
the proposed CRISPR/Cas12a-SERS platform for amplification-free ASFV dsDNA detection”"”

105 5 20 TR AR BB — A~ Bl i b 325 2% R S R
TR 45 min Z N 58 8, 1% A2 00 v A R B
200 copies/mlL., KM FR A 1.9 copies/ml..
5 JE T SERS # A fif #5 2047 &= 4 I
WA 1Y) N ]
b6 & H AR WD B AR 1y /N A A #E Ak TC BE
e K M HE 3 T SERS 47 A BB B #4850 . point-of-
care testing(POCT ) AR I8 1E B A 12 M s 2017 1Y)
SEI EHE BRI BY BE A AR, SERS AR 3E  H s 2K
INGREA S, IX 5 POCT WILEM G . SERS K il 45

BB AL 2R 2 AR, B8 0 7 S A TR) P AR L e R AR 1 A
Brad o XA 78 BROE a2 1 i, A B 7 AR s PR
L, fe % Bk SR BRI 45 2R, A5 B T 15 A T e i A
2RO . 5 SR 2 E NI R AR S T
L BB S AE AN [ 1 297 3 5o vh O B M fE AT SERS K o
AN, SERS #7 AR i £ /5 A1 X 2, AT iy A £l A B ik
17, HAE POCT B F i Bonl 474

A WV 2050 T 88 48 =URL 2 R i AU
N FH 3 500 R i T B SE R LR A5 A A R bl 2
I RE N L R A ARSI Ty R K 5
T O ME R A R R A R U
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o HL R PRI SR # . Kaladharan 28 i 3 — Fhogr 7
() 5L F — 4 SERS 1 90558 23 A J5 v, il 4 48 X 2
oA, T 75 3 AT AT A Pk kAR, B AT A I SARS-
CoV-2. & 13(a) firzn , SERS #5431 B 11T #1
(87 2 W EE 3 (DVD) R W 5 7 8 3R 45 4R 10 B9 AR

“ Insmsmont |
Raman dye (4MBA)
. Incubate overnight ’ Incubate weﬁ! *

| B. SERS modified DVD substrate preparation: I

'LP @SERS

9l K BURE AR 25 A, DA S BERCER BT R R . 7E 20 min B9
i ] Y, SERS F & % SARS-CoV-2 Jill 28 % 11 Fl 95 5
BE UKL R 1 7E B R 3 92 w3 K i AR IR RR i 3k
50 pg/mL, 78 A 28 b A% Ml 0 A i VL P 88 104k I
PR 4 400 pg/mL, 45 & #5 X hr 2 %6 & vl L 2 A

Portable Raman
Spectrometer ==

785 nm Laser

v Drop the sample on
* substrate

Incubate 20 mins

L)

Nanotags *
w D

‘Ax deposit g l Anﬂbodles !‘ w »
llcnbnte / \\
overnlghl 1’ \
1
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v
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P13 4 Uy O SR 5 B T SERS i 2 46 I 7 58 (a)%?SFRSE’Jﬁaf%ffF"‘*(YEA@FH@niﬁ%ﬁﬁﬁ‘ﬁiﬁ‘éﬁ()“'”;(b)%

F 4 L UL A0 K 454 1 SERS H A FH K0 9% 95 75 HINL - (c)-%/ﬁﬁ@ﬂﬁil S ARG G F 472U & AL, W AR
5 min PR RS SARS-CoV-2 45 7
Fig. 13 Portable Raman spectrometer devices applied to SERS virus detection schemes. (a) Schematic illustration of SERS based

immunoassay platform(with a portable Raman spectrometer)'”; (b) schematic diagram of the detection of influenza A virus
HIN1 by SERS and gold electrodeposition nanostructure”'”; (¢) schematic diagram of a SERS detection method based on one-
step aptamer identification using a portable Raman spectrometer for rapid and point-of-care detection of SARS-CoV-2 virus in

less than 5 minutes"™"
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R B P G . Ansah 4558 i A S 4E Au gk
I R A R = Ak e R S N T B - A
B R 2 e D | 52 A b T 424G T Ak 2 4 RN AR K
Gy F (RIBE A ARG B ) L 50 )2 B A 45 K/ (0 /N4y F Rk
YR R 7 (HAIN D AE A — A g5/ 3k oc i o 4
F) HL T ARUE B Au- 55 40 oK 2 & 450, DN T A T ik
SERS fy# G . W& 13(b) B, Ja2 18 85 R e G ik
X2 Ge ) A BEAT B UURR AT SERS 4, g Ak 2 Ak ) 2
20 PR A T i 52 A R TC A T A T2 A U ) 3
-5 . Pramanik %7 KT — iR B BT AR I T 1A
B 2 4 g oK JBURE , 1 2 0 DLl 12 T R o . B Ak
454 19 GNPs A L3 o 1 50 7 b 6828 Ak FH T PR HI A i
S e i 48 95 B DT IR 8 A M SARS-CoV-2,7E 5 min N A
AR RO AT AS I 2 1 ng/mL AT . il B 385 2007 2 2 i
ASC, 0 R I 4~ 5 B T34 T 1140 40 DK 4 3% 1T 348 58 7 25
TR BT B S e e oA 4 pg/mL I B0 T U B 08 4G N 2]
ST 6L i 8 B IR o ARG T B Ry i 22 T 18 A9 7 UK

TE AR R KR4 £ TR At o 5 485 =X 2 O
ACAE g 6 A 2%, o SERS #6045 4 107 FH AR 43t 1 3
F W A3 5 HGE S, 40 Lai 57 5 SERS-LFA 5
PEQE LK R R WS SO 1 L B o = 3 ) W N 1]
., SERS-LFA A] B8k — Pl A48 B0 0 B2, I DLH:
B B T P R R I 4R S R POCT
PEAR B A IR . W& 13 () f s , Guan 25871 R JH 4l
#5247 2 6% A BB 98 78 H0F & ) SERS F &5 L 7E
5 min N 5 B % SARS-CoV-2 JG i &b 3 P 8 31 3% 12 Whir
oAU IR < TR = o N = UL R B U RS SE RS A =Dl o X )'d
RIVESE X 43 B 4 R0 B PR 3K FE AR B, OSARRA A9 2 £ B
M 95% , Hi 5PN 100% . Jia S5 FT I 45 B9 SERS-
LEFTA 12 25 X} 75 Je 2 T3 5 HL A 4 v A 0 Jae i A 6 e
R S M 8 45 2 SERS-LFIA #2852 81 T SERS-
LFIA R4 B S AP G . Gribanyov 457 F i
9o T 110 KGO0 Ak AR v 3 Ao P T R A R I R 2R 1) R
S0 i 5 SERS A 47 AR A AL 3 T R A, 2 b it
[F) 6 LA ot il o 7 B, 25 G 48 U 2 AR U 28 Bk
HIZ WY . Sun 45T PS/AuNPs Sl BR B 51 1F
I PR R W i 5 2 SERS SR S S L T E R
MBS EBV 1gG, 45 & Fi A5 X h 2 R 40, of LR
T E 0 b FE I3 12 W B L i P T POCT B A R A
JE 22 [E) ) K S RUAE [ R, Sk 52 338 R B e e SR E
PEAT $ 9 BB 0 A 4R T AT R

RNA 5 #4007 2 BAR S BO0L3E 1, DNA 95 8 4
M R HARSH % 2,
6 M5 REE

U4 5K LA SARS-CoV-2 Sy B K AL #8& 19 i A7
PR B L4 1 0 6 4R b AE DORS T 0 9 2 R T RN
WG b i SERS $ AR ST AR A R 58 AR AN
5 P RS N Bt A o B A U O T B R T B K

AN, A CEEM IR T SERS i R AE I = 49K %
6 0 45 2 11 7 0 R . SERS A A1 i 15 A I
BRE 37 B 2 A 5 B R R 15, L 45 3 5 R A IR
TR S bR ie W R A B R R R 4, DL
B A b 5 D ER IR B v R I R D R R
ok AR A 0 42 2% B8 DR O g 255 M A 1 O 7, R R B R Y
H s 577 .

EAEARIC AN Oy T, B TR H AR A BB
G, DR oK s R A SRR o sk . H
HI SERS 4% A (1% 2 J& #1 7 m) 2 p e T B AT 5
58 R JE RS QB RS 1 DD RE AL 1B , £ 45 9 K LR TE
DG, W4 FIE A - A AR A RS AL AE )T
BP0 4 AR 3% T b 2 A6 M 1) B P 0 A T 3 R A 1 1
DASE B R0 AR B & A R R A b i A A
i 2 S 531) o 75 IV A8 8 030) 1 2ok R o S ) 00 8 7
AT AL T B TGS (R 5 22 SR/ INBY TR) A, 58 R R B
A TR B2 S R BAR L, Y
SERS # R &5 & X F5 s HL L 35443 M L BE L AR AL
T2 5 AT IS R AF 2k R 9 AR ML AN 2 3T O A B K R AR AR I
SERS {5 5 B, AT $2 /35 x5 52 24 4% 7 1 20 A A1 R 1 1
Btk H ORI i TAE B — 0 T O R Y 4
BT S 500, S [) 8 A 5 v % [R] — 4 5 1 SERS {5 45 19 6
W25 JATY SR A7 A0 0 3 22 57, SR/ A 0 ) s o A 0K i
B Ge T g o TR R 2 ) BRI AT 43 A Ak B
KHLBL G 4R, AL 45 T L B SERS 15 5 i 16 558 & A
7B 55 52 Z R AE A B T8 B 4 I 4% (CNIND R
P2 W 45 (DNN) 7E SERS 20 8 £ AR il & & HE 5 3%
TR EE % 3 ()95 5 SERS JG i B 2 my 7

X FFRICK T 5 , SERS B AR LEARIC 4> T 4 5 fh
00 & B8 N R 9% I T, R R e B A iR R
P ERET A & C B — 8 HF R . AR T AE 7 I A 35
KR Z AL ThBEIL I SERS ¥R %F, L) 5230 £ Fhoiis
BOBE SR . A 3L SERS K I R 45 R e o B, [
A B, T3 B s 25 5 A6 #dE T8 SERS
WH O TREXEE ., WIFIHMEHAGS A T # 3R X
(1800~2800 cm ') 1y 7 2 TR 5T 43 F w2 — Fh BAR A 4G
W7 %8, Al LhakE e 9 R M AR 1R 715 5 (A2 T 300~
1800 em™ ) AAF 5 T4, B2 TG 00 7y T 5 4 R v 4
PEA , 0BRSS Y () B8, BT 51 A N BR 4> F X
ST BhAS WAL HE A BTk G A I B 85 AL
Ty S s Fe ARG I 152 25, DA T 41 v 4G I ) m Sk

Wil 5 /0N 7 7 2 4G B () kR SERS R (1) 1
% 5 0 A1 5 B Iic £ KR 7 2k 0 AL 288 1) %ol 52
5E . SERSEARFEMPA T 2 FHREXP 2R FH L
B F, ] oy KBRS A 6 3 POCT K24t A ey T
Foo FEAR DN B2 A o v, AR i o A0 B 0 Y T
K, HE— 25 KG TR i A B A R 4 A I I [ 3R TR
AR Ll N SR T AT S 5 M . X R 4%
B9 B AT R A BT, T B A £ 5 B K 0 T AE 1 4
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Table 1 Comparison table of RNA viral detection protocols

ORI A GEI AR S R D — R AL
Brise o, il A2 A [] S0 A B3 0 S I oK o 3R]
HAAE SERS £ AR TE 5 /N B A0 1 37 2 & R O o 25 O
G 5 A5 Dy e R — b L
AR HER G 2% POCT T 77 12 o

Label Type Virus SERS = Dynamic Methods Sample .
of . Target . ime LoD Reference
method . species platform range used solution
virus
Label RNA gold- PCA & saliva
- . SARS-CoV-2 nanoneedles  S-protein © " 5min 80 copies/mL [36]
free virus DA urines
array
Label " RNA g\ ps.cov.g SERS-active o iein PBS <lpg/mL  [39]
free virus surfaces
Label RNA ??Jjﬁ)péag? 1.25X 107" VIM, 2.8X
Y SARS-CoV-2 8 S-protein 07 PCA  saliva = [40]
free  virus Au mirror/ 4.7X10 ° g/mL 107" g/mL
PLS-DA
glass
Label " RNASARS-CoV-2 1 tform ssRNA PBS [41]
free virus Omicron
SARS-CoV-2 metal-insulator- . PeA
Label RNA . S protein random . . 5 . .
. influenza A metal . saliva 25 min 10’ copies/mL  [42]
free virus HA protein forest
HIN1 nanostructures .
algorithm
Label “RNA “q \ ps.covag CABNPSPaper o i saliva  2min  2.4pg/pl  [43]
free virus sensor
saliva,
Label RNA spherical SnS S protein 10— stool,
g S SARS-Cov-2 P PSSP Lo PCA  urine, 5min 80 copies/mL  [44]
free  virus structure RNA 10" copies/mL
blood,
items
respirat
. ory
Label RNA SARS-CoV-2 Cu,O nanoarray RNA . 10.0 swab  5min 80 copies/ml.  [45]
free virus 10° copies/mL
RNA
extracts
SARS-CoV-2 PCA, .
Label RNA Beta,Delta logistic saliva
. ’ ’ Ag INPs S protein o nasal 15 min [47]
free virus Wuhan, regression
. . swab
Omicron algorithm
LDA,
Label RNA SARS-CoV-1 Au nano- single- HCA saliva “h [46]
free virus  SARS-CoV-2 pyramids particle Modle o ’ ’
training
SARS-CoV-2 1.0 fg/mL~
wild-type L mg/mL 1.0 fg/mI
Label RNA ype, 3D porous S protein 1.0 pg/mL— . © 8/
. Alpha, . saliva 1000 fg/mL [48]
free  virus AgMEN N protein 1 mg/mL
Delta, 100 fg/mL
. 1.0 pg/mL~
Omicron
1 mg/mL
MERS-CoV
SARS-CoV .
Lfabd RNA ¢ ARS-Cov-2 Ag'zoftef St g protein MLP  PBS [49]
ree  virus o GrRUL substrates

HCoV-0C43
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gk
Type . .
Label of VII‘IIJS SERS Target Dynamic Methods Sample Time LoD Reference
method . species platform range used solution
virus
RNA . _ 10- o _
4-MBA virus SARS-CoV-2 Ag-LFA N-protein 1000 ng/mL saliva  15min  0.03 ng/mL [50]
PBS
Nile  RNA | Magnetic viral 250~ oL -
BlueA  virus SARS-CoV-2 beads particles 10000 TU/pL swab  Smin 124 TU/uL [51]
samples
d 1 . . >< * . . -
GNPs RNA SARS-CoV-2 mqgnet.lc S-protein 4110 saliva 30 min 257 fg/mL [52]
virus nanoparticles genomes/mlL
1 fg/ml- PBS 0.77 fg/mL
RNA . i . Ing/mL saliva 6.07 fg/mL -
4-MBA virus SARS-CoV-2 Au NPs S-protein 10 fg/mL - <erum 7.60 fg/mL [53]
10 ng/mL blood 0.10 pg/mL
MMC . B
DTNB RNA SARS-CoV-z Au—Ag S protein nasal 20 virus/pL -
. Delta, nanobox-based ) [54]
TFMBA virus . o N protein swab or 50 pg/mL
Omicron SERS barcodes
MBA
DTNB VA SARS-CoV-2  AgNRs RNA o PBS 50 min 0108 CoPies/ oy
virus 10° copies/mL mL
Au@
) . 61X _
4-MBN RNA SARS-CoV-2 4MBN@Ag RNA 10°°-10"*M PBS 10 min 7,?41 [56]
virus 10~ mol
NPs
RNA  SARS- Au ‘ 0- o -
4-MBA virus  CoVM-2 nanopopcorn S-protein 1000 PFU/mL PBS  15min 10 PFU/mL [57]
RNA . AuNP-rGO- . 1 fmol , -
DTNB virus SARS-CoV-2 SW N-protein 100 amol PBS 1 fmol [58]
Label RNA ) 160 fmol— “olori 1 . -
abel - RNA ¢\ RS.Cov-2  AuNPs RNA 60 fmol= Colonmetric gy i 395 fmol [59]
free virus 1 nmol fluorescenc
MGIT RNA g ARs-Cov-2  AuNDs RdRp SERS- ppg - [60]
C virus genes PCR
Label RNA  Influenza A viral
free virus  Influenza B AgNPs particles SVM PBS 0.05 ng/ml. [61]
Label RNA viral 2X10-2X% . 2X
free  virus  huenza A AgNPs particles  10° VP/mL PBS 15min o yp iy, 67
. 107-5% L
Label RNA Influenza A Ag NPs v1r.al 10" virus PBS 10" particles/ [64]
free virus particles . mL
Particles/mL
Label RNA Influenza A N viral . 5.0<10° .
free virus H5N1 IMBSIs@Ag particles PBS TCID,,/mL [65]
. 10 VP/mL or
cys BNAfuenza A Ag NPs viral PBS 2 VP/mL [66]
virus particles
per probe
o nasopha
MGIT RNA  Influenza A Au NPs Nebrotein 8064 HAU/mL n gal 23 HAU/mL [67]
C  virus SARS-CoV-2 e wbroter 50 szg e 5.2 PFU/mL
1000 PFU/mL sampies
Influenza A . Al,
Lfbd RNA G ARS-CoV-2  Gold particles “trall ‘ RVM,  PBS [68]
ree  wvirus oG oo particles PCA
Cy3 A S-Protein 032
Rgx RNA SARS-CoV-2 ! o L mf 11 & 200PFU/ml PBS 15 min O-62ZHAU/ML
LMBA virus  Influenza A %S}Eﬁ?q?er ¢ ;iig H 0.13- 2 Mg 78 PFU/mL
i A 80.6 HAU/mL
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Type o . X ]
Label of Vlrgs SERS Target Dynamic Methods SamPlc Time LoD Reference
method virus species platform range used solution
influenzaA N . throat 85 copies/mL
DTNB ]ill\r”\g SARS-CoV-2 Ff?‘%l%%\?gre ngal . swab  15min  8pg/mL [70]
s RSV she 5 antge samples 8 pg/mL
. pharyng
rya  Mluenza Ay v p g 4 Photother  eal <20 125 pg/mL
4-ATP 0 influenza B NPs N-protein mal effect  swab min 9375 pg/m: [71]
TS SARS-CoV-2 ) ) M 31.25 pg/mL
samples
Label RNA HIV-1 Millipor
- 9
free virus HIV AuNCs DNA e water [72]
HIV(A,B, . .
Label " RNA ' "CRFO Ag nanorods viral 1o PCA  plasma [73]
free virus . particles  10° copies/mL
2_AG)
Label RNA HIV(A,B, Au sputtered viral . . _
free  virus C,D) Ag nanorods particles PCA plasma [74]
MoO,- RNA nanogels viral 10 6.5 fg/mL .
QDs  virus HEV, NoV (NGs) particles  10° copies/mL PBS 8.2 fg/mL [76]
Poly(DOP) . .
S ORNA v MNPsAg Vi Lle/ml=py spr o pes smin JORNA g
agCDs  virus NCs particles 1 ng/mlL copies /mL
. PLSR,
Label - RNA HCV Ag NPs viral RMSECV, serum [79]
free virus particles R
Label RNA . ‘ PLSR,
froe virus HCV Ag NPs RNA PCA serum [80]
Label "RNA ™ ppyve nanopox — PENYVE PBS [83]
free virus NS1
Lfizl Iili\r]lﬁ DENV AgNRsarray ~ RNA 1 fmol-10 nmol serum 0.49 fmol [84]
Lfargzl }il.l\r]lﬁ DENV AuNPs RNA - serum 1pg/pL [85]
Llfi';zl %{iﬁ Zika virus Ag NIs arzltlizaen 5-1000 ng/ml. PBS 0.11ng/mL  [86]
WNV-NS1
A 0.1 ng/mL
LEEEI Iilliﬁ WNV Au@Ag NPs ma\;‘gi}ed PBS 0.2 10° [88]
virions copies/pL
Label RNA ~ EMCV ~ mnguardu PBS 10'PFU/ mL (o
free  virus influenza A array ) particles 10" PFU/ mL
RNA VLP 100 pg/mL- PBS 50 pg/ml
4-MBA .Y SARS-CoV-2 DVD protein be/Th - > 20 min PE/M- 115]
virus S-Protein 1000 ng/mlL saliva 400 pg/mL
virus
4-ATP lill\r]lﬁ SARS-CoV-2  AuNPs particle PBS 5 min 1f V% mb 7
) S-Protein pe/mi-
RNA SERS- SARS- ?azoggf
4-ATP virus SARS-CoV-2 CRISPR/ CoV-2N };wgab 40 min 1 fmol [113]
s Casl2a gene )
samples
RNA CRISPR/Casl  SARS- ?azog:f‘
4-MBA SARS-CoV-2  2a-OVER- CoV-2 yéﬂ 45 min 1.9 copies/mL  [109]
rus SARS-CoV-2  gene swab
samples
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Type . .
Label Virus SERS . Dynamic Methods  Sample
of . Target . me LoD Reference
method . species platform range used solution
virus
SARS-CoV-2
Cy3 Ri\IA influenza A Si substrates antigens Nasal 17 min [95]
virus . swabs
RSV
RNA
Label  virus SARS-CoV-2 clustered silver virus PBS N . -
free  DNA influenza A nanoparticles particle LDA saliva 10 PFU/test [51]
virus
2 DNAJK Ry 50 iR
Table 2 Comparison table of DNA viral detection protocols
Label Type Virus SERS Dynamic Methods Sample
of - Target ’ . Time LoD Reference
method . species platform range used solution
virus
GaN/Au-Ag _
FC DNA HBV SERS HBsAg 0.0125 plasma 0.01 ITU/mL [92]
virus 60 TU/ml
substrate
DNA Au NPs(@4- HBV 1 pmol- . - .
4-ATP virus HBV ATP DNA 1 nmol PCA serum 50 min 0.67 pM [93]
Label DNA HBV PCA, )
free  vius DV Ag NPs DNA PLS-DA  Dlood [94]
Label DNA vy Ag@cit MIR PCA serum 100 copies/mL  [96]
free virus proteins
. . throat
DTNB DNA MPXV MoS.@Au-Au MI.XV 100 colorimetry ~ swab <20 0.002 ng/ml. [97]
virus antigens  0.01 ng/mL . min
specimens
PCA,
Label DNA RBV Mann- Glial
-4be : EBV : Whitney U~ 214 [100]
free virus Infection Cells
test, IPA,
IPKB
R6G  DNA . 10— .
TMB  virus EBV PS/AuNPs  EBV IgG 10° pg/ml. blood 10 min 0.045pg/mL  [101]
TLLabel DNA HSV-1, . . . cell )
frec virus EBV nanoparticles antigens PCA confluence [103]
. triangular Au o
Label DNA Adenovirus  nano-cavities virus PBS 10° PFU/mlL.  [106]
free virus particles
array
Cy3 DNA Adenovirus Si substrates antigens Nasal 17 min [95]
virus swabs
Label - DNA - jenovirus 7 Clustered silver - virus LDA PBS. 10 PFU/test  [51]
free virus nanoparticles particle saliva
6.72X 10"
DNA CRISPR/Cas- HPV16/ .
MBN virus HPV SERS platform 18 dsDNA mol 675.72>< serum 40 min [110]
10" mol
DNA CRISPR/ HPV 16
TMB . HPV dCas9-SERS  pseudovir 30 ng-190 ng H,O [111]
virus AuNC@SI0, us genes
CRISPR/Casl .
smBa PNA T Aspy 2a-SERS ASFV - 100 nmol serum  2h 10 fmol [112]
virus dsDNA 10 fmol
platform
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Abstract

Significance Viruses are the primary cause of many infectious diseases, including influenza, high-mortality lower respiratory tract
infections, diarrhea, tuberculosis, HIV infection, dengue fever, hepatitis B, and more. These diseases can cause severe damage to
various systems in the human body and can even lead to life-threatening conditions. The outbreak of infectious viruses poses a
significant challenge to public healthcare systems. Early and accurate virus diagnosis is crucial in preventing virus spread, especially in
the absence of specific vaccines or effective medications. Existing traditional detection methods often require complex equipment and
the expertise of skilled operator. Hence, it becomes challenging to conduct large-scale testing in rapidly spreading virus-infected
areas.

Surface-enhanced Raman scattering (SERS) technology is an ultra-sensitive vibrational spectroscopy technique, which is used to
detect plasmonic nanostructures on the surface or near-surface molecules. Due to its fast response, strong specificity, and non-
invasive detection characteristics, SERS has been widely used in surface and interface studies, chemical and biosensors, biomedical
monitoring, trace analysis, electrochemical reactions, and catalytic reactions. Specifically, in virus detection, it exhibits extremely
high detection sensitivity, enabling rapid and accurate detection of minute virus particles. Based on the analysis of virus spectral
features, SERS technology can differentiate between different types of viruses, including subtypes and variants. This high specificity
leads to a unique advantage in virus tracing, classification, and epidemiological research, which is crucial for the rapid screening of
early virus infections and facilitating timely medical intervention. This review systematically summarizes the research progress and
potential applications of SERS technology in virus detection over the past two years, considering factors such as the genetic material

of the virus, virus types, and the extent of impact (Fig. 1).

Progress Initially, this study categorizes viruses based on their genetic material, focusing on recent efforts to detect RNA and
DNA viruses that threaten human life and health. It offers a comprehensive analysis of both labeled and label-free SERS techniques
for detecting these virus types. For RNA viruses, such as SARS-CoV-2, the influenza virus, HIV, and DNA viruses, such as HBV
and HPV, label-free detection methods require SERS technology to realize enhanced performance in signal amplification of the
detection substrate for direct detection of natural biomolecules without amplification. Notable examples include the trap structure
introduced by Yang et al., the nano-flexible substrate by Paria et al., and the semiconductor application by Peng et al. , which
broaden the application scope of SERS technology. In the realm of SERS signal processing, particularly when combined with
machine learning techniques, there is a significant advantage in extracting and analyzing spectral features for identifying potential
biomarkers or molecular details in complex and varied samples. The creation of sensitive SERS biological probes in labeling methods
1s especially critical. Accurately tagging target molecules with Raman signal molecules greatly increases the specificity of the detection
platform. For example, Guan et al. employed substrate capture and specific recognition probes for detecting the SARS-CoV-2
antigen, while Su et al. developed SERS labels integrated with CRISPR/Cas technology for the non-amplified detection of target
genes. Moreover, the miniaturization and portability of Raman instruments, propelled by technological advancements, are steering
SERS toward field applications and real-time analysis, aligning perfectly with the point-of-care testing (POCT) concept. This
foundation supports the study’s summary of various initiatives that combine SERS technology with portable Raman instruments. It
concludes by offering a summary and outlook on optimization strategies and the current challenges facing the application of SERS

technology in virus detection and various POCT settings.

Conclusions and Prospects The efficacy of SERS technology in virus detection hinges on several critical factors, such as the
design of the enhancement substrate, excitation conditions, the properties of labels and analytes, detection devices, and data analysis
techniques. The primary aim is to enhance detection speed and sensitivity while simplifying the detection process for more efficient
virus identification. To navigate the intricate challenges posed by viral outbreaks, the development of integrated micro-detection chips

capable of identifying multiple viruses, paired with compact Raman detection devices, stands as the ideal approach for future POCT of
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viruses. Furthermore, investigating the integration of SERS technology with other detection methods—such as chemical separation,
biological capture, colorimetry, and advanced computational approaches like machine learning, deep learning, and artificial

intelligence—can maximize the benefits of diverse technologies. This integration promises the creation of innovative Raman analysis

devices that consolidate sample processing, detection, analytical processing, statistical analysis, result dissemination, and display
functionalities, catering to the on-site and real-time testing demands across various sectors. We expect that merging SERS technology

with compact Raman instruments will usher in a convenient, efficient, and precise optical POCT method for virus screening,
classification, infection tracking, and prognosis forecasting.

Key words medical optics; surface-enhanced Raman spectroscopy; virus detection; biosensors; nanophotonics; nanomedicine
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