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FE: XFH ST XA TEE 4 S W(Sepia esculenta) i i K UBLINSEHE HEAT Tk 5 . ZZUI . &4k R AT
VYR . RIRE SR ERE, K, RORR; KR LR DB, bR A e R, ETs
FEIk 90%; HALURMAE IR BN A W Ik G A i, W22, sE2Ziifi, PR IRsEds, ik
M TEDTE, BRI 3 AL (SE-A. SE-B #l SE-C), A TJRILSLEFE W, SE-B. SE-C X 4 &2
BR300 3.98%10° CFU/mL 1 8.91x10° CFU/mL, A BGREUS 11, Mz E0w#; WRI\MEES . At
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S BT R SR AL AT T A A S A T A
S A W R A BRA ] 2 [t i)
& B FZ R A ], DNA 250G
& A KRR A Y, 2580 1 A BTN UEY)
RANH R

R A AR T 2017 4F 7 HBUE 5T 5%
By A4 BIE W, REH(2.00+£0.05) g, ik
H(2.240.2) cm, HEHCR R B4k, 4°CHLHE
Kig 1M 25 5 [l SR AR 4 Rk 7K KA
B Tt K FE BT IR A= ) TR —— R R 2R 4T 40 R 43
BRGS0 . N TR FH A4 B 4 1% I 4
REL A W] — % 58 oK B 95 08 42 1), PR HE (2.30+
0.05) g, M4 (2.540.2) cm,

1.2 KEHE

12,1 RERESHBESSE. 4 BULAE
MR & LR, WEE IR0 5% K8 2 AR 4 I R IR,
7] Bk U Kk 2 2RI KR, K A o 2 2 L
R,

B RRE AR 42 2 4N AR, 1.5% K B8 NaCl %5 ik
PRYEARER 2 Yk, SRR N EE  BTRR IS, HUAEES
WA 1.5%NaCl (1) TSA fil TCBS ¥i#%, HT
Gan= 0N I i A N R R N1 2 DS G | W RS
BB 5 b PR RTEL 2 et s:, 3k
Ay =Ly

BB K COKAE L B T b KR R 43 O
AT B VR FE AR R, U A T TSA Ml TCBS Al -
PEAT 40 Bl RO TR 2 481t
122 AIRRIRIE A TRELIRE G X
W7o s aifeny 3 BRI Y KI5 5 A
FRER A ) B B B, SR FH A e B IR 2 A AR R
TEIT BT B RO B o S AR e e i) i
B 10%, 10, 10°, 107, 10® CFU/mL, XJ HRZH ffi
FHAFARFAY 1.5% NaCliFTR . 4L L)
30 H, BE 2 AT SR R LR R, K
RAE(19+ 1)°C, BRIK 1K, #oKEN 1/2 (&
P AN TR A B, AR ) . B HOUERIIE
L BRI G  EE . W, RRAER K
TGO o MR G J ah A vp SE 77 200 B 1 53 5

Kremnaife, sEAT VR R WS 5 YoRE AT
HEATXF LA AT, A e SR A

MRt FCIE A T R I BOEHR T 1gLDso=
Xg—d(ZPi—0.5), HHr Xy M KX =, d A
AP EOR B 22 2550, PORBET R, | A5
123 FEREMHSELEE RAFE LRGN
95 S B R AT UL BB AG . 2.5% I R S S HEAT
BEULEE; SR FH A B i A AL S e 8 X B 4l AL I T
BRUEAT A BEAE AR HR AR A, 208 CIAZS FR 4N 8 4
EFWE) A CH ILANE RGeS T ) TR
Yt SR & PR AN DNA, FIH 40
16S rDNA i@ 5 ¥4 B¥r)J¥ 51, PCR ;= 4k &
A T A AR RS A B A FIWY . DT B4
JEAT Blast FoXF, F MEGA 6 44 Hm I 1 1)
RELEEW.
1.2.4 ALRFEEME  BURA BRI R S 50
A, Davidson’s [# %€ 24 h, ZFAEEREEMIK . —
HORE | A Uk | AR - e ok
(HE Je (o) e (o )5, HEAT0GBE ML IR0 s ah R0l
1.2.5 REFERNZAYEBMESEE %P 36 FiZ
Y, SR A2 RACH P80k AT 25RO B
JE25% 1.00x10° CFU/mL f B2, B 100 uL
SJURATF TSA B IRV, B 25 A0 WG F 35 37
FE I, 28°CHEFE 20 h, W B B ELAR, ARPEI BN
R KN, S HEEBH A5 004 T BURR I 1 7

2 HERE5HH

21 BFEYHEERIE

it B 4 55 W A O IRt R A 1, A2 A0 RS
Je e Al AR (K 1A, D, G), T 4 20,
WX A TR NGREE, B, A K SRE,
R m i % B(F 1B); EAMRIED], Ahikngiksk .
WL Ko A IE AR TR TS, 1 Mol S ik f by 224 (1]
1C. E. F), @K LUrkae I H2T, e
T T P B R A A ARt R A K L 5t
B BERE R T Y 28 BEIX (F 1TH ., 1), X ktgn
VR KR AL, A& WM A8, Ha]
IR R A R S TR
22 MBESE

X R A A B AS I 25 R L 1, A R T
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Fig. 1 Symptoms of the Sepia esculenta with disease of necrosis symptoms
A. Healthy larva; B. Sick larva; C. Moribund larva; D. A normal larva under a stereo microscope; E. Oral arm of
a sick larva under a stereo microscope; F. Tail of a sick larva under a stereo microscope; G. Chromatophores
in a normal larva under microscope; H and I. Chromatophores in sick larva under microscope.
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Tab. 1 Bacterial species and abundance analysis in the breeding system of Sepia esculenta
ST e 2/ 2T e L/ IR L B/%  RR RS ) PR/ %
FEf 4 [CFU/g(mL)] [CFU/g(mL)] percentage of the code of T V5 FRAIE percentage of
sample name amount of  amount of total Vibrio to total dominant colony characteristics dominant
Vibrio bacteria bacteria bacteria bacteria
mAHTMGE 132107 327101 4037 SE-A kB, P, FEOLH 40
diseased larvae AR YK, WK K/DN 1.0~1.1 mm
at early stage ) ; o
SE-B ABEY, BIE, REOGHENE G 20
WK, W K/NA 1.0~1.2 mm
SE-C R EW, RHNIAK, % 10
HRER B (TS, HYE<1.0 mm
585 S LA 4.20%x10° 7.00%10° 60.00 SE-A2 [d] SE-A 10
diseased larvae -
at late stage SE-B2 [l SE-B 30
SE-C2 [F] SE-C 60
Jog 0 3.20x107 5.60x107 57.14 KX-A [7] SE-A 30
Mysis KX-B [7] SE-B 50
KX-C [d] SE-C 20
HEsk MK EE 3.00x10' 5.00x10" 60.00 W1-A [7] SE-B 67
water supply
bk ke 2.23x10° 3.59x10° 62.12 W2-A [7] SE-B 40
water from the
breeding pool
%2 EW SE-BFSE-C HE&SWMATRREIHLER
Tab. 2 Results of artificial challenge to Sepia esculenta using SE-B and SE-C
. AN [F] I 18] (h) 5 iy S T 4 AT 2R/
% BEE/(CFU/mL) .\ (W HISET _ FHAETHS%
%L amount the dead number after challenge at different time (h) cumulative
group challenge dosage i
8 12 24 36 48 72 96 mortality
SE-B 2.92x10* 30 0 0 0 0 0 0 0 0.0
2.92x10° 30 0 0 0 0 0 2 3 16.7
2.92x10° 30 0 0 4 3 3 3 2 50.0
2.92x10’ 30 0 3 2 4 5 4 3 70.0
2.92x10* 30 0 6 6 7 5 6 0 100.0
SE-C 1.20x10* 30 0 0 0 0 0 0 0 0.0
1.20x10° 30 0 0 0 0 2 3 2 23.3
1.20x10° 30 0 0 3 4 4 3 3 56.7
1.20x10’ 30 0 4 5 4 4 5 3 83.3
1.20x10* 30 0 7 6 8 9 0 0 100.0
i a0 1.5% NaCl 30 0 0 0 0 0 0 0 0
control

SE-B il SE-C M =V BERA LI 4, /&Y 12 h
JE ARSI TS, 25 3 R (SE-B)FI 2
K(SE-C)BITFETHREI N 100% (£ 2); Kk
SE-B Hll SE-C 12 18 Y 20 (1 Zh A 6T 1 5L il 384 s 17
WL, WshZe, RFEOZZHIMR, R 2~4d
Jei, Tl I i K BB SR ILIN IR IE ks, IR

WIFET, WEERAEDERS, 5 AR KER
—E, H M TIRY R0 1 4 5 W 4 4 b Bk 43
BB RRGC M SE-1. SE-2)RIHETKIE A2
5 SE-B il SE-C —3%, fF&Rbs I, 251 3%
W], SE-B il SE-C &K T3 4 & W 8% 1
JEH . A% P 53848 SE-B. SE-C Xt
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& G A PR G BB IR BE LDso 43 B A 3.98x
10° CFU/mL F1 8.91x10° CFU/mL,,
24 FREEMNEEER

AR HE IR R o, SE-B #E TCBS #5537
He FOREE . AEPIR AR (& 2A), SE-C 1E
TCBS #5323k LI srb R MIRG . k105 B i B
A 2C). 2 PRANE R H 22 IRy A
HLBEULEE, SE-B 2R, FAME, KM% 2 um
(¥l 2B); SE-C My Wismfli B R ATIR . 9I0E, did
iR, K/NZ) 1.5 pm (8 2D),

ABRA AR E S R L 3. PR EUR X1
TeERK P A, AL FHYE, ONPG 1,
Byl A R . H B, ASREFHBIRAARE . 2L
WESE Y3 81, SE-B 1E 3%~10% NaCl gk ik K,
R MR Tl S VL P, S R R . R AR
UK i it S 07 B4 SE-C 7E 3%~6% NaCl [k
AR, 10% NaCl K RARA K, R &R sk
i T ST BE P, AR | % e R g s I B4
SR CH LA Ra % T ) A (AR RN

W E T YL HIMT SE-B Y AR AR AL RRIE 5 1
BN BEAAF, SE-C (144 2 A AL RRAF 538 TN B
(Vibrio tubiashii)fH4% .

500 nm

1 pm

12 bk SE-B il SE-C LM
Fig. 2 Observation of the morphology of isolated
strains SE-B and SE-C

%3 H#% SE-B 7 SE-C 944 (4FE
Tab.3 Physiological and biochemical characteristics of the strains SE-B and SE-C

Wi H item SE-B SE-C

Wi H item SE-B SE-C

L EKBE voges-proskauer semisolid agar + -
JeER MR/ no salt tryptone water - -
3% NaCl 7K 3% tryptone water +
6% NaCl Ik 6% tryptone water +
10% NaCl /57K 10% tryptone water +
Hi%ibE glucose + +
HEHE sucrose n
‘H#& % mannitol +
FIF7 A B% arabinose . _
FLH lactose _ _
IIALEE sorbitol . _
A AF amygdalin _ _
WLEE inositol - _

2B rhamnose - -
% B melibiose - -
ONPG — _
JRZE M urease - _
AME xylose _ _
9 BB ornithine decarboxylase - -
AR IRE lysine decarboxylase
K AR BUK M arginine dihydrolase - +
N gtk malonate _ _
S AL SN oxidase + +
B gelatin _ _
VU5 G IR EE simmons citrate + +

fifb &L hydrothion produce - -

TR FoRBIE; <+ Fom k.

Note: “~” means negative. “+” means positive.

SE-B. SE-C HYJ 16S rDNA JF 51 & 45 F iy mf
{5 KRS 90 1391 bp H1 1393 bp, @it Blast
LEXT o3BT & B8 SE-B 5 s ol [R) UM e s, A
IR 99.14%, SE-C 585 [N [R5 e s, A

I 99.28% (K 3). RELE W BI/R, SE-B 5
VSN B — 37, SE-C S CINEER H—32,
F O, K YR 4 5 AT AR SR B 114 B0 D 5 5 Sy
Vs I DA R TR
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Vibrio alginolyticus (KT005286)
Vibrio parahaemolyticus (MG5754)
Vibrio antiquarius (CP001805)
6 Vibrio diabolicus (CP014134)
Vibrio natriegens (X74714)

Vibrio campbellii (X56575)
Vibrio harveyi (KR347338)
99| Vibrio owensii (GU018180)

72! Vibrio communis (GU078672)
85 Vibrio nigripulchritudo (X74717)
Vibrio penaeicida (AJ421444)
Vibrio hepatarius (JX069804)

49

100

87

95 Vibrio coralliilyticus (CP02045)
55 | Vibrio tubiashii (CP009354)
84L SE-C
Listonella anguillarum (AM23573)
Vibrio tapetis (Y08430)
Vibrio tasmaniensis (AJ316192)
Vibrio cyclitrophicus (AM162656)
Vibrio lentus (AJ278881)
T77% Vibrio splendidus (AJ515230)
100—Aeromonas hydrophila (AJ508765)

L Aeromonas media (X60410)

52
51

Pseudoalteromonas nigrifacien (X82146)

Shewanella aquimarina (AY485225)

Edwardsiella tarda (AB050827)

0.02

Staphylococcus equorum (AF52748)

3 itk SE-B Ml SE-C ) 16S rDNA FE[H 731 240t
R G 4 5 GenBank /T SIS, R KRR TG0 1B %8 0.02.
Fig. 3 Clustering analysis of bacterial strain SE-B and SE-C based on the gene sequence of 16S rDNA

Numbers in parenthesis represented the sequences accession number in GenBank and the scale
bar indicated 0.02 substitutions per nucleotide position.
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R 4 1 W 4 R 1) 4 2 B 25 SR L R 4,
BIRAARZ A E A R PUIR IR AR AR B Bk
B JZ A LU A0 M [ 4, R AR . DR
ML, BT A, (3R R A 2 JE L2 R (A
4A). MR L2285, WL ZF 4E 25 F EohL, 4n i
R4 . Y 4B). /N KEEMRAE, EY
YK B AR K, AR [ 4 . TRYE, 822 25 4 A
fit . LHZUREMETS (I 4C)o HF/INE b 7 40 Bt i A% [
a5 WRYe, KEAMIRGE ., BiE, TN IRsE R T
B2 X 4D B). B g% E B T Bz 41 i 4 i
AR RGeS v, O ENYE | R (] 4F),
26 AFRAWER

XF 2 BRI DA M 2GS IR 25 R LR 4. PR
PRI ZENE IR . FOR e % UK, 54, SE-B Xf
WEER | KKEREMZ, SE-CXHER . whi
TR 2, a0 AR . Lyl

FIHLRE B2 INA &, it Xt 2 BREUH
AT B AN R RCR B UR JE B AR N R BT A 259 o

3 it

AR, N T EE 4 SRR, 24
DX 4 I WO RO AE S B IR AR & ) T B
T 0 A2 110 ¥ o 2 AR AT 1 9 R 1 it o 4 S5 T
BB G GERE A v B ) SR A4 I B AL T A
PRI, HE B R IR R v A ) — EJR
Pl RN SR AH R A 7 B BRI R, iR T o 4 5 0,
W EBFIE . HAT, 45 WA B F R /0, AR
SN REE BIWE B IR KRBT T 1 S IR
FESGIE EE AT, TFIE TR~ . R B 2R FE 46 i
AT, B g Aoy B A 30 5 I A ECI
B, A TR SCE RS 2 RRAH B S SRR
BUI  E50 i o AR A T8 S AR O B A 2K,
22 A 44 8 S I PR FE S (cuttlefish
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A HEREORAMMBER, . G B WUANMIAR 4T . Ry, L2 C. b S Ak i, X1 4 . TR,
fifE . B D-E. T LS AR A . TRYY, ARMISRAE . Wiv B WaE R ECAMMIRLIE AR . RGY, BB,
Fig. 4 The pathological changes of Sepia esculenta larva associated with bacterial infection
A. The chromatophore in the dermal layer expanded, disintegrated and diffused; B. Myocyte nuclei becoming pyknosis and
deep stained, the myofilament being broken; C. Gill epithelial cells becoming edema hypertrophy, nuclear pyknosis, then
the gill filament structure disintegrated and shed off; D—E. Nuclear condensation of hepatic lobule epithelial cells, being
deep stained, a large number of cells becoming necrosis and dispersion; F. Intestinal epithelial cells nucleus
becoming pyknosis and deep stained, and the microvilli shed off.

% 4 TH¥ SE-B fl SE-C X itk R BUEE
Tab. 4 Sensitivity of strains of SE-B and SE-C to some antibiotics

= H #%/mm diameter of inhibition JEPE sensitivit

LR o e e
HFEE penicillin 10 0 16 R S
S FH 2% chloramphenicol 30 15 21 I S
HAA ceftriaxone 30 16 29 I S
FIAEF- rifampicin 15 16 21 R S
217 % erythromycin 15 15 14 I I
ZELEM nalidixic 30 23 24 S S
BEZE neomycin 30 10 12 R R
BEFEE streptomycin 10 9 8 R R
MEURAR pipemidic 30 20 21 R R
WEI A ER  furazolidone 300 12 12 R R
PURE tetracycline 30 17 20 I S
AFUP A ofloxacin 5 22 27 S S
L AIfbRE ceftazidime 30 11 21 R S
FMIRAR norfloxacin 10 17 26 S S

(¥4 to be continued)
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(?i%%4 Tab. 4 continued)

EYE=R
HiE & antibiotics FHE/(ng/ )

17 8l B #2/mm diameter of inhibition

WU sensitivity

contents/(ng/tablet) SE-B SE-C SE-B SE-C
ek cefoperazone 75 16 19 R R
Sk cefalexin 30 9 13 R R
Sk fMEIK cefamezin 30 10 24 R S
SkfHIE cefradine 30 0 12 R R
AV ciprofloxacin 5 19 23 I R
%XV HE lomefloxacin 18 22 25 S S
WP VAR fleroxacin 5 24 28 S S
WHLE & clarithromycin 15 13 13 R R
P>k & amikacin 30 15 12 I R
KRB gentamycin 10 12 9 R R
[ 7375 % azithromycin 15 14 13 I R
FiAF R novobiocin 30 20 23 I I
FHBFEZE kanamycin 30 12 9 R R
Wi B £ minocycline 30 19 23 R I
ik J18E % doxycycline 30 18 22 S S
S G ceftizoxime 30 14 32 R S
B#TP A enrofloxacin 10 20 26 R R
KMEFERE oxacillin 10 0 8 R R
RAFEHFHE ampicillin 10 0 13 R R
ZHi % B polymyxin B 300U 10 14 I I
A1 WENT cefotaxime 30 22 21 I I
W AJE# florfenicol 30 20 30 S S

TE: R FRTMHEY; 13278 P S R gk,
Note: R means resistance. M means intermediate. S means sensitivity.

vibrionic necrosis disease, CVND), X &H K45
A4 T 9 T A ) T R G

M TG 25 Rk B, Wk SE-B(F i
INE) AT SE-C(H PRI )i v 2 e 249 T fef fkt e <55
LR AR = A 5 1 SR B — SR REIR, W4 5 0
LRI BOEH E LDso 435124 3.98x10° CFU/mL
1 8.91x10° CFU/mL, 3 1t W 3 FC OB Lh % 3 90
BRSO S, teAh, ARG ET . S
BORE, Wyl IR BRI 20% 7t
FJFHIE 30%, 13 FCHN G BP0 33 I B s iy 1
) 10%38 K B JF 10 60%, HEE IR BAE A
FONE PR, 1T LA 3 RO 76 4 2 I 4h 4
ST P PR BE % A0 DR B T R I e I AT S T 7K
FRAE S b WL IR 2 —, F S| R SR G S
WG M2 pr g, B4 176 V- (Rhabdosargus sarba)
41 4% 75 5 (Sparus macrocephlus) %5 fi 2 32 5t s &

g A a7, R A A A I TR
I R 7 I 38 M IX 5 I (Sepia officinalis) & ik
s ™ 15 FC R 7 o [ K P2 925 1 A5
B TE A 3R 4 28 0 35 Y 4 W5 (Crassostrea
virginica) il K741 W75 (Crassostrea gigas)~5 #k {4
SRR A iRGE, IR H A R
PEIEORE ) AT R, 4 SR AR
s weN R AOE O 5, BT g R AR
A BRINTA, 0 R fid f 5 W Y, BB TBE s AR IR,
5 LS A A 1 R S 2 R AR A R
FH AT L, FEFRAE S R rh X3k 2 R e i A e
AT E VI

A XTE W RGP SRR . MK .
YR —— AR AT T AR 2= o0 A, DI
SRR M AL 4 iR . R gs SRR, JKIEK iR
SR 2 B N, (HA0 B B A X AR, 57
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FEL LK R BRI A BRI D 3 I BT L 2 e A 4
s BN R A DI S B 2 S R < WAl A R T
B AR — 2, HH P R IR 5 ks 2

10" CFU/g, ItAh, 45 2 MhEUK @ B IR
{AERERRFN R AR 2 A B, S5 A B

BARTZIX I EE RGP AALA . F£3H i
TR AR IR 25 dE LA B AT 34 TR R A Rk AT LA,
B A Y R A 2 R BT S0 B 1
R, B BT I 4 5 WA PR IR BT o 1% 4 114 H 2L
WA, AR, TR AN SRR i S R
Vi RBILYIR S oy e s % o) IR 1B/ I 2 2 R
¥ 2R BB ¥ A R AN TR 1 /N ] R EOREE
. (Scophthal mus maximus)iis 7K, % 2%t 224
5% %% B 7| 2 (Apostichopus japonicus)“ % 4 5 J2:
TR DR BB 5L b A e I ol 1Y R
MFE AR BR, BREFFUR KRS
R A FH A 3T A AR, Jf
BERHEAET . fhitl, UTWTR AT, P4 2 i 4
ARk ) S5 5 O B i et R L 1) A

gi b, AW ST 4 S WA I T
PSR (0 J5 . R B L Bl A 25 W) KOs SR Hk
W WIAEIE . TEBLEERE b, 7 UEF T R L
FALER IR AW ST, AN, Al N gk (e 37 5 A =
R TR, R T i — 2 T
H R 2 A S (0,24 T I R BB B 1 B R I IS
SRy 4 L ) R SR A A IR R (R

S 30k
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Histopathological characteristics, pathogen, and drug sensitivity of
vibrionic necrosis disease in the golden cuttlefish (Sepia esculenta)
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Abstract: The golden cuttlefish (Sepia esculenta) is a rising aquaculture species with high economic value in
China. A disease with necrosis symptoms in golden cuttlefish larvae emerged in a hatchery in Huangdao District,
Qingdao. In this study, the pathogen was isolated and identified, the histopathology was investigated, and its route
of transmission and sensitivity to different antibiotics were tested. The symptoms included anorexia, slow growth,
and a dark body. In addition, the skin, muscles, oral arm, tentacular arm, and the internal organs were extensively
ulcerated, and the mortality reached as high as 90%. Histopathological analysis showed that the chromatophore
and the gill filament structure were disintegrated, the myofilament was broken, a large number of hepatic lobule
epithelial cells were necrotized, and the microvilli of intestinal epithelial cells were shed off. Three dominant bac-
teria (SE-A, SE-B, SE-C) were isolated from the diseased golden cuttlefish larvae. Artificial infection experiments
illustrated that the strains of SE-B and SE-C were the causative pathogens with a median lethal dose of 3.98x
10° CFU/mL and 8.91x10° CFU/mL, respectively. Based on morphological observations, and physiological, bio-
chemical, and molecular analyses (16S rDNA), SE-B was identified as Vibrio alginolyticus and SE-C was identi-
fied as Vibrio tubiashii. The analysis of the transmission route demonstrated that the two pathogens present during
golden cuttlefish breeding were mainly carried by Mysis species. The chemotherapeutant sensitivity tests illus-
trated that SE-B was sensitive to doxycycline and florfenicol, etc., while it was insensitive to streptomycin and
gentamicin, etc. SE-C was sensitive to florfenicol and lomefloxacin, etc., while it was insensitive to neomycin and
clarithromycin, etc.
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