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Figure 1~ Clinical signs of sick Koi

Notes : Arrows show the significant clinical signs of KSD. A: gill ulceration; B: hemorrhage of the surface; C:

enophthalmia
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Table 1  Primers used in nested PCR

Primer Sequence Productsize Amplified gene Reference
CEV_F1 5-GCTGTTGCAACCATTTGAGA-3" sash
CEV_R1 5-TGCAGGTTGCTCCTAATCCT-3" P
unknown [13]
CEV_F2 5-GCTGCT-GCACTTTTAGGAGG-3" 1800
CEV_R2 5-TGCAAGT-TATTTCGATGCCA-3" P
CEV for B 5-ATGGAGTATCCAAAGTACTTAG-3" 981
CEVrev ] 5=CTCTTCACTATTGTGACTTTG-3" P
Partial 4a gene, P4a [6]
CEV ForB-int 5=GTTATCAATGAAATTTGTGTATTG-3" 280
CEV RevJ-int 5-TAGCAAAGTACTACCTCATCC-3" P

3 PEMEXT IR ANARAE B
AP ARG 7 1247 S AL 91 A 5 A7 CEV
FeA B E 4L SORA T PCRAGHI AR A BHPARSIR . PASKE

CEFAS Weymouth 32165 & 37, 1Y real —time PCRAJEAi
FA: TAY TR EI) A BRA A CEV Pda it [H 7471
IFFiE R pUCSTHUA I F A RUE TR pCEV-CEFAS,
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Table 2 Primers and probes used in real-time PCR

Primer Sequence Amplified gene Reference
CEV_gF1 5~TTTAGGAGGACAAGTAAAGTTACCA-3-
CEV_gR1 5~GCAAGTTATTT GATGCCAACC -3° Partial 4a gene, P4a [14]
CEV_probel 5’-FAM-CCAGCTCCTACAAGGAAAGCAATGA-BHQ-3’
CEV qForl 5=AGTTTTGTAKATTGTAGCATTTCC-3"
CEV qRevl 5-GATTCCTCAAGGAGTTDCAGTAAA -3° Partial 4a gene, P4a [6]
CEV gProbel 5~-FAM-AGAGT TTGTTTCTTGCCATACAAACT-BHQ-3"
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Blood Tissue kit (QTAgen, =) fli 42 DNA, I IE T &
TRFL200 ol , FLAA L B2 00350 G Ui B 45 . AN DNA $2
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AO1 20170228(CEV 528bp) /...
A02 20170228(CEV 528bp) /...
AD3 20170229(CEV 528bp) /...
A04 20170229(CEV 528bp) /...
A05 NC(CEV 528bp) / C1609...
A06 BC(CEV 528bp) / C1609...
A07 PC(CEV 528bp) / C1609...
BO1 20170228(CEV 478bp) /...
BO2 20170228(CEV 478bp) /...
BO3 20170229(CEV 478bp) /...
BO4 20170229(CEV 478bp) /...
BOS NC(CEV 478bp) / C1609...
BO6 BC(CEV 478bp) / C1609...
BO7 PC(CEV 478bp) / C1609...
A09 20170228(CEV 548bp) /...
A08 20170228(CEV 548bp) /...
A10 20170229(CEV 548bp) /...
A11 20170229(CEV 548bp) /...
A12 NC(CEV 548bp) / C1609...
C01 BC(CEV 548bp) / C1609...
C02 PC(CEV 548bp) / C1609...
BO8 20170228(CEV 180bp) /...
BO9 20170228(CEV 180bp) /...
B10 20170229(CEV 180bp) /...
B11 20170229(CEV 180bp) /...
B12 NC(CEV 180bp) / C1609...
C03 BC(CEV 180bp) / C1609...
C04 PC(CEV 180bp) / C1609...
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1 : AO7 PC F1 BO7 PC: CEFAS Weymouth Lab’s nested PCR 7772 FHYE X i ; C02 PC il C04 PC: Oyamatsu’ s nested PCR 77 ¥ FH A X B8 s NC « B X 18

BC: %3 X R

Figure 2 Electrophoresis result of samples 20170228 and 20170229, detected by nested PCR of Oyamatsu and CEFAS Weymouth Laboratory.
Notes: A07 PC and BO7 PC: Nested PCR positive control of CEFAS Weymouth laboratory; C02 PC and C04 PC: Nested PCR positive control of Oyamatsu labo-

ratory; NC: Negative control; BC: Blank control
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fdi JH] W A real-time PCR J7 ¥ % 20170228 #i
20170229 ¥ 5h 4T CEV 558 o 25 R0, PIF real-
time PCR 7 ¥5 ¥ g AP i ks i CEV . Adamek
09 4 57 Y real-time PCR J5 ¥: K& I 20170228 Fil
20170229 ¥ i (9 °F- 34 Ce {8 43 51 O 33.12 (32.22 Fi
34.01) 1 33.63 (33.54 F1 33.71) ; CEFAS Weymouth 52
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33.20) F1 33.78 (33.36 134.20) , %5 [ %F B | B3 %) HE
FTBH XS BE ST (13D .
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fd FH 1.20%10'~1.20x 10° #5 D1/ L Fs B & s o it
#i, 7 CEFAS Weymouth 3Z 5 % real —time PCR J7
PR bR E LR 45 R y=3.35x+36.90 (R?=0.982) .

FE b 20170228 ff F1 ' OAE CEV 3R & 4> )
b 1332.94 $5 U1/250 ng F1 250.02 #5 U1/250 ng; ¥ i
20170229 8 F1'E i CEV #1453 51 24 931.90 #% 11/250
ng F1132.61 # D1/250 ng(£ 3)
4 KHV #1 SVC &l 45 B

fift F OTE (/K A= 3l 4 5 9 12 W - 01 ) (2016 Bt ) Xif
20170228 Fi1 20170229 Ff i #E 17 KHV 1 SVC Kz I .
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Figure 3 Amplification curve of samples 20170228 and 20170229 using real-time PCR
Notes : NC: Negative control; BC: Black control; PC: Positive control
R3 RIFHEIN G CEVHE
Table 3 CEV load was quantified by real-time PCR in gills and kidneys
Normalized detected Normalized detected
. Detected targets mean detected targets
Sample Tisue Cq values . ) targets targets .
(in 1 pl rxn)* . | . (copies/250 ng)
(copies/ng)" (copies/250 ng)
30.15 103.50 6.90 1724.94
Gill 31.54 39.81 2.65 663.51 1332.94
30.25 96.62 6.44 1610.36
20170228
33.15 13.16 0.88 219.41
Kidney 32.81 16.63 1.11 277.17 250.02
32.94 15.21 1.01 253.48
31.25 48.59 3.24 809.87
Gill 30.89 62.23 4.15 1037.24 931.90
31.02 56.91 3.79 948.58
20170229
33.22 12.55 0.84 209.10
Kidney 34.20 6.40 043 106.62 132.61
34.58 4.93 0.33 82.11

T PCRIKZ CEV DNA M B (copies/pL)=107(36.90-Cq)/3.35];" 5 85 2 it 1 5L A3 : copies/ng={[(PCR 1 9 B2 K B copies/pIxPCR [ 244 25
WI)/PCR A Z NI AR 2.5 wl <l DNA ZA4AF 200 wl)AiiAZ IR FHZH 4L 30 mg/1000,

Notes: * The concentration (copies/pl) of CEV DNA in PCR reaction=107(36.90-Cq)/3.35];" The number of CEV: copies/ng={[(CEV titer in PCR reaction
copies/WIXPCR volume 25 l)/the volume of DNA sample 2.5 pl|Xthe final volume of DNA extracted from tissues 200 pl }/the weight of tissues for DNA extrac-
tion 30 mg/1000.
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KX254016(Q089 1.2) UK
94 | KX254016(Q089 1.2) UK
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KX254009(436-2014) Poland
— [ —— KX253998(220-2014) Poland
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KX254020(R006 1.4) UK
|| KX254019(Q229 2.2) UK
KX254012(640-2013) Poland
KX254002(542-2015) Poland
100 KX253999(420-2014) Poland
L KX254008(588-2013) Poland
_|-_KX25401 1(345-2013) Poland
KX254010(641-2014) Poland
L KX254007(531-2014) Poland
— KX254021(CyPP-3) UK

KX254027(R083) UK
63 ‘] E @ 20170228 China

97 @ 20170229 China
87 KX254001(112-2015) Poland

67 — KX254003(274-2014) Poland
KX253997(518-2014) Poland

KX254004(55-2013) Poland

M 99.0% F1198.3% ., 20170228 F120170229 #4 ] P4a Kt
B 41 ] U6 P R 98.8% . 3 T Pda 3 [ P 41, ¥4
20170228 120170229 J3 41| F1 4= Bk 31 /> CEV J¥ 41 if
17 B, 25 S R BA CEV bk s T AT m
AFER R, Horp, R 3RTT AT 43 THa AT IV 3 (5]
I, AHFSEHE 19 20170228 F120170229 = R bk R T
Ia FE R H 59 F Rk (RO83) Ail H Ak (CyPP-3) )
wAE AL R i (K 4) .

Genogroup 1

Genogroup Il a

Genogroup IIb

4 20170228 120170229 §Iiz f& L 4%
F: @ :CEV =Rtk
Figure 4 The phylogenetic tree for CEV 20170228 and 20170229 isolates

Notes: @: CEV Yunnan isolates in our study
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5 B B o 2014 4%, o L3 B 1 XS A 3R 5
TR R A BEA KSD 1, FE TR 29 80%" . B )5 , 7
H AT AT B S DX VR R B 37 Y 12 KSD .
UL VR 2 BRBE AL KSD BEN | 16 43 B % i A1 68 )
B E o B kR, & BLAECRN B IE CEV % & 3R R
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250.02~1332.94 $% D1/250 ng, i CEV % i 2 4 B IE
[ 6~7 1% o 45 R 5 E A BB 5% A AF , Adamek S5
08 % AR R 2H 2 b CEV #8480 1~2,046,000 % 01/
250 ng, V1438 Ky 129,982 # 01/250 ng. KL, A A
S8 AEHERR B0 M 40 1 L A A2 L USVCV R KHV 8L 1Y
AU, JEF I RAE AR AT 24  PCR K I 135 B
BRI R 4 R W CEV n] BE 2 515 I K 2 1 i
JR A D (E R A T 5 e [ ) R g S B A —
I

I AR HE AR XE L IX 43 KSD Al KHVD , 5256 % 12 Wi J&
WAEEHE YR . KHV F1 CEV YL Rl 125 )5, 34
I ACRE PR AFARL , 25725 BR324 I 44 R 5 v 344 22
Tt 97 MR HR [MT g 05 A0 0 22 0l S5 R, L R oo g
RIRKIR UG A E S . 55— B iEE KSD 1 FRAE M I
PRAEIR o WL = e S R i R 29 24~ 1, B3R FE
T25~10 B, BB T-F 30%~50% ., FEIE W K 24>l
¥k v, g stk B A AR L TR R A RS K
FEAE PR I o RN RE B AN R, 15t 5 SR FE K
T 29 8 TT , KR 1.3 2K, B K /N Ay 0.8~2 kg, F 4 s
WA KRR ARE TR, AR
o 25 YE SRR K 1A 2 B, BB AR /N R 0.2~0.5 kg,
FEHH A 2R 1000k , B0 80 % 955 I F 2 1, (H Ak
TH I, R 43 L A b TS BB, R A AR TS,
HERN MG SSEORMATINE . % — KHVD
FR) % 90 L EE 24 R 20°C~30°C., 1117 KSD & 5 7K Tk 78 Bl 45
J7LTC~27 CYIAA K. H A B R KR R
15°C~25 °CY, th E AL T e iE oy 27 ¢, e [ i i — 41
A 8 KSD & 95 7K IR R 6°C~9 2GR P B 8 A 4
i KA 7C~15 C¥. LR A (1) KSD $21% & 4 F
ZEAZE, RWKIE 11C~20 °C, 247K 5Tt & i pE T
A o ST IRA TR 215 B B Je R BE It Ik
7 T 4 5 A 37 05 1 O KSD, {H L AR BEHEBR SVC
KHV &L nl Ge M o R, & 9 /K TR E LA A KSD
FTKHVD %5 57112 W (0 A3 | e 28 1) i AR 4 55 56
E=Y Rl EEE

3l PCR F real-time PCR 4 H B 52 K =5 2 W
KSD 19 F 277k o A 5% fdi FH P A real—time PCR J7
Pt 25 B R BB B UE AT CEV RN , PRy ik G 45
RBh CEV M. BT — X a5 ik frnis, il
FH Pl nested PCR J7 16 X FE i il it — 2 %58 . 1974
A, Oyamatsu 28" AR IE H A & A2 KSD % 1% , 7F H.
ST T K 3% B nested PCR 7 5. 2016 4 22 |i,
ZJ7 AR N KSD 2 #2 bk #4E EE EAE A, A o

F1 Zhang 5" H Oyamatsu 8" 8 37 19 595, 43 51 A
A FBT N & 0 B P 0 Y CEV, SR, AR5
FEAF P 7 1 5% 2 i R S R A5 4G T 3 R o,
- PCR 6 I 45 5 35 0 B P o 76 9 4% PCR 3B AR
Je  AAREY S H Y R B S AW 5T CE-
FAS Weymouth 5% %5 % %2 3/ 1Y) nested PCR J7 %", i1
A b P S 8 CEV . R, 3 ] CEFAS Wey-
mouth 32 I 2% 7 37 1% nested PCR J7 193847 CEV /&
W ALY, B A SCHK i 38 Oyamatsu S5 4 57 1
nested PCR Jy ¥ 1 M 53 S8 i K 0 CEV B 77 76 e 4G
PRGSO W] CEV 5 Wk 5 K 41 H B0 3 Bl 4k 5k
SEAF ] BB J& T 2L Oyamatsu 55 7 5 72 BT G B9 S
HzZ—.

CEV BHYEARE 5 56 X e 81 89 20 8, A B T 52
&t S S5 LA A LA O DR DR R A3 o AT 984G )
2 ¥k CEV 5 HE CEV Bk R IR M & T 91.3% . 5
5 [E (RO83 Kk ) Fll H A CEV #: ¥k (CyPP-3) 1Yy W] P57
e, 40 1k 99.0% F198.3% , 18 1% ik Ak 56 R i it
W7 2 N A B B 5 | ifE 2 3 3 CEV AR A,
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FEML AL A B ISR IR R

H Hi, XF KSD %A A 283697 75, DL A
Fo H— ESI R, TR B E . B
T4 KU A R BREE , i BEAE AR . 5 = X /KR
VEAT P 8 B, FR A PR K EEEA T O E AL AL B, 550
P50 95 FH 8 B KO- | sk 0 ok K A= s sk At T
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Eh K 9 A B T = K TR 2 25 C LA, AT 2R i
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Identification and Genogroup Analyses of the Carp Edema Virus in Cultured

Ornamental Koi Carp, Cyprinus Carpio Koi, in Yunnan, China

WEN Zhiging"*,LIU Ying"*, TANG Shaolin®, WANG Fei', WANG Jinjin"*,SHI Xiujie"*,YU Li"*,ZHENG
Xiaocong"2 ,HE Jungiang"?, AN Wtfmsheng''2 ,JIA Peng"z* ,LIU Hong"?

(1.Shenzhen Entry—exit Inspection and Quarantine Bureau, Shenzhen 518045, China; 2.Shenzhen Academy of Inspection and Quarantine Sciences,

Shenzhen 518045, China; 4.Henan Fishery Technical Extension Centre, Zhenzhou 450008, China )

Abstract : Outbreaks of koi sleepy disease caused by the carp edema virus (CEV) has seriously affected populations of
farmed common carp and koi in many countries. A disease outbreak was reported in adult koi, Cyprinus carpio koi, from
an ornamental fish farm in Yunan Province, China, during December 2016. The clinical signs of lethargy, skin
hemorrhage, enophthalmos and gill necrosis were observed in that outbreak. The water temperature was 15°C~22°C and
the cumulative mortality was 30%~50%. The CEV was identified by nested polymerase chain reaction (PCR) and real-
time PCR. The CEV load in the gills and kidneys was 250.02~1,332.94 copies/250 ng, and the CEV load of gills was 6~
7 times more than that in the kidney. Hence, we conjectured that CEV have induced the outbreak of disease based on
the results of parasite, bacteria, SVCV and KHV diagnosis. Based on the P4a gene, phylogenetic analysis suggested that
the CEV isolated from Yunnan Province belonged to Il genogroup, and showed the closest relationship with CEV isolated
from United Kingdom and Japan.

Key words: Koi sleepy disease(KSD) ; Carp edema virus(CEV) ; Yunan ; Genogroup
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