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CERFRERD: A

RAE ST M, SRR AR 37~38 C #ifik T 0 C
F, St R st T, fb2# R R I, Green 45
MR, MREE (R chensinensis) W B} A= 4 By BX
JK Y CLHe B2 3 I 23 R AR e RIS ) A0 58 . PV
HEDIEFEIEI, Bl Hr R S A B fh 2 25
IR G 1 R AR R st BT AR 3R i B 1, IR H R
A PMAER . LI ES BRI, E B S
B, JAENITE (Xenopus laevis) WFHIEL AL TR
g 85%,  FH A TR P A VA R S 6 2 v PR IRE e e} S
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IR LA —E R EVE R, EAS R R A R X £k
YR BURAEARTR . AER G T I, EA R
APV 52 6 I W il % 5 TR AR W (Klebsiella pneumo-
niae) &5 | EE (R. spinosa) WHBHE K, 1EH IR
AN IS R A TR o Ak, Borteiro 45! FE
BR AR 4 K BT B (Batrachochytrium dendrob-
atidis) REIER G A [F] o () Rk sk, o B A e 2 2R A 1Y)
eI 2 — o Nieto 251" MG 2T BRI (R aur-
ora) WL BG 2 A AR A Y, HorP AL AR I
TR R A B

PR e RIS Y L S E R R L S
AR, R A TE N SR AR OK BRI AR LT
ZIE R 5 Mourifio FE" WLEL (1) 4F i (R. catesbiana)
RRASE 0L A L DR A AL RRISE S 0t %
RIEFIG R BT, X 45 R TR 5 4 ok
ERMLTFHIR . HETOC T R BERE IR S 1l 55 1Y)
IR, AR A ) TR RIS S o,
P R HLER, A SZIG X £8 S I o P B0 e R e 2
139 LR 2 B . S0 MR S, BN
ST IR} 1098 S W R A R B TR PR 2= AR

1 MRS IE

1.1 SCIgM R

20 Y ML 114 7 R e R 2 o PR R e 5
FIII 4 S R BRI SR A T . G L R o A
AR L, RS K P8 i W A A D 0
fE FEdR ik 22 7 d BT IR EE, A APk UICHA TG A3 Y
ARSI S SRR

1.2 SCEER

5 R K 5.8 ¥ (trypticase soy broth, TSB)
FE L | KRR F (mueller hinton, MH) 35573 |
HORTERE Ry . i AR ARS8 A W T R AL A
YR A RA ), U 258025 7 THUN A
BHEA R AT, 75% WA W 5 BT % 2= R
HBRAF, 0.85% A= #Eh K W T [ 25 4 A1k 243k
FA B2 A, B R £h 2% th W (phosphate buffered
saline, PBS) 1 2.5% [ I THARA Y, AT B
W T RGN A T 5T

1.3 LA
AR E 6B VEHCEA SRR R Y SR
T AR L R AT AR AN B, O AR R kA
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(RERS . 7o Ab AILIA DA B 8 K i 2 470 F TSB [
REEFRIE B, T 28 CHIREESE 18 h, PRIA
MERHES TA L, BT 28 C [HIRHEFE 18 h,
WL TE R, PR

R H FEAL A AT 2 F0 JRL R T
TSB [E AR #: 5& b, 76 28 C FIE IR 35 24 h,
HEATH 2L R Ye, FIADG BB M e g5 1
A B A AL S B T R A U A R B A R
flt AR A S e A A TN

ARE T BHEE R IR BN
AKWIE, 4000 r/min B0 5 R FREE, HX
P PBS U 2 kT . RIEHRAEAE 4 C TH
2.5% JS TR E S . SRR I RO F JC AT PBS
VU 3K ARG 10%., 30%. 50%. 70%
F190% LB /K, AR 15 min, F 100% Z B
KT, BFK 20 ming HIRUT BEE 4 2 K, BEIR
20 min, R IR T HAS VR UR T, Wig, fff
FHAATE H T 1% (Hitachi SU8010) WLELIFHANE .

16S rDNA % & fi Fi§ 16S rDNA BigDye
Terminator v1.1 3477 & $E UG R ) DNA, SR
WA PCREHG 1Y), 1EMSIY) F: 5-AGAGTTT
GATCCTGGCTCAG-3', K[54 R: 5-GGTTAC
CTTGTTACGACTT-3', 5|#)4 Wi fil PCR ¥ 44 =
Y8 o A T AR TR A RS R SE Ao
40 P 1Y 16S rDNA 5 [K ¥ 51 5 GenBank 1 & Al
IR T 513647 Blast FXf, 7€ NCBI LA k[ 57
51, i MEGA 6 S R G K EM

AT )RR K43 85 4l 1) 995 5 TR B
PR T TSB W Mk $s 7R3k, 28 C #5535 24 h, U
4 000 r/min B.0> 20 min, 5 FWEW . JOHE AR HE
K E B, S MR TG H vk 8 R TR R TR R
2x10° CFU/mL. ¥4 {a J5 (1% WRH ] 23 Shy S 565 2 0 %of B
4, FA 12, 3ATVAT. 145002 R o B
“h 2x10° CFU/mL BB i3 20 min, SR )54
BTG TR K RS TP 3% o X BB AP 45 o TG TR A B
#hKIR M 20 min, [A)FEFE RS 21 0 TR 1Y 7K AR Hh i)
It o FEEEA N TG IR 5 W), KR PR 15 7E
25~28 C o HRF KWL L 53 S 16 WRHS 1% 2 9 15 100
FEIR A SBET G O, I A& FIAE T Al el ik 4 7
fife i) o WRERAE T IR AE I 5 B AR SE HEA T L X
PR T SRR 1 73 B S 4l

A BN F I (KA IR ML
PR 7KCBE 23 B8 B ARG B & 2x10° CFU/mL, HX 100
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1 4] BB, A SEBEREIRS A SR R M S 25 ) SR 109

uL BRI A1 U AT T MH [BEARE FR B3R, JHTCH
BRI A R B FR B3R, BT 28 C
BigR 12~16 h, FIebs -+ RO R E EA, SR
WU AR M0 BA BR2S w A 245 S 56 1 DB s v ok
FIE AR

2 gE

2.1 EREEBER

IR AR SR AL B, AE N B, A
2z, TG . S, B IR R,
RN o MDA, PR A R [R)RR B A4 7S i B
% (E 1),

22 HEEDES 16S rDNA NFER

A FBCI RIS (R e e i AR LAY L 9k B I A
o B alifb B — R UL B Hk KD-CXB-1, i
HRETE RBORE @ B . BRI, B

23t 16S tDNA T, 3 EK N 1412 bp
P FE R 3 91 B AR 3 TR 31 55 NCBI 2t A 22
(P FNIEAT X, 25 5 R T #k KD-CXB-1 51
KRN (XYCY-1 Aeromonas hydrophila ) B 16S
rDNA JT 51 (KY905657.1) 1) ] ¥ 4 35 31 99.93%.
[FIEHF MEGA 6 41T T R G L BRI,
453 7R KD-CXB-1 5 R 7K B 1 b F ] — A~
PEfE Ay 3 1 (18] 2). MRIELA S50, W% KD-
CXB-1 HAk A IE KT LM

91,Aeromonas bestiarum NR 026089.2
Aeromonas piscicola NR 118044.1
Aeromonas salmonicida NR 118945.1
Aeromonas rivuli NR 116880.1

Aeromonas sobria NR 037012.2

— Aeromonas allosaccharophila NR 025945.2

Aeromonas jandaei NR 037013.2
Aeromonas fluvialis NR 116586.1
Aeromonas veronii NR 119045.1

100~ KD-CXB-1
Aeromonas hydrophila KY 905657.1

70— Aeromonas sanarellii NR 116584.1

Aeromonas taiwanensis NR 116585.1
Aeromonas caviae NR 104824.1

Aeromonas dhakensis MF776531.1

—

(b) ©
1 Bm B R R T HFE

() i R 744 R O 8) , (b) RO U L MR R A REER IR,
(c) BRHIRIIK , JIE & SR L AR
Fig.1 Characteristics of diseased
R. nigromaculata tadpole

(a) healthy tadpoles, (b) hemorrhagic spots on the neck and abdomen,

enlarged abdomen, (c) ascites, organ tissue lesions

23 mERERIELEE

FFE KD-CXB-1 J2& > [RBAPE TS . s
TR Pk KD-CXB-1 2 EFFR, KEZ 1 pum, HEH
FIAKLRE (151 3), DRMRABNE & BRI A0 =R, K%
HERRE . MRS, NRBEIRE . N
Y THES, 5 Austin®™ S5 X g 7K A TR S5 5
MIZE S CIAZR QAR R 8 T ) g ok < B i
RN —3, HARE AR E LR 1,

Aeromonas tecta NR 118043.1
SR AR R

Aeromonas

0.01
e —

Pseudaeromonas sharmana NR 043470.1

2 E#k KD-CXB-1 A9 16S rDNA FHMEN RS 4 BN
Fig. 2 Phylogenetic tree constructed based on 16S rDNA sequence homology of strain KD-CXB-1
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1 E¥k KD-CXB-1 5FEk S SR ERE LA MELEER
Tab.1 Comparison of the physiological and biochemical characteristics between KD-CXB-1 strain and A. hydrophila

Y H g 7K TR Witk
identification items A. hydrophila KD-CXB-1
N5| W= 5256 indole production + 4
FrE R EE R 5556 citrate utilization D _
R4S gelatin liquefaction + 4
JRFE SRS urea decomposition - _
KRR ZEESEY:  phenylalanine ammonia - _
H LS5 glycerol magenta + +
LI KRS esculin hydrolysis i n
B-LFLEERESCY  o-nitrophenyl-B-D-galactopyranoside + +
AR FRBFSLYS  lysine decarboxylase D _
FEREAUK fEBGSLY:  arginine double hydrolase T +
LEIRINREFEEL  ornithine decarboxylase - _
TEERELIE S5 nitrate reduction T +
R FEF=S5E%  glucose gas production + +
FHAHSLLE  cyanide test " +
FEFHi K%  raffinose fermentation _ _
AWEREE  xylose fermentation _ _
iK% trehalose fermentation T 4
FMERBE  lactose fermentation D _
Rl ff i &%  arabinose fermentation T 4
BRI melibiose fermentation - _
RZEPE AT rhamnose fermentation _ _
P4 “FE K% cellobiose fermentation - _
FFFEREE  galactose fermentation + n
FIEMERI%  maltose fermentation + "
H#ERi KR  mannose fermentation T 4
W EEREE  propanediol fermentation _ _
4 B 1ERE K%  adonitol fermentation - _
LA KB sorbitol fermentation - _
AWEREE  xylose fermentation _ _
HEEEZ K mannitol fermentation + "

TPFEEREE  dulcitol fermentation
WL K% inositol fermentation

e ONBHYE, < Bk, <D ynriE

Notes: “+”. positive, “—”. negative, “D”. variable reactions

24 ANTRERLGER

S 2F W ISE L (1~6 d) W02 B Y RE IR h i
WA . BT, Wshig . FEM (6~20 d)
FEIR KR . B LA B S B BRLT o5, B A I]
RS, 20 WHE I A . 10~12d, SCE 41 iR
BIFET R RGN, FET RS B IR RER
HARRI AR EH B MM S, Bk,
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fiff 340 DA JUE T DR B N R OR BERE K, RS
BB M BE; XA IET-F R 16.7%, FE
T MRk 359 R M B O RE R (R 2). &5 R 1
P Pk KD-CXB-1 A 5| 2 28 B ek R e} iy i o - =5
FOHAET o MSZ I 20 56 T R I} P 43 8 B 5
Pk KD-CXB-1 JE 25 ¢ 1F K A 3 A fb e 1 — 20
[Eg7 8
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14 PSR, S STRIREA RN Y 09 90 S IR () 3 18 S K 24 ) 111
F2 AIRBREIHER
Tab. 2 Results of artificial infection by immersion infection
ARG [ R BE TR
[ 3 SRR A no. of deaths of different infection time pIANSY o) BETI/%
strain no. of samples 1d 6d sd l0d 2d lad l6d 20d total no. of deaths mortality
KD-CXB-1 12 0 1 2 4 10 10 10 11 33 91.7
12 0 1 2 5 12 12 12 12
12 0 0 1 3 9 10 10 10
XIHE4H  control group 12 0 0 1 1 2 2 2 2 6 16.7
12 0 0 1 2 3 3 3 3
12 0 0 0 0 1 1 1 1
2.5 AEEFMER THARIR ., iR, WK, ZWUHR, THM

B Bk KD-CXB-1 % 12 Fhdi A4z Z F 9 fhrp &
AR IR A R L 3, AR B
MRX R . BREE . KAKEE., FIRER.

ST BERURG XTI SRS R AR
XERISEPEAR . RMEPIAK, FHRER . AR K
WL OEHE RO BN

# 3 EHk KD-CXB-1 5S4 R
Tab.3 Drug susceptibility test of KD-CXB-1 strain

HUERAY) 0B P8l B A%/mm UL T2 0B P8l B A%/mm UL
antibiotic drugs diameter of inhibition zone susceptibility Chinese herbal drugs diameter of inhibition zone susceptibility

F#EHR  neomycin 37.79 S T  Syzygium aromaticum 23.20 S
A% florfenicol 37.31 S HAR  Caesalpinia sappan 22.40 S
THE A amikacin 35.67 S TifF  Rhus chinensis 13.00 I
JRK#EZ  gentamicin 32.99 S 5§ Prunus mume 12.00 1
KA K  kanamycin 30.83 S W% Scutellaria baicalensis 10.31 I
iR streptomycin 28.61 S K¥  Rheum officinale 9.50 R
PURFEK  tetracycline 28.55 S TEIE  Coptis chinensis 8.00 R
Z P E  doxycycline 26.62 S W[F  Frctus terminaliae 8.00 R
FIZEFERR  amoxicillin 6.00 R FfEB: Punica granatum 8.00 R
ZRIEFEAR  oxacillin 6.00 R

HHR  penicillin 6.00 R

FAETUAR ampicillin 6.00 R

VE: S B EEUK (d>18 mm), I PEBUK0 mm<d<18 mm), R. %0 mm<d<10 mm)
Notes: “S” denoted highly sensitive(d>18 mm); “I” denoted moderately sensitive (10 mm<d< 18 mm); “R” denoted low or no sensitivity (0 mm<d<

10 mm)
3 iR

NTHFEFMT, RFRFKEAEEA, &
JRE A2 A R A A b ) S A e R |
PN o WK IR Y5 R (Elizabethkingia miric-
ola) RET| L A BT Ik TE L 5 A 7 B AT (Pro-
teus mirabilis) B 5 | 2 ) ek 122 B2 0 5 B LAY FL A
(Shewanella putrefaciens) BE & IS HE 1 19 B ARG =
AT BV B T 5 il B 5 e i A7 T 9% 11 1A (.
meningoseptica) Be 5 | # R IE 1 N RS, R IR T 95
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S FAE AR U AR SR o R R K A
i J&m TR A} (Vibrionaceae) “LHMI A E , | 247
TETIRAK . 15KV K 3% (ORI, 2 —Fh
N-F - B SR TR MY, AR 2 T SR R
—, PEHGE , G E K SR R R B T K
H B ELHE B A (Ctenopharyngodon idella)”™" , %
fi: (Monopterus albus)®" . il (Clarias fuscus)* .
4 il (Carassius auratus)™ . 3 W§ W% (Siniperca
chuatsi)®" %5 o H B HE I T W8 7K M B Bk e e
ST R AT LT A B e R A s A

https://www.china-fishery.cn


https://www.china-fishery.cn

112 K=

=R 46 %

(@)

(b)

E 3 Ekk KD-CXB-1 B F4FAE

(a) 2 KUY A (x1000), (b) F3 B A (x50 000)

Fig. 3 Morphological characteristics of strain KD-CXB-1

(a) Gram stained image observed by optical microscope (x1 000), (b) image observed by scanning electron microscope (x50 000)

(LI 7P T VR A% S e R S8 ) 20 T R
AR IE A, SR DA AR ] o A E AR A S
R BT, Wrsh 2t . P B EE T8
VRGN B BT (0 i A o g i N TR
P g v R H I AR ST A A P
10~12 do PIBRAESERRA =006, ] LA o 0045 4
PP HNR YT T R IR R T BT IA

REMFFERY], TSR ER T, AR
HABUR . R HEFEA R 20 BB
ek DAY R U A R, R T ROIR | Sk
iz 2% VIS T JCOX i 1 i 58 2 D ot A7 e 7 F4 1R
BUR. EWET BIOIEM BRI S . 2V EM
D B AT AR ZONS PR IR < P A R D TR e R
. SR, PUAER YA RIERE ] | A
FH N AT S B0 I B 25 M, ELAS [R) A4 TR
P Z 6] BT 2 BR AT A 22 5 DN A e B
SR B, AR H L W25, RIBiT
AL T TR PR TR 24 1 o AR T 583 ok 245 ) R ST 3
WA Y, 15 8 M BURZy b, A
JEB AR R W PO TR IR H i A
FE S BRI JE 25 0 g K S I v A W AR B T
JERBONE, X U WA S B 24 0 i v 2 S o o
W G 2555 07 R IE K25 b s e
ROE, DL 45 25 OB R 2k, Bt AL
Bo JAFR, 2 M RE 25 9T T K A= Sh W (4 e
B R, R HA TR AL R S
PEDIRERIA by T B R T 25 2500 0, A SE 80 70 B
(1 98 7KL TR RS T A AR e JEE R, R A7
TR M R AR P, 7R SR R ) S B
FREA R, RO e R 2 S PR R G T
JHE M XS PR BEE SR et I A T BT o
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Isolation, identification and drug sensitivity of the pathogen causing
hemorrhagic disease of Rana nigromaculata tadpole

ZHONG Weiming '?, PENG Fang', CHEN Kangyong®, ZHAO Tianyu *,
ZOU Jun ",  GAO Zhipeng "**

(1. College of Animal Science and Technology, Hunan Agricultural University, Changsha 410128, China;
2. Hunan Engineering Technology Research Center of Featured Aquatic Resources Utilization, Changsha 410128;
3. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China,
4. College of Horticulture, Hunan Agricultural University, Changsha 410128, China)

Abstract: To identify the pathogen causing hemorrhagic disease of Rana nigromaculata tadpoles and screen out
sensitive drugs to control the disease, in this study, a strain KD-CXB-1 was isolated from diseased tadpoles, and
healthy tadpoles showed hemorrhagic symptoms similar to those of naturally infected ones after being artificially
infected with strain KD-CXB-1. Meanwhile, a dominant strain consistent with the morphological, physiological
and biochemical characteristics of strain KD-CXB-1 was isolated from the dead tadpoles artificially infected.
These results indicated that strain KD-CXB-1 was the pathogen causing hemorrhagic disease of R. nigromaculata
tadpoles. Moreover, based on strain KD-CXB-1, several experiments were performed including morphological
observation, gram staining, physiological and biochemical tests, 16S rDNA gene sequencing, construction of
phylogenetic trees, and drug susceptibility. The morphological observation showed that the KD-CXB-1 was a rod-
shaped Gram-negative bacterium with the length of about 1 pum and rough surface. Strain KD-CXB-1 was identi-
fied as Aeromonas hydrophila by 16S tDNA sequencing and physiological and biochemical tests. Drug susceptibil-
ity tests indicated that strain KD-CXB-1 was highly sensitive to 10 drugs such as florfenicol, Syzygium aro-
maticum and Caesalpinia sappan; moderately sensitive to Prunus mume, Rhus chinensis and Scutellaria baicalen-
sis, and insensitive to 8 drugs such as amoxicillin, Rheum palmatum and penicillin. In conclusion, our study proved
that 4. hydrophila was the pathogen causing hemorrhagic disease of R. nigromaculata tadpoles, and the highly
sensitive drugs screened out by drug susceptibility tests may provide theoretical reference and practical basis for
the effective control of hemorrhagic disease of R. nigromaculata tadpoles.
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