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RO 507 t, Hor, MR, R AR R ]
ik 20 277 t, FEGHTE 0 e bR B
B PN 36 [ A i R Al AR A AN W & R, SR
A e 5 B PR TR S RN, S e A R
FLE 5 Y 38 [ AR a2 RaE B A JEE
[C FE MR I (Morganella morganii)® . ik K < ¥ i@
W (Aeromonas dhakensis)® . KRGV VS FE (Eli-
BH ¥4 B #F B (Enteroba-
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o FCAT R FR AT B SR B A FF 18 B (Enterobacteri-
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BMEE, oI, K2 AT, A
PR, R R FIE RO . MR, i\
. PEWEAEY, REDLE, HhEEFE
%, HAAFREoR, & —Fh ALy A -7 -t g
SR BURTE o SR R B0 1 9 O AT I R
PSR . WIS o Bk . T e A4k
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i (Megalobrama amblycephala) SEA ™ & H 1ML,
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FFBXS K ™ s 8o i a2k 2, (HIE NG
TSR A e SR B AT B R AT T i RaE B>, B
FAAT 2 s o D T 14 5 6 0 245 ) M A T
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215 PR 0 A VR ) DRG0 5 R A TR

2022 4F 5 J, w7 TR ARAE 58 I A e B
KREFTHIRER, FEIERE IR R AR,
VUSRS TIC ) . AT BB gE . iRl DU A iR
P HE LTS AR, PR S BUAEBEIR, UNE
MRS, AR, WM, R
T AR, AR SE URE IR BH S A AT 5 [ 4
BEAWTTERRE, AT IR o B A E XA
(1B 7 JE DA R 24 6 PR AT A, [m] i R A7 24 4
S, JF IR m] U B S A 2H U B
DU R Bl A 550 77 47 56 Tl A4 e 40 1 1 5 i 2
WA, g 3 1 A el J5E o B F 5 B B2 Al
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zabethkingia miricola)*™ .

1 MRS TA

1.1 SCIg# Rt

HB 26 1 A i (100~150 g/ H) 4 B 26 [ 4=
Ik (15~20 g/ ) ¥ eh ) 78 g 77 Tl 5 95 [ AR i 3Rt 3
Pt LB BUIRESR A H T ARA A Y RHE A IR
o]y FRSME . ROMEE R A 18 R A I A BT
N R A PR A BR A B] 5 APT 20E 45 7 357
20 Ak E A RN A AN R 4 DNA $EHGR
Mg E B AR A R AR . Y51
Y R OB A YR A BR A WA . PCR
FE g s E B e DUER SR A RN A R
HEATIY o

12 mREESBAUREESFUR

POpr AN NG R AN U AN S ES R s I Wz B
PERREEIFAE . AL . BHE. PpiEssasl, R
= X RN R L5 BN R, 28 °C K55 18~24 h,
IREPRBCAAME SRS LA R 37 3 U, #7531 bk
afi 4% 3% 14 21 B B bR NFCF-02, 4 °C R 4245 H . If
PRHUr BB FR N AV, AT R Bk
WIS R T 4 IR (BRI RN S iR
f67 ) HAT, FFE) PR EBS B B S

1.3 REEMEREELSEEE

VAR T E RN G RPN, B
W, f#F API 20E £ L3857 £ 0 5E B #k NFCE- 02
45 TERAL IR B, IFiCsRas
1.4 16S rRNA EEFIINERRZZ L EM S

Ul , A 2 BRI & R T
FRYE A W B AT BR A ] ) #4740 7 DNA Y42 HL
YHPE 16S rRNA FE F3 FH 5 |9t sl RG A= 1)
BHEARAE AR, 519500 1™, vk
FOH 25 uL, SN AFS RS Y 1 Tk
PUITCTE KA M BATEXT IR, PCR 38 7= 22 1.5% B
BORHEE M R PRGN S, % DL SRR R A M R
BRI AL IR F . W3R 16S rRNA FEH P
¥ b A% % NCBL £ 2, i#£4T BLAST J¥ 41 L%t 43
B, SRIGHIH Megalign 34, RHISHEE (Neighbor-
Joining) #) # R Gt & F H, #1000 K Boot-
strap £ 35 HUEAF B

1.5 ATLEVARESIE SFEHBILKRE (LDs))
M E
PRECA B T B NFCF-02 B 7%, #4:% LB

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

IK P54, 2024, 48(5): 059412

W RSEF 3, 180 r/min, 28 °C £ T 535 24 h,,
B ERE LR, NTCE A B KRG HE
FRRE L, BERE 3K, HIRERR, KR
PL10 55 AR RS 3.75%10% | 3.75%107, 3.75%10°,
3.75x10°, 3.75x10* CFU/mL 3t 5 Ny B . 5256 B
BEMLIEHL 5 R ICH0 2= B 9 7 d 110 it B 9E ) 2 ek 0
AT, JFHCN RO, ST 7 Wi 7
3M(FV3) . ATHEE M4 5 R SEH 28 (EHNV) 1Y
R, DABR AL TC AR A L e R IR e R B
RS — B A0, BEPLO N 6 41, 4l 10 H,
PEAT N TR S0, S0 41 4 1 96 [ 4 ek R s v
5200 nL BRI, X R AL A H 55 [ A e Y v A
200 pL JoEE AR HER K . MO AR IER, 0
FE R EEAFIE I DL, HEEFRIE 7d, HRWE
I, ICREEFREET R, XIS S5 E A4tk k
T, Xkt X AT AT o0 B . RGN EE G
AN R BT F BT, TTHEIET- %, LD 5
B AR i 2 FQek Rk AT

L6 FHERKM

R T 24 HT R Bk NFCF-02 S0tk , LA
I J A A AR B AR b R R K o R LAY DNA A
PCR AR, &2 SCHk"" S AR 1 (ompX) .
JE ST (cfa). ViPLIR (viaB) PR Z [ (ureG .
ureF . ureE. ureD) 3 7 3 HAHKRIER, &k
LY, S0 1,

17 fREBERY AHERINR

3 S O T [l S e S 36 21 6 BB 11 5K [
2 e R B O I A e ) PP AEE DR L R A i
AL, FRERII O 4% i 22 5 I T ok
TTE , SRIFHEAT A . VIR JRAOK AL
(HE) Jett, feuse B iss M s m B 24k
IR

1.8 FRIREM 2 AN

ARRAGHEE R K-BAHY L,
W73 5 PR R FH G B AR PR /K R B & 1¢10° CFU/mL,
H 100 puL TR AE MHA 5532 R 5 5, il
TC BB 2 AT B A B T B ie 2R 1T, 28 °C
AR 24 h, WLES . DU EEIFC A0 TR B AR, AR
5 [ I PR 52 36 == AR AL Db 2 (CLSD) M4 259
BRI P THR M AT 25 W U 4 BT 1,

AR E AR E AR SRS BT
I AN TR UL 9 R 25 FE I, 45k 238
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Tab.1 The primer sequences and size of PCR product

H[H PCR3|¥751(5'-3") Fr BER/Nop
gene PCR primer sequence(5'-3") fragment length
16SrRNA F AGAGTTTGATCCTGGCTCAG 1500
R TACGGCTACCTTGTTACGACTT
cfa F GCGGTTACTGGAAAGATG 345
R CGGCGATACTGAAATAGG
ureG F AGGTTATCGCCACCGCTTTC 119
R GGTTGCCCGCATACTGCT
ureF F ATGCCGCAGAGTTGGCTGTC 300
R GGAGATTGGCTGGGTGAAAA
ureE F TAACAGGCTTTGGCGAGTAGGA 215
R CGCCTTGACCACGCTCACT
ureD F GCCAGATGTCACGCATAACG 243
R GGCTGCCACTGCTGATAGAA
viaB F TGTCGAGCAGATGGATGAGCAT 516
R ACGGCTGAAGGTTACGGACCGA
ompX F CTACGAATACGGCTCTGC 287
R ATCGGTTCCTTCACTTACAC

rRNA W 5L g it 25 36 9 (Cf) . 2 MR T 28
LA [Ane(3")-1]. B STt 25 BE 1R (Sull . Sul2).
I 258G 13 Gnidl), 5K JE % 21 24 356 4
(FexA). WEifi T 2& e 25 5L X (gyrd . parC. gnrA)
RSPS9 (6 2), X 2 3 K 41 DNA #E47
PCR ¥z, PCR F=HiE4T 1.5% B JIg b Bk J vl UK o

2 4R

21 RRERESFENRE

T RO U AT 55 [ A e A TR L BELAE L EFAE
JiE ¥y B B R — (A AR, MBIE s )
1 — MR AT 35 B i 4% - NFCF-02, 43 %5 T bk NFCE-
02 7£ LB ZEfRRE F25E LIV B0 wR V& SRR 1E - 1E B |
ol SRR HIRIE . LRy AN
Lok, PR EEFE R BAERE (B 1), B
R T4k, 45 A NFCF-02,

2.2 HEIBAEL4FM

K H API 20 4i B 48 &2 R G2 % NFCF-02 Btk
AT, BRI 3, S5 IRArERRAT
WSZ WA R E 30 256 (AIRK
YRS E T ) PR (R DL RS e T &Y,
AL A RE 43 5 B Ak NFCF-02 4 85 IRFr IR AT B, H:
YEMH N 99.9%.
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®2 WHEESIMER
Tab.2 Primers information of the resistance genes
1A 319771 B °C PN op
genes primersequences annealing temperature ampliconsize
Sull F 5'-CGCACCGGAAACATCGCTGCAC-3' 56.3 163
R 5'-TGAAGTTCCGCCGCAAGGCTCG-3'
Sul2 F 5'-TCCGGTGGAGGCCGGTATCTGG-3' 55 191
R 5'-CGGGAATGCCATCTGCCTTGAG-3’
intl1 F 5'-GGCTTCGTGATGCCTGCTT-3’ 63 146
R 5'-CATTCCTGGCCGTGGGTTTTCT-3'
Cfr F 5'-TGTGCTACAGGCAACATTGGAT-3' 55 148
R 5'-CAAATACTTGACGGTTGGCTAGAG-3’
Ant(3")-1 F 5-TGATTTGCTGGTTACGGTGAC-3' 53 284
R 5'-CGCTATGTTCTCTTGCTTTTG-3'
FexA F 5'-ATTCTCCCGCAAATAACG-3' 52 156
R 5'-TCGGCTCAGTAGCATCACG-3'
gnrd F 5'-ATTTCTCACGCCAGGATTTG-3' 56 516
R 5'-GATCGGCAAAGGTYAGGTCA-3'
grd F 5'-TACACCGGTCAACATTGAGG-3' 56 648
R 5'-TTAATGATTGCCGCCGTCGG-3'
parC F 5'-GTACGTGATCATGGACCGTG-3' 56 531
R 5'T-TCGGCTGGTCGATTAATGC-3'

B 1 BE#k NFCF-02 O ES4FAE
(a) 7£ LB ¥ 97t BB IEE, (b) F 2 RGOSR (100%).
Fig. 1 Morphological character of strain NFCF-02

(a) colony morphology on the LB medium, (b) gram staining microscopy results (100x).

23 16S rRNA EF PCR I BERRRGEATE 1434 bp. K K1 16S rRNA 51 £ NCBI
SR HHT BLAST KR 50T, 50 &R I [CFH IR AT

D)4 5 bk NFCE-02 [y DNA Jotite . wbfs  WAHRIPEIS 99% Lh 1o REK T AR
16S FRNA JF 93 H PCR 4716, 25 1.5% Bifiessnge /8, 0 ES bk NFCF-02 5 3l FRAP AR IRAT iR 2R 7]
Jig B VR L 43 A5 2 1500 bp 22 A7 B B E — 3, FFRLEK R (B 3). HI5E Kk NFCF-02
B4 (1 2), MFLERER, REFHKES  NIBRATERRIT A
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#3 HEHE NFCF-02 £IBEMIFHEELER
Tab.3 Identification results of physiological and biochemical characteristics of pathogen NFCF-02

I H BARNFCF-02  #p IGATIE AT 14 WA E FIAKNFCF-02 ol ICHT AR AT B

test item strain NFCF-02 C. freundii test item strain NFCF-02 C. freundii
AR AR IR FUE T - d B2 M + -
2-nitrophenyl B-D-galactopyranoside L-rhamnose monohydrate
FEZ R argininum + d 11A4EE  sorbitolum + -
R lysine - - JERE  sucrose + +
5% ornithine - - B P melibiose + -
FFIREN  sodium citrate + + EAFH  amygdalin - +
RACHIER®  sodium thiosulfate + + Fi[Hi {4  arabinose + -
IRZ%  urea + d FAUEE  oxidase - +
RN AN  tryptophan decarboxylase - - A& nitrogen dioxide + ND
%8 tryptophan - - %X nitrogen - ND
PIEAfR & pyruvate - - MOB + ND
HHME  gelatin - - McC + ND
WEFE  glucose + + OF-0 + ND
H#EE  mannitol + + OF-F + ND
WLEE  inositol - d API20B%5E 261457257

e+ PR - Bk d RPIAIZESR; ND. B AR R EER .

Notes: +. positive reaction, —. negative reaction, d. interspecies differences, ND. means no determination.

M NFCF-02 N

2000 bp

1 000 bp
750 bp
500 bp
250 bp
100 bp

2 H#k NFCF-02 16S rRNA K PCR # ## 7= 491 7k 5]
M. DL2000 #xic,, NFCF-02. HAxutk, N. FAPEXHE .

Fig.2 16S rRNA of strain NFCF-02 by PCR amplification
M. DL2000 Marker, NFCF-02. target strain, N. negative control.

24 NI RIS

Xof fi R 5 ] A4 ek A 7 1R 1 96 )5 5 NIFCEF-
02, Z5RMK 4 s, FEBAEEFEHET7IH
KR, W 3.75%10° CFU/mL 52 36 4 56
40 3 d NAERAET:, MHERMREE 3.75%10°, 3.75x%
107, 3.75x10°. 3.75x10° Fl 3.75x10* CFU/mL 525
HIEEAEE7dHNIET RS 5 R 100%., 70%.
40%. 20% Fll 10%. M8 & Qe R %45 25 25 @

[ K 722 2: 32 /5 sponsored by China Society of Fisheries

Bk X 5€ [ 4 i (19 LDsy A 3.12x10° CFU/mL. 41l
K5 P, N TR 36 E 4 ik R & 21, M)
KME M AL, i, R ag®,
Ko WFE, MREMK . BhEFEm, &V EA
il (85, #isk 1), HAERYS AR KRR
RFEAR—2, H B T [ ERGLIE T/ 36 [ 4
TR DY AT A B B — Y R B, OB AR
HAREEPE . 16S IRNA JP 5145 55 vk 2o 35 [ 4
e R D R R PR — B

2.5 FBHEEENLE

BORE R E I, T
WF5E 18 Bk NFCF-02 HY B0 P -5 25 1 12041 i AH
Ktk , XHHEAT T 7 Ry AR . 250
78, AU NFCF-02 #54i SMEE 1 (ompX) . JRER
i (ureG. ureF. ureE. ureD). ViPiJR (viaB) iX
6 g A, P A BcS B R BOR/MERTE G,
BT E Ji 5 (cfa) (B 6) FRAGIN 7 Fh
TN FR BRI ompX " -ureE " -viaB " -ureD -

ureG" -cfa -ureF ",
2.6 REYIRWE

ST s TOAT R R T T 14 5 6] 2 e 2 2 0 %
BOMATAE . UVE B EANE o R 3R I A
HERFRAZ ST, HESIEEEL, HFEAmiib o, Mo ) B
HH/NBURL, BESKERAN ERUR, AR,
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I IRAFERRATE C. freundii LC617172.1

P01 3 (R RERRHT I C. freundii NRO28894.1

90 I ERATFEIRFT I C. freundii AB548577.1
AT BT E C. freundii FN997615.1
= IRATIFRRAT B C. freundii LT160763.1

L NFCF-02

61
99

fili ¢ FLH A Klebsiella pneumoniae AB642256.1

120
100
80
60
40
20

R %%
cumulative mortality

B4 BE¥E NFCF-02 BREFHEEFHERITETE
Fig. 4 Cumulative mortality rate of R. catesbeiana
infected by strain NFCF-02

control

S —
0.05

KIGHF B Escherichia coli LC654899.1

IR 2% AL [ Edwardsiella tarda EF467289.1

PRIGERE Enterococcus faecium ON076015.1

_l:ﬂgﬁﬁfﬂﬂﬁ Bacilluscereus KU198623.1
58 S A ERE Staphylococcus aureus LC603788.1

B3 ZET 16S rRNA FHIHEMNMEHZN R G & FH LR
Fig. 3 Phylogenetic tree based on 16S rRNA sequences similarity

o i e i —

T — el — b= =D — )

wen 3.75x10° CFU/mL
= 3.75x10*CFU/mL -= 3.75x10” CFU/mL
- 3.75x10° CFU/mL -~ 3.75x10% CFU/mL

3 4 5 6 7
I 1) /d
time

s ATLREYI
(@) IEF S Rk, (b) P38 M A B HT Sk 1~5 PR O A TR e K005 35 (8 4= ek () IR EH IRAT €t . PR €228 B 7t
Tt A . NS ML

JTF 2 G A S A (1T R-2)0 B 56 [ A4
e AR E P e kK, R (P AR -4 B S [
25 e BE O™ AR, RV L IRSE, B b
BEIRBE, s, Wik EMIEN, okE R IR
FERRTS , MOARANMIIRSE, B A )2 85 R AL
AL (FIRR-6). el AV /M S AR, b
0N A , M AR A /N AT R, A
R, TEEDKIERE/IME AR, BN (K-8, 9).

27 RIREMAE ISR

BRI ER RS R,
18 Fhizk Z b, Hkk NFCF-02 XFrds Z iUk, *f
HA K B I b A R A 250, X pusR

(b

&mEEFERRIRER

Fig. 5 Retrospective necropsy results of infected R. catesbeiana

(a) normal bullfrog, (b) diseased bullfrog. The black arrows 1-5 point to the red bleeding point in the thigh, the lighter liver color, stomach congestion,

intestinal blood and pus, and kidney congestion in the artificially infected bullfrog.
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M ompX wureE viaB ureD ureG cfa  ureF }E}FUFQ, %ﬁ@?ﬁ%&ﬁ%@ﬂ%ﬁmﬂg%%ﬁ

E 6 NFCF-02 E#kEIH JIEF PCR 4 KGR
Fig. 6 Results of PCR amplification and electro-
phoresis of virulence factor of NFCF-02 strain
M. DL2 000 Marker.

R KWW R RSP RBUR, X -
BEMEDS . WEVRERS . SERL . RIFABEE . M
MR RIGUERAM M (K 4). HBGRERY],
TES E AR FERA S T, B THAERNAS

JRTE X Z AP R AR 2, JF HAF AR SR
Mo EEXSADEIE T T MR U, R E R
ZHH 21

@ 7w 2h A B AR 4 R KT
S3 TR PR NFCF-02 XF 4t Ak 2 it 24 M 5 A% (4 Tif
IR R, KA PCR J5 ikt 9 Fhifit 24 3 [ i
I3, 2 1.5% HEMEE vk . 45 s, 4
B WA parC. gnrS. gyrA. Sull . Sull Fl
intll, Ant(3")-15 7 R 25 5 7, R AEA Fexd
ofr 3X 2 Mt 25 B A (1 7).

3 iR

3.1 HFRITBRTENERD

Bl EE4EREFBRITEBRITARNFRBHAFYRER

1. IE % S 4= ik T IE (400%); 2. FF R HEFIASEL, P4 AEEIRE (400x); 3. 1EF 35 [ 4t BRI (400x); 4. JHLJIE b ok 5% Bk 3k U2 1fL (400);
5. B EE AR IE (200%); 6. 1 L REIRIE, BLEE, BEBLYE, BRTEIRTEHIE (200x); 7. EH 3£ E Ak S I 400x); 8. B /MNEE e
Ko LR, IR AR (400x); 9. B NERZELE (400%). IR ARRGAE LA B AT ShARTE .

Plate Pathohistological observation of R. catesbeiana infected with C. freundii

1. normal bullfrog liver (400x); 2. liver cord deranged, hepatocyte denatured and necrotized (400x); 3. normal bullfrog spleen (400x); 4. central splenic

venous dilated and congested (400%); 5. normal bullfrog intestines (200%); 6. intestinal epithelium necrosis, shed, intestinal mucosa shed, intestinal villi

necrotized and shed (200x); 7. normal bullfrog kidney (400x); 8. renal tubule lumen enlarged, epithelial cells disintegrated, cytoplasm has red granules

(400x%); 9. glomerular atrophy (400x%). Lesion features marked with black arrows.
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&4 NFCF-02 FRYIBURIE SR ER
Tab.4 Antibiotic susceptibility of the strain NFCF-02

P

OV P A% F T b v /mm

antibiotics categories R standard of inhibition zone HEE B B2/ mm R
e — diameter of inhibitory S
2Rk 4R contents it 24 rf R R UK Zone sensitivity
drug categories drug names resistant ~ medium sensitive  sensitive
B- A & R S AR 10 g <I3 14~17 =18 0 R
-lactamantibiotics
P HER 101U <19 20~27 =28 0 R
RN RKEER 10 ug <I2 13~14 =15 0 R
aminoglycosides
& MR 30 pug <12 13~16 =17 26 S
KNE = 10 pug <14 15~17 =18 14 R
FMHEER 30 ug <I3 14~17 =18 14 I
HER 10 pug <11 13~14 =15 9 R
E7 TR Bikvb i 5ug <16 17~22 =23 10 R
uinolones
q ERID R 5ug <12 13~15 =16 10 R
IR 5ug <15 16~20 =21 0 R
Wb 10 g <I2 13~16 =17 14 I
ABmERL (e EES 30 ug <12 13~17 =18 15 I
chloramphenicols .
F i e 5ug <12 13~17 =18 0 R
WIS ZHHER 30 ug <12 13~15 =16 17 S
tetracyclines
Sk # IS cephalosporins ke 30 ug <14 15~17 =18 18 S
KIF A BEH TUBER 15 ug <14 15~17 =18 0 R
macrolides
bileS ZHHEB 300 IU <11 12~13 =14 21 S
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Isolation, identification, drug resistance and histopathology of
Citrobacter freundii from bullfrog (Rana catesbeiana) in Guangxi

XIAO Shuangyan', WEI Dongdong ', LIU Mingzhu ', HUANG Jing ',
YU Qing ',  MENG Lanli *’, LI Pengfei **

(1. Guangxi Key Laboratory of Aquatic Biotechnology and Modern Ecological Aquaculture,
Guangxi Engineering Research Center for Fishery Major Diseases Control and Efficient Healthy Breeding Industrial Technology
(GERCFT), Guangxi Academy of Marine Sciences, Guangxi Academy of Sciences, Nanning 530007, China;
2. China-ASEAN Modern Fishery Industry Technology Transfer Demonstration Center,
Beibu Gulf Marine Industrial Research Institute, Guangxi Academy of Marine Sciences, Nanning 530007, China;
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Abstract: This study was conducted to investigate the cause of a disease outbreak in bullfrogs (Rana catesbeiana)
at a breeding base in Nanning, Guangxi in May 2022. The dominant bacterial colonies were isolated from the liver,
spleen, kidney and intestine tissues of diseased R. catesbeiana, and identified using morphological observation,
physiological and biochemical experiments, 16S rRNA sequencing and phylogenetic analysis. To determine the
pathogenic mechanism of these dominant bacteria, artificial infection experiments, histopathological observations,
drug sensitivity experiments, virulence gene and resistance gene testing were conducted. The results showed that a
single dominant strain was isolated from the liver, spleen, kidneys, and intestines of the critically ill R. catesbei-
ana. The dominant strain isolated from the intestine was named NFCF-02 and identified as Citrobacter freundii.
This strain carried six virulence genes, viaB, ompX, ureE, ureD, ureG, and ureF, with a half-lethal concentration of
3.12x10° CFU/mL. The R. catesbeiana infected with C. fieundii presented the symptoms of liver changing to yel-
low and necrosis, kidney congestion and redness, blood streaks on the surface of the stomach, and blood pus in
intestines. Histopathological observation revealed degeneration and necrosis of liver cells, with disordered arrange-
ment of liver cords. Meanwhile, swelling and necrosis of renal tubular epithelial cells, severe tubular collapse and
necrosis in severe areas, and splenic central vein dilation and congestion with an increase in hemosiderin and pig-
ment cells were also observed. Besides, intestinal mucosal detachment, necrosis and detachment of intestinal epi-
thelial cells, and necrosis of goblet cells were also the symptoms in R. catesbeiana infected with C. freundii. C. fre-
undii was sensitive to neomycin, polymyxin B, cefradine, and doxycycline, while it has developed resistance to 14
antibiotics, including lincomycin, and carries 7 resistance genes such as gyrd and Sull. In summary, C. freundii
has high pathogenicity to bullfrogs, causing pathological damage to multiple organ tissues and even death of the R.
catesbeiana. This study is the first to determine the pathogenicity of C. freundii to R. catesbeiana from the per-
spective of histopathological analysis and virulence factor carrying, which can provide reference for the diagnosis
and drug control of C. freundii disease in farmed R. catesbeiana.
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ulence factors; drug resistance
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