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Preparation and analysis of colloidal gold test strips for
cyprinid herpesvirus-2 antibody
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Ocean University, Shanghai 201306, China

Abstract: [Background] Hematopoietic necrosis caused by cyprinid herpesvirus-2 (CyHV-2)
has led to serious economic losses in aquaculture due to its spread in crucian carp, goldfish and
other species. [Objective] To develop an on-site colloidal gold test strip for detecting and
monitoring the level of IgM antibodies against CyHV-2 in crucian carp. [Methods] CyHV-2 was
combined with colloidal gold as the gold-labeled antigen. Protein A was employed as the
detection line, and rabbit-derived rORF66 polyclonal antibody as the quality control line. The
optimal preparation and assembly conditions of colloidal gold test strips were analyzed, and the
optimal pH and concentration of colloidal gold-labeled antigen, as well as the optimal marking
concentrations of test line (T line) and quality control line (C line), were determined. [Results]
The colloidal gold test strips prepared in this study did not cross-react with other common fish
antibody-positive sera, such as grass carp reovirus antibody-positive serum, mandarin fish
iridovirus antibody-positive serum, largemouth black bass iridovirus antibody-positive serum,
and carp spring viremia virus antibody-positive serum. The test strips can detect serum
antibodies at a minimum dilution of 1:100, and the density of the detection line can help roughly
judge the antibody level. The test strips were used to detect 10 crucian carp serum samples and
compared with the detection method of goldfish haematopoietic necrosis virus (GB/T
36194—2018). The Kappa value was 0.80, indicating a high coincidence rate between the two
methods. [Conclusion] The test strips prepared in this study have high sensitivity, high
specificity, simple operation, and low cost, demonstrating the potential for fish quarantine and
evaluation of fish antibody levels against CyHV-2.

Keywords: cyprinid herpesvirus-2; colloidal gold test strip; antibodies; on-site testing

i 9 9% i 5 1L % (cyprinid herpesvirus-2,
CyHV-2)/ZHll(Carassius sp.) ¥ 92 955 2 14 ¥ I
1%t (herpesviral haematopoietic necrosis, HVHN)
AR . CyHV-2 4 —> 5 A AUk DNA SE [ 41
8 AR 58 I — A48 707 s AR 1 0 I
AR, A 32 IR e ) £ A AL RN D 7 I
o M DA K 5 b A A B CyHV-2 X 4
| R 28 G R () 2 SRR LA = B0
MBI CyHV-2 20 T H 595 0 R

(Alloherpesviridae)f# £ J5 & J& (Cyvirus) i) — 1
BB, HoA R % s e w5 R 92 B T
B BRI R IR C4 ) 1992 4EF1 1993 4E
BR, RS mMIRPER IR L T HA
FEM e m, SHREMmELT, FHERNER
e P A CyHV-=2, H 1992-1993 4§
B —WHGE DOk, A HARGE T CyHV-2
Y, PR EPO L WA, B
Hr O,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



PNFTINSE B2 2 TR B AR e Uk A T 4 2% 110 i 45 A0 0 i 5451

CyHV-2 HHL R H i i JC B 24 59 4 I 5
B, sl U i il 4 80 1gM B v B BT (A A
M CyHV-2 f4iide . CyHV-2 9 1 Lhjd it PCR
Jr A, AR BRAT B SR o I AR E AR
B9 75 46 I 7 ¥ (GB/T 36194—2018)'"7, Wu
SEURIE T —Fh e TR AR, TRk SR IR
it TAF A L RERS DR Bl CyH V-2, {ESEFR
I, AT CyH V-2 ST i AH O ey S
e L N R TRAE, I B R AR A
TR, AR A LB A, A a)
X S sty ) A A S . 1 T i PR AT AR £ e R A
05 3% Ry A SE N I R A AR 4 By 2 A ik
K45 H K (colloidal gold immunochromatography
assay, GICAYREIIAGFRICEAR | Sse i i
AR ERMA(Z) TR AR S 2
MRS, HAR R . Rl
PEfTE . AR RS £ GICA AR T
P T LR YRAGIN . o5 I A BT A 95 D Az 0
P A GO AR AR | 25 Bk BRI S &
G, ARG AR AR T A S S T B B
WA b, e (e 2 B
MR EIREER TP A REY, W2
[ B AR e — R B ik s, a5 R H
W2y fi o A 4 A g2 J2 AT I AR 2% A e A AR
| NS DN L (BN Rl RS R e
SRR, I GICA AR SR 538 k™
Fr BRI RAS I

GICA S H T AH R 2T 4k 3R AR Jy 204
DA A G AR B BT I sl TR g R B3] . At
FRMRTETR . 2 e BESUARSE BT & —Fh
TR CyHV-2 B it i 1A 4 e i J2 A ik
ARSE, (A A A DR A ) 0 g (R PN AR
KA AR N T CyH V-2 LR
I, WREE vk 21T CyHV-2 I RTRGE A b=
FIPRSE R, X CyHV-2 R I SR .

AR

1.1 M

CyHV-2 B Pk B A 5250 % 43 85 - ORAF ; g
AN FR (GICF) " i A 52 30 = A TR A7 5 ik
JREE A8 I [ DU A 35 M99 B S5 3L [ 75 1 4=
WIHEARAT BN w5 IR 2E I35 W B RO 524 Ay
BHEABRA ] B 41 DNA $EEGR T &l
H KM ; DL2000 DNA Marker 1 PrimeSTAR
Max DNA Polymerase Il H TaKaRa /A ] ; [EZ b5
HES ¥ (GB/T 36194—2018) 1 A 5246 25 {47 ; DY
AETR ATIFER =80 S A Sigma-Aldrich
ANFl; MHGE-100 1 F ARSI B AR
FR/NH]; 10xPBS Buffer Iy [ Jb 5 R R- B AT
BR/AF]; rORF66 211, Gl rORF66 £ 7k
PO A S0 3 i 25 I T IR A7 s 6l TgM PR s Pt
PRUTV R SRI0 T 22 B4R A0t 5 5 A0 07 i A0 B B 14
PR I3 ST s BEH TR PR M I3 . K11 PR
0T R 9 B 0 A B A I 97 R 8 5 IR 5 B Bt
A BA P L7 A S5 2 fR A7 5 Protein A TWH
Proteintech /3 ) ; il R £F 4 & i (Sartorius CN
140). WoK4% ., 455 HaE . PVC R
B LigsE T AR A RA

Blotting Substrate BERG RS, il KEE
B RAF]; PCR {UR Bio-Rad-CFX Manager
(3.1), Bio-Rad 28+]; XYZ =#ERIBEmT 44 . #K
SFHURARAL, AR A BRA A .
1.2 CyHV-2 /& ¥

W RAFAE—150 °CUKAE B CyHV-2 o3 55 Wil
Uk, BEHUE 27 CHIMEIGHAARK 1-2.d 1)
GiCF 41, HEMEBENEERRE, Mk
B HARAS BT B A B Ao B . SE BB IR
B T75 AR, A 2 mL fi#
YR CyHV-2 9% 7% 7 (1.05x10° copies/mL),
25 °CW#5E 2 h, SR/EWHEEEM, A 10 mL

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



5452 (YIS Gk

Microbiol. China

T 2%MR A LT A M199 KiFR3k . UE T 25 °C
M RR SRR, R BN A RN, AR SRR SR
1-2 d, s B THFRwR T . O
BIWAEMRFEWIT T 800 r/min &5.0> 5 min, LAt
ZERANMIAT BV 0.22 pm o PR
U, S EIEF 4 DNA $2BURH & Ui i B
I DNA, %XJ52 18 TaKaRa TB Green 11 A
T4 qPCR DUt E W B i, WHRAFER
—150 °Cvk4fi

1.3 8 fu A PR M M E B Hl &

P W) S f it B 461 (14—16 cm) LA 200 L
PSRRI RS 7 d, BRI TC B s At ek
gu, B 10 Acfth, REARE A E R EST 500 uL
B CyHV-2 fEEEW(10° copies/mL), #liff i A
20 L BEAUK DL SO (R4 25 cCRYBEIEET .
fF 21 d Jo B4 0 R # bkahan, s i+
1.5 mL B0 H, 4 CCERE—R. SRJ5 i) iy
fi, BUE . WL BFBRAE, $EREUFEE DNA JES
& PrimeSTAR Max DNA Polymerase i i 45 if
17 PCR, 7= 1.5%Bh B bR e v ik AS: )
A6 A8 L LURAE T —20 °Co 58 = FoBs I RE
800 r/min #.L» 5 min, WML A BT 00
. I Dot Blot {445, % 0.45 pm 12k — 51
)% (polyvinylidene difluoride, PVDF)f 85 4] i,
AIER/N, RIGH PVDF B T H B
30 s, 4liZkKiAPE 1 min, ¥ PVDF JEE T{YA%
th, ARFLIEIN 1 mg/mL 1Y rORF66 519 2.5 pL,
AR AR S, AFFLIE N 200 uL 47K fic il
B 5%BEIRZE W, , 23R 200 r/min $EKEFA] 2 he
B ERUE W LRI, PBST ¥ 4 Ik, &Ik
8 min, MIASPEAPRBAYEM R, 4L 200 uL,
Zilt 200 r/min FERMBEE 2 ho VR, ANAG
IgM B TR L] 1:1 000), FE£L200 uL,
25 200 r/min FERIFE 2 he VEEE, AR
ALY (horseradish peroxidase, HRP)FRic i =F

Bii 1gG, FFFL 200 pL, =i 200 r/min £ K5
B 2ho VERE, AW 1:11E-G 5 X PVDF f#
PR 30 s, A BECL RMAR RS vE T
52, HARPUARFH M M5 PR T -20 °CUKFE -
14 REESHEIE

OB RS A AR VE T, LA 100 mL ¥
JEH 0.01% M E A TR, B T INMIE 15 b ds
AR, R RAIC W 3 min J5IREMA
1% P EERR =AW 2 mL, BiREIF gk, %
WA AR LT (S, ARSEHNN 10 min 7 0
B o |) e N 50 Al B e FA R
FH AT I EE TR S B B A 7 o S5
1.5 BRAEEFRch/ERE pH MFEE

FH1 0.2 mol/L 1) K,COs %5 WK 6 45 IS AR 42 1
WAy AT pH (E N 4.0-9.0, #4345 3 mL, fEA
] pH ¥ P OINAGE S CyHV-2 S5 8T, 784%
RAHAI#E 30 min JEMIA 10% NaCl %
0.1 mL, {REWSIFE 2 h, AL
ERE pH B ODsyo fH. o
1.6 BRAEEFIChEREIRICENTHE

¥ 6 RS ERIAT 250G pH, B8
3mL, 5l RAREHERTINA 15, 30, 45,
60. 75 F1 90 pL Ay CyHV-2 SR, IREH5)
JE#E 30 min, FHERIHIA 0.1 mL 10% NaCl %
WIRG YIS E#E 2 h, (1 F0E 6
AN ODsyo fH -
1.7 SwinlErGHE

B 800 pL ARG T B, B0
BETUK EEAE, 2GS pH, WE 3 min,
FHE 3 ming [ ARG I A RS bR i
120%) CyHV-2 SRR, WATE 3 min, & 3 min;
JIA 200 uL 5% BSA % (1xPBS ELiil)f# BSA
LR PE 1%, TR HE 3 min, i H 3 min; X5 4 °C.,
1 500 r/min &5.0> 20 min; MEICTTENZUR B
U, 4k%E 4°C. 8 000—9 900 r/min #.C> 30 min,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



PNFTINSE B2 2 TR B AR e Uk A T 4 2% 110 i 45 A0 0 i 5453

IR AR 4 B T TR, IR EIE, DTTE ]
1/10 R SR 2 W (7% 5% 354 . 1% BSA
) 0.01 mol/L PBS ZZ i) FH &, RIFE 4 °C,
1.8 FRIT%HEXNERENHE

U PRET 4 K E(NC i), %I rORF66
Z P UAR FEAL 1.0.0.8.0.6.0.4 1 0.2 mg/mL
MRk T2, A2 ka4, RGN R A 1 375 A B
PEIE , 15 min 5 AR 56 0B & 45 4 i
TR S i
1.9 WM& HIEXIZLKENTE

HUH PR AT AE 2R BEE(NC %), Ff ProteinA 7 B¢
1.0, 0.8, 0.6, 0.4 F10.2 mg/mL JGHRKRIZ,
21 25 VAR, R A PE I3 A BH A I3 S 15 min
Ji Al S €07 90 A ) £ i Il AR VR
1.10 R ERAEE

W25 5 B ABAVDIE K 9 mm A4 5%,
AL FEH(0.01 mol/L 1% 2% Tween-20., 5%
BB PBS ZZ 4, pH 7.4)i2 1 30 min, 37 °C
THRAEHET 1 h, T TR &R B
FAESHLEIS 15 mm 404, AN FE R
(0.01 mol/L 1% 0.2% Trition X-100 f*) PBS 2% % ,
pH 7.4)i2 30 min, 37 °CTHEAMET 1 h, YT
TS . KRR AR SRR 17 mm
A2, T T Asth & . XYZ = 4ER) 15
M4 {0 NC BT R4k, FH ProteinA ¥ 1E
R & (test line, T Z8)4b 414k, F rORF66 £ 5
FEPUIARTE i #2228 (control line, C )bk, &

F 37 cCTHHEFE T4 1 ho FHHI & T bR
RIS A b, BN AH, BT 37 °C
TREA T 1 he WA 1R, BUPVC RRE
FMEAEAL L, KR4 %¢ , 8 2 mm [E & 7E PVC
AR b, K M T il At ZR ALY A 4.2 mm
TR AR
1.1 REEMKFESERAE

FIRT B 200 pL B30 R A fa 4 i (1
AT DA A AT A A 3 37 BRI
ZHEMFLN, 15 min NWIEEEE R . anda il Ze(T
LOFIIELR(C ) BRZ (ol BHE s K2k
RE A, LD AT, FREEAE e
SE RIS LA
1.12 ARFHFRMERE

N T RS R R, SRS
Tl B P10 SHEL 25 7 LR 7 A FBH P I 3 | 5 T i
PG 5O B L35 . 80T R 90 2 0 A B I
B KT R AT R BE BT A B A TR R A
B ILAE 95 B PO A4 BH A I3 3 1E V5 A A8 LR
1.13 AR ZFRE MR

g B0 e T AR BEPE LT FH PBS 42 i A By
1:5. 1:10, 1:20. 1:50. 1:100. 1:200 FI 1:500,
WL T LB afEn, T &S ORRNREE N
T AR e
1.14 KEEFFEMRE

FHBFHIE) CyHV-2 PR B iR 414t 5% 7T DA
Kt CyHV-2 FLfA, AR b J] W ) e 2 75 Jk e

>

=

| o @8

/ - 2]

| o2 & |
S

P A e A
Sample pad Conjugate pad

1 RiESHAEZEHE
Figure 1  Structure of colloidal gold test strips.
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Figure 2 Dot-blot analysis of positive crucian carp
antibody serum diluted sequencially.
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Figure 3 Quality examination of colloidal gold particles.
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Figure 4 Specificity test of colloidal gold strip for
cyprinid herpesvirus-2 antibody. 1: Cyprinid
herpesvirus-2 positive serum; 2: Grass carp reovirus
positive serum; 3: Siniperca chuatsi iridovirus positive

serum; 4: Positive serum of largemouth bass iridovirus;
5: Carp spring viremia virus positive serum.
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Figure 5 Sensitivity test of cyprinid herpesvirus-2
antibody colloidal gold test strip.
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Table 1 Result comparison of CyHV-2 antibody
colloidal gold test strip and goldfish hematopoietic
organ necrosis virus detection methods
Sfarh AR BRI CyHV-2 HilkikiA4: Kappa (&
[oRULpIRES JERAI S Kappa
Detection method of CyHV-2 antibody value
colloidal gold test

goldfish haematopoietic
necrosis virus strip

Bt Negative 4 BHPE Negative 5 0.80
FHPE Positive 6 FH4: Positive 5

ST Total 10 Hit Total 10
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