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R RBZEEEMAERSABEXES

M ORAE, B REASS, FEA BHES, EEwC Rea

5 48

1. B EERFK= 54 arbe, Ll 201306;

2. KRB R A BT FET, B KB SETT AL, A A g R BT IR M) H A SR

I M 5103005

3. fPlEAOl TR, HEFREAPTRRE, & T 510225;

4. B BRI R R b, TR BRI 519000

WE: M)A B BRI T 57 74 46 8 (Lateol abrax macul atus)A P 43 B5 15 31| 96 1k 2 #1554 J& (Edwardsiella spp.), £t gyrB
LI Y i 87 MR 0B AR A (E. piscicida). i 2535 40T /R, A% 0 FEAR B U IR OF-(98.85%) . 4 3 7 3%
(96.55%) . L1755 HK (95.40%) . 55 K (68.96%) . Ml 57 LM (58.62%) . &I #HTiti 1 (28.73%) . FIBLPER(21.83%) . Bk
RER(13.79%). BER(10.34%)., WKIMIHG.45%) R R(229%), AEK(229%). ZPHR(Q2.29%), L8
FH(1.15%) . BIERH(1.14%) . BV R (0%)M 2y, A BMIER I 32 R 245358 0 ¥ ZHm 25 ik, £&
Tif 254850 0.423, BEDMEIERGE R LI, R AOBEAEREE—Rh @ I mbk, s —S Mt R, A

FABAETTE ) 5 KRB R PR IEA K (P<0.05), 5 BRI A |

FAEE (P<0.05)F1 + & R PUH:(P<0.0 ) E AL,

Li LBk, JENIER R IBAE R N R . ZE IR, KA S22 R B, e th T AN R R AR

SN DNA T 7 AR A G A 0 AR I B

KR bl RAEEMEEN,; WM Fh
FESES: S94 NRAFRERRS: A

AL %' (Lateolabrax maculatus), PRI, &
B ORI K IRt 2, FE) T AR BRI R E T AR
it 16 km? PRI G TR 80%. 4xlE
[ 50%1, BT RE RS R — . Rl
FRIH AR L)AL FR B B I, e 3 R BRI T Ak
v B AT RRSE A e . Hor, S % TR AR T (Edwar-
dsiella piscicidas) & /£ i 5558 1) F 25 R 2 —, I
B 4% b R 0 X B & i AT ), T AT
FHEERITE Frh, ARG 22 v a0,

AT TEAL T 5IR R fEAE T (E. tarda) A 1T
Z MR Z AR A7 AR — SE T AR R

ks BHA: 2019-11-12; &7 HHEA: 2020-03-02.

NEHS: 1005-8737—(2020)07-0846—12

JE R 3R % B SR T A B4 . Griffin %@ 13 gyrB
KX B AL D HEAT TR AR T2, AR G AR TR N
F A0 EAERDEITIX /Y. A 1995 4F Yamamoto 25"
TR gyr B 3 PR % 51 5L AR 5L i P (Pseudomonas
putida)ift ZF 5, BRI 2 19 2% F Rz R AT
RS . gyrB BRI 7 4 2825 vh i v i)™
ZIE RN, K%+ 2400 R I,
7E DNA 731 & A B st o] (RIE S 2 R e S RS,
HZFAKEH B E T 16S rDNA K, A IE#
M X3 2, HAh, gyrB KEHR 5 FE K - [a) %
¥, AIE R G LT T e U

E&WB: R AKRERETH (31902415); |7 A4 A AR 4T H (2018A030310695); HFIH [ A= 4 HF F R
H(319QN336); 1 [E K= Bl 240 5% e i 18 7K 7™ 0 58 i o Je 828 g MR Be BT SE A BHIRl 45 28 % 3 (2018ZDO1).
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55 7 1 BANEE: AEHTIE R

& T FEAR TR T 24530 S B TG B 847

200 TR T 245 P 11 4 0 AR S A 49 fe i oy 2
LA A U, 0 SR A TR 25 L 2 2R
I KRB b B AL 2 MR R k2
BFTE R B, o I e A 2R TR 245 PR BIL A A 3 2tk e
PR At A= WK P B R RS A 1Y, [ B A
Xt S 5 — K B0 N 3R ——35 5 b R AR
BUKF-SE RBE7S B LRI AR AE . 5 ) FIBTAE R
PUPEAR AT WA S 40 Bl R FOT 3 LE A7 BT 3R 5T Y
T3k, X BT VR0 A0 TR 4 PR 2 3 B o mT
P, B AGTA R Pk s g A HL BT 52 [R]
Pl TR U A 05 R YA B
P& DRI g S DA AT LLAE T R4S W] B8 sl oo A (n
JEORL , FEPET | WERE R S TSR ) s
USR5 ZABAR TR T B pCR AL SR ) ik 77 78 it 24
SRS REE N, K AT T & B pCERC3 T
R[] e EL A 2 3 R 25 35 U %2 5 i 25 (MDR)
b HEAERESMIUAE AR5 54 i,
PE— B WESE RN, T MPUAR R Z A A A e
Bt R, Ghorbel 45PUHFSE & B IR S HUH
YIRS AEAE B Azzam S0P 5T K
MAR 5 ¥5 7K 4 735 28 G0 40 1 75 01 BAT Sl A G4

Vila %22V BN A AR A0 A Kt 24 i n] SR )
R, X LT 2 AL A 5T 3 B R 43 B AR A e
ST TN % A Eay AP S ) I 2T C A E R Tp0)
THAR MR R 2 45 A AR 2 & it T
v, AEIK PR IR AT AT A, BT LAGE I R
i T ABAR TR B 1 5 25 W AH SE RIS, AT LK%
AR R R LR S

AR EBIET gyrB JEHFSIEE, X8 A
2018 4F 4—12 F 7 A48 BR 1 1 it 33 % 58 AL ST 1 2%
1 2 PR TR DA R TS 24 35 R 35 0 RRAEDE A, Ay e B
A6 8 5 A 2 A TR 1) A T R BRI 24 R 25
SE, IR 2 RN EE R DGR BRI SR

1 #MBEFE

1.1 HEHROBERETE

SKAEWHEI N 2018 4F 4—12 A, FEFRHT &
B BRI T SR R AL BT IR RS, AR 1R 43
BT S MR A A T, O B s R AT 8 2
[CYef, i 16S rDNA i FH 5[4 Fl gyrB JE K5
YT FREE (R 1), WU E AR B fEIE R Y
BRI T R 22525

x1 EEFE3IFT

Tab.1 Gene primer sequence

H 4 7 Bt /bp BRI C

L gene 5% primer J7%1(5'-3") sequence A
target fragment annealing temperature
8F AGAGTTTGATCCTGGCTCAG
16S rDNA 1500 55
1492R GGTTACCTTGTTACGACTT
F GAAGTCATCATGACCGTTCTGCA
gyrB 1100 56
R AGCAGGGTACGGATGTGCGAGCC

12 FREZEELEAFIRNBWRIEE S
PLUETE ARG 87 MRA 10 2 FE AR T i 5 T B
W, BETRVREE N 1x10° CFU/ML, SRFI40T & ik
(K-B )25 sm, 0% 258t A i Bl iy
B, AR R 16 Tl WATHUA R (0 T
MR PR A BR 2 \]): Bl 5 PG Ak (amoxicillin,
AMO, 20 pg) . 271 %5 % (midecamycin, MD, 30 pg).
HF#8-F-(rifampin, RFP, 5 pg). %% & (penicillin, P,
10 pg) . & J7 ¥4 B (norepinephrine, SXT, 1.25 pg).
W & (norfloxacin, NOR, 10 pg). ZL%: % (ery-

thromycin, E, 15 pg). %A JE % (florfenicol, FFC,
30 ng). F % % (chloramphenicol, C, 30 pg). "k
W (furazolidone, FUR, 100 pg). Hr# & (neom-
ycin, N, 10 pg) . K K% % (gentamicin, GM, 10 pg) .
fifi i 55 % (sulfamethoxazole, FS, 300 pg). T %
# (oxytetracycline, OT, 30 ng). Z PG % (doxy-
cycline, DO, 30 pug). B ) 2 (enrofloxacin, ENR,
30 pg) o 2 FE3E [Eim R A 52 g6 5 v D 2P AR R
TR 4 T PR PR T 2438 (3 2)1°7off 3% £ 2 7
BTN R—M P AE R ZE L) SO | RIESE,



848 H [ K R 2 %27 %
FR2 BRI HIENRE
Tab. 2 Criteria for antibiotics sensitivity test
254 HEFRAE judging standard 2% HEFRME judging standard
medicine R | S medicine R | S
fif iz 57 %8 sulfamethoxazole, FS <10 11-15 =16 2155 % erythromycin, E <13 14-22 =23
FI¥&F rifampin, RFP <16 17-19 =20 HHE penicillin, P <12 13-16 =17
Fil# % midecamycin, MD <13 14-17 =18 ZVGIZE doxycycline, DO <12 13-15 =16
WM MER furazolidone, FUR <9 10-14 =15 FAJe* florfenicol, FFC <12 13-17 =18
FfELPE AR amoxicilliny AMO <13 12-18 =19 B ZE neomycin, N <12 13-16 =17
RKFHZE gentamicin, GM <12 13-14 =15 A #FE chloramphenicol, C <12 13-17 =18
Bi#1b B enrofloxacin, ENR <16 17-22 =23 WP A2 norfloxacin, NOR <12 13-16 =17
2 )7HE Y norepinephrine, SXT <10 11-15 =16 + % FE oxytetracycline, OT <14 15-18 =19

D) o 52 1 DR R VT P A 0 A 2T I M — 1 T 247435,
XA T 25 IS AT IR O 4 . TR 2 R X
HHUE R 2545 B(MART), MARI=a/bc H: i aft
&N YR A0 B 1) BT TR 25 T 254, b AR KT
PLE 25 R ZECH, o 10 B IR AN B AR,
Gy M ECETR 24 33 780 i 0 45 i b 2k R R iR 25
FH Origin B AFHEATVER 2387
13 FEEELFEWHIGNSHRE

PEFEIRK 4 em 247 HARFEY AB /i RBEH fA,
(25+1) ClHEIRE IR BRI 87 R faZ
AT T A FER K B 2 W E 20 3x10° CFU/mL,
T s R S R i 20 pl/ B2, AR DA 30 B fa, 43 3
ASPATHA, ICREESE 2 AN IET- %,
1.4 HiEE

W R B AR 16 FhiAE Z Y2515 00
HEATIRAL (R=4, 1=2, S=0), XJ 43R40 4= Z M 245485 i
(R4, 1=2, SSO) S8 S fadb TR R4 &, FIH
IBM SPSS 22 #47 Spearman AH XG4T, 155 H
MRS R

2 ERESW

21 HAEHSBELE

XL AT 22 R fa, RIA 96 BRI P
FER AR T 2L ek, Eat 16S rDNA i
51 gyr B B 5 Wik AT4 1S, )T J5 3 A 2
BB R e, & BN fa B fBAE T 5 87 K, iR
GRAEAREAE 9 Pho KR53 R A 12 I AR IR S
IR MRBRER G kB A KRR L IEK DL
JE 25 B b R A AR

22 REEZELEMAL

87 kA M ZIEAR N 16 Tl KA 2577
A ), Hrpx 2R | a5 R AT
T 2558 T 90% & DL I, STHEFR . Wilks
M TR 25 R AE 80%~50%, RPRKE R . B 5 PG bk
A 7 e A 25 R KT 50%~10%, X 2 P53
. BARE ., BinbE . @&%K. R ER
+E R 2 RAET 10%., F 10 2% fAL w3 i H 2
TERIIE 32 Bl 43 E1~E32 (36 3), IEREEE N
36.78%, EI1~E3 RBUiERIN; 3 Fhhid: Ri2h, fu
14 HRR, 5 MEEY 16.09%; E4~E10 355} 4 Fh
PrAERm ), % 20 Wk, 5 EEEY 22.98%;
E11~E17 §58I%F 5 i R w2, & 20 Hik,
B 22.98%; E18~E23 #EEIXS 6 Fidiit: &
My 24, A% 17 Wbk, 5 SN 19.10%; E24~
E29 JEAIXT 7 Fhbid Kb 2h, 05 12 wkk, &
B 13.80%; E30 . E31 {ERINT 8 FhdiA: K2y,

g 1000 FISFIM AMO KA GM
] fHRC #li%E MD
g 8or LWHEDO  HFEEN

3 UBEE WY E NOR
g 60 BSPREENR L& OT

g RERELFFC FHEEP

g 40r NS GRE FS Y REP

< SITHIH SXT
5 20F

R

E

NN NN NN NNNSE S @ § & o
éQ @ R <¢°.> éj‘ﬁ Y§OC§\ é‘;&QO OQOQ}SO O& Q)@'
HiH: EFPJE antibiotic species
BT 87 BRA O AEAL TR R AR X 16 Bhbio 4 R it 2451

Fig. 1 Antibiotic resistance of 87 Edwardsiella
piscicida strains to 16 antibiotics
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A5 3 KR, 5 R 3.45%; E32 X 9 A
RNz, A& 1wk, SRR 1.60%, 87 B
& MARI 5404 0.423, $T 4~6 Fhi A= A0 T Bk
Z, MBS 64.36%;
23 FREBEZELEEN
A B FEAL B PO B D A BEE R KT 90% A
20 BRI, AR TEASTRPREUN 22.99%, X 5E
Sl BHIEHRTE 80%~90%KA 17 ¥REH, 5 19.54%,
YEBE S BIER/NT 30%A 11 bR, 5 12.64%
(# 4,
24 FEEELRSHNEWMAGEXEIN
i3 Spearman AT, WTHIBE S FIETS

5 PR KA R 25 PE 5 1A & (P<0.05), X R
00255, 5ROATE | BAREH (P<0.05)F1 1%
2 (P<0.01) Tt 245 Pk 5 17 40 ¢, AHOC R 8051 0 8
0.237. 0.245. 0.297 (3£ 5)

R4 STHREEZEEENHIBHER
Tab.4 Mortality of Daniorerio to 87
Edwardsiella piscicida strains

TET- % [X ] BET-* /% mortality

the range of mortality >g¢q

90-80 80-30 30-10 =10

[} 7S

the number of strains

20 17 39 5 6

5 kb/% percentage  22.99  19.54 44.82 5.74 6.9

x5 FREEEEESHESWAHEXMESN

Tab.5 Analysis of the relationship between virulence and antibiotics resistance of Edwardsiella piscicida

it 255588 1 Spearman AH 43 Hr

correlation of virulence and antibiotic
resistance with Spearman analysis

PR

antibiotics

ZHL coefficient W significance

it 25 5 7 71 Spearman AH &M 47

correlation of virulence and antibiotic
resistance with Spearman analysis

B coefficient

PR RN

antibiotics

3 significance

F4#F- RFP 0.11 0.312
4%#% E 0.071 0.515
Fill#ZE MD 0.009 0.936
HHEZR P ~0.66 0.546
T Jlie 52 mE FS 0.128 0.238
HHHwEH SXT 0.126 0.243
Wik FUR —0.198 0.08
EE N 0.076 0.486

FIEIPERR AMO -0.25 0.815
RRFEHE GM 0.255" 0.017
Z V% DO 0.153 0.156
JAJEHE FFC -0.237" 0.027
B2 ENR -0.245" 0.022
AH/E C -0.081 0.457
R E NOR 0.098 0.369
+#&%E OT -0.297" 0.005

i *P<0.05, **P<0.01.
Note: ¥*P<0.05, **P<0.01.

w

wig

30 REEBELEMAMEIN

FAEAE T R A 3 IR BB AR, Bl
HETR (E. ictaluri) F{RFLZEALTH (E. hoshinae) 3 4
T, JEA FE KR G = A8 A T AT 0 IR 4
T PEARTA | AN fR 2 TR AR T 8 i 2 1 1R 1 (E.
anguillarum)* >, STSB4ESfe, 3t B fEAE T A
IR G FEARTR v 43 R T A — I 1) £ 28055 I 1
AT 5|t A MO AED | B R RABEBE | R
%R . BRI R A A A 2
ifr s 25 O VSRR 3 B R DR SR A 7 A O
P 32 B2 R 1 S N RN A R Gk B,

WHEFMERD | B R, =RwRED . K
B I R G o AT 5200 8 Hh % 10 % fE AR TR 1Y
AR RN 58 A BB b A M Y Y FHLE AR, T AE
Je 12 IR S AN ]l ACAE AR 5 i = o R (1] 5
TN RIFAEZETA K.

TEK P2 FRFE A, 40 B N B AR 2 A i 24 7
K A HA R MR R 0N, 25 AR R
), 2 S B H & R, B 2
i 2558 2B A B AT ST R B, Ik
KPR RO PR R ISP R R 2
FRAE RS R o AR S A5 R R,
R EEERI ZVURR | FREE | Binb A,
HER ., WRDEMNLHERAM AR, 2R
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BANAF: AEHTIRR 10 7 PELE TR 2516 SR T AH SR b 853

AR rh 43 B I TR AR BB A3t 257 5K AR i di A R
Rl 25 AR, AT RE-5 I AR R AR JCER T SR AE B2
FHZ MR E SR P TR s R L R 2%
REPUE RN W 25 5 05 1 & 5 — EEH,
FEA M ZAEACTH FAFE] TR, A5 i 2533
BR AR MEALPEXT A TR | 22w E AR
HRE T2, 0 Xie Z54H Xu 2542 4R5# 4T
B 2 R4 3 B 2 AR BR — A K ORI 3R 5 DX 8 A
KRB, ARE Ma 2508V SRR i 77 76 1 4
ST 24, RN £ a3 1 TR R T 245 0 5 K AR 1
PrAZ RS AR, 52 g Lo s, #s
A AT EAL X KA MBS IRt R REPUER
Mt 25 VM RP BE R A G, A REIR 2Lt — 0o
£ F LA E T 25 (MARD) & 40 B 48 5 B e T
AR T H, YK EE THHE ALY,
MARI>0.2, 1> HEA T 259 B, MARI<
0227 ZEHE R THLH4E R PR, RMBMEAERE
MARI 48500 0.423, 1612 be 76 2R 1 55 5 X AL T
PR ERERE, WA 508 A% i 24
BLHHE AT 0F 5%, W B I3 AL 9 R R % TR AR TR
MARI $5 0% 15 R 8 A B
32 FREEELESHNEMAGHEXESN
BT (Danio rerio) e — P 5% i Ji A4 JE Gy
e e RN R s Y, B TR A
BN B BERR O VDT R A
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Abstract: The emergence and spread of antibiotic resistant bacteria brings risks to disease prevention and control
efforts. Although the spread of antibiotic resistance has been a hot topic in recent research, information on antibi-
otic resistance in aquaculture is still lacking. A bacterial epidemic of Lateolabrax maculatus was investigated in
fish farms at Zhuhai, Guangdong province, China from April to December 2018, and a total of 96 strains of Ed-
wardsiella spp. were obtained. Among them, 87 strains were identified as E. piscicida by the gyrB gene. These 87
E. piscicida strains were tested for resistance to 16 antibiotics and for their virulence in zebrafish using the KB
method and challenge tests, respectively. The relationship of antibiotic resistance and virulence was assessed using
Spearman correlation analysis. The results were as follows: (1) The percentage of E. piscicida strains resistant to
each antibiotic was: Rifampin (98.85%), Madinomycin (96.55%), Erythromycin (95.40%), Penicillin (68.96%),
Sulfamethoxazole (58.62%), Norepinephrine (28.73%), Amoxicillin (21.83%), Gentamicin (13.79%), Neomycin
(10.34%), Furazolidone (3.45%), Norfloxacin (2.29%), Chloramphenicol (2.29%), Doxycycline (2.29%), Oxytet-
racycline (1.15%), Florfenicol (1.14%), and Enrofloxacin (0%). The antibiotic resistance spectrum revealed 32
total antibiotic resistant types existed in 87 strains. The Multiple Antibiotic Resistance Index (MARI) was 0.423,
indicating that the strains were isolated in an environment with high exposure to antibiotics. (2) The virulence
challenge tests showed that the lethality rate of 37 E. piscicida strains was > 80% in zebrafish, accounting for
42.52% of the total bacterial strains tested; the lethality rate of 39 E. piscicida strains was 30%-80% in zebrafish,
accounting for 44.83% of the total bacterial strains tested; and the lethality rate of 11 E. piscicida strains to ze-
brafish was < 30%, accounting for 12.65% of the total bacterial strains tested. This demonstrates that E. piscicida
is a high virulence strain. (3) Spearman correlation analysis showed that the virulence of E. piscicida was posi-
tively correlated with Gentamicin resistance (P<0.05), and negatively correlated with Enrofloxacin, Florfenicol
(P<0.05), and Oxytetracycline resistance (P<0.01). Bacterial virulence may be related to antibiotic resistance and
this relationship can be either negative or positive. We conclude that E. piscicida strains derived from Lateolabrax
maculatus are highly toxic and multidrug resistant, and their virulence is negatively correlated with antibiotic re-
sistance. This is presumably produced by the additional biological expenditure of bacteria to the acquisition of
foreign DNA. Additional studies on this interaction mechanism may provide new data for the evolution of micro-
organisms and new ideas for bacterial disease control.
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