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FiAEPES min, 95 °CAE30s, 55°CiR k30,
72 °CIEfH130s, 35SMEA, 572 °CHEfH 10 min,

1.8 KX EZEPCRIE

2 I Gilad %80y 7 L #E4TKHV Y TagMan
Real-time PCREGIN , LUBE Y CeGlucE R N2
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AL 4IDNA, FELL A, K6 45 2 4L
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tion 1 uL, dd H,O 8.24 uL. R FF: 50 °C 2 min;
95 °C 10 min/5 #HATW M : 95°C 15s; 60 °C
60 s, FLA0EIR , Bl o b 2 B E s A
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Tab.1 PCR primers used in this study
514 ST FI(5'—3") F&
primer sequence (5'—3") application
TK-F GGGTTACCTGTACGAG PCREINHHERSI L #  test KHV by PCR
TK-R CACCCAGTAGATTATGC
Sph-F GACACCACATCTGCAAGGAG
Sph-R GACACATGTTACAATGGTCGC
CDV-F1 GCTGTTGCAACCATTTGAG EAPCREAEF I test CEV by Nested PCR
CDV-RI TGCAGGTTGCTCCTAATC
CDV-F2 GCTGCTGCACTTTTAGGAG
CDV-R2 TGCAAGTTATTTCGATGCCA
KHV-86 f GACGCCGGAGACCTTGTG P EPCRAEM  quantitative Real-time PCR
KHV-163 r CGGGTTCTTATTTTTGTCCTTGTT
KHV-109 p FAM-CTTCCTCTGCTCGGCGAGCACG- BHQ
CgGluc-162 f ACTGCGAGTGGAGACACATGAT
CgGluc-230 r TCAGGTGTGGAGCGGACAT
CgGluc-185 p FAM-AAGCCAGTGTCAAAATGCTGCCCACT- BHQ
oPVP53 CTACTCAGGAGCCATCATCG FHTFIERALSHT  genotype analysis
oPVP54 AGGACTTGGTAGGTGCCTCC
oPVP55 GCTCATTTTAGCGCTTCTGTG
oPVP56 CGCTGCCTACCCAATTCGCT
Q-TK-F AACGCGGGCCAGCTGAACAT Y ITKIER 4K full length of TK gene
Q-TK-R TGTGTGTATCCCAATAAACG

7 s, hKHVTHwQE,AEPE’J%&g E ML, R
PEKHVIE A5 2 21 Fp AR XS 2638 AT 204

19 EREBSI

i BDong VR ik, YV TKEN 2K,
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RER, L RERE MM RIELRK
Wi SRR, 7E IRl ., 2 M Bigarr¢&E Y 7
B, DU 20 20 I 2D DN ACH AR A,
oPVP53~56 45| ¥(# 1), PCRY I KHVIKMark-
ers VIR 4, Hi1oPVP53, oPVP5445 5 7E
Marker Ifif £, oPVP55. oPVP56%% 4 1F Marker
T A o I AAR 28 R B oy 8 7 2 R o 5 A T R
FEHN 53 AT” o PCRI=H 25 1.2% 1 Bt g W 468 156 ] 1l
J5, SpMDIS-THAKMATHEHE, %47 Wi Ik
ZAE. coli TOP104If1J5 , ¥ i ¥ Ampl LBV

M, PRECBH M v B4 T 0 R 43 o
1.10 ‘AAFRIBT LA ER

T WSS RO A 2 2 A% B B R AL EX
BRSO L M, AR R R E ,
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B, RMBIWEIHAIR

2 4

21 BERSBERMFERE

B T KRR, RE . XA
RBGRE, RERFWM L, HoaakRTm
(FIRRI-1), HRIE Ak 7 MR (B RRT-2), 843
22 s, RAEER R (EI-3) o 38 5 X e
PEATANTE S0 B, BRAEFI T AL 2L AR K A 1~24
R PE A, HA T AR WA B VR AR seak, A
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DNAH B 47 PCRY™ 1, BEA I B KHV & FH
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AR, KHVEBHMH:(E2).

bp bp
2 000
1 000 500
500 300
250 200
100

E 2 $REEEEHEMEEEMNESAPCRIGNA
RERETRESERBE SN
M. DL2 000 DNA Marker; 1. 2. A& Il 295 1 43 65 460 2 5 2 TKEE A
FSphfE R A Brs 3. 4. ¥ B8 45 6 J& 2 7 8 Marker Il Marker 115
Bty 5. 6 KON B O AR 7. S I A T JER Y 1) B 0 5 5
95 B TKIE K RISph2E IR A BEs 9+ 10K T U6 24k 401 Al 11 5 6 90 2 075
5 TKHE PR AN Spht R A B

Fig.2 PCR assay of KHV and CEV and genotype
identification of KHV

M. DL2 000 DNA Marker; 1. TK gene fragment; 2. Sph gene frag-
ment; 3. Marker I; 4. Marker IT; 5 and 6. PCR assay of CEV; 7 and

8. experimentally infected fish; 9 and 10. experimentally infected cell

2.5 KHVHIZER 75 F )

IR KHVE TR Sph3t [ Bt AT T
PCRAGIN , 2% i /R REH™ 4 H1 4091292 bphY 4 57
YRR B, A HPCRAY J7 2 K BEAG I H CEV
PHVE(EI2). seAh, FRAHTE B J7 2 %2014-2016
A A TR T Ml X B Y 104> & B 0 RE S AT
KHVAEM ,  SASRE S A B, SASRE & A B
PE(FE3).

FIHZENAE T PCRIG T I 06 . B . 8. i
FRGH A KHV B AT TR . 45 2R 3%
B, KHVII B R ERAL b iL, HRAME

TK Sph
12345678910123456738910M b
p
“he & = i
300
200

B3 2014-20165F 10 EH AW KHVE
M. DL2 000 DNA Marker; 1~104) 3 104~ W0 SE£F i, A 7 48
TKAISph3E R BL, Hh RS 1. 2. 3. 6. S &5 oy pH o,
KEf4. 50 7. 9. 109 B4k

Fig.3 KHYV test of 10 samples collected in
2014-2016

M. DL2 000 DNA Marker; 1-10 show ten samples, 7K and Sph

genes fragment were tested together. Sample 1, 2, 3, 6, 8 gave positive,

and sample 4, 5, 7, 9, 10 gave nagetive results
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Fig. 4 Distribution of KHV in diseased C. carpio
1. brain; 2. kindey; 3. liver; 4. spleen; 5.gill

11 5 A HINCBIM 3 HE 47 7E 26 7 9 L xt, &
L5 WP 7 (genotype A1) AYAH DL JE &% & ,
100%. R FH 48475 R - B MEGA 5.0 57 #E 4k
B, ZIKHV-TI16015 W B8 bk R — 3¢,
T RN 2 254k 3R Ry o3 — S (&15), | AT UL 43 2 ik
KHV-TJ1601 )& F P17

£ XFKHV-TJ1601 8 Marker IfIMarker 113
(LS HEATPCRY 4, 435414 H 168 F1278 bpfy #%
M Br(812), S5 pasR, a5 A
AL EE AR BT H X, R B B HRKHV-TI1601
M Marker & RV S FE 5 S51T—%, Marker II3E A
PSP ST —380, R MR8 B KHV-
TI601F & AT 1T 56 K KL (1 6).

2.7 HAREYR

WELYI R A Bon, B as 22 ik, 68
24 R SR (BRI RIV), 5 22 FER A 8N | 7
M (B RIV-1, 2 > iR), H27EE/N R AR SIE K
I fh (B RRIV-1 WTR), #4368/ B SR8 7 4 it
T (EIRRIV-1 % TR AN G W AE ¢, o] Wk
it KA EIE 25 (B RRIV-3 - FR). B4
LU D kI B R DU (ERIV-4 > 7R)o

KHV-U (DQ657948)
KHV-GZ11 (JQ247183)
genotype E7 (AB375389)

genotype E5 (AP375388)

genotype ES (AP375387)

genotype Al (AB375390) —]
Isolate IR (KP280047)
genotype A2 (AB375391) 2,
>
Indo_7CO6NS3 (HM347107) | & 2
= &
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Fig. 5 Constructing the phylogenetic tree based on Neighbor-joining analyses of the TK gene sequences
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U(I") CTACTCAGGAGCCATCATCGGCAA----=-==nmmsmmmmmmomocmeoee CCTCAACCCCGGCAGCCTCAACTTCACCTTCAGAATCTTCAACGGTATGGATGATAGAG
P(I") CTACTCAGGAGCCATCATCGGCAA------=smmmmmmmommoonoooean CCTCAACCCCGGCAGCCTCAACTTCACCTTCAGAATCTTCAACGGTATGGATGATAGAG
I[(I"") CTACTCAGGAGCCATCATCGGCAACCTCAACCCCGGCAGCCTCAACCCCGGCAGCCTCAACTTCACCTTCAGAATCTTCAACGGTATGGATGATAGAG
J(I'") CTACTCAGGAGCCATCATCGGCAACCTCAACCCCGGCAGCCTCAACCCCGGCAGCCTCAACTTCACCTTCAGAATCTTCAACGGTATGGATGATAGAG

CTACTCAGGAGCCATCATCGGCAACCTCAACCCCGGCAGCCTCAACCCCGGCAGCCTCAACTTCACCTTCAGAATCTTCAACGGTATGGATGATAGAG

M(I*) CTACTCAGGAGCCATCATCGGCAACCTCAACCCCGGCAGCCTCAACCCCGGCAGCCTCAACTTCACCTTCAGAATCTTCAACGGTATGGATGATAGAG
*

Ul-)  TCG CGAG
P(I") TCGGAGTCGTCCACGATGGTGACACCCGAG
I(I'") TCGGAGTCGTCCACGATGGTGACACCCGAG
JI'") TCGGAGTCGTCCACGATGGTGACACCCGAG
M(I"") TCGGAGTCGTCCACGATGGTGACACCCGAG

* TCGGAGTCGTCCACGATGGTGACACCCGAG

U(II) TAA ATGAACAGAAAGAAAGCTC
P(II") TAA ATGAACAGAAAGAAAGCTC
I(II) TAA ATGAACAGAAAGAAAGCTC
JAI'™") TAAATGAACAGAAAGAAAGCTCAGAAGTGAGATGGGCCAGAAGCACGACAAGTACCAGGGCGCCGATCTCGAGGTCGATGAACAGAAAGAAAGCTC
M(IT"") TAAATGAACAGAAAGAAAGCTCAGAAGTGAGATGGGCCAGAAGCACGACAAGTACCAGGGCGCCGATCTCGAGGTCGATGAA --mnmmrmmmmemnmmnnanaes C

*  TAA ATGAACAGAAAGAAAGCTC

U(Il") AGAAGTGAGATGGGCCAGAAGCACGACAAG
P(II") AGAAGTGAGATGGGCCAGAAGCACGACAAG
I(II") AGAAGTGAGATGGGCCAGAAGCACGACAAG
J(I) AGAAGTGAGATGGGCCAGAAGCACGACAAG
M(I"*) AGAAGTGAGATGGGCCAGAAGCACGACAAG

* AGAAGTGAGATGGGCCAGAAGCACGACAAG

6 KHVELE 5 B ixMarker I (a)F1Marker IT (b)f3 55 19 % Fr Il LE XF
U.ZE [E 4 5 M (DQ657948);  P.u% 2% 4y BIBRPL2: LEN P J8 5 31 43 85 #kKO5: 1.1 A 43 B9 bR AP008984: M. 3R 78 ¥ 43 25 bk A10/09/05; *k 1

A

Fig. 6 Alignment of the Marker I (a) and Marker II (b) sequences in representative KHV isolates

U.United States (DQ657948); P.Poland PL2; I.Indonesia K05; J.Japan AP008984; M.Malaysia A10/09/05; *. in this study (KHV-TJ1601)

3 Wi

AR, MR R PR S BT S LA
K X H A KA, BT H R R o A ok
WARIE o R oy B B F W R, A5
X R O HEAT T IR A B R A A R A, R
PR T 7E BUER T A A AR A U Ah, HAh 41 4
YRR IA A MRS . . BAEAH L
WA E B R E WA K, #E 5] itk
5 0 %) 9 S AN A AR R T . ()110.22 pm
1) 8 RS0 KB £ 20 2050 RO A DR R TR S X fi B
AR S O RE SRR S e TSR, Hoal
i M B YD R e A A e BT K R Y B RL
o T IHCHE DU B AT AR T A O YK B AR R A
FET 1090 i

MR A ] P A0 B SR A i, A o g
9 JR E B % 7 (spring viraemia of carp) .
T P R LR 2 BE T T
FERFRR, KWK E H10~17 °C™, ik
UCBEIR I A K i R 25 °C, HOR W fa i 32
BORE AR5 WS BE IR N AT SR A IR RO R
YL B 0 FEERZ —, AL 8
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g F 1) 2 A R R B TR, PR DL HERR T R
I BE SR 1) T BB o 40 ol KT T e 2 N A9 2
JRFEIEAT T PCRAGIN , &5 5 b /7 7 s 743 522 B
PE o 8198 920 B 0L 5 0% 5 0w TR L TTRL RN
LAY, v JR e 6 92 75 1T 1Y) B4 A AR R
BEERT, WA FEIETUCT BE 2 R 1R
T BRI (Carassius auratus) M4, ARSI
AR A, I B R B SO 2 i LLIRY 1) ) Jek
Xof G2 1S R 5 B LI SRR S SR 920 B
(KHV), S — 75 | 2 i 70 B8 40 o5 1 e M 8 1) 05
Jio 20024F, 7F P JE PG AN 5 0 X R
K BT KHVE | 50 A SR T A B4
20034F, HAR LA TKHVE] LB ERTT, S4E
K, FEPEMIZT . . JAREHEE RN
T KH VY R 0 00, 35 T KU
et 2 ARG, ) PCRIT VA MR 5
i RGN B KHVE BH M, A4 21 E M BE 5 R
A A R AU M R AR AR, HLUR A 808
AT i 3 77 L 35 VAR JE e i R S 8 43 0l 5 3K
93.3%F186.7% ML T- 2, BN T YL iy i 4t 10 i
FIPCRAGIN, HIAKHVEEFHYE . PRIk, F by s fo
I6 95 0 T 2 o1 R R M R . Ik Ah, X
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2014-20164F PR b XS 42 31 1 104 H BLIE L)
i R Y RS A RE S EAT PCRAG I, 45 51 SRR
R B KHVE HME, XMW KHVE R K
i DX B A0 P AL DR

T A 40 2R B KHV LR IR X, Rt
T L h ¥y DAk 4 21 (OTE) /K Ak h W ¥ 9 12 W 1t
F PCRET I J5 A R U et 42 o ik ™) it — 2
S HTKHVAE B L 8U0h iy o A, A 20 8
HPCRECA VAT THEM, Z5R /R, KHVEGRA
b g, HkZ, AR hED, fidl
Ui, X5 RN MR —8, dEidh
BEWLEE, Kk BLAE G 4 4 £F AE K i 0 B R
T, B LSRR Ok D, TR AN R
AP RMEL B R . B A 42003
Rk B, SRS IR & AR AR, DL R4
UL B B AT SR KAV EZHSRE, X 5Gilad
U Pikarsky 25 PR A oY 45 SR — 3K,

T, KHVE M358k 2 MR
B — MR TSph -5 Bt . 9/5 BRI TKHEE A,
B KHV 23 o VP 356 DR 750 R R i PR 0, H ey
DN 35 PR R0 R D 9 S PRI 78 43 5 A 24 R 7 A AR SR
5 R T Marker VII B R %G8, HRIEAEFH
¥R AE Marker TR Marker 113 R S A EZ R B
A BB RAS S, W LUK KHVIX 438 54
FEAL, IO, TI0, TI0, IOI0, Tqrene 22
ES S O 071 G e S i< ST S A
i Xt TR R R 17 P 50 e R 200, R BLAR
WA B RKHV-TI1601 38k 5 W £ genotype
AVETE100% M AL, HoB W R AR BW
KL, HE5WINRE —L, HIaT e KHV-
TJ1601 8tk )& TP AL . F H Marker /1153 4 &
45, PCRY ML G )Pk, ALy e
F|PKHV-TI160153 B bR AT I B A, A
RIEFRKHV 1711 8 A 20024F JF 4 € S AEENE JE
PO iz A6 4%, HAEA R ST 3 AR A &
P, HENAEAARE, i, L™
53 0 A 3R AR R R R A b A U 5]
KHV I B, ARSCE i IR A AL X R 3L T
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Isolation and characterization of a strain of koi herpesvirus from
diseased koi in Tianjin

LUO Zhang ', HAO Shuang', ZHANG Zhenguo', MENG Yigeng ',
SHI Xieyao >, FENG Shouming "

(1. Tianjin Fishery Research Institute, Tianjin 300221, China;
2. Tianjin Agricultural University, Tianjin 300384, China)

Abstract: To investigate the cause of sudden death of the koi (Cyprinus carpio), the moribund koi that showed
typical symptoms including sunken eyes and head, rotted gill and haemorrhages on the skin were examined. No
bacteria were isolated from spleen, liver and kindey of diseased fish by bacteriological examination, but a large
number of viral nucleocapsid were found in gill tissue by electron microscopy observation. After filtration treat-
ment, the gills, brain, liver, spleen, and kidney tissue suspension was inoculated to carp fin cells, Cytopathic ef-
fects (CPE) were presented 7 days post co-cultivation. In artificial infection test, the death rate of fish by infecting
tissue homogenate and culture liquid of infected cell reached 93.3% and 86.7% respectively. Histopathological
analysis showed that the target organs included the gill, liver and kidney. Positive results were obtained from dis-
eased koi according to a PCR diagnosis of koi herpesvirus (KHV) proposed by Office International des Epizooties
(OIE), and high concentration of KHV was detected in gill and kidney tissue by fluorescence quantitative PCR.
Based on neighbor-joining analyses of the TK gene sequences, phylogenetic tree was constructed and the result in-
dicated that the KHV isolated in our study was Asian genotype isolate. Furthermore, according to the sequence
alignment of Marker I and Marker II regions of KHV, the KHV detected in this study belongs to I"'II genotype,
and was named KHV-TJ1601. The present study demonstrated that the I"'1I"genotype KHVwas isolated from the
naturally infected fish in North China for the first time, and provided important material for virus genesis, evolu-
tion, classification, and vaccine preparation.

Key words: Cyprinus carpio; KHV; isolation and identification; genotype; Tianjin

Corresponding author: FENG Shouming. E-mail: smfeng65@163.com

Funding projects: Natural Science Foundation of Tianjin (16 JCYBJC30000); Science and Technology Program
of Tianjin (15 ZXBFNC00290); Project for Achievement Transformation and Promotion of Agricultural Science
and Technology of Tianjin (201501030); Project for Tianjin Fisheries Innovative Team (ITTFR2017008)

http://www.scxuebao.cn



584 Ko ¥R 492 %

EIRR T B 50 68 S RURE AR
LARF ML, 2. IRAS IR, 3. 68 22 i 1
Plate I Typical symptom in diseased C. carpio

1. surface hyperemia; 2. sunken eyes; 3. rotten gill
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Plate I Transimisson electron micrograph of gill and kidney cells from a diseased C. carpio

1. virus particles in gill cell; 2, 3. virus particles in kidney cell; 4. virus particles in fin cells
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Plate III  Cytopathic effect of Koi-Fin cell monolayer inoculated with diseased C. carpio tissue homogenate filtrate

1. control; 2. infected cell
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Plate IV  Histopathological changes of diseased C. carpio

1. rotten gills; 2. swollen gills; 3. hepatocyte necrosis; 4. lesion in kindey
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