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Research advances in laboratory detection techniques for monkeypox virus
Zhou Jian,Ren Xuemei, Wang Xin,Li Zhuo
(Department of Clinical Laboratory , The First Affiliated Hospital of Xi’ an Medical University)

[Abstract] At present, the spread of monkeypox virus epidemic breaks the law of regional prevalence and shows the characteristics of
worldwide prevalence. Therefore, precontrol of monkeypox epidemic has become a key issue around the world, and an effective laboratory
virus detection method is the key to epidemic prevention and control. There is currently a set of complete procedures for the detection
of monkeypox virus, involving virus isolation and culture, detection of antigens and antibodies, and nucleic acid detection with the
methods such as polymerase chain reaction, isothermal amplification, and the emerging CRISPR/Cas nucleic acid detection technique.
This article reviews the principles, characteristics and defects of the laboratory detection of monkeypox virus , so as to provide a refer-
ence for the prevention and control of monkeypox virus epidemic.
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JECHR Y 1 BREE £E 30 ] (hemagglutination , HI) I % J7 2% , £ %
N7 P98 7 R S MR DR R IR AG U™ H AT O 2l i Bk
SEFTHIR I MPX V™, s I 7 2 N BE X 4 MPXV 5 K AE
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technology , LFE ) 837 — it S s i b Ak 1E465 75 (orthopox
virus, OPV) (R J5 i , HAG N 2 A 2k 4 10° PFU/mL",
ity B¢ f o W B 56 (enzyme—linked immunosorbent assay,
ELISA) & —F 32 8 FAR I 7 12 o LA MPXV i 3 3% T #Y
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BT B ST T PR 49 73 H AL (antibody immuno column for
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YR BTG PCRAFTERY 0] R, 7 1 S 9
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amplification, LAMP ) F1 8 2H i} 38 & #4 3% (recombinase poly-
merase amplification , RPA ) & 3 T 25 1R A% TR P 44 A4 B A6
IrE L 1C F D2 LAMP $ AR — 55 3 X4 54, 7% 60~
65 CSERLARANY A H B2 T VAR S T AR TR
P R (West African LAMP, W=LAMP) F1 K| 5 45 55 95 75
(Congo Basin MPXV C-LAMP )l & & , 2R AR f ok AR
il BT EEAT D R Y BT EESE A9 ) — P LAMP PR
SRR I AR B 73, TR - 5 SR T RE S R AR, AT e
5 min N 58 B 40 T BAAE ER , B A HE T  AE , $R 4 1 S50
B0 R — AR A B 0 A% I A TR AR AR SR ] ~
6 min, T4 HF A EEY 1 (recombinase polymerase amplifi-
cation, RPA )R I 1ot 75 25— %o B2 102 51 4, A6 I3 K 24
FE 37 ~ 42 CEMARINY AR . H RT3 T RPA #S1i)
MPXV-RPA K1l J5 1 , 42 CHEAM 48,3 ~ 10 min 52 J5AG I,
i DU BR A 16 copies/pLL, £ 1 i PR AR AR (19 5630 | 45 5 1k o0
100% , RAFIE A 95%, B i 4t ot A5 5 o 745 8% B A U 2 7.
SR B U LAMP FI RPA , 0] A 85060 MPXV
3.6 3T CRISPR/Cas 3 K # 4 J& 4% B8 Ao ]

Fifi 5 X CRISPR/Cas 12 WF 5% IR A, & i CRISPR/Cas12
ASALAS AT LA T35 PR 24 38 ] LU T3 A, HRGE
H KT CRISPR/Cas 12 FE 37 A MPXV A% BRI 22 45 , B A )T
CRISPR/Cas12 B & RPA SR 34 #5719 MPXV A% 2 Ao il £
A (CRISPR/Cas12a-mediated recombinase polymerase amplifi-
cation, CRISPR-RPA) , U, 8] 1E, CRISPR-RPA & — F a] 4
AGIH MPXV A 775 « R A B SF IR B AR FEAR X
W% R 7 5 AT B B SR 5 CRISPR/Cas12a 7 5| 5 RNA
(guide RNA, gRNA) i 51 5 F 151 5 ) DNA JF 31 9 34 1%
Cas12a (¥ [ AN AR H2 i) D) 50 DNA VR, AESE 1) VD1 986 AR
ic ¥ B 4% DNA (signal strand DNA, ssDNA) 29 FE k5 s
S ZHRIKNER A 10 copies/JAY , 45 min ZE D14LFI
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ATLEEP A CRISPR-RPA % 48 52 3052 ) 7] 90 A6 A6 0
BEBUS IS S AYAE ST . 2T CRISPR/Cas12 7E5 S TR A% R
THIAE T, Chen Q ZEB4ES7 T CRISPR/Cas 12 BE4 RPA HLidifs:
) A6 955 95 £5 B9 J7 ¥ (CRISPR/Cas12a-mediated recombinase
polymerase amplification monkeypox virus, CRISPR/Cas12a—
MPXV) , &1 % Se 0 75 (19 BTR 2 X % RPA 5411 gRNA
gRNA 5] 5 CRISPR/Cas12a LI ¥ 1] F¥ 8] , i 11% Cas12a 1
17 4] % 4% DNA (double strand DNA ) F1E 8 1] 1) #3526
PRic ssDNA I RE ) 72 A 50655 38 B BpR L 5 AMT
ST WHREEEEE G E S . CRISPR/Cas12a~MPXV A5 I 4% 57 95
FERG, AL R R 22.4 amol/1(13.5 copies/ul.) , R HR
FRRAL B2, WAL TR R 2 75 amol/L(45 copies/pL),
— AR K 25 amol/L(15 copies/wL) o Hh—Fh s miks
i B R ARG 3, A B[] 24 35 minY. CRISPR/Cas12a—
MPXV J2&—Ff a] §& {85 MPXV &% BRAG I 7 15012, 36T
CRISPR/Cas12a [ 4 57 9 B A% R Aar i Jr 12, B A A 00 3okt
P SRR R AR AT

4t

4 4

MPXV 5 5 B 2 AR AL | B A7 R0 A I 7 12 2 4
PENG IS , DN s 2O ST A AR R A I T-BE . HATTEL
eV B LR =AW 7 W, &2 — R B E 5T ik
(1) (HE R BRI 29 7 HCSE PR, Bl - O 22

BRI A 3L = kAT, P BRI T
AAE NI 0 B2 12 WT B0 3 T 7% s @ L F A BEIR S I A 40
Mride, Z I TRLAAST , A REAVE A9 2 A0 00 15 0 Bt
QFUIARF I , AR IS WiR B B BAT — 8 1 AU (R
MPXV ()R S 55 22 5 PRI 5 % , Bk Dt 229, (1
G 58 BHURE AR, DR B R A 1 L RS R R

A3 2 (R R R W KA Bl T s A I AR g
B, AT AE ORI EL — RSB A ik (R D) (AR A
45, Ban . OPCR Jrik , 18 R BRAG I 1) 1% 50 4 pm i, Ho A
95 B % R (ARG DU 2o R P B TE— FR B BBl , 1A L LA SR
SEPRE A (POCT ) ; @A IR 8 A% B A U 4 AR #1381k
AL LA T MPXV (932 1, {3 LAMP A6 I 4% AR 55 22 FH 3 3 %)
519, WG BRI E 2%, W AR BRI R ; ORPA A,
BARA LI B G AU T POCT K I B 1 £ F 15 A1, 1.
JE M PCR AR —#f | H 2 B 3 R A 4 o ViR B 1) 3 R 21 DNA
Fr il , H 2 2Rk B A O [ A B H AR B9 RPA 51492
To4r RPA R 1B, Tl Y e s50% . WCRISPR/Cas12a 4%
A, HAG I 3o 75 25 CRISPR-Cas12a 164 RPA 4% AR 4t [6] FF
BT IR TR R &, W AR T T RS 05k B Ak =R, SR 1y
FH CRISPR/Cas12a [ #% FRAS I i T 7, Cas12a F DNA 2R A i
[K 5 4+ 00 1] DNA B 11 30 1 RPA A9 37 38 5% %, DA ot 75 2 %t
CRISPR/Cas12a RGE AT AWIILAL

Wit 5 A% e s 1 R 2 B F R N BT & T — 2]
TR A, N B AG etk e A i R R IR SR B T R R A

*®1 BERSENFTE

B B A 3
i R I W AR Ho e o
R TS N N 24~48 h N N N - B [10]
) i AR N N 15~30 min N - - 10* 25 BEJE A /mL i) i AR [15]
ELISA N N ~5h N A27 - 10° 25 BEE B B0 /mL ELISA [16]
ABICAP N N 45 min N A27 - 10* P 25 BEFE R BAL037 /m 1L ELISA [17]
BE i G AT N N 39 min N - - 10°~10* 28 BEE ML /mL, BEASSREsTE (18]
%
A ] G AR N N 20 min N - - 10*~10° 45 BB A 07 /m L A ] A [19]
MGB-PCR PCR - - - B6R 100% 2 fg wHES [21]
G2R WA PCR - - - G2R 84% 0.7 fg~1.7 fg PSin R [23]
C3L PCR - - - C3L 89% 9.46 fg WA [23]
Multiplex-PCR PCR - - - 3L 100% 20 copies/pL YRS [24]
Ultrafast PCR PCR 10~15 min - 0.997 2 DFV - - wWHE [25]
Equipment
Real-time PCR PCR 1~1.5h 2~4h - B7R - 50 copies/JZ Jii WNHAFS [34]
Real-time PCR PCR 1~1.5h 2~4h - N3R,F3L  100% 50~250 copies/pL KHAFS
Real-time PCR PCR 1~1.5h 2~4 h 0.997 G2R 99.8% 8.2~4.4 copies/uL, RNES [34]
W-LAMP HAFH 2960 min - - ATI 100% 10° copies/Z J¥f LUK [28]

ST E
C-LAMP AT 2960 min - - DI14L 100% 10%~10* copies//Z i LK [28]
IRy
MPXV-RPA S 3~10 min 15 min - G2R 100% 6 copies/p.L PES [37]
biTEiR:
CRISPR/Cas12 A%  35~60 min - 0.990 B7R - 22.4~75 amol/L g X4 [31]
a— MPXV MrE/
CRISPR-RPA EAHBFS 45 min - - DI4L,ATI - 10 copies/JZ Jif EAIMTT [30]
T Ak
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