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Isolation, identification and antibiotic sensitivity of Edwardsiella
piscicida from Channa argus
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Abstract: [Background] A fish disease occurred in a snakehead farm in Yangzhou, Jiangsu Province,
causes great economic losses. [Objective] To determine the etiology and screen out sensitive drugs for the
control of snakehead-related diseases. [Methods] The pathogenic bacteria were isolated from the sick
snakeheads, and the isolates were identified in terms of morphology, physiological and biochemical
characteristics, 16S rRNA gene and gyrB sequences and specific PCR assays, while their pathogenicity
was analyzed by artificial infection tests and antimicrobial sensitivity was tested by paper diffusion
method. [Results] A dominant strain SHL isolated from the sick snakeheads was identified as
Edwardsiella piscicida, by its morphological characteristics, physicochemical properties, 16S rRNA gene
and gyrB sequences, specific PCR results, and further artificial infection tests confirmed its strong
pathogenicity to snakeheads with an LDs, of 1.6x10° CFU/g with similar symptoms to natural disease. The
drug sensitivity test results showed that the strain was highly sensitive to 28 antibacterial drugs such as
penicillin, chloramphenicol and tetracycline, moderately sensitive to erythromycin, and resistant to 6 drugs
such as oxacillin, clarithromycin and vancomycin. [Conclusion] Edwardsiella piscicida is the pathogen
causing the ulceration and death of snakeheads (Channa argus) cultured in Yangzhou, Jiangsu province. It
is the first time that Edwardsiella piscicida was detected from freshwater fish in China. The results
demonstrated that the infection spectrum of Edwardsiella piscicida is expanding, which needs to be paid
more attention in the field of aquaculture. In aquaculture practice, we can treat the disease with the
appropriate national standard fishery drugs according to the results of the drug sensitivity test.

Keywords: Channa argus, Edwardsiella piscicida, 16S rRNA gene, gyrB, antimicrobial sensitivity test
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i R 2ok AR 2R R B A D R B B R . R R T
AETRT TS 245 35 43 B B 3t A% o h B PR pic i
FRMESE
1 MBS
1.1 ##
1.1.1 &

R SR A VLA M i S50 , Yo
fa Bl B8 [ T AR A0k LU T R T K R
FRAT, K 5.8-6.3 cm, AT 2.5+02 g, HHT
PEFFAKVRM(2.0 mx2.0 mx0.6 m)Hr, HAMEIKIEH
28.4-30.4 °C. F T H4s 5 v 51 4 % 50 1Y 1A bk
SHL 43§ H B S 68, NFEAE % Z R R
ET-1 F ET-13 5t Ak K 27 fili K P 20 4% 2
M5 R YR MR AR AR TR YCH A S2 50 % 4y
BORAT 5 B SUR A Y5 A i 2 fE AR T CHOL K
YLK 7 B 5 8 4 FE R 5% 61 G . K M A R
DHS5a 832 5 4 M A R AR AR AL B (b ) A BR
NCIR
1.1.2 EHFEE. FERFIFNLE

[l 11 K S 3518 (Trypsin Soy Agar, TSA). ik
% 1K 5. 7 (Trypsin Soy Broth, TSB)F SS #ifiE,
AC BT R AR AR A BRAA ] 5 22 Yyl 40 T
AR N A M AR R, B AR A i

x1 AARPEAASIMREFT

Table 1 Primers and its sequences used in this study

FR 7\ F] ; PrimeSTAR HS (Premix) ., Premix Taq (Plus
Dye).DNA A-Tailing Kit.pMD19-T Vector Cloning
Kit,DL2000 DNA Marker il DL5000 DNA Marker,
5 H BEAEYIHRALS)A FRA 7] 5 LA 4 52 5]
& TIANamp Bacteria DNA Kit, Ji& RIS &
TIANgel Mini Purification Kit, KAR A LR (AL 5T)
AIRAF; 51 DA TAEY TRE(ER)
B A BRA R & TTRERIES , MG A
BRZS w5 PCR AL, AFSRAEATEE 27 b (R ) A PR A
Al UKL, dEmS—AYRHA R A ] .
1.2 BRSEMEMS BN

FEXT R AT I A W A, KA
TO%I RS ARk XA 7, TETCTR 254 T AT I
JEIE , SRR ZE R BRI D MR, R A%Fh T
TSA F1 SS ¥-He, F 28 °C Bi32idn, EHEUBAR
CPFEFR NS BT , EE LB H
BARAIFALIEIRAE
1.3 EEFMEEENETE

PR ARl 1 R AT I o TR U A AT A
gt TR T USRI ; [0 R
X L Al s R TR B A AR R AR RO A, T
28 °C Hif¥ 24 h, WEIC IV AE B 7R BL B (0 10 A2
b, S B HAE SR

EIR/EA Elk71 2] TR/ EEPUN
Primers name Primers sequence (5'—3") Product size (bp) References
27F AGAGTTTGATCMTGGCTCAG 1508 [7]
1492R TACGGYTACCTTGTTACGACTT

gyrB-F GGATAACGCGATTGACGAAG 1921 [8]
gyrB-R GCCGTGARCAAARTCRAA

EP-F CTTTGATCATGGTTGCGGAA 130 [8]

EP-R CGGCGTTTTCTTTTCTCG

EPL-F TTTGATCGGGTACGCTGT 128 [8]
EPL-R AATTGCTCTATACGCACGC

ET-F CAGTGATAAAAAGGGGTGGA 114 [8]

ET-R CTACACAGCAACGACAACG

ESC-F ACTTATCGCCCTCGCAAC 129 [8]
ESC-R GCCTCTGATAAGTGGTTTCG

E: 5P M A/C, Y S C/T, RN A/G
Note: M in the primer sequence is A/C, Y is C/T, and R is A/G
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1.4 16S rRNA EEF0 gyrB EEF5 047

H T A 51 B TR AR R SE e 25 1 o8 4 — 2L
IR — AR 43 B A R L 4l AL i bk SHL
YE RN RER BRI T 40 580 ME 205 . bk
SHL #F % TSB Ki## 3k, 28 °C. 150 r/min $Ri%5H;
FRid . WHEC 1.5 mL R, FSER 4 $RBUR )
GBS RUL IR A F 4] DNA, RJELHA
it , FIFHGI¥%F 27F/1492F #1 gyrB-F/gyrB-R 43
% 16S rRNA JEK I gyrB JERUEFT PCR 474
PCR JWARZR(50 pL): it 1 uL, 1E. KIa5149)
(10 umol/L)% 1 pL, PrimeSTAR HS (Premix)
25 uL, KEFEK 22 uL, PCR i &44: 98 °C
10s, 55°C15s, 72°C2min, 330 MG,

PCR R EE G, 7T 1% EMEEE IR
VKIGAEZE AN AR O B A B, R [l i)
%; TIANgel Mini Purification Kit [F1i H (9 7B, 2%
J5 Fl DNA A-Tailing Kit X FAR S0 3500
“A”, FIEA pMDI19-T # AT 13 His b K
FFH DHSo B2 5400, Y5784 F 7 100 pg/mL
ANEERMN LB T, Pkt akEsA 1A
AR A FRA w47 51 E

B4 B 7 4138 1 NCBI ) BLAST E47 741 ]
PEPESHT, SR )G P BG40 #H G 16S rRNA SE[A
il gyrB JEHFS1, @it MEGA X {4FH A Align
WA iEAT 2 7 H0 UC L HE S J5 . SR AR R
(Neighbor-Joining Method)f4 ## R G HEALA , FFi
1t A 241 (Bootstrap)#F 1T EAF A I, AZEE IR
Hk B 1000,
1.5 AR

P S8R 2R 7 d JRRENLY R 6 4, fd
20 24 A 6 AH [FIRILAR (R 7K AR Hh o e AT /K SHL
BERDT TSB Rig53L, 28 °C, 150 r/min JRFHHFEE
SR K (ODgoo 2920 0.5))5, 8 000 r/min B5.0>
5 min YA FEIAYLEE, ] pH 7.2 BYJCH MR 525 nh
W (PBS)EU 3 WK, 10 £5 LuAh BERR B AR 5 AN ]
VR JE TRV, [ I A 7P A B0 3RS S Rk 1

PRIVROVR B o R RN Js 1 539 1 5 2Ok 2 A 7 A 73
TESTHIE N 50 uL/BE, X A4 S SR B G T
PBS. SZER ], XA TR 5 Y 1 6 0E H R SR I
EMPUER, LWL 7d, B HICEERMHIETE
B, X IR Y R o % B P U R A T A TR 4 M ()
Bk 44 SHL-2), /a4 Reed-Muench 7
5 bk SHL X 12 6l 1) 2 3088 it (LDso)
1.6 $HFFMsI9Em

Z: BOSCHR 81T iR ) X Bk SHL, SHL-2 &
T ABALTR JE N A B AR EF T PCR A, 5|4
%} EP-F/EP-R .EPL-F/EPL-R .ET-F/ET-R FI ESC-F/
ESC-R 43illisi FH TRt 28R e | Rt fiE
PRI\ 38 5% 2 1A TR R A 2 T AR TR I R S S A
M, PCR F2J%i 24%: 95 °C 5 min; 95°C 15 s, 60 °C
15s, 72°C 155, 35 /MF¥; 72 °C 5 min,
1.7 UL

K H Kirby-Bauer 4% 74 HUE X0 28 AR T
G  TETCHERAE T K A bR SHL 51 2 TSB
WARRE SR, 28 °C L 150 r/min %3555 18 h 5,
FHICH PBS YEAFRRREJARE E 0.5 22 [RbRifemEE,
HU 100 pL TR SIRAT T TSA A, Wi F 254k
A, BT 28 °CIEIRE;IE 48 h 5 R 2584t A iy
TER B LA, AR 36 I DR RN S 5 AR o P 2
(Clinical and Laboratory Standards Institute, CLSI)
SCAR I 45 A AT M R AE Pial R BR A w4 AL
AR HE A TS R
2 G5
2.1 DEEKBESHEE

Xof KB 2 8 ) S 06 2 IR A R R 0 L T B
A HUSY, TETCR AT IR B
FHA T ER T KEREES - S #am
v, i EA RIS 9 BRALKT IR R,
PRMETE TSA V-4 I 28 °C K55 24 h JF T s ATE |
JEW LRI . BN R AE /N (B 1A), 7E SS P
B FIE R T TR SR (K] 1B), 2 IR B,
FFEAR
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El1 % BEEH SHL 7£ TSA F4R(A)F0 SS F4R(B) L#Y
BEIEES

Figure 1 Colony morphology of isolated strain SHL
on TSA plate (A) and SS plate (B)

22 HBEUERE

A 3o 2R 47 Aol A A S N A 43 B TR AR A T
B, SRR EEE SHL X H S . 22800,
SR . BER . B IR WIMERT HoS 5 AY
SEEEYE, BTRAARE . BEHE . RERE . ZF4E TN
FLBE . 4 5 K F 2LBE B (Ortho-Nitrophenyl-B-
Galactoside, ONPG), T &l . MR ER . WA |

Kk . LM RNERA V-P VS5 Y
(#2), SZMHEHAARTEER ETS83 MIREZ

FEAETH ATCC 15947 —35, {H7E 42 °C KL,
SHL Fl A fa 22 AL i ET883 MR [AM:, TiR%E%
fEAETE ATCC 15947 MR .
2.3 16S rRNA EEH0 gyrB EE F5 547
DIARIUA /B Bk SHL 195LPI4H DNA i
Be, FIHSIH9%; 27F/1492F 1 gyrB-F/gyrB-R HHT
PCR #8%, ZOlg b b vk ml 4G I 21 /N 43 51 249
1 508 bp 1 1921 bp ) PCR =¥ 4418 2), 5T
B E M R BER/N—20 FHAR % 16S rRNA JE I
gyrB JERFH$E5C % GenBank (B3R5 400K

%2 Btk SHL BYE R4 LHHE

Table 2 Physiological and biochemical characteristics of
strains SHL
A 5t

Test items

LI AR NS B R
Experimental strain and reference strains
SHL ET883!""") ATCC 15947V

FiIHi{F B4 Arabinose —  — -
Fl 254 Rhamnose - |- =
H #&H# Mannitose F | +
HERE Sucrose = |- -
FL¥E Lactose = |- -
£ 25k Maltose

%38 Glucose

-4k — Mk Cellobiose —  — -
H#& % Mannitol - - -
My ARLE Citrate - - -
ABAHEIEFET - - -
ONPG

K5 &R Arginine - - -
9% /% Ornithine

iR Lysine

-+ - Esculin = = -
K% Z Salicin = = =
KNAR = |~ -
Phenylalanine

FRJLLT Methyl Red  +  + +

V-P JZ [ V-P Reaction =  —
H5[ W Indole
i fb & Hydrothion
42°C K

Growth at 42 °C
1. ET883: RNABLRSE K, ATCC 15947: R %
AR S MR, +: FHIME; — Bk

Note: ET883: Edwardsiella piscicida reference strain; ATCC 15947:
Edwardsiella tarda reference strain. +: Positive; —: Negative

+
+ o+ o+

MW488931 Fll MW525116)Jfif i BLAST #Ef7LE
X0, SRR REAR SHL 54 i B fEAE T Y
T Y de g, AR 1)K 99.93% (16S rRNA FE[A)
F1199.84% (gyrB ), EBER KR F AT 5
GERBFNT, W RS SR AT LIE
WPk SHL 5 RMEELRE ARRER, HERMEER
JE& AL AR S R O R, TS B K R
TR T oI R R JC 7L % R O 55 TR 1) 21 2 00 R A
L(El 3).
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bp
5000

2000
1 500
1 000

250

2 16S rRNA EFE 0 gyrB £E Y PCR 1)

Figure 2 PCR products of 16S rRNA gene and gyrB

7F: M: DL5000 DNA Marker; 1. 2: T&#k SHL 16S rRNA L[
PCR 7); 4. 5: Witk SHL @B PCR 79); 3. 6: BIFEXSIA
Note: M: DL5000 DNA Marker; 1, 2: PCR products of 16S rRNA
gene of strain SHL; 4, 5: PCR products of gyrB of strain SHL;
3, 6: Negative control

A

2.4 AT RRRIE

FR A 502 SR T 6, N TR A B T A
350 1x10° .1x10% 1107 . 1x10°,1x10° CFU/mL.
N TR et B O 68 S, VA R S 0 A 7R R g
W2 RENVR AT, 3-4 d WA HRIFIET &
T, WYL Y & B A AR R AR LAY
JEMR o FEN I — A BB A R] DA B A R g
WREL LT R0 58 100% ., 85%. 50%. 20%
Fl 5%, VESFICHE PBS (/X BAZH oK H B & s e AE T
(3 3), Hi4lt Reed-Muench J5 %4 i B #k SHL % 1%
i (%) LDsy N 1.6x10° CFU/g. MAET It 44 P BEFE-

SHL (MW488931)

94| Edwardsiella piscicida CK41 (CP047671)
90 || Edwardsiella piscicida SNU1 (MN203719.1)

96

99

82
1 WEEn

Edwardsiella anguillarum ET080813 (NR136429.1)
Edwardsiella ictaluri YCH (MG966532.1)
Edwardsiella tarda JCMT156 (LC504014.1)
83 Edwardsiella hoshinae ATCC35051 (CP016043.1)
Citrobacter freundii DSM30039 (AJ233408.1)
terobacter cloacae AZ-3 (K1675625.1)
— Aeromonas hydrophila J-1 (CP006883.1)
99L deromonas veronii CB51 (CP015448.1)
Vibrio alginolyticus 1.2 (KC884601.1)

99 L Vibrio harveyi MFB64 (MT605269.1)

Streptococcus agalactiae LFY5 (MHO071375.1)

Flavobacterium columnare Ga-6-93 (AY842901.1)

B SHL (MW525116)
29| Edwardsiella piscicida S07-1019 (JX867002.2)
Edwardsiella piscicidaNFAVS1 (KT987234.1)
231 Edwardsiella ictaluri $97-773 (JX867005.2)
88| r Edwardsiella tarda LADL99-302 (JX866993.2)

66

Edwardsiella hoshinae ATCC35051 (CP016043.1)
Edwardsiella anguillarum ET080813 (CP006664.1)
75 Enterobacter cloacae ECP6 (AB084017.1)

Aeromonas hydrophila AN-32 (AY987507.1)
100 L Aeromonas veronii 0D160502 (MN189983.1)

Vibrio alginolyticus NA0426 (EF579675.1)
99{ Vibrio parahaemolyticus DSM10027 (LR861014.1)

Flavobacterium columnare R18-73 (MT375326.1)

499|

Streptococcus agalactiae NCTC10123 (GQ426110.1)

—_—

0.50

Citrobacter freundii (CP011612.1)

3 ET 16S rRNA E[E(A)F1 gyrB EEB)FIIH R G 4A B #
Figure 3 Phylogenetic trees based on the sequences of the 16S rRNA gene (A) and gyrB (B)
TE: 55 NIECFER GenBank #5355 5 RALIYET A Bootstrap {H; #5 R T IEUT W R LA B fis

Note: Numbers in parenthesis represented GenBank accession number; Numbers at the branch points indicated the bootstrap values.

Numbers under the bar indicated the nucleotide substitution rate units
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x3 DEEH SHL X B8 A TRPRGER
Table 3 Results of artificial infection of snakeheads by
isolated strain SHL

RIOHREE BoENIE e adcE SETR BT
Bacteria Injection Number of Number Mortality
concentration dose (uL) test fish of deaths (%)
(CFU/mL)

1.0x10° 50 20 20 100
1.0x10° 50 20 17 85
1.0x10’ 50 20 10 50
1.0x10° 50 20 4 20
1.0x10° 50 20

PBS 50 20 0 0

= IE S INTTERI 27
B R SHL 84—
2.5 FrEMESIMEN
SR R JE R S M 5 1 ) 6 A IR R R 8 ) B
PR AN TR o B bk . SR IR IR 2 %
A TR R0 2 AR R S TR PR A TR SRR, 4
RWIR, RS8BTk SHL R TR S

2 000—
750 —
250 —
100 —

C bp

S SRR AR S I

M 1 2 3 4 5 6
750
250
100

B4 MEBFUSIMNERERSBIRAILS

FERAY B T BR SHL-2 ] A% 1 % fE AR T Fhvkl 57
214 EP-F/EP-R 473 14 130 bp BT HE 1 4545
(K 4A), B8 0 FEAE R MR 55 | 9 EPL-F/EPL-R
XF BTS2 TR R B R BB 4 s AH B 45T (18] 4B),
1T 33 5% % 7l A TR A o2 7 A2 TR 1 Rl ORE S 51
ET-F/ET-R il ESC-F/ESC-R WY A %} iR 25 7% fi A
B (ET-1 Al ET-13) X fill & f54EH (YCH il CHOL)
Ay KN R 114 bp 1 129 bp fY T 4%
A, O] [R] 2L A Al TR R DU B 1S Hh A N Sl
(K 4C. 4D).
2.6 ZAHIALE

O ZE R o, BERE SHL X ORI PE ok |
WRRR . HER . wARER . e R
ik AR P/ E N TEIIDOEARE S ok o)X i U
XA 28 FAZ Yy, FEEHE . KNSR,
AEE. WUAE. KR, iR . ZREER
B IR 22 R A1 Sk o e AR S DU 34 R SRR (3R 4).

2 000
750 —
250
100 —

2 000
250
100

Figure 4 Identification of Edwardsiella isolates with species-specific primers

TE: A REEERRE PCRAGI; B: JORMEIEER PCR KGN ;

DL2000 DNA Marker; 1:

C: BEEIEEHE PCR AN D: M ZfERERE PCR AN, M

SHL; 2: SHL-2; 3: ET-1; 4: ET-13; 5: YCH; 6: CHOl

Note: A: PCR detection for E. piscicida; B: PCR detection for E. piscicida-like; C: PCR detection for E. tarda; D: PCR detection for
E. ictaluri. M: DL2000 DNA Marker; 1: SHL; 2: SHL-2; 3: ET-1; 4: ET-13; 5: YCH; 6: CHO1
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F 4 HEH SHL 3t 35 Mzg4 e gkis
Table 4 Sensitivity of strain SHL to 35 drugs

Bt HE Uk
Drugs Contents (pg/disc) Sensitivity
TEMEPE AR Oxacillin 1 R
H & Penicillin 10 S
4172 Erythromycin 15 I
KWFFEZR Spectinomycin 100 S
s 2 Clarithromycin 15 R
Jiti B # Vancomycin 30 R
TiMEEE Clindamycin 2 R
4% 2 Chloramphenicol 30 S
PUIFZE Tetracycline 30 S
AKi#FRE Minocycline 30 S
WP & Norfloxacin 10 S
FRNYS & Ciprofloxacin S
R IPE Levofloxacin S
Z MK 2 B Polymyxin B 30 S
R IR 2 [K Nitrofurantoin 300 S
R AR Ampicillin 10 S
Z M Aztreonam 30 S
B it (SMZ/TMP) 23.75/1.25 R
Compound Sulfamethoxazole

SLfI IR Cefamezin 30 S
SLALBEN} Cefalotin 30 S
Sk#IkaE Cefuroxim 30 S
SkHINR A Cefoperazone 75 S
Sk fUENT Cefotaxime 30 S
Sk Il #5 Ceftriaxone 30 S
Lk fi5 Cefepime 30 S
LAl RE Ceftazidime 30 S
SKHLVENT Cefoxitin 30 S
FHIP 2 Ofloxacin 5 S
BEFE R Streptomycin 10 S
Z-Afi R % Tobramycin 10 S
K% % Kanamycin 30 S
WRHZ PGk Piperacillin 100 S
PR K% Z Gentamycin 10 S
B>k & &£ Amikacin 30 S
Z il 7 2% Midecamycin 30 R

e Sy R I UK R RBUSGTZY)
Note: S: Highly sensitive; I: Medium sensitivity; R: Resistant

3 Wik548

et b ZAEAE W IR AR R G 2 18w . AP}
T AN ZAEAE T 3 R, b DR G218
AT I 3 A R LRz B A AR
e EIEE A, 3858 % A8 T Al 43 by B AR T

FAYIRE 1 A ERE, F 0 AL 7= i Ak
A, ANEERHBTRAAME . H SRR, 5 Ak
ARG A C ; J5 & MAHE ST & M, W
Feqy 4y 5 1 21 AR I R 2 8 4 A A
P AT IR 27 Z fEAR TR 43 EdwGIl Fil EdwGII
X 2 PR, EdwGI RUIR 2% 5% AR 1 & A vl fE
P& B 7 84k AN T8 5 D A DG 3R R, N T
I3 R GE(T3SS) . VI B 53U R G2(T6SS) S 2k Bk
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