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Abstract: The outbreak of corona virus disease 2019 (COVID-19) has aroused great attention around the world.
SARS-CoV-2 possesses characteristics of faster transmission, immune escape, and occult transmission by many
mutation, which caused still grim situation of prevention and control. Early detection and isolation of patients are still

the most effective measures at present. So, there is an urgent need for new rapid and highly sensitive testing tools to

quickly identify infected patients as soon as possible. This review briefly introduces general characteristics of
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SARS-CoV-2, and provides recent overview and analysis based on different detection methods for nucleic acids,

antibodies, antigens as detection target. Novel nano-biosensors for SARS-CoV-2 detection are analyzed based on

optics, electricity, magnetism, and visualization. In view of the advantages of nanotechnology in improving detection

sensitivity, specificity and accuracy, the research progress of new nano-biosensors are introduced in detail, including

SERS-based biosensors, electrochemical biosensors, magnetic nano-biosensors and colorimetric biosensors. Functions

and challenges of nano-materials in construction of new nano-biosensors are discussed, which provides ideas for the

development of various coronavirus biosensing technologies for nanomaterial researchers.
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2R T HETH L SARS-CoV-2 Kl J7 i Al F-4hk
B 1 TS AG T A T T 2L 2, DA A ) 2
FLUL R K AR TN ROOF RN . R, &
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(c) Common human coronaviruses
1-229E (alpha coronavirus)
2-NL63 (alpha coronavirus)
3-0C43 (beta coronavirus)
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Fig. 2 Classification (a, ¢), symptoms (b) and structure (c) of coronavirus
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(5B K e A I A SBEALLIDR 451 6 12 4 4l
CWiTTEZ — o SRl vk B A Bt S5 B A
KA ZGiBifH SARS-CoV-2 77 4E HIRs S M LAk,
FLFE G g% SR BT (B A 4 )+ IR G 928 W B A Ak 2
HHRIEINT BT IOCHRBEENTERAR . A A
A e RBUZ AR R R, A2 SARS-CoV-2
FHIRZW )b, PURATARINEBREETE . &
MR, AR AER S A Bh 5 7R i TR
R R B AR TR A I, H AT AE e N A
WFRTTEZ

2.1 ZERHET

SARS-CoV-2 HIAZBRAT N 2 Z 2 51 X4 i 7 RNA
FEDR e A BEAT R o R BT A0 R 5E e 8 5 B 7 A
A BEH] SARS-CoV-2 4L \ K & B SARS-CoV-2
A S Ep bR EL T A EE bk . BT, ARSI DA A R
BRRE A Ry S R R TR 2 0 T COVID-19 %
TERBT 4 TAE . B TR IR i v f 22 A 2
AR, WS PR SER 5 B I S R AT
BN A B EFRY G HA L s AR,
Tl 28 SR G W U S LB L AR [ B ] S
HEFIRMHARLE
2.1.1 EREMNFHEAR

eI B R 3 R AT B — o L A B LE
Ji%& DNA 7p T HHAT R HIIIGE, By B ARIE S
Tl 3 2 A5 DU IR AR, IV 20 AR A DR 2 1) 58 B A
o FrakEmRRUE, RER R EE T
SARS-CoV-2 F:RIZH I iy AR, 8L Fr 5K K
PLZ JFAA I 3L R 5 SARS-like Wi jet TR 975 7 2 D)
FI9%, HAI SARS-CoV Ji #5745 % i [ [l P 22
i B 4 2k A 240 0 ) (Whole Genome Sequencing,
WGS) ## fit 7 X ™ =S MM ROR 44k A A
SARS-CoV-2 W& FEAIEAL A 2 WL . H AT T
SARS-CoV-2 FI5E RN PP BOR £ B P FH, 7395 ik
T ARSI DRI 7 1) 72 25 (R 40 0 77 (metagenomics Next-
Generation Sequencing, mNGS)H1 28 = AR 4l K fL =il
2l J7*(Nanopore Targeted Sequencing, NTS).

T R I B R U (LR 4 B R )
R AT B RN, LW BMERMED, §
MG E i E G . 2RI ReRE H B 1
SARS-CoV-2 1% K 741 Je HoA2 R A5 0L, A H T
JFAA SARS-CoV-2 A I s FIE B AT 252"
FT Nlumina “F & X 5 A7 27 2RI 2 Bl Rt 28
ST TR 8 R e VA 1 A IR AR B A B B — ARk [l
FPo FER A4 R R, 78 T 83 B REBE
HAFAE — TR RIEZJE T B-CoVs T BEFR I FE K,

AL R [R5 2 5] 98%~99% o 3 673 B Mk I K% I
M SARS-CoV i 8 B A 79% B [F ¥ 1%, F
MERS-CoV %7 B 51.8%K M. %0 Rk £
B, EARIZS BRI EE SARS-like-CoVs K%
TR VRPN 86.3%~86.5%, 1HJ& T —FhHT (1) e IR
B B R B S hRH  E R AL 5 —ARSE R
JF B ARG P 44 B A A R W 28 R 1R N EAT A IR 4
BUFIIN R, R IR mNGS JT e JE R g R 25, fE
Je B BUHTR JEAR I B . 3 — 5T ORFl1a/1b.
S RN FELRI 4B, I 2006 55 A — o B 1 e bR
WitE. mNGS R DLELFE0F R AR A AR rf 95 J A it 47
FLDR P A s, R Al 2 Ao R A, W RNA
Wi, DNA iR 5. EEEPY, mNGS 7] LA
TR A R R SR, R A SR 1) R
g HE T TH AR (2 W o (B T LT R B TR OR
T 5d), 7E SARS-CoV-2 P Al 77 T 52 2| PR 1 o

H A, 52 0002 R BCA TRE 4l e AP,
R AR RS SARS-CoV-2 423k R, @it 43
F %t Xt i 2 SARS-CoV-2, Jf A 2 #r
SARS-CoV-2 [HAF R M. Z IR T 22 36 4
WF 7515, BAEwE, Ferfd, &% SARS-CoV-2
A DRI 0 7

55 = ARG K AL s & 5 AR 5 A —Fh LA
MFEA o GUKALI 7+ AR Be % %8R Btk AT 4
ST O e U R R I TN /E G 5 N
T IR 2 01 R S 25 2OV s M b ) 90 K LB 1) 0
PR J7 ik, 56 TREmy 8K, %k
B A KA P AR 35, BEREAE 6~10 h PN [R) B A
SARS-CoV-2 J¢ HiAth 10 MW i 5 25, Al 3 el £
& 12 /> SARS-CoV-2 HEH AN s, BAREMR
BRI ER I . [FIR, Z VR A, S
SARS-CoV-2 5k, A, KL P H AR X 525
FEIVE R A, A A E S T A, A —
T8 SARS-CoV-2 PRI I A 748 57 i 42— 14
ISR T A .

e 0 A DR 4 R B S 1 v o R 1
RS BER, BEAHRE 4w R AW ik A &P
A (R RF A @ Ak R AL, i ER ]
YERN—Fpd kil T B, HT SARS-CoV-2 fHRi#
For il o e A, I e A Y R, e A T
SARS-CoV-2 2255, Xf T LUJG o] Be 5848 2 K BT %
T, A R R e R B0 A e o R ) 25 DR
FeAR M GE % 7 BRI TAE F 134T P i IR
2.1.2 EHRATEEFERBEEEXRMTAR

SARS-CoV-2 A& R [ A 8 1 (S & H) I R 1)
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R, S F T R R DR RS I ) 4R K AR S A AR SRR 7

RNA T 7 o SEIN %6 78 1 10 e o) B8 Mg e 20 N 43
A(Real-Time fluorescent quantitative reverse trans-
cription Polymerase Chain Reaction, RT-qPCR)/& ¥
T AR AR R (RNA)IE #4589 ¢DNA J&, BL cDNA
B HEAT 22 I PCR A1, fiJa il 98 G R
SEF ARSI 7). 7E PCR MR R, B —%t
R 2SI MR — TaqMan #R4F, ZIRE NP 4>
MFRIC T i 5 ¢ ' 3 H (reporter) AR K 2% 6 5L A 1]
— B R RIT I . MIRE SE BN, reporter
RS RGBT e R EE RS, n e A SR A7 AE
BT, SREF SHBBCKAE PCR VI 454, DNA %
A I ) FH I 1 A0 070 T 35 2k I A5 ASOCR PR G ) B o,
reporter S5VEKIER B, KRR, B —%
DNA #, fAE7 A — D500 1. %tEE PCR X
e 3 M ] 5 S B IA Tl 5 Ve R B 1) A0 A L (Cy) ok A
ERIBAYE, CoORIMURIR R IR, TR IR IR
HRAIC, G

H Al RT-gPCR # B & W £ R 2 H N
SARS-CoV-2 Il RER A B b, T2 L
BORN AL PCR & FHSER =AM, 5€ Bk
DI T3 2 4 h ZA AT IE] . 3X 98 PCR il 77 244
T TagqMan FREF, Hor AR 57 04 A SR R AH X B =
AT 5 24 M Rtk e = i K2 36T SARS-CoV-2 4
R ZH P GRS HE 1a/b (Open Reading Frame lab,
ORFlab). %4755 1 (Nucleocapsid protein, N)FIfl
JiE 5 1 (Envelope protein, BYHFATHRER A . BAAA
EVRE oallZEEE % N R EP SR E Y A IE 73 S TR
[, 4354 FLHE X Bt (ORF1ab). XUHE[X Bt (ORFlab.
N &EH). A =X BY(ORFlab. E FHMI N 2 H).
%R PCR I A K 22 T 2 ORFlab Fl N K]
ERPIANEERR, (Rl A 7 A XSS AR B A | B
SRR BH 1 LR s A (=] B 3 2 B BE AR [H A A BE A A
SARS-CoV-2 #ZBRFH1E
213 A SERYERA

WA LY HE(Loop-mediated isothermal Amp-
lification, LAMP) & —F1i# 4[] DNA 7» T2 WK,
BB AE S5 IR A IR T SEIURE 5 s R H AR A% R
AR, REERZHEH PCR 1 10 f5LA F . SERf i
AN FERY HIERT-LAMP)Z 2000 4 H A
WF7E A 5t Notomi 255714 HA f—Fdi B (6 #4025 4L
IR LR BRI EOR « AR TAE SR PCR i 22
— RAE IR EAZ R 30~40 MEHR, LAMP A
T ELR AR IR, {EfHIE(60~65 C) NiE{T. LAMP
FUEH 7 —H 4 MR R 51— DNA B 58, A
A EHNE N R ESIEYE, EAZ] 1 h BRE P
I 48 H A 107 $5 UL H R

LAMP 7 R R F 1 4% & i 1 RT-LAMP 1]
DNA R A BRI RNA P51, JBOREIF=490] LA
JEREVEDI &, B HE 2 R P ) AR B IR B AR T
DUVE I BRIV o TR IO AT AR 40 #R T LA PR
BB A SYBR 246 %< ' ekl b AT ] 5 1) 6 B B
ROHT o XIUHEARIIER 12 B T 52 Gk
W, 2&—mama nERITIE.

HATC& A B # T 7 —L28 1 RT-LAMP J5%
KA COVID-19 Ky A, FTLAZE 63 'CF 30 min
PSE R I . B H BRI 7 %, Rrle K R
15 min A4, 7 ZEMSEA, Bk T
R IsE g, X7 TR . Zha 2P R TR Tl
KRR () AR W) AR K #8 1R (Nanoparticles-based
Biosensor, NBS) ff] RT-LAMP # il 75 ¥, ¥
SARS-CoV-2 ff] ORFla/b X5 N & RAE A48 H
B, S8l SARS-CoV-2 i NHIKERAZ W, RAEEF
FESFPEREIE 100%. BT 5 2, LAMP R (1) #H 2R
A RT-qPCR Al A B 1R) KR 4k, Hok & H &
1 5E IR E, T T PCR BOR o i S 1) 25 18
— AEIR, BN AR REE T 7 I3 DU A U
(Point-of-Care Test) ] —HUHT HI A .

2.14 RERHEA

WAL 85 Fr (Microfluidic chip)s& — Fh7E ek 2%
LA R RO T AR o IR TR
A& — Pl FE AR A0S 546 = (Lab-on-a-chip), g%
BRI 25 OB LA S AG IAE /E — AN BN 2 B
o MAER AR R ASE A, SHEE. .
FHEF R PR B S AL, T DASEIRE AT, 458
7, R DA R/ AR I )2 200 i
FLH ) PCR HARARLL, B 45 5 R G &% S8 I KR
ALK S PCR R IEAR, g2l i &
far i, HAY 750 & & St A A . Fluidigm 2 ]
EBO TR RS R N FH T SARS-CoV-2 £ M
WAL LA R, $25 PCR 2540 TR BOAR 1 67
73 AR

B 5K T A0 N S S 5O T R B
20, KEER A E R ARG AR, HTAY
BT R BRI o ABATT R 0 H OUE B O ST T A%
OV P LR E R AR S B T Fi e R, B
REMOIGRE AT AL EE . AP, RXIRY BRI S5 2
BERRAE — AN i b, TR T B B PR AR
W HETA AR E SR KRS FEERKS
Bt e = BE A 50 B S AT R U K A A R I A
HIBA, 256 3D FTER & T i 28 25k R A%l T4
M SARS-CoV-2P1, %I PR 4 a3l i St 4% e A A
3D AT B AR A B e AR BRAE — N2 E P (B 3).
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Fig. 3 Scheme of the lab-on-a-chip genosensor for SARS-
CoV-2 virus detection™™

WE: working electrode; CE: counter electrode; RE: reference electrode;
ssDNA: single strand DNA

The color figure can be obtained from online edition

4 SARS-CoV-2 ] RNA FlH.4E DNA(single strand
DNA, ssDNA)Z5 4 )i, 3D FTENZE EIL P ssDNA fif
W, 30 e G A fR P 1) ssSDNA [ FELAE 5 SR 5 2 5
TETETR B o IXFhON/OFF 45 X 1) (ol it 1 35 (R A% k2%
BA G . B AN E D RS, By
£ 7 min WG SARS-CoV-2. H A, F& Tz
ARIF KB — 3K % 9 i F AL & 7 (Detect Virus BOX,
DVBOX) /= i, & — ik B A H M R EER
SARS-CoV-2 Rl is £, RefE T IBsin =5 T,
To e Tl m A N G BRI ] 52 1 R i PRk L EF ) SARS-
CoV-2 f, HAG IR AT PLIE 3] 10 copies/mL.
2.15 HMEAHFEEEEXREZZAR

% =X 7 PCR(droplet digital Polymerase
Chain Reaction, ddPCR)& —Fi% R 7 T 46 %) & F
AR, HFEEEH PCR IR A 43 Bic 21K & 5
SN TG (AT, B PCR ACK [ STR & )
HARZ AR 5 F BENL 7 FL BB ST S B FR G, PR T
B SAL RN & B R LR A T, T
o0 1ty 2 45 5 B AT 4 (P 4)P7) ddPCR M AE St
1) RT-qPCR JIH¥ 75 ZEAR P Am vk St b AT R vtk o i HL,
PCR [ B4 5 EI AT /NGO, 7EX P& T, PCR
BTG AE S BRI, K R R, 18
R EARIIE LT, #la SARS-CoV-2 4L
HE A T8 AR A B R 6 i ) BB R T R VAN
B, I ARSI I EE

S AR, o E =R R Fang ARG, b
5 CDC 25 A AP 7 — /M7 RT-PCR i,
TR T 196 ANRELTFE 5L (103 NEERL. 77 Nz
16 ANXFEERE), 455 Son H R B | R AN v f 1
S IEF] 91%. 100%A1 93%, Lt RT-gPCR AR
KR 7ok, RO TN RE T 77 4

- OO0
g — 000 =
®0®

OO

Partition reading Threshold setting
¢ ° A °e L
- >

v Targetsequence @@ Positive fraction

4 ddPCR TE I A AR 57 o () 2 A AR A0

Fig. 4 Principle workflow of ddPCR in analyzing clinical
samples®”)
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Negative fraction

BEME T, JFHE T ddPCR Al RT-qPCR 145
SRV, R TN BT P AR I R A T A ] 5
YR Er, Hod 26 4 RT-qPCR MM E & &
RT-ddPCR £ Wija Sor NFHTE. TH, 7 14 HEE
W E R, 6 4 3% I RT-qPCR A 45 oA M, H
i ddPCR 47588 AT LU I 21905 75 X 1R
2.1.6 CRISPR B A

R A3 T) B 1k A % . [B] SC R T 1) (Clustered
Regularly Interspaced Short Palindromic Repeats,
CRISPR)RZ B A I (1) 42 J5 A% A= ) R R AL 9 1) — B
BIPH, HIEARFEHZ: 7£5% RNA(single guide
RNA, sgRNA5| ST, Cas EAHIEMNHFVIESH
PAM (Protospacer adjacent motif)/¥ %] fJ#EFr RNA
o DNA, Mifi T 56 e sy, Jmsesk, 5
Cas12a 1 Cas13a F) x V) #(trans-cleavage) I i =X
Y1 % (cis-cleavage) ¥ £ J & i >k ) HOLMES
(One-Hour-Low-Cost Multipurpose Highly Efficient
System) . SHERLOCK (Specific High-sensitivity
Enzymatic Reporter Unlocking)f! DETECTR (DNA
Endonuclease-Targeted CRISPR TransReporter)[1] $5
RO 2] . HILIX LR T CRISPR HI#
(L UES N - s Rl N AWs S 21 %7 N

% [H Mammoth Biosciences A &) FF & T —Fhdh
(<40 min). &7 #EFR, FET CRISPR-Casl2
A g SR B ASIFA, A2 A I B AT 5 MR 4K
F RNA $ZH P SARS-CoV-2( 5)*, ik
TR B K E G #H (11 36 # COVID-19 AL G
A 42 45 At 55 B A R TE R Y SR B S EURE
Al PRAE i, BEAPE TN 23K 95%, B4 F0000 2 ik
100%. FIEF CRISPR RS A28 AN 73 5 [ R
95 42 I AN L) b 0> SARS-CoV-2 RT-qPCR il & i 4%
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SARS-CoV-2 DETECTR

_____________

Target recognition and |
probe cleavage !
1

|
|
i | SARS-CoV-2
! E gene A
gRN DNA
' | sARs-cov-2 Ny
I N gene |
— [ —» I LR o l X
: RNase P P Casl2 I
I (Human) I
: ”*%d
! Isothermal i s ) . Lateral flow
Nasopharyngeal Extracted I amplification Cas12 complexed with I visual readout
swab viral RNA ' (RT-LAMP) > SARS-CoV-2 sgRNAs !
_____________________________________ ]
10 min, manual extraction (1-8 samples) 30—40 min 2 min

60 min, automated extraction (up to 48 samples)

K s

#:F CRISPR-Cas12 | [ i 53 A6 Il SARS-CoV-2144

Fig. 5 Detection of SARS-CoV-2 based on CRISPR-Cas12 combined with lateral flow technique!*
The color figure can be obtained from online edition

BE7EM . PUEM BT CRISPR Al AR E
AR R R AT g, IS W] LS
TERECHAT RN G, T AT e S IR SR

A& SARS-CoV-2 Fa 4 AR # 72 B TR 1) ko
W7 o R R 1 B A% I A W R 1 % 1 20 3R
TR TS B ORI . BB BRI I R
Bk BB 7 Ak KA K REBR AR 0 . Bk
R IR B AR AE T 20 4D 90 4EAR, H R B2
WEER R R 2 IS TSR, TR e R T RE S
B S B AR IR AT R e i 2 A . [
B I FH G BR B 5 B A& A RLBE 7, TEANIE%
TER T AT E M a5 E 5, I SL I =R 1 4
salifh . MEERIEAZIRIEIEE S SL I H Bh k. R K
L EAE R ER, BAER R, H . FiASiE R
A 2 TORE S B R R BN TR R T T
“Fe;04 YKREERE NIREL SARS-CoV-2 %R K
DEAE, SZEUER R SARS-CoV-2 ¥R 1) 5 3057 5
iR SR, FEN T Rl 2 LA R
AR F SARS-CoV-2 2019-nCoV 4% A I 1k 71 &1,
N E SARS-CoV-2 Kl Ti#k 1 /15 .
2.2 R

) SARS-CoV-2 @ ANE—BI A f5, ANfhs
PR AR PR SR BEAT B . WU AE BT 42 o Rl
T, HERANH A — R SPUR AR R R A
BREEH . R ERE E AR R 4 S5 R B SRR e
Z S N 1gGL IgM. IgA. IgD. IgE. %
BHEANUARTG, ik — @ BT Ok 3R A i e &
g, MIr=AXamMm. & mRa ik, 1gM ik
T, AR Z PR 4R R BEAR | I (A&, 7E (i
REFSLBH 2R H, 7520 AT E N2 Wife
Fro 24 IgM BB 2RI, IgG & Bk )i, Hk

FEwE . dERRI K, MiE 1gG AR B R b T g
HH e B el R

REMFREXT COVID-19 H#H FHATHF 7 A,
4 SARS-CoV-2 #A NG, HAHMHIZE MR
1] S 2 111 RBD X382 & AR R s, M
7 IgM/1gG fidk . o, 724 IgM Hithk K4 75 2
5~7d, P4 1gG Hiik T E 10~15 d (B 6)1'*), Hx
PA#REZE L2 7E 2020 4F 3 A 4 B RAR MG AL
PIFEEI K297 7 REE-LRR)Y, I3 A A0 4l i A
N2 973 1 R0 B AL 81 ) i B A N v 2 —, RILIE
TG N AR BE A Ry SR M LA 1gG A 1M BIAFAE J
B, (AR T N R AR A O R SR R R
F R LA I 22 A 0 v 2 R ds 3 R G 2T
(A 4) i« TR TG 2 TR AR 36 Vo R A 2 ROl 92
NS
2.2.1 FEgBX SRR IR B E

P FB 0, 72 1 Y 5 ¥25(Enzyme  Linked Immuno-
sorbent Assay, ELISA)& N F T SARS-CoV-2 £l ¥
M ERG M 9% — o ZIRGES TR Puikk:
S I L R %o JER 0 v A A, A — ol
P S H AR U KT, 2R AR A 5 [
MR B AR R T PR BB E R AR OB, 2 e [ A R
IR R PR SR A i ik i P o 2 AR R 1
T o B S IMNBEFRIC I BUARB TR, 78 [ AH 2%
P LI R B2 e IINER S MR G, A e Ak
A R TR, TR RS AR A R SR TR R
FRIEAH G IR R o R G AT AR &2 5 ) R vk b AT e o i
BUEPEI T AT VA R U s, ERAE TR, (2
RO I TH P8 o F SERR B R, AR B SR B 0 R
FENR AT AR, ARG ARIE k. 5
Grydi, G IIHIE . RIBE R B RES R,
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Fig. 6 Change of human immune response after viral infection

[16]

The color figure can be obtained from online edition

= y
CoV

S protein

Substrate @
( )* ‘Absorbance

=3

Anti-rabbit IgG HRP

/, Rabbit anti-SARS-CoV-2 IgG

Cell SARS-CoV-2 S protein

I S protein (IgG)

ELISA

K7 Fxdll SARS-CoV-2 f] ELISA AU
Fig. 7 ELISA method for detection of SARS-CoV-2['%]
ACE2: angiotensin converting enzyme 2; HRP: horse radish peroxidase; ELISA: enzyme linked immunosorbent assay
The color figure can be obtained from online edition

COVID-19 £ K I}, ELISA S8 iA N a] AAE N —
PP I AR E W COVID-19 #3% . Liu 247
I T E A SARS-CoV-2 IR TR AN HH)
FRTH R FE A (S B H) B9 BUE BX G 8 7 ke A
W IgM A IgD Bk 2T N EAM S & A MEE %
328 TR X PR AT BT IR BH S H 2R 233 80.4% Al
82.2%, HTEBH UG, %R &M R gL
eI e . 26 [ PE 43 AR ZE 2B Krammer 2514
WA H —Fh ELISA VKAl SARS-CoV-2 [HHif4,
At A7 43 A F 52 3 1¥) SARS-CoV-2 1) S LI S
T A 2K 45 A X 1 (Receptor Binding Domain,
RBD)KA I 16 4 SARS-CoV-2 fitl 48 £ 3 1) 1L 75 A1
M3, W8S P B |3 = A2 T P 1 0 45
F o TXF COVID-19 & BRI 50 4 M35 3ET
FIFE A AR, RIVEATR S |ATLRMEE
PG, DL g5 SRR, BT XWFE AR ELISA

J75 AT AT SARS-CoV-2 FA .

ELISA A& 2 35T Hu R R0 44 2 18] (1) A0 ELAE FH,
S —Fhg, DAnrill 07 e R s . —
SR, 3 IR 4t SR P o A e R S 56 R 2 R 2
AR, XA EAELEELT 2 HISL R mMZE. X
BEPR 2R A FE: BT AR IR LU AR B,
EH T~ 2454 B R DR -1 55 T P A0 o ) A 6 T HH IR
PR, NI& 4 P BGE P i 5 S e e 1, FERT
A% 1 ELISA A @i stk s & Em £ R,
4 F ELISA B2 HUASCRT At AR SC & A Hifg o
222 MiRGBERENE

il % 4 9% 2 Bt % (Lateral Flow Immunoassay,
LFIA )64 i 7 12 R 8] 43 B0 e oskig « ik
1A 4> 1% (colloidal gold method)#& LA 4 4 49K ik
R AERE, FH CARS I 40 A B AR 1 — b G % A
WHEAR. EFERASIEFEANERT, WEAESR
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R, S F T R R DR RS I ) 4R K AR S A AR SRR 11

(HAUCILy) 7] 9 38 Ji s — 78 K /NI G 0kE, T8 iR T
a7 57 R PR K R T R, T 3 4 ) AS [R] 1 S 56 2% A T
LSRR FERAZR IR Au Bk, HERBEEH
SAEE BT AR O R B Au I
B, WOPRIE ARG o B A G b 1 B AR DK 43 FAE i
B 27 4t 2 (NC) B - [8 &, 1 BINFEFL, 1% B A
2 (Test line) Fl )i £ 4% 1| £k (Control line), Hi1S EIfKR
g iR at. 7R R AR SR AR INFE FL_E NN A AR 4R
PG, R4 B T BT AR AT 0 Sy )
R ARG B, RIR 2R b 75 H BT ks, SR
bR A 0 5 SR P4 I IO 42 o

F 55 38998 5t - B AT % 1 <8 B el R0 B5.(2019-
nCoV)IgM Hi A far il 1) & (B4R 4 S 5 JZ AT ) Ak
e i E R L 4 e A HE 1) SARS-CoV-2
R AR W 77 22— 2R AR 7 P R R R
99.6%, FEARIIZWIRF &N 98.1%. WAk, R4
G J5 S AT R BE A% B e X IV LT R AT R, T
T AR ERRE S, R ELARE S 2/ (10 pL MG EL 20 pL
A1, BERSTE 10 min P SERRRTIN . 1B B A 5t
JURE, AEATH . O REME F POE A
A= SASI
223 URERXERIWE

27 % 6 9% 43 Bk (Chemiluminescence Anal-
ysis, CLIA)EZH TR & PP . PR ED K
o3 F, IR R R R I E B R R
o NG A, T R T ELISA, Bf
R M R R P S I S SRR AL, TV R TR A
G RBR A o AHAZ 722555 N D3R % B AR A8 FH ER 1511
BUR PR R, AR EARLE T I R AR .
Hh [ A} 2 B A 0 0 B IT T T 45 2 Bt T A POV
KT — MR T 9K B ke 4, X
SARS-CoV-2 HL ARk M PR A & #] 0.1 ng/mL, &
¥ 7% 16 min.

H il C &0 & H SARS-CoV-2 ] IgM Fll IgG
Prik g =l &, R EERERE. REES
HA R e st o i3 5 DA B 5 A T )
BE R ZRR TR, HAEE NI A 2
. HEZEFL RN RRME. 8%, b
FERI N AR 1 SARS-CoV-2 it ferh, $#4E N
G AT RE 2T I M SARS-CoV-2 HIE M. N T
G X P RS, AT LK AE S [ I35 B I 2R v AT
56 ‘C 30 min (Kb BN 2 g A B3 . Hik
XTFEM COVID-19 B3, Pk T4 H1iE”
I, BRI e RS RAeis R 70%, 2 IER
s, T T % KR AR A U RE SRS R A
ANSRE, HRBUESEMREY, thah, R sy

WA A AE B N AR 28 G R 7 B A AE AR AT IR
o IR R T
2.3 HRERENHEAR

Pt SR A S A A I 45 R T 75 A% IR 1 B 28 B,
AEBN— P R B AR . SARS-CoV-2 FUKLIY
Tor W A7 A B G B AE N D 0 RSz, T 422 1 Do A s )
TIEFAZ W Hrs il EH H SARS-CoV-2 Hi R
A TR AR BRI R PR E, £
B S B EA N B E S B A A5 . Bt
R s (TS 7 NS N T DEE I RN YN
TR0 2/ e A% B A WU B ity kb 78, DA KGR R
RIS b X R i A N PR A 3K

FH T 0 A D ) AR e 928 2 A (AR < )i 2 ik
— e i T LA T PR AR I . i B PR
ICAS S Gy AR AR 3, Bt b e 0 2 B (A 4
) O T S AL I SR F R . Albert ST A
T Panbio™ COVID-19 Ag Rapid Test Device 7£ 4t
JERG 0 5 TG FR PR BE o 7E 412 44 HU B COVID-19 &
FER BB R, L RT-qPCR (1A 45 SRAE
NS, ZAN G i 1 0 R A W e )
SRR REUE 5 MR 100%H1 79.6%. Baro ZLE
T 286 L ICAER COVID-19 &2 1) B W 4K 74
FREAT PR AT, DA SR PEAL 5 P s A A 00 i G %
FePrli A W AE B PERE . 5 MU AT I B RS
i 73 5 9 Panbio™ COVID-19 Ag Rapid Test
CLINITEST Rapid COVID-19 Antigen Test. SD
Biosensor SARS-CoV Rapid Antigen Test. 2019-nCoV
Antigen Rapid Test Kit £l COVID-19 Rapid Antigen
Test Cassette. 5 Fht A il 2% B (146 I R &5 B 7E
89.2% (Lepu medical)~99.5% (Abbott). 1% P\3ET
o U0 5 SR AN A A 2 2 1 e S RS W R DA A T
AN COVID-19 B R HUBTHA . AS R 5T R
RS DN B ) R ORI R S AR SR
AR, — et S B i 25 6 8 B AR W A B R oK
PRI R % . Serebrennikova &KL I G s
J= MR R 3R TH A R b 2 o6 T R BEH, A
SARS-CoV-2 K [fi S £& ) RBD, A A I RR A%
2 JFRA 1710,

2021 4 11 A 3 HE 2 R g e s
M TR AR B A A R 2~ A SARS-CoV-2
(2019-nCo V)7t Ji A I k. 7] & (Jie s 4925 ) A b o 4
RRAEY LT EB AR XA SARS-CoV-2
(2019-nCoV)Ji JEAS TR 7 B (FLAL ). X BT
B RHLHER) SARS-CoV-2 HUE A MR, 7= ks
RS [RIFE 15~30 min 2 . TR B ER &2



12 AL M OB IR

38 %

JRYLHA, BEAE PRI H BH M ), TTCUR TR AR
G N R A PR A PR AR DA e
HphH F SARS-CoV-2 EYL 12, SN FEURE
PR S5 SR AT E— DR IR A W LA A o IR 45 &
A S5 2= HAhi2 Wids 2 A s, B s
IR GLIRAS, AT H 5 A 5 B i 75

A AR I 7 2 0 LA R e, N R
TEHFEAWRTE 1,

3 FBEIAREWMEREAR

K AW A AR R UK BOR 5 AE WA IR 1)
RlEr o K AR A% TR ARD A ) A S 25 1Y) JE R SSAB,
PAAE I A7 J52 R ) R A, 36 e UK e A (% 52 4% ) A
B AL TT A (e Be 4 H AR SO A B RT LR 3 ) 4
M2 5T —J7 1, AU RIS 16
PERE. FEEAPERE. WA AR DGR TG A ) T4
v R e VR v R U R AR AR R ST,
PR B RS R AR B 25 5 1 %, T 58 A A T
] 5 A B AR R AT o B RGN K AL BRI
Fe. A BESEEETTIH, ARSI B 23 B ok
P, FAFE T SARS-CoV-2 Hili. Hifk. ZRLLK
T A SR A S & A AE AR B
3.0 REGEN SNEREEYERE

FL 86 2 —Fh RERE RAE > T AR BN 1)
W, HAHEE T NS OGRI 9 R UG, 2Ot iE R
HUR RIS RE R, P2 A B2 5 B 3P0, R,
5| N 3 [ 3 5% $7 2 6 1% (Surface Enhanced Raman
Scattering, SERS), K fif J$i & 5tk bl A 15 5 55 1
R o R SR 2 R AR AE — LOHURE I 9 KM B3R
AR 25 S ISR LS . SERS g s AL B
T A LG SRR AL S 0, Sy ) R R AR T A
B TR FLAIR DA K R R 5 4R 73 1 2 1A) ) R A e %
Fir 512 9 P78, 2 T 4 s SR I B R R U
— U8 SERS % M FE S R an i i g L 22 W] LUK 31 555
T 7K Fo SERS AR T EAKH T 44K 2 SERS i P45
JREIVERE, Pt AR R 25 BOR, 99K RHE
e, ek Ae . BIRM A HORGL . RIS E T
TRIEHREE, #RL M SERS LR IEHEDT Y, fEE
AT, SERS R B &M 2 M A T wAE ks
W I AR A, Tz
#| SERS FLJEA S ARr LRI IR, 2T SERS
A R T EAR R R R AW E A . Puik. &R
VRS A 53 DURE S MR SR A U4 R 1. SERS
FOR DRy RGO s ERAPE . DRSO A 1

R, B8 T SARS-CoV-2 fy B 46 I fz HoA Gk
FI B R

SERS H AR MW, 4 5 AR id iR L bR
7% SERS Hi AR, Fricik SERS AR ZF57EIL)E AR
10 E A s B2 BN AT R e, g A
7 SERS il R4, 4k /7 BB 255 AR
VI B e — & B LR, AT 753 2 H bR 2+ B
FR. FRCEEH T B TR TR B & FL
G MR B B = T RS L, R e T LA Bl AR
10 L 2 I PR 0 R I e 43 ke T b A U AR 0
. {H2FRILIE SERS HARMW B NE S, 1 H
RN AN A& B RS AR P G B B B A5 5, ToikE A
WA IR 73 F S5 R BEAT AT, TR £ TR 8155
TERFREOIE I A . BeAh, FRicidk it e st
NS, BT BRI AR E T LR HE DLRAIE

TobRici SERS $iA & B B UCEE R A 5 1t bz
2ok, 8o BT A R R R B 1 Sk AR AT A
VIR 20 T 4540 o e S A2 X 7 X 43 A [ 2 DA B iR
R EE AR AR SR U, ANURT LG HR 3 1 £ FE X
SANTEWEEE, I Re it — 0 2 A RIS IR EE AL R LA K
AR LR R . B2, W TFEMRSYFRE
#& SERS Frill K, AWK ST 165 5 s g
55 WP 7 AN [T S B e R R S, AR
FETCRR SERS $ AT I ) 25 K P77

BE%& COVID-19 ) KFEK, HHE. KEH, #H
g s 22 7 SERS #4ll SARS-CoV-2 4
KRR, AAEH TR ER B Eig R
BT T B B APSHRIE T SARS-CoV-2 HI$i &
FRAEJE 1S J A hnite, 1 IKHRIE T Nbo,C MELERA
5% SERS ¥&E, 5EM T % SARS-CoV-2 S &
17 SERS A W F0 4 & 0 1y ok B R, X
SARS-CoV-2 (1) SET I il A P& B B . i
K2 F K28 P BRTHR S T B 5 7 5k o R
SERS J7iEK Il SARS-CoV-2 [ T4E, Hukfikik
F| 93.33%. & E I K EHRTE 1R G A2
ff) SERS 1% B35 161l SARS-CoV-2 Wi &, FEI A%
15 min, KWL T 10 PEU/mLY?! (B Plaque
Forming Unit/mL, B2 PRSI AL, 18
A AFE S A NG RN . feSdlm R
FR TV 2 LRI B A, 0 B AR P AR R A
BRME G, ML — D28, 1HN—1 plaque).
2022 4, HINHE RS VR TR S0 T B BB —
A HET SERS WA MY, WI4E 5 min P 58
SARS-CoV-2 [ &4, 36 H SARS-CoV-2 B 7T L
JEALAL 2« 7 17 4 0K R FH R T AR oK R B
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lation screening

F1 EH SARS-CoV-2 #ill /5 ik L5
Table 1 Comparison of conventional detection methods for SARS-CoV-2
Object sample Characteristic Detection Advantage Disadvantage
technology
1. Expensive
Whole 1. High accuracy and sensitivity special instruments
genome 2. Reflecting genetic information of 2. Relying on professionals
sequencing pathogen comprehensively 3. Difficulty in detection on
a large scale
1. Long amplification time
RT-gPCR 1. High sensitivity and specificity 2. ‘High requirements  of
2. Low cost equipment
3. Complex operation
1. Target: the gene sequ- 1. Isothermal reaction 1.' Complex design of
ences of SARS-CoV-2 LAMP 2. High efficiency and speed primer
2. Great producibility 3. High sensitivity and visualization 2. Low specificity
RNA 3. Long detection period 1. Multiple detection of pathogens Diffioulty in chip desi
4. Possibility of being cont- Microfluidic 2. Integration of sample preparation Hheu ty in chip design,
. . . . material selection, proces-
aminated and false positive chip and detection . .
o . sing, packaging, and storage
result 3. Ability in automate analysis
1. High sensitivity and lowest limi-
tation of detection 1. Small reaction volume
ddPCR 2. Facilitation and high degree of auto- 2. Expensive equipment and
mation reagents
3. Quantitative detection
1. High speed and low cost
2. High sensitivity The accuracy of detection
CRISPR . .
3. Strong system stability needs to be verified
4. On-site detection
1. Low difficulty of standardization of 1. Long detection time and
1. Target: human antibodies ELISA carrl'e r . . cuml?er§ome .step s )
stimulated by SARS-CoV-2 2. High sensitivity and specificity 2. Limited single detection
2. Easy sample collection 3. Simple equipment throughout
and low detection threshold 1. On-site detection caused by easy
Antibodies 3. Simple operation and high LFIA operation 1. Only qualitative analysis
throughput (Colloidal 2. High sensitivity and speed 2. Different reproducibility
4. Limitation of timeframe gold method) 3. Low cost of different batches of products
5. Lower sensitivity and spe- 4. Mass production
cificity than those of nucleic : ‘e o
acid detection 1. Hl.gh sensitivity and spe?lﬁcny . 1. Special instrument
CLIA 2. High throughput detection and high . .
. 2. High detection cost
degree of automation
. 1. Fast and facil ti
1. Target: SARS-CoV-2 anti- LFIA ) Va.ls aﬁ ;,wl © operation
Antigen gen (Colloidal ’ ISu?. 1za 1on- Low sensitivity
2. Simple and fast operation  gold method) 3. Ons-site detection and large-scale popu-

BT R T — FhoFE T 3R 0 3G 58 2 061 77 vk )
SARS-CoV-2 f&)&K4s, dE a5 H AR, Al FE
P2 v RS W0 A A e AR R N B, R & T R R A
R, B R BOE S E R R AgisE 100
copies/mL 7K-F*! (copies/mL B & & & 8fr, %
NE—ZEF R 2B DR, 1 copy KEL
RFE—MiEE)-
3.1.1 #xi2i& SERS $# AR AT SARS-CoV-2 il
FriciE SERS H AR HANGE B H RIS A5 004 51 1)

HEE R, BT ARG RN e &R, B
SERS Fric iz 8 5l 5 AN A5 0420 5 Ak i L AT Ao
[l e 230 Rit ik SERS Ml F & H T
FE AP (145 5, 7E SARS-CoV-2 B 6l
HEEZ N .

AR N B BT TSR e/ e - i T
BRI ITERIR T Au 99K B0k ZH 55 1 X2 B,
Au [ [ 151 SARS-CoV-2 Hi 4 J5 7] LA Jy e gs 1k
JESRAG I SARS-CoV-2 HLl (K 8). % HIBAE BT T
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Fig. 8 Schematic illustration of the SERS-based immunoassay

[77]

MBA: thiosalicylic acid; BSA: bovine serum albumin; NPs: nanoparticles
The color figure can be obtained from online edition

— P FRiLVE )% SERS KM &, A& E
SERS J:Ji . #RMll 73+ LA K BRI Ag 49 KBtk
[f] SERS bR 2H B = BHIE 45 44« IX FliJE T SERS
(907 6 RS2 B EW 5+ BT b IR 53 N 24 R 10+
o, S RAEFEER T SARS-CoV-2 S & [ 1l IR
A LLER] 6.07 fg/mL, HiZKNF & BA 514
SRR E A E . FEEATHM LK Ray 10
il 7 PUAAE 1) Au KR FRR A SARS-CoV-2
S H AT, AR A FE KNSR 2 DA
[ ) 45 3 1 PR iR 0, DT S B HE AN [R) 06 )
Al DL E I PR B v R A W S A AR
SARS-CoV-2, HAHK S RHE, H SARS-CoV-2
S AR 1 ng/mL, B 5 KA By
1000 vp/mL (Bl virus particles/mL . Fi 3C it H #
PFU/mL A1 copies/mL HA7 o 3X = Ft 507 # o] $5 3R 9
BHE, WRHRHERENTIEMNEIEARE, BAR
INITEAR—FE . PFU R K2 A= G e 2R 4L,
vp ELIEANEAZ Ytk 1 B, copy LG M AR 4125 45 1)
). BeAh, FETARICH: SERS iR E— 1R
EZA I R G R BUE, RRBETE 5 min P PREAT I
FIREEN 4 pg/mL (1) S A ZIFTIE KIS &
FRPURIEI S Au RN S & 5, IRAMERRS
ACE2 456 . mI L, PGS Au @K BkL A] DA
VERN—Fh K e, A5 B S B AN G T7 — R I
BISIT

FriciE 3 B E I SERS AR ik & 4 1
15 5 R A3 Kl SARS-CoV-2, B AR S 2> 1Y
HeHELL R SERS ¥ Tt B S R4 £ 140 OB . i Ik
ARG Au. Ag 1IXZREA o BRGS0 1) 51 &8
MRME R, EH 45058 H IR (4-MBA). 4-% &

il % FF ] 6G(R6G)%E F A —SH/-NH, 2 [ 4
gy F, JE 5 R AE TAE R RO A S 1 1)
Ag/Au-S/N %,
3.1.2 FE#rigiE SERS AR AT SARS-CoV-2 #&ill

TobriciE SERS HAR AN ] LA IE 57 %6 F1 12
SARS-CoV-2 #5475, 1 H.admT ARRHE A5 4 o3 (1%
B2 BUls . Pk s AR OGRS Bk — P
HT SARS-CoV-2, HEX 73R B M IR AR 2 57
TR DA B 1 W 998 23 4% L PR 55

Daoudi %5 U8 i %% T #2 94 K KL 7/ Rk g0 oK £
(AgNPs/SINWs)E &4, i Xt SINWs KA
DL AgNPs 3= BERT A 4%, % SARS-CoV-2 S &
Fh RBD IR IIPR Ny 1072 mol/L. 7Ei1% 30 T4k,
RBD [f] SERS Wit G %, FEREM KT
7E SERS JEJECF M 1 W B A7 s [FI&E B . 9 13Kk
BRI E R, PFAENEE R OK IR b
1B1M ACE2 B R 5 VEPU AR 2 1l 3R AE I I
[, H P E M ) ACE2 B HiikiE £ IR T SERS
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Fig. 9 Schematic diagram of operation procedure of COVID-19
SERS sensor'®
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Fig. 10 Application of SnS, microspheres for diagnosing the infectiousness of SARS-CoV-21¥"]

(A) Experimental procedure for diagnosing the infectiousness of SARS-CoV-2; (B) SVM analysis results to identify the mixture
of the SARS-CoV-2 with complete viral structure and the lysed SARS-CoV-2; (C) Raman scattering diagram of three
contamination situations of the novel coronavirus based on SnS, substrates; (D) SVM analysis results to identify
the lysed SARS-CoV-2; (E) SVM analysis results to identify the mixture of the SARS-CoV-2 with complete viral
structure and the lysed SARS-CoV-2 after eliminating RNA and relysing virus samples; (F) SVM analysis results to
identify the SARS-CoV-2 with complete viral structure; (G) SVM analysis results to identify the lysed
SARS-CoV-2 after eliminating RNA and relysing virus samples. SVM: support vector machine
The color figure can be obtained from online edition
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Fig. 11 Schematic diagram of nano-plasma optic sensor for
detection of SARS-CoV-2[*%

(A) Schematic diagram of the nanoplasmonic resonance sensor for
determination of SARS-CoV-2 pseudovirus concentration; (B) Photo-
graph (middle) of one piece of Au nanocup array chip with a drop of

water on top
The color figure can be obtained from online edition
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Fig. 12 SARS-CoV-2 detection based on 5G-enabled fluorescence biosensort'®”

(a) The principle of the UCNPs based lateral flow assay in detection of SARS-CoV-2; (b) The working process of the
proposed 5G-enabled fluorescence sensor; (c) The circuit configuration and hardware composition of the fluorescence
sensor; CL: control line; TL1: test line 1; TL2: test line 2; UCNPs: up-conversion nanoparticles; EEPROM:
electrically erasable programmable read only memory; ADC: application data center; MCU: motor control unit
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Fig. 13
SARS-CoV-2 detection in untreated saliva
MBs: magnetic beads; MAb: monoclonal antibody; PAb: polyclonal anti-
body; AP: alkaline phosphatase; CB-SPE: carbon-based screen-printed
electrodes
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Magnetic beads-based electrochemical assay for
[126]
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Fig. 14 Principle of the proposed electrochemical biosensor
for sensitive analysis of SARS-CoV-2 RNA[3%

HP: hairpin; TdT: terminal deoxynucleotidyl transferase; dNTP: deox-

yribonucleotides; DPV: differential pulse voltammetry
The color figure can be obtained from online edition
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Fig. 15 Schematic diagram of rapid direct identification of
SARS-CoV-2 using PMO-functionalized G-FET nano-sensorst'**!
G-FET: graphene field-effect transistor; PMO: phosphorodiamidate
morpholino oligos

The color figure can be obtained from online edition
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HT PMO A= g, 1 5(E 55K FIHZ%
JERER X 30 191 B S PR AR S K, 45 A1 RT-qPCR
HA 80k Z T 5T A B — 25 B A3 A%
PRI X 4> T SARS-CoV-2 RdRp I SARS-CoV
RdRp. & B RABAFEFIA R 7 9 THLHR R4,
¥ SARS-CoV-2 4R v BUMIA 505 1) 0N 1) d A
HEATA%E, RERSTE 4 min PEEIIE] SARS-CoV-2,
AL A RS LA T SR FE R AR AR
AAR A &N R i, R R AE AR
—EBRER . TSRO ) A A A I Ak T i
WM B, AT A FSEBRIREE R, 5 Ak A
AR E R K, BRI S B EHE
N E TR ARG 6 1 AL A I & b ] fRAIE 25 44
Ao Tl B)T5 QAR I CRUEAS U 45 5 1) T A5 B,
i ik 2 AH OGRS o A, I IRAEAS R LU AW, I
BE/EE /IR I AE IR 55 2 HARAE I B R A 2
AR5, AL AR RS 0 RBUE =R B2 2B,
RS IRIEZE RIOFE M, MFRRIE. 488, T &K
AL AR UL, AT CRAIEAS N DR AS 52 2] 955 2 K
Getly & — /N )
345 WMABAREBUZEYERIPHIEA
YRR A A% S A Hh 32 B S A R AR UK
G SR RE B [ AR P 75 T 1A KL . 9K
BFEA K LR AR AN 5 3R TH e S50 i, IR —Fl
TR T 2R B R . 2 9K EHME I
) FEL AR T DL 3 e AR L R TR, B s AR )
S, BEEZ A ST, e A
REUERFEYE, It s i R,
HAE 2 AR ) A R 2% TR B 9K R
JEAUKRRL . BRAVCKE . A SR Rk
WURLSE o L4 g oK R 9 AR 38 19 Bt 43 J8 49 K kL
B 7 RA KRB SR AE, & HE AL
g W s LR B AE AR, TR AR [E
WAARC BRI 1. A, Savkk B AR
SRRV, BET A AU R E AR AR .
Au YK BRhIE ] PUET Au—S B Au—N £
MM LA, AR TS MEMAENEY ST
Pt A 020 T gl K A R AT S0 X S 9 K 2% (¥ T A )
AR LA R b 2 T AR R 8 1) AR SR Y. X R
B B ORL R AE 1 B 08 7E AR RS BE b 4 vy Al 1) H Ak
S AR BUE . WMKHBRES . 4R
A2 2 A s 0 o SO B i) L1214 b oK
FL AT DAAE M 7 H B 3 T R 4 s A 1) b R T AR
W] DR 9 [ 3R 4 T BOMRE, $ s sk
MR L R R VEAN R, S B B b
fih 2% 56 H AR o TR R

A
DI

3.5 EEMAEMIERER

Hl A W) % JE 48 (Magnetic biosensors)7E it 25—
TSR TRFRENIR 2R, 2R RG] L
I NFET AR TR AR REE A 4% [ 25 (Surface-
based and volume-based magnetic biosensors), #%/
Z AT WA AR S R U,
FETG A A2 P A% S s vy, 38 A P 3 2 B0 AR B
DNA/RNA REHME M 5 (111t 40 K UL AR g i 1 4
AR I LR KR T AT W bk 3 M)
Rk T S OGS 5 . MEE TS SRk, W
WA IR AR T 5, WEVE AR A% AR B A AR
TR o KR 2 B YRR i P Ak B A A B R
FEARMINER, P ARG ALV G A S 2 B DI
SR 7N TTaa S ) Ve S0 oml Rt SR v
A AL A KRBT Ay 3 28 MEPH A% i &%
(Magnetoresistance (MR) sensors) ALY i &
(Magnetic Particle Spectroscopy (MPS) platforms)LA
N AZREFERF & (Nuclear Magnetic Resonance (NMR)
platforms).
3.5.1 WEBREMERER

TG BE AR P A TR A% 0 — R TR IE I HOR, EXS
TGN K IIORL I T A% AR R T 7 AR I e 3 AR R
BRI S K A5 A 0 A 0 B T 290 K DR 1) 485 5
W Ry AT S A R AT S OO B AR e S v
Fh N K bR 25 5 BEAE AN R UL At ) (R I, P AR
HITEFE o

HAT, BAFHA L8 T SARS-CoV-2 il
T3 T, R HEN Dy, A g K R
EESUANIY I AN <0 i i A R i (1R S S A
i K2 30 2 7 T BT 2T T ol 5 R 7 4
R IURL A R BELA% J% 28 48 AL S B D7 4k, R I A
T SARS-CoV-2 [ BEERH [ 1gM Al 1gG. H i, B
Tg BELA% B 6 AT D aod 3 8 e I 00 4 i 31 e
FHLE, TTEEFANEFBEENGEE. PR
9 68 nm [ MRS A28 A K RSO 2 3 i — o g 5 LR
WAL UTE TR G R, B S B 2 B AR A
Ao IZFARBAINHA ., Rl Z#E. & REE
FIPL A, BEBZAE 10 min PY[R]I #rJ  SARS-CoV-2
I FRFLAR, TgM IR R A 10 ng/mL, 1gG H I
FRA 5 ng/mL.
3.5.2 WIERRIETFE

Tl UKL ' 1 - 6 2 — MR TR AR AR T R
" LG I 0 A UL [ i 5 s i S8z 031041 R i
X TR F, WM. WA R
) AR+ R .
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Wu 2SIy g 7RG G, i R
TOOREL 2 [A) AN [7] 1) &5 G PR AS 38 BRI v TRV i 1) 8 4 ok
SE PR ECE T R AT I B AR . TEREGNOKORL - &
Ui N ECE S B H R EBEYUE, Uik RPAELE
RrRr Il N B B0 S SR E I, BAGIKBURLAE R
EHe5G BRI, T8 Rk Bk 1%, M= A —
SE MG . o A2 A DU 6 A — b T R oK UKL [ 7%
F—2 A BB &, B0 R
MR, XN EARRNR)Y 12.5 nmol/L, %f S
RS PR A 1.56 nmol/L. Rosch 21661454 7 —
Tt 355 T B 40 K UKL 1 ) 82 AZ AT SARS-CoV-2 #4182
R~ & (B 16). e 5 HEAB I 5 R4 K Bk 1) B
PR A T I 2 SBUKS) IR R, xR
AT DS i 52 AR g 3 A G RORL e 1 Sk I B . 1% h
15X SARS-CoV-2 RNA [l BA i & RUE, 1
PR AT LAIA F] 0.28 nmol/L, .2 e i X £ 1 A W ke
i AN 2 R M ZAS U 6 (RS U8R
353 ZEEIRTES

WU PR 6 2 1) FH R 1 0 K R A SR bt L P
WEBRF, M R BRI AN Y A, W4
IK I F- AT R AR A O 18 BR b R A
PR & VBT AR T AR T A T A R 40 K ORL P
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F o SHZFAL RS, 752 A A = 1R st TR
YKk .

T E R E R LR G S E B AR AT
KB o T BT E T —  3 T RRAR M R R
BB AR CLPGE . & RGE AT SARS-CoV-2
995 JEAR (B 17)0 1% 7515 BA SARS-CoV-2 HLik& i i
Tl P 1) BRI B 05 R ET M B R T R, A
PEHUAG I SARS-CoV-2. (ERVEREIIEZ, ZTEE¥
TR VR A A M P B BB T A TR
TC T FE S ORI ALFE, IF H A2 BGAG I 2 . IX b
— 2 A I 77 v LA A0 S5 1 R0 AR PR A )
FERL, BERSTE 2 min PSRRI, ELAS IR AT BAZ
#l| 248 particles/mL.

BHEFEIRETE S A6 . fr 2okl —FE, AT
DUSR BT R0 R I S50 . AN IR T BE g B 42 I oy 1
ZERE BIBLE G ML ANERE, BRI
AT TH PCy PN BRI R R ke 4 b A
VIR B 2R 250 o ARG SE R Y6 /E SARS-CoV-2 $i
PR B 1 AR 45 M R AE J5 T AT V2 I RLA
File P K UL A A PR I 773 Hp AT DA 2945 5 0K
(RIFRZE, $EA I R A% . Schoenle 26! 7OHRE T
—Z% SARS-CoV-2 RBD [/ FIlHE 5 P F 22 7 U,
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Fig. 16 Schematic diagram of detection of SARS-CoV-2 RNA based on magnetic particle spectroscopy biosensors

[166]

(A) Magnetic nanoparticles (gold) and polystyrene beads (silver) with streptavidin (purple)-modified surface are equipped
with single stranded DNA strands (red and green, respectively) with a specific sequence via biotin-streptavidin-binding;
(B) Applying a sinusoidal magnetic field (black) to a solution of nanoparticles results in reorientation of the nanoparticles
which can be readout by measuring the magnetic response M of the nanoparticles; (C) Exemplary spectrum of the
ratio of received harmonics as a function of excitation frequencies for 80 nm BNF magnetic particles
The color figure can be obtained from online edition
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Fig. 17 Detection process of SARS-CoV-2 of the magnetic
relaxation switches assay with ULF NMR!'®”]

ULF: ultra-low field; GPG: Gd** loaded PEG modified GQDs; GQDs:
graphene quantum dots
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HAUER] T AW 53 7 IR LR 6 1 Ak 22 A R HE B
ST, RS PGE K Ih A RBD 55 PLR T
TALo AW IRIGHE BE ()40 2 AL AL P B i ap 1, &
B HAR TR, 7T LAHE BN 1A 3] RBD M
ok 2 (B A EAE S B i 0 2 DA ik — 5 %
TR B B2 L. SARS-CoV-2 1 3CLp & [
fiff /& — P SARS-Co V-2 [P A%, XF T8t H Mg 1Y)
WA FIT R R 2599 FF %« Cantrelle 2507 A%
HEILARAE A, @i NMR {55 15 & fg AT
TR 3CLp MRV &SRS A SR, b,
Novakovic Z8U72HEF ) — 4 LRG3 NOESY
fitHt SARS-CoV-2 RNA {1454

IR0 YR R, B AR K
A i L B b G B N BT BRI AR AL BB 3R, AL
T A E LRSS, R TE AZ e, BT H
BAEmRARBE. mlERE. mfeet, Zriiae
VE RIS M4 A AT SARS-CoV-2.
3.54 R ARTEREEEYIE RSP A

T A KA R R 1) B st T 1 e DA % RGP A
VIR AEIR TV 2 ARG B2 e R R £ o G
PEAE L RS AR T DR R SR AR S, TR I
BN RE T, BRI R R ST AR DLEE S 1, SR
MM, B PR G0 K BORLRT BRAIG, X e gk RS Y
Tl VA 28 AT A LA AU PR o R AN 3 50 R R 422 4
Ao JLAh, TEBUCIAR FE R AT BRI o, KRR 2%
THD ™ L (19 3% T 0 o LA % T v e P R A 2k B A 2 3
RS B s s ek, BT A R R
AR SR 2% 1) R B 1% Sy dn ] i 4% RT3 — HL 0 1k

Signal in

PEUF T REPE G K UL, DL R 1 A2 ) A B s 1 B3
KLl RE 77 o
3.6 LbEEYERSE

Lb €8 A W) £ 3% 4% (Colorimetric  biosensors)— H.
PL k4% T 81 3% 12 Wi (Point-Of-Care  Test, POCT),
I BA G E . SR8A S . BOARC HAE T 450
A AT L e Ay D e R A ek
SuEaRAR: /[N o PRI TR SN LD o B SRS Ei P 3113
LGRS sz T R AR, it AL
VB R FN DKARE H SRA T2 FT A
YL AR A T, & KR T B9 KR T
RAKRL T BEEgAop 270 Horp ) gk
KL S Az, RS &F R 5 T,
Kk BA R E) R 05 B AR IR, Hasd ki1
N1 (1) [ 56 T LA 5] A 1) 150 € A8 A U130 a4y
PR AR T 5L T 90 Kb B B3 9K i 11 L 8 AR ) Ik
B, VEAIE R 1Z AL BB SARS-CoV-2 A& i
IS FH DL K BT B B4 oK H AR
3.6.1 LtEBEEYERSEAT SARS-CoV-2 il

bl €035 A2 W A 36 2% T B 90 B R R B, L AE
SARS-CoV-2 flll 77 1t i th 7 B K DTk »
Biyiiksiinetgi 251"V 4 i 1 B A 25 A AL Mo AT
1] y-Fe O3 GKFURL, # L) TMB(3,3',5,5'
tetramethylbenzidine) & 4t i 3 4 (1) TMB oy 24 [F] ¥
] TMBonM ACE2 MIBA W+ A
SARS-CoV-2 S H I, B S & EHWREEH K, Wl
()0 a2 I AR 3 o A ATTHE M, € 1) AR Ak mT R 2
H TMBon/EA—FELIE E /7>, /£ S &HH
RBD Xk Al ACE2 2541, S & A &R 5
5 TMBooM EAEH, iR 4B LT T
Ventura Z5US73ET Au 4K B0RL [ 28 51 2 ) i €028
1SR AE M SARS-CoV-2 (K 18). fBAITTE &4 K Fik
BT =R, Ol REERIN S AL B
HEHM EH UAEE BRI, S90KRR0R T
PUR-PUR RS & BB IR, NTIENR Au
TSR A o 12 B BRI (1) 25T Au 9K BRI
btk AE SARS-CoV-2 A illl 77 [ 1) % &5 %2 mT LAFN
RT-qPCR FHEESE . LAk, 1ZJ775RERETE 3 min N EAT
PRSI, B B PR I TR ). i AR
B AR A1 A SR A BE 3k B Eh#E 40 min PYAG
SARS-CoV-2 HJ#ZIR. MAIIFERAE 17 nm 24 1] Au
YK PR R T 51 DNA %, DNA 454 AT DLtk —
WS Au GOKBRL AR E Y. MAFETE H AR RNA B,
DNA F1 RNA 456 NEPrKBkiR b, S8
Au FORLRAE TSR, TR S i B . 1 HT A
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Fig. 18 Schematic diagram of the detection of SARS-CoV-2
based on colorimetric biosensors''®”)

UTM: universal transport medium
The color figure can be obtained from online edition

KT Au RS I RG0S T2 FEALIIAN SERS
R, N = AN AR B2 kA I H bR, Utk
I FH 1 5 9 5 A R T3 BIUERA AR I 45 5 . B AT, Au
TR 4 A L S B (P s R R & D2 T, R
BETE 15 min NIEEMEAZE L Au 3 IO AR 1k s ik
JETRAFIE SARS-CoV-2, KrIBRTE 300~500 PFU/mL.
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12 52 B kil R AR B, B DA LG 832 7 EE A
B AR (W HE Ak 2 . SERS 25) B SRt — 25 4% miss il
FG1) R G RHER 1 o

X EeE A ) SARS-CoV-2 K il 77 BARIE & T
RO N B 20, AEURR S RIS 7 vk — A, RN D 2 9
B —HB 0 (WHZER PCR K12 SARS-CoV-2 %4
R JE IRLIR), MET 7 #— A e BN B e . JUH
XTI, n i A EE B o R A, X TR R
e I T A2 A7 A2 73 B PR 84, T AN e A s 25

REEAENE, X2FRREREE, JF5 AN
g R BRI A 2 AR A . BT KA & A
SARS-CoV-2 56 5 £k 1) | i< 95 T 57 42 i) b 400 15
HEE —F LB MR, B BIF R o
SARS-CoV-2 JEMEMHT APk . v R BRI 7 %
ULE|S 0=

BT R AT B G K A A SR AR A I T VA A
FRE S, SRR A R LK 2,

4 BEERE

% H A, SARS-CoV-2 7E A ERFF L4 BURN £ 4,
COVID-19 #2175 Tl Ifn 4= BRAC AT (8] FE 24k 1) R 55
B E B %A B B IE IR, R T
SARS-CoV-2 AWiAr 5, AL FR 16 B i the | Be B 1 1
G DRk IR LU A Y o, B R AR TH X S g
N R NBERN 255 N 3 B SR AR T 1R B, [
IEERXF SARS-CoV-2, %t — b 58 A& Goka Ml 77
T, SR SR R T v R PR, TR I R R AR
N H JE WA T vk A R s B AR AT L AT .
Sl 3 43 BT SRR sk R R B R, DA TR
KIAT KA IR B R S BRI B 7 35 50, B R PR
ML AR, mIEE. BRI A LN E
B, H R RGN S5 5 IR IE AN B8 78 43 i R & R v
W51 SARS-CoV-2 PRI MIAT-55 o 4 a4 5 18 Hn 34
52N B dh S S AR I 1708 4 SARS-CoV-2 (AN,
R s R ] R K AR A T SV, TS 29 B T
DA B ) A7, A% G0 07 92 T032 AT 0 )5 2 110 3 25
Ho, BEE S REESEE M, EfrtteEIA
IEH RIS O KB R, BrEERRL . 45
FURE S WRIE 0. B IAACIE T H S X, & 7 g i
(10 min ) H EAT K0 2 2T I B8 7 e S
3% SARS-CoV-2 farill S i 4 1) i€ B #7771

BEXFAS TR RO I3 5« NTERE i T OB D IR IR
W R BUE R AR R AR BB YN
KAR BEA BT I 9K BAR B s, (A
YRS L FH 5 THT O 5 B — 2D 2, gk R
EPERE . GURMRLRITIAEY 0 T B 90KA
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HEEMW LA .
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Table 2 Comparison of novel biosensors for SARS-CoV-2 detection

Detection Detection method Object Sample Related material Det'e ction Lower.de.tectlon Ref.
technology time limit
. Lysis Macro/nanostructure .
Labelled-SERS S protein . 15 min 10 PFU/mL [73]
solution Au substrate
SERS-based Macro/ ruct
biosensors ) . acro/nanostructure
Label-free V1ru§ Nasal./throat Au substrate, Au 15 min 60 copies/mL  [72]
SERS particles solution .
nanoparticles
.. . Macro/nanostructure
SPR-based Combining Pseudovirus .
biosensors SPRand LSPR  particles N/A Au substrate, Au 15 min 370 vp/mL [89]
nanoparticles
F}uorescence signal on”  pNA Lys1§ N/A 15 samples/ 600 copies/mL  [102]
biosensors mode solution 45 min
Voltammetric/ Nasal/throat
amperometric RNA . Au nanoparticles 5 min 6900 copies/mL  [128]
. solution
biosensors
Imp edimetric Antibodies Serum Au nanoparticles 30 min N/A [135]
. biosensors
Electrochemical 7 (onl
biosensors . . . i ~7 s (only
lfj’ptentlometrlc Cholineste Blood Graphene and copper  detection 7.9 x 10 °mol/L  [139]
iosensors rase .
time)
1 min (only
FET—based RNA Nasa_l/throat Graphene detection 10-20 copies/mL [150]
biosensors solution .
time)
Magnetoresis- )\ ibodies  Blood Magnetic 10min  5-10ng/mL  [162]
tance nanoparticles
Magnetic
Magnetic particle S protein and (g Magnetic N/A 1.56 nmol/L  [165]
. spectroscopy N protein nanoparticles
biosensors
platforms
Nuclear Magnetic  graphene
magnetic Antibodies Blood & grap 2 min 248 vp/mL [169]
quantum dot
resonance
Colorimetric Agglomeration
. of RNA N/A Au nanoparticles >45 min 160 fmol/L [185]
biosensors .
nanoparticles
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