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=, )R TN 510380

E: T 4R4&FFF(Channa maculata) B B I, BHAZUR A, HEW0R . AR BEOR | HE H 6@
LI Grocott 7N AR YL (75 B 2> B AlAk I 1TS 1y 51l 34 2 X0 &35 2= JR B DL 15807 255 45 11k 12 B 8 R 4T 1 It
2 SR AT . AR AL ZUR SR B R i AR 10~20 pm, SMAED . EFANTR 22 . AR BDWEE B WL P 412 4k
A R 2T A9 22 AR L o B B IR AL R B A . SRAE 5 RAPE AR, 50 kLA P AT LR A 48
PR ZE 2555 R AP IR o 25775 SEAC A A0 h 28 b B A A0 22 A% B A0 L S VR A | T T 22 (R TR S DR, R
W B AT 52 22 R A, R TR L T 45755 Hh Sk o Grocott 7S AR U (LGS B 259 AT K AR (R . TR 70 B 5% T 0L
SERN MY 2R EE T B AR K IR 20°Cat 8, 12 h 5 AT IRRA T REE K, B ITS 791 7 Mk W 5 12 28
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By dEUe 50T AV MG Ik, 7
BRI SR B IR 2 BRI R, XSRS
IE B B 73 B A2 EAT T W0 AP AR R R R A
I, BRI BRI AT . AT
A BORHLEEABEBIG B IR AT FE B E 5L

1 HE5F®

1.1 /&SRR
RIRMFEAR R A8k =M sinyy, A&
300~500 g, KWK 15~20°C, FEREIR A E
Bt (R 1)
F1 HREEAFER

Tab.1 Incidence of diseased fish

B A ] NG KR/ C FERE R
sampling  body weiht water temper symptom
) Hb 3y ! S ek
2017-02 300 s g fa KA L R
%
2017-03 450 18 iR SLEEE
Ja KT RS L 6 55 ok
2017-04 500 g0 EHCTRITH &

&R 15t

1.2 HARER. ARFEVRGH &R EFENE

BCH R R itim kb, & THE¥ER L, G
KR B, FIEFHEAT Grocott S MeaR Y 63! Nikon-
80 I i AL AR5 .

W ks ta stz k. Bouin FEI N E 24 h, #6
JER IR, WS, AW, RM-2135
A Leica $6 5 XU A HLE S i, JEEE N 3~5 pum,
HE # MLY% 5,51 Grocott 75 g 4 €21°]) Nikon-e80
IR R R .

1.3 BRUREMRFISEEARBFEREUR

95 #3059 s A8 2 4 R T 2.5% )8 B,
1% 5 B2, RINCEERK, BEIR S R E e,
HRImA T, A4, f£3£E FEIQu-
anta250 T BB LS . FARE
14 FESBSEEFERE

S IRAT A ARHEDY, I\ E SR K9 fa 5 kb G
B UIHC 2~4 mm® (/N LIA, BN SR
25°CHEFE 12 h, B BUAY TR 22 7 758 2 B ek i 3R
P b, BB TG H ARG Yo 1k . BUE A A
KGN WL E TR 20CH T, HKE

AR 5K, KEHAK T 20CHK. KA 12 h
Je WS SR AR A BE R VR T B . Nikon 3] b i B8
TSR, B

1.5 ITS F35#7

1.51 DNA HY4REN FREUFEBIME 221K 50 mg,
WA A% % 1.5 mL (19 EP 4514, R F CTAB
ZUfp kPR BUCEE N 40 DNA, fil 600 pL 2% mil
(2%CTAB; 1.4 mol/L NaCl; 0.2%p-#i 3t 2 ¥ ;
20 mmol/L EDTA; 100 mmol/L TrisHCI; pHS8.0)7%
S3IRAT; 65°CKI 1 h, B 10 min #23% 1 %
SRR Tris-HRAIR @ @45 @ FIKBEEQRS 1241 1)
g 1wk, AN C REEQRA D DRIE 1K
B, A 1.5 R ICK OB, =IRUTTE
20 min, 4°C, 4000 r/min Zj.L» 6 min, WEETIVE, 1E
4 PCR J W AR o

1.5.2 ITS Y PCR #i8RAGEAENN =%
OIE FM%E WHe 5514 F(5'-TCATTGTGA-
GTGAAACGGTG-3") il R1(5-GGCTAAGGTTT-
CAGTATGTAG-3"), HM4H 268 bp. 20 uL
PCR JZ WK % 5xbuffer 4 pL, 2.5 mmol/L dNTP
2uL, 5 pmol/L I FIE5I#45 1 uL, 0.4 pL Taqg-
DNA A, DNA B 5 uL, fInA K # 8 FK
%20 pL,PCR W 7 H: 95°C, 3 min; 95°C, 30s,
58°C, 305, 72°C, 30 s, 35 MG, 72°C ZE{H 5 min,
# PCR =¥/ TAY TEARNT ., 7
GenBank ' (http://www.ncbi.nlm.nih.gov) I H
blastn Xf4R75 A FE R Be AT [RIIR R R, >R A
MEGAG6.0 # A #4 R Gk

2 HERE5HH

21 IGKRRE

FEARIRL W 2Ry, SR 2 U0 TR, BN
WIHA, N5 WAL EI . KR RS A [ TR, T b
i, TSR B Ay i B SR, IR R LB (K
1-1); FMiJEwARRABEEY K, B4 KT
FSLEBAEA, & s R Bz, 159 kA B 5 il
ZOM AR R R Sk S A T AR
A 1-2, B 1-3), BHREERALE S A, Al D
B ™ H e 191 Sk 55 B ALULIRL S IR AR, i
PR NERR 5, 76590 J 0190 k2 1o o 3 PR IR AT
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Fig. 1

SR AT YRSz 25 A IS
Lo W R, RSRELEE; 20 3k 3 A AR SURBE A ZUR IR IR BT s 30 AT BBR AL A KBt .

Symptom of Epizootic Ulcerative Syndrome of Channa maculata

1: Red spot on the body surface of the initial stage of disease; 2: Large areas ulceration and necrosis
on the soft and hard tissue of skull; 3: The mass ulceration on trunk skin and muscles.

M H BN R 22,
22 HALEFR. BERNRETAFMREETFERE

22

HEAE R AL S 0t LR H 2 A K22
. g, RS E R E 2-1), Grocott 7S
Ry, LFAE 2 B4R A, HEE 10~20 pm, 52
A ATENLA T (E 2-2),

I - HE 4e(n, e i s i g 2|
Wt AL 2L K Ik B 4 4 L 22 (B 2-3) AT HILIA)
JZ(E 2-4)F MR T R ZERR A5 T . R EE g
T gL R BT T 22, SRR Y AR O SR (&
2-5), SMEMLLEE S b B AR AT AR A, R
Y IR T A S5 T AN o RO AR 3 b R A AR
PEIRFE, Wids, %5 ol B 2 e, A Lo ) n]
WL BIR R A0 MY 5K eI, A L9 1] B2 k45
AR AR L i i W 2, A R R A iR T o
JEHERBILER K M, A5, W%, HE Jefaik
Zr (8, A UCLEF AR BE P IRAE, YL R IR (A (5
WEFRYE), A Le LT 4k Wy S A, LRI E K Y
RV . F48 F B 2 B K i £ 20 1 22 IR LR
TEWLR A S, e 22 R BOLH . R (&
2-6),

23 RESBEEESELTE

THARVET, B 2~3 mm’® AT RE 28 UL A 20
TR IR IER SR 12 h, B B PR E
£ 10~20 pm ZFA22 AR H 22, W22 B, WA
MR, O 7E w22 o BeHES, IF A —E 1Y 1A
B (BT 3-1) gt 30 %) TR 22 5 % 21T 6 1 B R T Al
Lalife iR, WA N MR WL IE (8 3-2), B
W22 4ifk Ak, K15 HN 20170224 F1 HN
20170314 THFE. KR 228 TE KT 20Cik,
B T AU BIE L AR T E (] 3-3). A LE3)
il Bk ok, ANHEOF, MERRAEE 22 A [H, AL
W o Hcte K (B 3-4),
2.4 ITS By PCR ¥ ¥ 5F 5|44

Pl HN 20170224 #1 HN 20170314 F:R4H
DNA A, RHGHEFEFET YT ITS 1)
PCR 4734, MG ME BB IK G 0 i 5] 2 %
260 bp K/NFIIEM AR (K 4) B9 #3845 HN
20170224 (GenBank %3%5 25: MK855505)%1 HN
20170314 (GenBank 3% 4 MK855505)43 &
¥k ITS FHI7E GenBank ¢#i)% s BLAST [A] Ji 4%
K, I 13 SFARRIE R S RN F A, R S84
% (Neighbor-Joining, NI R 5 & BW (K 5),
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GASEREERRZL 2 4e P S

L JG AR U IR () 20 A ST DAY TR 22 52 PR (5 A (5. () Grocott 7S IRAR G (B 30 (RZEH B RS54k 21 21 iy
5 R B TR 2 45 (), HE; 4: (2225 LA AL b 1 25 B R I 2F IR 4545 (), HE, 5 5: JILIA LU A 2 4 o
{RZR B H A (%), Grocott S HRAR YL (0; 6: 4 HLBOLZE B8t LA P 27 40 Y 22 B 75 7
Fig. 2 Histopathological characteristics and Aphanomyces Invadans scanning by EMS of ulcer tissues
1: The Aphanomyces Invadans (star) of squashing tissue; 2: The Aphanomyces Invadans (star) of squashing tissue by Grocott hexa-
mine silver stain; 3: The hyphae invading through the derma with granulomatous inflammation (star), HE staine; 4: The hyphae in-
vading through the skeletal muscle with granulomatous inflammation (star), HE staine; 5: The hyphae (star) invading the derma,
skeletal muscle and granulomatous inflammation, Grocott hexamine silver stain; 4: Ultramicrostructures of Aphanomyces Invadans
by scanning electron microscope; 5: The hyphae (star) invading the derma, skeletal muscle and granulomatous inflammation, Grocott
hexamine silver stain; 6: Ultramicrostructures of Aphanomyces Invadans by scanning electron microscope.

4522 W] HN 20170224 F1 HN 20170314 5157842
4 %5 i (Aphanomyces invadans) JRui, M223 |
INP20102., SAP307. BW5, #ffi #2455 # (Aph-
anomyces piscicida NJM9801, 5 Aphanomyces
invadans [ 4 5 &)1 50 — %, EL KR
T, — 3T BoR T E B 100%8 77 51 41
I o

3 iTig

5| B 2 T g e 1R R AR GE A 2, H B A E
Br b R o2 B A AR FR 2 R T 2 5 R A 250
kB s AR F R R 2 1 22 HoAfl e R
WA RATA K, v EUS 14k &Gk
J5, John %5 UM A f0 25 5 L5 A i AT 20 5 1Y
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Fig.3 Morphology of Aphanomyces Invadans
1: The fungus (star) of squashing tissue; 2: The filamentous hyphae were nonseptate with irregular walls and occasional branches,
spore segmented arrangement in the hyphae (arrowhead); 2: The fungus on solid medium; 3: The original generation of cysts (arrow);
4: Released spores accumulation around the hyphae.

M 1 2
bp
2000 —

1000 —
750 —

500 —

250 —

100 —

B 4 #4755 ITS 1Y PCR #8474
M: DL2000 ﬁ%ﬁﬁiﬁ; 1 HN 20170224, 2 HN 20170314

Fig. 4 The PCR amplification products of
Aphanomyces invadans ITS
M: DL2000 molecular weight marker;
1 HN 20170224,2 HN 20170314

SRS AW RNA 575 . Callinan 2P 41 BE
(RSD) fifff v 43 5 3] < 5. Jfd 74 J& (Aeromonas spp.),
FEHEFT B & (Alcaligenes spp.), 1B 5. & (Pseudo-
monas spp.) K& (Vibrio spp.), 1B ARSI

TE SE X 265 i o ik L B 5 25 A iE . Kiryu
2 (TR T 2 4 75 BRI S 900 1 R R P il 22 d
Ja AT B R 2R, IR DEMLAEE . BN
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M 7 597 5 A AE P A B K R BA  BR
it i 25 VSV gk 00 35907 90 b 40 B 98 N KOG AT
B S A g U AT o e AT BB 0
RIFATIERLER, 57 FEY L E KR,
RAEIE S 22 M W B R % . BB )
X ) AR F V5005 AT A PR OE, I IR AE AR S
A FHALL, [ B AR AL R B A R ZE P 25 Y,
KT BB, AR B Z R A ZIR9T AL,
PRl g e IR G

75 1% 2212009  4F 78 AR N R 8 B EL PG
B HLIX AT BUS YA TR A, JEARHE 2 b o
A g5 B A N 5| R R 8 EE AR A AT Y
AW, ZIPMEPIRI G L AT T 4R, B
P IR A B 56 T 10075 6k 22 48 85 B o B RO
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A HN 20170314
A HN_20170224
Aphanomyces_invadans_isolate JRui(MK072635.1)

94 | Aphanomyces_invadans_isolate M223(MK072629.1)

Aphanomyces_invadans_strain_INP20102(KC137251.1)
Aphanomyces_invadans_isolate_ SAP307(FM999229.1)
Aphanomyces_piscicida_strain NJM9801(AY455773.1)
Aphanomyces_invadans_isolate BW5(KU529686.1)
| Aphanomyces_frigidophilus__isolate_SAP233(AM235674.1)
951 gphanomyces frigidophilus isolate SAP263(FM999233.1)

88| Aphanomyces_astaci_isolate_SAP331(FM999259.1)

Aphanomyces_astaci_isolate_SAP302(FM999249.1)

89 Aphanomyces_sp._SH-2018a_isolate. M6 _2(MH269709.1)
0.002 —‘64 Aphanomyces _sp._SH-2018a_isolate M6 _1(MH269708.1)

Aphanomyces_sp._SH-2018a_isolate_M7_3(MH269710.1)

5 Bk HN 20170224 1 ITS JEH T 508 #E 14 3 500 Ak A
Fig. 5 Phylogenetic tree based on ITS gene sequence of the strain HN 20170224

WFFE AR G SRS, R . BURTENL . TR
SRR 5 i R0 SR B 16 A 5 T R 5T AR IR R TF
ALk . RIS AL B B, WESS
SR TR SRR L ITS B9 PCR 948 45 54y
MRS B 212245 F AT, 78 B N RIS 7
HLH IR BT o LB R | 15358
R S 5 1 9 R 5 A T M 05 25 A R R AE
ARAAAAE + 10161 gt o SRR R TR R AL B L) A
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FETCIE K 20°CE R, K2 12 h 5T ARt e
FEYE, FEE A SRR 517 AR I A
— P PR B B 2 A0 K, ML
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FETH (A invadans)tH L F3k 100%. ARHE I PRAEIR,
FE I 8 B B R RO A L RARIR R
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R IR IR, 3 7-8 4, BT 3 i R i
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Isolation, identification, and histopathological observation of epizootic
ulcerative syndrome caused by Aphanomyces invadans in Channa
maculata

CHANG Ougqin, SHI Cunbin, WANG Yajun, LTU Chun, CHENG Qili, HUO Lixia

Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Fishery Drug De-
velopment, Ministry of Agriculture and Rural Affairs, Key Laboratory of Aquatic Animal Immune Technology,
Guangdong Province, Guangzhou 510380, China

Abstract: Epizootic ulcerative syndrome (EUS), caused by Aphanomyces invadans, is an invasive disease of both
wild and farmed fish in freshwater and estuarine environments. After it was first described in Japan in 1971, the
disease spread widely across Asia and to some regions of Australia, North America, and Africa. In Asia and Africa,
the spread of the disease has substantially affected the livelihoods of fish farmers and fishermen. No reports on the
presence of the disease have been made in China. In 2012, a similar EUS of Channa maculata broke out in
Guangdong Province, China. The ulcerative clinical signs were observed on the dorsal, ventral, and caudal dermal
and muscular layer, and were especially prominent on the nape, opercular, and truncal regions. To diagnose the C.
maculata with the suspected EUS, isolation and identification of the mold pathogen were conducted, histologic
observations were made of ulcers, and morphology observations were made. The technologies, which were used
for the isolation, purification, pathological histology, squashing of tissue, scanning electron microscope technol-
ogy, and HE and Grocott hexamine silver staining were applied for the identification of the pathogenic morphol-
ogy, molecular biology, and histopathological observation of the suspected epizootic ulcerative syndrome. The
typical filamentous hyphae were isolated from the ulcerated tissue and morphology of the A. invadans and the
original generation of spore were observed under optic microscopy. The hyphae were nonseptate with irregular
walls and occasional branches and approximately 1020 pm in diameter. ITS sequence amplification analysis
showed that it was 100% homologous with A. invadans. The histopathologic changes of the infected fish were
observed under optic microscopy. A highly invasive fungus was associated with the EUS in C. maculata. By
squashing the tissue of the ulcerative dermal and muscular layers, large numbers of hypha were observed. A large
number of fine filamentous fungi were observed in the muscle tissue by SEM. At necropsy, ulceration and muscle
atrophy were noted. The histological sections of skin from multiple ulcerative areas had exuberant hyphae invad-
ing through the ulcerated skin. The fungus invaded and proliferated tissues away from the site of dermal ulcers and
even penetrated into the skeletal muscle. In more severely affected areas, granulomatous inflammation was also
present, and was characterized by numerous macrophages, few lymphocytes, and scant cellular debris. The sur-
rounding muscle fibers were fragmented, vacuolated, and disrupted with loss of cross striations and separation of
the fibers. Using Grocott hexamine silver stain, the section of the ulcerative areas more clearly showed the hyphae.
The disease was diagnosed as EUS.
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