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EF MRS TFRARN SARS-CoV-2 Fisti R

j%]j@; a,b 5{(#}%;—% a,b jj*']*: ED';]‘ *,a,b %;@%*,a,b
(*HE BB TS BRI E S = JEE 100190)
CHERBERE R 6T 100049)

WE AR FE(SARS-CoV-2) (MK FIBLAR & 5 8B R MR AR A SRR EE 200 T, M Fm 7 AT I AR 7.
AERAG R G AR S AR NI T B AR S RS, S B i R s . [R1 b, SR v 12 DR e 3 L A T
RRREAHEEZ . BAifEH &) Z 1 SARS-CoV-2 Kl 77 1 /& ¥ % 5% 5 & g % 30X B (Reverse Transcription-
Polymerase Chain Reaction, RT-PCR), {HZ2F/EMEMAEIE E B, MNP HE E 8, FEL WA D&, LS
P E AR TYE, . SR KRB II R ER, IRk, BEE 9K T 2= 0P R B gkl & B R 1A
Wr5eaE, T 9K T 2 ARK I AR YDAR B B 98 O #T AR TR . SR 8RR 40 K 0 25 R e il A= P d
EWVE T, BRER NS S F IR (Surface Plasmon Resonance, SPR). %% [ 1 53 F7 2 ¥4 (Surface Enhanced Raman
Scattering, SERS). |1 BEE 3 (Whispering Gallery Mode, WGM) 5 LU (03, RER M. RMGEREB. iR mR. X
WA Ay R AR R AL T H P & ARCRANT I 42k K B 9K T S AR B AR #EAT T a 45 SR,
IR T GRS T A A Wb S RIHLH], T H T SARS-CoV-2 &M FTBEME. 16 B B9k 6 45 8 ik
HME IR, B TR 9K SR BRI Tl 1 R R T AR 1) 48 9 KOG 7 25 BT R, S S ae i RS TG By 8 42
AL FI R AT,

KW PR TH RV EWIRI; SARS-CoV-2; 42K 4R Al

Research Progress on Nano Photonics Technology-based
SARS-CoV-2 Detection™
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Abstract The worldwide outbreak of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has resulted in the
infection even death of people all over the world, which has gravely affected our daily life. Globalization of trade and con-
venient transportation immensely accelerate the propagation of the epidemic, which brings severe difficulties to prevent the
epidemic. Therefore, rapid and accurate diagnosis of infected persons and screening of asymptomatic persons play an im-
portant role. At present, the most widely used method for the detection of SARS-CoV-2 is reverse transcription-polymerase
chain reaction (RT-PCR), which still has some problems including complicated sample storage and transportation, complex
operations and so on. These shortcomings cause the hindrances to achieve fast, simple, efficient diagnostic testing under the
normalization of the epidemic. In the past few years, with the development of nanotechnology, bio-sensing methods based on
nano photonics have become a research hotspot. Label-free optical methods have been widely explored for bio-sensing in-
cluding virus detection, such as surface plasmon resonance (SPR), surface enhanced Raman scattering (SERS), whispering
gallery mode (WGM) and colorimetry. These approaches offer available alternatives to improve the speed, sensitivity, and
accuracy of optical bio-sensing, owing to the enhanced interaction between the nanostructure and the biomarkers. This review
summarizes these nano photonics-based bio-sensing technologies for the detection of SARS-CoV-2. Moreover, the detection
mechanism of biomarkers by nano photonics is explained, and the further development trends are discussed. In view of the
difficulties in manufacturing nano photonics structures, a new strategy of large-area preparation of nano photonics structures
using nano green printing technology is proposed, which provides theoretical and technical support for accurate and effective
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prevention and control of the epidemic diseases.

Keywords nano photonics; biomarkers detection; SARS-CoV-2; nano green printing

1 5|8

#E 2021 4 10 H 10 H, # 8 R
(SARS-CoV-2) ) KiftAT O F B A Bk — 8 =Bl NIk
YL, AT YN RTARISETE N, X iR AE
AWt Bt [FRS, SARS-CoV-2 il KM T
AT ZCAEFN H 8 ARG, 8 2 ARG ARSI AN oA IR B G
BT A RN R EE T B, HAl
SARS-CoV-2 I FE A I 77 ¥ 72 19 e s 5 A i U B
(Reverse Transcription-Polymerase Chain  Reaction,
RT-PCR)Z, FAAEFERT K R IIFE & 2 55 1) R, X DAYR
JEENE H SHTE ST SARS-CoV-2 R R A6 i ) 75

TR, AR ARG T2 W PRIEUR AN K i 26 1%
REIAWT 7, HT PR RS 56T EAERT
Tor 77 A5 BIGE R &, gAKOG T2 AR YRS BRI #
- C R HT I 9T #4 s B, ) 3R THD 4 B8 T R B R
(Surface Plasmon Resonance, SPR)C-81, 3 [ 14 5 47 2 Hi
%t (Surface Enhanced Raman Scattering, SERS)-121,  [r] ¥
EE A (Whispering Gallery Mode, WGM)!'3-1SIZE40 2K ¥
TR bR SR E T, 5EE G ARG T
ECCEAE WA I S A AR A 2 B BRI SS, B2
KAETMAR . . &R, EAREEYREY. Ha
RECE . BRAEE M kIS5 FORS R 0 A 2
SARS-CoV-2 Harill FJEE3R, g RIS GBI AR RS 07 75 T
RERIR G R TR IRAE.

2 SPR#HAR

P45 5 1 H4R (Surface Plasmon Resonance, SPR)
FARM 20 HARP RILLOCRNS, FEERHEERE. G
Fbnic P RO, B RO T AL
#0221, DNAPZEA VbR EWEI+, Harcd ke
29— EE ) SN A U A R B KOG AR ROR.

SPR HEARMIFHLZ: I AGHERIM R SR NEE T
PP I UERCRT, BIFESEAN NG A, 2 RAEMANG LRI
M55 B TR R B R A, DRI S 56 Ol i o B2 B S B A1,
I S 5 o B PR A, ST M 4 i - A 5 AT 1)
I EAE S, TSR, 7E SPR HRMEAE BB T
AIRLAL IR SPR AR BOARES) FIR CCD AHMLSCER St
TR A, B — 4Bt E RN EREER.
{ELE BLRURL S , SPR G ATAE “V 7 BUAT S B 1 (7]
EUME & A . 8T 2 3 A 32020718y £ 7 7 A 1R
SRPRSS00 ) k] LASE iy AR FR . Ak, SPROFAR[H]
FERT DA Bh 6 i A S5 A 28 S A, &)@ - s A i
FHI AR BV 2 U I AT 2, M R LR
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KB LR A . 300 e R 0 R 9 A R R A 1 S
i, BPRTgh e AR A

TV RN 5 YU I, B RAZIRIG, SPR A
HRARA R () R AR e, 24l SARS-CoV-2 B
HITCRE R 3 1 — P e 7 3K 2016 4F, “F/NRR S
HBWEE SR FEMHT C V. H(C-Reactive Protein,
CRP)IERLAAR, FH LA SR S 9 CRP, T 5 In A& it
CRP & 49Kk (Au NP), #J% T iERLA-CRP-Au NP
B = BRI 45 R (B 1(a)), FES G CRP 2 S BRI
LETIIRM AL, HBCBES CRP HIKREALE
SERRAR, B FRAA 10 pmol/L. Lee ZEB27E 1 FIH]
RABEN BRI LIS 9PKE, MR E)E-H

“) I"J

polam W W

CCD camera
’ AuNPs labeled anti-CRP

‘o g w 3T

‘VI_?: CRP aptamer ® Crr

Product precipitation
by enzymatic reaction

Sequence specific hybridization
at elevated temperature
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°
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Plasmonic Sensing 1M 10pM 100pM  InM

Concentration of sequences

B 1 SPR HARBATEMNREDRN: (2) SPR HEAKM CRPEY; (b)
SPR AT I H AT microRNAP; () SPR HAKLMN SARS-CoV-212°!
Figure 1 Biomarkers detection by SPR technology: (a) detection of
CRP by SPR technology®"; (b) detection of microRNA by SPR technol-
ogy®; (c) detection of SARS-CoV-2 by SPR technology!®”!

Reproduced with permission!*!l, Copyright 2016 Royal Society of Chemistry.
Reproduced with permission'®?), Copyright 2018 Elsevier. Reproduced with
permission(?%], Copyright 2020 American Chemical Society
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NG, HEEE)E DEMERARE, SR
HJ H ¥ microRNA 254, 5l RESIRMN, SRR
LB ARG, ST microRNA f#E R BECke: i (P
1(b)).

AL, T TR A PO Yk sk 5 R 8 B s
i A0 SARS-CoV-2 HIHAMAEE DNA B, If4h
HEE TR T WS S LR (A 1(0)),
4 SARS-CoV-2 #Z P&kl i) R B $2 =1 %2 0.22 pmol/L,
HILTE TAZER R (s 2. phah, FIF SPR EUEHA,
M 0T DA AR W b 3B ) AE S TR B 7 2 i AR AT 0T
FL2L33 S PR PUHR]F SPR BUASEAR, 4T T 5
A~ SARS-CoV-2 i #5 1) S 3l 1) it 78, R I )
RRES R EER M EERER, SR
ER PR TR XS 99 53 140 WO B AR08 25 7 L T O IO B, 47 FL fir
FETE T LA BAAS SARS-CoV-2 B0k f W B . 3 26 L
B 115 S G SARS-CoV-2 IG5 B 8 S
X, ATE—ERRE FPEIK SARS-CoV-2 ¥4t A IRV

SR, SPR A 75 2Ll 4S8 1 & RS A
7, IXPRE T2 M T SARS-CoV-2 RV H A
Kok q B — D AR AR B, e 4R T
A AR I L A S B, BUR A AR FE A ) B,
oo B AT 4 B B 1 F ST S AR, fR U kAN
A JE B 1, R A3 2 ST 5 AR AR ghk k37
SRR BT R R A B A B R T
FUEAF i O,

3 SERS AR

2% TH B 5% 47 2§ (Surface-Enhanced Raman Scat-
tering, SERS)/& $7 2 HUN B AR F 18 KRB, ek T
FE SR 2 BUNE 5 1S5 I oo B ), (2 fdrhy 2 HORBE
IEF T ARG, REEE-2, Ny IS YE 5 1R
SRS, H 1974 4E, Fleischmann ZE4SI7E 4 J&@ Ha i
KN FiaZImRs s 5, R FrrtEsam
SERS A s HIE K @ik

SERS HARIH 15 B3 0/ 7 5 AR S () 4
Bk RR AL, SEHL TN TR, HCRER E KB N
A 2 B AL A0 E R G SR AL P R Ak 3 LR 2 TR
AT 4> A SERS T M JE R AR AR, &A= At
R, MG KR 7 U, SRR RESH
10~10° fF 1G58, 177 H G S AL )2 i PR =) 3k i
SEE IR R A A R i R B 5, X B BUN B ST
10*~10% 5 (1) 34 9. 3 L6 38 50 B8 UK SR AT 55 1 4 =2
“HrOr” Bk, AR EPIRT I A DL SEEOL

FEFI A SERS $ ARSI i A% SARS-CoV-2 SR i
W, — AR BTG IR T, Bk, SERS ik
FLIRA RIS 1 H DL SR JE e, RMS, ARk JRH T
FERIFHES GRANCSIEIE R SEM B, SRR
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IR ELT . LhicRase, (Ehr 8 R EE ) AN i &
Ji; ARBER M H 2 38 R SUR B T, B 5 KA E AT AR
E; AR & B A SRR RS B R — R,
B SRR EA R 0. L, 456 RREM B &,
SA PR SERS T PEE R o] i — AR T A Vs Sk
DA AF 1 154561,

23 B98N R AR R, SERS A CLSe i 28
SR HE SARS-CoV-2 15N IAEWIbR EX, 4555
(R T AN G P SR AL 3 B, Kim Z507E &9k Fr BB T
CRP [WHefk, FH LA IIEE S () CRP, i f5 H A1
CRP HUR) Au NP LUk CRP 454 7F SERS i PEAL i
(B 2(a), XFEM = IIE IO S T R H R B
) CRP i, SfRAsillk B rIak 10717 mol/L. ZAlth,
Wy B8 IR AR ZH OAE G oK & BE B EAB AR T N4 I K 9k
F 1L 2 (angiotensin-converting enzyme 2, ACE2), |
F ACE2 5 SARS-CoV-2 #l| % ¥#H H(Spike protein, S)
4G Re ST, B MER RS ) SARS-CoV-2,
1M 5 FAMLES 2 2 S s A B SR EX 1) SERS 3, 5 min
R AT 45 B ASFE i th SARS-CoV-2 [RAS:I 45 5 (- 2(b)).
Jadhav S5SNI 25 S v o, St T AR TE 2R Ppini A
FHERGE A SARS-CoV-2 f SERS {8 #5457 (B 2(c)),
T EHHESIIBRAK & 55 SARS-CoV-2, Fil&/4R48 KM
R sR P25 S, FINLAS 2% 2] B AR B, Duidish
R 25 5, X — 2L I A SERS F ¥ 7% A& KA ASL i
A ICRE IR IR G e 7 2, A S PO N
ui. HlIAH SARS-CoV-2 51l

SERS AR FIEH T SARS-CoV-2 A3l T Il frt) 2 5
I B i M R RS ) RS T A i) . SERS I 5 2%
REEMEIE R RIS TIARDC, 9K EEF i [a] FE AN A L
T, NEESWMmA RN KNEETH, X4
SARS-CoV-2 ¥ EAT Iy SRAS /NI R AE. B T 45
Fay ) 3¢ 45 R R ARSI B NN 48— I A%, SERS
AW N T SARS-CoV-2 - SRS vHEAG: 1.

4 WGM JZE s

HiE 0] iR 4% 2 Whispering Gallery Mode, WGM) X
PRIl B, HA [ 8 B AR X )0l 2 Bl s A kA
N KOG T AR A M R BUE AL B, O A
T 60 A6 Rl 2R RIS, B
FLOOL YRR ITURLIT-SISEAE S (AT, WGM 25 A (1)
PR R A 2 AR U SARS-Co V-2 25357 B0 25 1 B3 H
AL S5 1] .

LR RIE 25 F I B — R & B, 0
WA CIE ) B SG AT AR 18, BN AE R FE A0 P
oA AL 28 . T 2 R PR A A s i A B, 2
KA TN G, Sk 7E 23 s 1 5 AR 2 10 4 U
FEFEIFE/DN . oAt SR A = A e g iR
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Au Nanoplate

00:01:00

00:05:00
COVID-19 SERS Sensor CEmmeD &

w-Titor Samplo Roport

SERS paper

Outlet

PDMS based microfluidic device

Optical Window for
Raman studies

Outlet

B 2 SERS AR AYkrEY): (a) SERS $AK M CRPST; (b) SERS A SARS-CoV-2411; (¢) SERS Bl i 6 i 455 A (581
Figure 2 Biomarkers detection by SERS technology: (a) detection of CRP by SERS technology®®”; (b) detection of SARS-CoV-2 by SERS technolo-

gy*; (c) SERS real-time detection of SARS-CoV-2 model*®

Reproduced with permission!®”l, Copyright 2019 American Chemical Society. Reproduced with permission[*!l, Copyright 2021 Springer. Reproduced with permis-

sionl*®], Copyright 2021 Elsevier

WA ROR, B X—ILR I RN WGM 2%
s, AR, NI A W — S AR )
R 2 R K A, (S R AT G, X —
WARABGRR 2 R K. BT R AR, ATeUE
HH AR S EBRE . . % WGM Y62
W N, AR Wb A A

WGM 2Rl A R BFE /N . T, 1
516 SR AR ELAE 80T B A AR LA
S 1 WGM 655 Ja BBl 2R bm s /N el ik
FER AR, SR 2 R AR B 4 R Bl R g4
WIRIE K R sh 5 A YRR I RSE iR, Bz
B VIS, 1A i A b I i R m, Sl
WGM 2=l J& BBl A 2T S 20 3K, IR K R A=
R, WEIRIEK M 2 T AR E SN, A
P MET A A I T8 B RS U R B, TR RO AN BT Y
RS, TRV RN 5 28 55 AR A /N B AT e A= 4
PR EMI RS EEE E; W IRBEAC 1 J 55 2 4 24— A
7R, HARFERRNK T R 5, A Bt
WhFERE ), REBUE A

UTAER, WGM 27 Gl s o U5 25 UKL P B FH AFF 9
JER T K TIRE. M= BB BT T 45 A8 A Ak
FEFFRIR WGM 0l (B 3(a)), SEL 7 BANREER
R, 24 AN FEBURL H ILE WGM 624 i R I,
25 RIERIBEA 02, SLU0 DA B 2= S AR Y
120 nm (1) H B 38 8005 B UKL, 356 A I A58 AH AT 1
SARS-CoV-2 e F1EH. RiE— LT+ WGM Je2:5
i 6 0095 B R 1) R, Baten Z52¥ it 1 ek R
HIREGN KA B SI/E N WGM 6285, T DU B AS5
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BERIURE, SEO6 R BRI I #2500 25 UKL I K /NE
LML R, A RET WGM J62E s B4t 138
MIEE R AN LR, T HE AR FH WGM 62 B e = P
Kl 7 SARS-CoV-2, A Timit F 412%% — ARG K/

Lasing spectrum Beat note signal

A Nozzle

\/'
Pump 4

@_ez Y . s

. WDM (=
Microlaser ‘&> |

Oscilloscope PD

Silica
nanoparticle
dispersion

°
—_—

Superhydrophobic
Substrate

Antigen

Microsphere

Testing kit

B3 WGM JC MR MR EERRL: () WGM J6 AR A M 94K 5
Hil (b) WGM Y62 s Kl SARS-CoV-211

Figure 3 Detection of virus particles by WGM optical microcavity: (a)
detection of nanoparticles by WGM optical microcavity'; (b) detection
of SARS-CoV-2 by WGM optical microcavity [}

Reproduced with permissionl®), Copyright 2011 Nature Publishing Group.
Reproduced with permission®’, Copyright 2021 Wiley
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BROWEE TG T AR AR BROER, T S LE R BR R T B
SARS-CoV-2 )N & [, ik il A3 5 5 B,
IR KRR, PURIKFELE 1~100 pg/mL I, 20
B R G PURIREE R IE L, JERE BRI AN 22 77 A 1 R
WKL (E 3(b)).

WGM Jt 2 i B IR K HUEZE H T SARS-CoV-2 5§
T 2R 7 P ARG U TN — e ) R — S T A R T
bR T AR TE WGM JG2EME, Bt H R B8
o R B R Y WGML 62U e — BB SR H AR, )
—ANERER R, AT EA RN WGM A P R
MIFTER N, IR IR T, SCBL 55 1A S AR
.

5 tb&k

bt 7% (Colorimetry) &2 5 1) FH A& I ¥ 4% H R ARAL [
B ARk, AR S AE A S 5 1 — Rk, T LA
B M6 F+ 9K & R S bR iC BR R, DU Hb A 0 955
B EARVIEAEbREY. EER T GRZ,
RT-PCR £ A HE SARS-CoV-2 MOk 51k, 1E4&
Eb 83 B —F,

B X RT-PCR HiARH o 38 FE G 2. FERT 1 i) L,
AR R R R I S AN TS Y1 B (Reverse

Transcription Loop-mediated isothermal Amplification,

Preparation of LAMP - b
reaction solution amplification
60-65°C
'ICV
DNA
/I\\“f\w
N
7D 4
Lcv
Ccv LCV
OFF-State ON-State
cC 7

88

\
< we
mix s :

e
C@myesn

50 pL of sample

15 pL of RT-LAMP reaction mixture

LS = > e

« Small viral RNA

Aggregated

RT-LAMP), ZH AN T EIR G, 75 60~65 CHIYE
BRI, BUATSE sy St F8, B0 MT(0 . B PR b S I 25
K. Miyamoto Z5PVR JE 7 —Fl LAMP AR I XU
DNA A R(E 4(a)), TR HE S50 DNA KAEKR
NJ5, BN GE RN TE SR, TR K RO B
EXU5E DNA WIREAAIEE R R, X —R 7
B, I HEAKG D R 0] PAFE — AN $ PR P 52 1,
FRAR T AT, 32T+ TR IIHERR . 2fulith, Yoon 4]
BAOBE G 7 — Fh 4R B 420 A, T T B B A
MZERIER(E] 4(b)), KRS B4 IR 21
B4y, TJE I RT-LAMP N, 7668 CIRINAGR L
B0 15 min J5, BIATIEE & e WA 4T, 1520k
S FE OIS 5L, XX SARS-CoV-2 [ b B i
FEMFEAL T —Fh BLE%. Maeng PRAEZUSIF|H RT-LAMP
FAR, SEBLT SARS-CoV-2 HIwE S ME RIS R, Al v
T RT-PCR HiAFREZH . ¥ IE AR KN K T
W, EAREAMARIEHIRIEH iR, HOR&T K
RS SARS-CoV-2 14 1E.

VTAER, 3T & 90K Bk (Au NP)I EL (32 B HF
SR, REEUER. SREWSR S, RERE. TH
ZREAUIFIF Au NP L ykseil 7 BIE R 112
Wr(E 4(c)), B A Yh5 £ microRNA-148a [f] RNA
WEMEME Au NP SR, w045 KW FE & A7 78

3
Large components W

% Small viral RNA

» X

“ Small viral RNA
Negative
amplification

[ 2 @] z Positive

68°C amplification

Smartphone imaging

' & AS a #

ample Collection SARS-CoV-2 virus Viral RNA extraction

Agglomera(cd

AuNPs AuNPs AuNPs |} \

A ;‘ Selective ‘naked-eye'\ | RNaseH ’ ) Smir!
*{* Vs VAV AR L ’ Dispersed AuNPs detection of positive ‘»\' ' 5 min incubation / incubation
:&\ ‘ S\ RNAprobe COVID-19 cases / at65°C , |
* NN\ targetmiksia-1asa @ o Precipitation N

B4 Okl Avbs E9: (a) ikl e BUEE DNAMY (b) bk kil e 28 R BT, (o) b Bkl e B 9 AE W5 4 microRNA-148a"%; (d) bk i

V£ E SARS-CoV-21"7

Figure 4 Biomarkers detection by colorimetry: (a) detection of dsDNA by colorimetry!”); (b) detection of Zika virus by colorimetry!™!

gastric cancer biomarker microRNA-148a by colorimetry!™; (d) detection of SARS-CoV-2 by colorimetry!’”!

; (c) detection of

Reproduced with permission!”], Copyright 2015 Elsevier. Reproduced with permission!’#l, Copyright 2018 Nature Publishing Group. Reproduced with permission!’®,

Copyright 2019 Institute of Physics Publishing. Reproduced with permission!”’”], Copyright 2020 American Chemical Society
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microRNA-148a, FA Au NP 29 B A%, M
Au NP JJERTHSE B T80V, Wi kA4 i 281k, 78
B @ KRG E AR LE S microRNA-148a FRIWKER
SE B OC AR L IX PP fRT DU A I 2 R RS A T
SARS-CoV-2 (1450, Pan A BAU7E T F1FE7E Au NP R [
BMi 7 SARS-CoV-2 [ L H R, R MIFE &b A7
TE SARS-CoV-2 [F] RNA Bf, B/~ Au NP Kk E LR
PR, S ZBEZIREE BT RNA BE/5, Wl =4
WWTMW%M@SM&CWQ%ﬁ@%&W%OB
ng/uL(B& 4(d)). X5k E AR Bk, e
M2 %mme, 4 SARS-CoV-2 IR fifi 2 TAEEX,
R JE K BATKI. Velotta Z578I7E Au NP E &1 7 -5
SARS-CoV-2 =Ml & H W Puik, A A & b A2 7
SARS-CoV-2 TR EFMURLI, EIHTIAR Au NP 2456
TEJR BN R TH, VR A IR e JL o8k R 2E
YU, SEROE KN 560 nm Kb SR AR AL SEi
PCR AR MBI R E4T ek, KRB AA 2 0] DA ) )
TEIRBRIAE N 36.5 MR dE gk i, IXBLI4E & Au NP [ LL
P RBUEIR S, & T SARS-CoV-2 - 55 25 TAF.

T I R SR L E R P S & A RIS e, R RE

a
i) Printing nanochains i) Incubating antibody
2 ST 8 v “'“‘\k-\ X ;o
\'\\\‘ “ - L4
b
Specific antibody
& N1
o)
Blood or sputum Y /
from patient 3 »
;ﬁ &
Virus sample * & # 5
% ¢

L " 15 min incubation %"

# sARs-Cov2

* Influenza virus

Portable quantification of virus load

¥
b <0/
Scattering intensity (nm)
S
o

AT DASZ I AE Ppbm A I ROk 0821, SR ZE AR [ AT i
IERTE T — B2 T 4K Gt BRI R 16 A H g oK 8
Fr, ATH T IERRC RS i AR SARS-CoV-2 Ji
WAL, GBS s, TR GRS SRR B R £ T
—EGKBERE S (B 5(a)). XEEGKREEIFR T EH KE
(RS AT DB DR S M AP, a3k 1T e 0% DR b 3 1f
TE R () SARS-CoV-2 R FJHURL. 497 75 0k I8 by
TEGIREE FR 2 SUR PR BE RO BB, R 2 6e

HLBERSLE 15 min A 58 )i SARS-Co V-2 I #50kE (1) 72 B AG:
ME 5(b)). S22 RRE, 5B MR 2 18 S oK sk
R U K Ak S I 0 R it PR R 50 K U A A FE iR 0 (1) o
(B 5(c)). WHFE Nl 7 AR RS gKkaE, FIH
SAAEE QR IURLE — 5 AL T 90 K BE 75 T WL X 38 (1)
Je 2w B, BT AL AT A AR W S BR BRI B L) 1
PFU-uL ™', tb4h, T ILRIE S LI585, XL e
R0 2K At S T DA P SR sz ekt M 00996 753 SO (R 9 . 090
FERIKE M 0 3] 1.0X 105 PFUmL ™! ¥t il § R B H A
[ B N (B 5(d)). IX— 5 iR T = 241k S
Wk, FEEtEaE. REER. BAMK, B EBo s
T8 75 455 7 3 AN K L 0 5 TG PR B G R R DU v

iii) Specific identification iv) Label-free optical detection

(1]

@
t=1

N
=]

- & 400 500 600 700 800
> Wavelength (nm)
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Figure 5 Colorlmetnc detectlon of viruses dlrectly from blologlcal fluids using a printed nanocham assay[m] (a) Flowchart of V1rus detectlon 1) The
1mm0b1112ed on nanochains on basis of the coupling of the carboxylic and amino groups for rapld identification of target viruses. iv) Under oblique illumi-
nation of white light (indicated by the yellow beam), the color of scattered light (indicaded by the red beam) changes with the viruses binding to na-
nochains; (b) Quantitative monitoring of virus particles: the color change of nano chains can be directly observed by mobile phone; (c) Measured scattering
spectra of nanochains before (orange curve) and after (blue curve) binding pseudotyped SARS-CoV-2 viral particles; (d) Side view of magnetic field dis-
tribution of nanochains in response to binding different number of viruses

Reproduced with permission!®3], Copyright 2021 Wiley
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Figure 6 The radar chart compares the advantages and disadvantages of
SPR, SERS, WGM and colorimetry as optical detection technology in
sensitivity, diagnostic feasibility, simplicity of operation, equipment cost
and universality
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