I 24, 2023, 47(3): 039418

;¢
2l s 2 ¢ nn
JOURNAL OF FISHERIES OF CHINA ‘
DOI: 10.11964/jfc.20210612924 Sclence Prass

ERTERTERMTN T BEESZNRFY
x| T %, L &

EEW, MEA, ZTIR, M&BE,
(L ALK B, el AR KL S B,
AL B R 5 AT IS, W BRI 4300704
2 LR, Al BUE PP E R TR, W BRI 430070)

T AR 2020 £ 10 A ] A — o 4 B KR 00 R AR BOR R ARRAE , SEI XA 3 B R
A AN RFIE o 2 B K43 1 AR R B A3, S LIk & 16S rRNA JF 7] %5 2, kP H
ASBTATRBATH . #t— PRIt reeN FFIER, RIA3 54 RATARBAT B recN 5 —
M A 95.58%~96.01%, 5 ATAR BAT W B A M Ak B0 recN Bk — B (KT 93.72%, KW
HHRAS BRI HRESET A ATHHIREERIELHR A3 B RAKFLER
e RREE. G AREREMAIL, ASRERERRBEZAEZRG. ARLRERDT,
WHRASHEZHHFI0OMGTEZTARE, XARREXFIMNNEZTWE . FHAFF L
A MLST) £ € 27, Wk A3 B THFIIE ST MITRBRATE Z (L m 770874
TRERFIFATRFIMERRZRLER, ERET, WEBRAENHCEERY 2B R
BAad e R ARNERR; Wk A3 528 8 WOl AJE# STI20 A 4k Citfre2580 % 4 x
Ao ARAEMNFRENFEHRTTAEEL, HEET —HETEHITERAELEL
FiE, BEIBAMMATERATIRENEN, AAFEBEEFARE-EWEERE.
R b, WRBRAE, 28 ERE; W, SHAFHIE

hESES:S947.172

i 18 ¥E (Pelodiscus sinensis), X4 W, &
o, H ( Testudines) % #} (Trionychidae) ¥ & (Pel-
odiscus), FEoA TR E ML E s A Ag
FHLIX, JUFEBIAL . IR . YLV . RE. TLIRGE
BArraimt, HRESE, BRFE, 2
WHEEE., MELRAUFHBERN SR, FRAM
B A Jg, (A BRI R g g,
H L A B SRR T X AR AR K 8, AT iR
Gz, mAFEOREEWANAETY, Hilc L8
18 v A B EO 1 22 9 ML (deromonas), Hrh
FEIEIE K HMITE (4. hydrophila), T SE(H 1ML

s EE: 2021-06-27  1&EIHHEA: 2021-11-07
BENR - Wb E AT UHRITE (2020BBB122)
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ERFRERD: A

YW IRE . AL B . FREZRIED It
Hb, AR T RE 1O R A I AT TR AT
(Citrobacter freundii). M98 55 1A K H (Klebsiella
pneumoniae) MK S ANMIE (4. caviae) 5,

M RRAT W B S A S e T TIRE & (Sal-
monella) M%7 KH & (Escherichia) 1, T 1953 4F
PN A o B R R IR IR IR AT R 1 A4 Fh
MG [ bR 5 A% B ) R G B2 g, BT R
FFA R A4 18 AFh, Hirh 6 AL 5 4EAE,
TEX SR, A R AT I (C. braakii). 31 [
FRBERRAT I . IR 58 2[R RRFT 1 (C. werkmanii)

%
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GNP RG R RIE, FORY R T 9 A
FRATF I, BUAE AR 43 SCHRRE Z ) 36 IRAT A BR AT 1
B, CAMERY, 9 RAT R AT 1 e
RETFEOE, H 5 pY 3 BRI A ik ¥
RS I, OVRER, WEEARRIZLL, JRMRA
WM PELLHE, SET-HATIA 70% LA B,

Z i 51 51 43 A (multilocus sequence type,
MLST) J2& i JLAE AT 1 —Ff 25 T A% R 3 471 R il e
M BT . T E B . ER L,
e N B A o = o e P B ) & /W B
HEAT ] s ] R LA )i T TR, 2 — b s v
)5 TR G T kP BRI AR X — R A B
% (Oncorhynchus mykiss) 19 35 [CFF 1 BR AT 28 GZBJ
2017 #E4T MLST %5 Kb A B, AR E T
B9 P51 AY (sequence type, ST), H-5ZEMkFES
KARRITZ ST132 AL,

2020 4F 10 H7EW L —h AR B IR0, &1
Gy AR BEA R R A e R I IE T . IR T E R
WGV AR B SRR TR (R D, S DA AR T AR
JHRE 3 25 4545 1 ARDLS R A3, B EE
AL RN . 16S rRNA ., recN J¥ 81 HXF 4347
RIL AR TR AT 8 0 — S LB A, i
— X AR I EOR 7 . it 25 REAE S MLST 437l
PEAT T HE5E o ARSI B A A rh AR B 1A ARG
B 5B, KoK FRAE L DU R ——Ar i R
FF R TR AR SR HES 5 R

1 MESIHE

1.1 SEIe#f Rt

BRFEA T 2020 4F 10 A B H Wb — e
Y .
1.2 REESES54

WIS T e, M omiEikks, X
TR AT RS, IE SRR AR TE I o K A
ARG, TR EERR RS, BB EEIRC 100 pL,
A #R 4 5)RTE LB BiAsEFR % 1, F28°CHH
T B 97 48 ho AR TR E A BRI B
28 3 L LAk 37 5 PR T LB R R 3R 3,
28 28 °C b G 77, M5 WA 60% H 4% 2« 1
(AT L) RN, —80 °C f#-77-# HH .

1.3 DB AIHETE

B & AR ANER HERIESN

https://www.china-fishery.cn

AR AF Y B FIE LS, R RN F LB 14
Rigedk, T 28°CHrENEFE 24 h, WL RPHE
OBk . KN, %, Fim . BEERIBIK . B
JiE S AR

AP A AN o BRI TR Y T AR B K
o, R A AR 0.5 22 FRiUE (McFa-rland, 2 10°
CFU/mL) AR, HX 100 pL 2N 2= AT i
R TE A AL SE e 8 (BUMNBE iR A BR A 7)) o
O, B HH#ETH S, SH PRSI
BHAEFN MR T 5325

T hEMFEE 16S rRNA %5 . FIH
BB S A v HE HUAH 7 A DN, it 51 4 s i A 2R
Z M Clarridge %" (977, RS9 27F(5-AGAG
TTTGATCCTGGCTCAG-3) /% 1492R (5-GGTTAC
CTTGTTACGACTT-3") ¥ ¥4 # £k A3 1Y 16S rRNA
JF51 . PCR 4k AU 5 R A Wy H AR A PR =)l
¥, 314 BLAST (http://www.ncbi.nlm.nih.gov/BL
AST) X HT 5 $228 GenBank {1 F 515 .

recN % 5E o 3T recN (4t DNA B E HEH)
J7- 5 AT HE B DX o0 Fr A R AT TR s 1Y 45 AT, 2
Ribeiro %" #7545, FIH 514 recN-Fw (5'-ATTG
CCATTGATGCTCTCGG-3') & recN-Rv (5-ANCG
AGTCGGCCTGATCGT-3") X} B ¥k A3 HEAT recN
f) PCR 4" 4 K %5 . PCR =43 b 5t R M1
ARAEBRA RN, #id MEGA X 84X} 75 ki1
G0 B s A A R A

1.4 AT RGRSEI

B 99 H & K & (92.3+10.5) mm, K& N
(52.7+11.8) g WY A, REALT R 340,
4 33 H o BBk A3 FIRg /K8 I 1 B AR B3
(AR S50 28 43 B ARATH I = BOR 1 AR 10 PRLRRT VK
WA LB thid G575, Mikél 2x10” CFU/mL
PRI, 4 3PRF 2 BT L 200 L 119 7] H v
HEUEAT I R YA A T S AT, BRI o PR A e
GO AE AR K, FEELMEE 8 d. YL R
KL, RIS s rh AR (R RE RSB T 0L, IF
Xof WA B 1 S 0 v A e R AT )R T T AT A3
& ", H Graphpad prism 8.0.2 % {4 2 il 4 17
ik .

ARWFFEARAT T A h gl K2 5250 2h Py 4 R
A2 D St SO R v B A N ™ A
TESFAR AR R S8 S A AR BRI, R4
R AL R A0 B 22 51 231 o I LT o BE A T o
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1.5 HEmZAMsSLE

K EIE Y BL (K-B) WEX 0 B kAT 20
U 25 W U AR A2, MR S 1 PR A 52 B 2
PriEpr 2 (CLST) 25 BB b 4 E T, DU
Bl AR /M R SRR S T 2 B R AR 248
ACF B0 F U A PR A BR Y WD o

1.6 ZALmF5)45E (MLST)

Z AN T 43 B S IR Martino 261 #3414 5
YRI5 . M PubMLST (https://pubmlst.org/organ-
isms/citrobacter-spp) T 2k & 4¢ kN 40 P8 2, Hhd
aspC. clpX. fadD. mdh. arcA. dnaG F lysP iX
TG IR AL B SR Y 22 5, JFAREX
B AR TN B SRR TG R

MEGA X, #R4ix 7 48 535 K 1 G0 7 5 A
N-J (Neighbor-Joining) &%t & & #, iEid ITOL 3
L2 G KB (hitps://itol.embl.de/) #EFFUY,

2 HEiR

21 BRENFRAE

B 3, ATEZ) 1500 g, KRR
BRATSIRGE . MRS . ik 159, REshiE
7, WRmEN TR G; IKRZa, A
OB (IR T -1), 35 H AR T30 15t 9 = /N Btk
YA o i T UL B (BT -2), A
R (B T -3)s

BRI #% eIl R RE
LJRIREZ AL, AMmBE; 2. AR, B 3. IR i s
Plate [  Clinical signs of moribund P. sinensis

1. the bottom plate was flushed with bleeding spots; 2. the liver was black; 3. bleeding spots in the liver.

22 DEMRAIHELEE

B AR S AN LB EASESRIE, N
WFE AR T INE vh 23 8 B R B S —BUY DB A
B REA DGR, hRpER ., RE6A, HRE
)2 mm R (BRI -1), RS =YL AR
BIvE, JAPIR, P (BRI -2), R
MR TAL, A A3,

ARANER EREESR R, Wk
A3 5478 [ B% VG £ 518 (Trachemys scripta
elegans) 1) 3 [RFF A IR AT TR A bR TC-1. 20 A
HEE 1 91 AT B RRAT T bR PSO1 K23 18 H AU 5e

R E K7 2: 2 E /) sponsored by China Society of Fisheries

R R (Procambarus clarkii) 45 AT EE R AT 1A
AX1707 A AR A —3 (3R 1),

16S rRNA %% SEHYE SGik S 16S rRNA
XF A3 TE S F oKV BT S E o NINAS Y A3 (1)
16S rRNA J¥ %\ 7E BLAST [t Xf 15 2| iy 45 ok F |
A3 1 16S rRNA % [ J¥ %1 (GenBank % ¢ 5 :
MW513445) Yj GenBank % ¥ & 7 [CAT G BRAT T
R % T Bk MiY-A (GenBank & 5 5 . NZ_CP045
771) B — N 99.57%, 5% ARG BRAT 1
(C. portucalensis) 1% 2% i # FDAARGOS617 (Gen-
Bank B35 NZ CP044098) ffit—3tEN 99.57%,
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(&l hig 11

TEHRAIHNEERREES

{2 *&'&g #{'? -
Oﬁmh{*’ 2 }-& LY

H' -

[55

1. WPk A3 75 LB FlfRIE R 2 EIRIVETEAS: 2. Btk A3 EE 2 RQLEIEES (<1 000).

Plate I

Growing states and the stained morphological characteristics of strain A3

1. growth of strain A3 on LB agar plate; 2. Gram staining morphology of strain A3 (x1 000).

F1 B AINEEE RSN
Tab.1 Physiological and biochemical characteristics of

strain A3

ZETEM
reference strains

pA -
s B Ir R A3

items isolated
strain A3 7 107 pgo1 AX1707"Y
i hydrothion + + + +

KNE  phenylalanine - - - _

HE PR LS gluconate - - ND _
HEEMRIK  peptone water - - ND ND
M-R3EZ36  M.R test + + + +
V-PSE5 V-P test - _ _ ND
MIBAIR#:  citrate - - 5 +
JRE  carbamide - - - _
[ 435/l semi-solid agar + + + i
HEBEG"S)  glucose (gas) + + - n
R lysine - _ _ _
5% ornithine + + - n
HiFHE  raffinose - + _ _
thALEE  sorbitol + ¥ + n
i< AERE  adonitol - - ND _
ABE  timber + n _ 4
e B, <= B, <ND” B L SCEE .

Notes: “+”. positive, “—" . negative, “ND” means no data.

53 IR B R AT 3 10 2 B Ak FDAARGOS549 (Gen-
Bank &35t NZ_CP033744) JaE—%lk N 99.43%,
5K e 2 [RAF 5 FR FT 1A AX 32 TR Bk CB00044 (Gen-
Bank %3¢ ;. NZ JADVIS010000013) §ifi 5 —H
4 99.36%, SRKMFFBERRIT I (C. europaeus) X3
A Bk 67A (GenBank % 5% 5 : NZ_PQSZ01000025)
Bl — Bkl 98.64%. W1 HIE S B bk A3 BT
FERERRAT I & Th i —

https://www.china-fishery.cn

recN %% recN JEFTEBRFT B 1) B 41 Fll G
EARARERE, ARG IR T A 8 A 5] D i bk
)5y EhRiEY . ik — 2D S TR RR A3, SEERIAS
T A3 AR recN )7 5 i B (GenBank % 5% %5 :
MZ146451), I 5FFGERRFF 14 J& i AH T i JLAS Fh
(i AP B RR AT T . %0 A AT RR AT 1A L B30 [RAT A5
FRFF IR . BRINFTIE FRFT 1A . IR 50 2 [CAT R IR AT I
55) 1 recN WP 51 Fr BOARARURE SHE4T7 T B3R (36 2)
SRR, A3 50 [RATBIRFT TR 40 R ol 452
UL, H I — N 95.58%~96.01%; 57 EE IR
FF 5 LA A B — S S AN B L 93.72% A7
BERR AT T & B N B AR recN FE 5N BERIRSE, BRI —
BPE KR T4 T 97.29%, LI HE 22 W 3 bk A3
510 RATBE IR AT fe 3 . i — 2 FH recN ¥
IR B ARG R BEM (8 1), ZRER, ik
A3 SE A [CFPBERR AT T 14 433, (R BRIO] 1 —
X, SER2MER B ULSREH, A3E
PRS5FP R RR AT B R b G R R 4> S bR e B4 AF
FE—E M0, R TAPEERRAT R i

2.3 SEK A3 NHIEENERD

NG S 45 R o, M T B KR
AU B3 AUALPRAL, AR A A3 b BEAH e
B RRENE, HRAE M IET R I MK, A3
A PR NICRE IG5 96 /N (B 4 K) FF i A A
FET; MR K A AR B3 A BRAI NI H IS 5 24
ANIF (B 1K) B BAMASE T . BIBGER S 8 K,
A3 1 B3 gL BRAH AR BE AR RRBE T . X R4 TE
HEREEANMASET (18] 2),

A3 b FREHFE T AR T T 2 B B
Wk A3IEE—BMEETE, WH reeN #1T55E

HHE K222 EJ6 sponsored by China Society of Fisheries
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2 MEEBRATEEPARIFNME recN HIMEELE
Tab.2 Comparison of recN similarity among differents Citrobacter spp.
e MRATEIR  WEFITER  BRIFER  BEER R 2 TR
species ~ C )Fljrkii C oj?;lensis C. /fedii C ejj’: acus  C. wﬁl?nanii
P . P
A3 (AWFF) A3 (this study) 100
A K BRAT I C. braakii (n=16) 95.58~96.01  98.29~100
Hw TR W C portucalensis (n=16)  92.01~93.72  91.16~93.3 97.29~100
FBIKFERITE  C. freundii (n=6) 91.3~92.15  90.01~92.15  93.01~94.29 99.29~100
KRMFFRE AT B C. europaeus  (n=6) 93.01~93.44  92.72~93.87  92.44~94.44 90.73~93.3  98.72~100
RS2 RATERRAT I C. werkmanii (n=6) 91.3~91.73  89.87~90.87  89.73~92.15  88.02~88.87  90.16~91.16 97.29~100

i DO ERIR P AARUE X R T-97%.

Notes: interval values higher than 97% are in bold.

SRR AF bR, DL EBUERW, e bk
A3 BN FECP AR AR, B RA R
FOEAR, ZFBUR AR T Y 3 2R R

24 SrEKK A3 AR

WA CLSI 25Uk b 2 T L (o
e NRIEANE 2548 ) 1 25 A (K 7= 254
X R A3 AT IR . SRR AUR BoR,
Ir PR A3 XSTURPLPYAR-fl i LI | SER R T
Me R . KRR WHR, RNV E, £
RV R, AER . OER . R R R
X RVE D B P BERURG WSk ARt | Sk ARG |
SAUIIE . SkALhAA N SkAnkE . Alip . B
TrEEY . 2V R BREF L (5K 3).

25 DEMRAIHMLST YBERREAGEE
DHT

WERPE A3 Y1 1y 7 NI AR B Ay
BERR AT B 205 75143 5 PubMLST 504 4 (https:/
pubmlst.org/organisms/citrobacter-spp) #F 17 kb Xt 43
B, @R BN, Bk A3 BRFIER arcd Fl mdh W 5
BIGERCHEWEN R arcd 395 mdh_150 58
LVCHEAHN, Hoax 5 MERIEH aspC. clpX. fadD.
dnaG K lysP YJJCILIE, Witk A3 J& T408n) ST &Y,

043 BT B BR A3 R IR RN A B, S 56 R
PubMLST i % rh A 5k B R AT 1, A HIZ /751
SAIUIY T AN R LRI 3 468 bp (KT 51 A
T N-J RGRFR (5] 3)0 TERUE AR 474
WRRT, 287 AN bR (43)8 225 4> ST ) 4B A A
25 (Homo sapiens); 227 ¥ (438 16 4~ ST #il)
BB, Wl (Capra hircus). KXY (Gallus
gallus domesticus). Z M (Felis catus) Lk J 1 2

R E K7 2: 2 E /) sponsored by China Society of Fisheries

(Tesudines) % ; 64 MRk (578 42 4~ ST &) 4385
A, P DOKIRERZ . DL ESdERI, 7
TERFF T B W B o IR R NS, HEAZ
FhAz 5 ST AU, FEFETh, {UH —BRFFIERAT R
SET MLST 206 e, B 2017 44328 [ PG )3
AP R AT LOL, Ay ST264 A1, {HEFE A3
5 ST264 BIZ M LB EL KRR, &M T ME
FILR FIFAEL A 64 DIRIENT Y22 5]
PR N S N 7 el = I A
Hopp E 240 B T 283 Bk (438 227 4 ST ),
HE B R T A R 2 AN, A 93 Bk (4
J& 82/~ ST &) 735 FIRRUN, FHorbfar 2% 22 #k, 74
PEA 21 Bk, BRH 14 8k, BIR= 11 B, 55k
WA 33 MR B A SRR, XU R, T E R
TR T R IR UL ) LA T X3, BRI Z o
LR, MRS EBRER, BRI
TR 2Rk 5 0 B VR B A g Ml S 2 () T B G R
MR A3 5505 B R A e R &k iy ST120
RIFAPE Citfre2580 54 K RNV (8 3).

3 Wi

FPERR TR =2 [REAPE R, | IZ AR TE TK
THELL Y, R R Y A - R A
BURE , J2 P EOK ™ IRIH KR B B R
— B RMTAE RN 0 (Mylopharyngodon
piceus) FEATREF, K BUICHFE . DR, iE
KA, W HR IR S, M R E AR G
PR AT TR o 7k A4 B A5 1 X6 37 0 1Y) RE i AT Sk i
(Megalobrama amblycephala) #1795 435, MH:
JHE R o3 B A 20 90 A AT i . DA BFRE s,
I AT B IR AT T I ] 5 i a1 [Py 2L HAp |
o [QJRES R B (Ctenopharyngodon idella)™

https://www.china-fishery.cn
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66 [AICHHRRRATE  C. braakii CIP 104554 T (KF057886) -
4 i RF i C. braakii FDAARGOS 290 (CP022049)
IRk E AT IE  C. fireundii sp. CFNIH3 (CP026235)
FFEEERATH  Citrobacter sp. RHB36-C18 (CP057125)

- FFEEERFFIE  Citrobacter sp. RHBSTW-00599 (CP056717)
L FEEF1E  Citrobacter sp. RHBSTW-00524(CP056421)
[ TEREATE  Citrobacter sp. RHBSTW-01044(CP056180)
L A ERFEERITE  C braakii MiY-A (CP045771) .
I FAAZERFF I Citrobacter sp. RHBSTW-00848 (CP055910) ﬁ&ﬁ%&ﬂ@
| FPERIFE  Citrobacter sp. RHBSTW-01013 (CPOS6185) C. braakii

L ¥®HFF B Cirrobacter sp. RHBSTW-00570 (CP056399)

100llr FERATIE  Citrobacter sp. RHBSTW-00535 (CP056409)

58 L FEEmFFE Citrobacter sp. RHBSTW-00887 (CP056267)

sol) FPERITE  Cirobacter sp. 172116965(CP046673)

99 L4y i Citrobacter sp. RHBSTW-00944 (CP055418)

[~ FHRERAT I Citrobacter sp. RHB35-C21 (CP057147)

75 L FfBERFTE  Citrobacter sp. RHBSTW-00986 (CP056200) .
A3 (MZ146451) -— A3
A RAEEIRIT I C. freundii RHBSTW-00011 (CP056907) -

00 A Eﬁf‘ﬂﬂﬁﬂ%ﬁ C. freundii isolate MGY G-HGUT-02495 (LR699006)
< C. europaeus 97/79 T (FLYB01000007) RN R T AT
— 0 I RAT C. freundii CRCB-101 (CP024819) C. europaeus
A3 RFBIATIE C. braakii FDAARGOS 253 (CP020448)

75V B RFERATE  C. freundii RHBSTW-00200 (CP055551) _
100 — ik @ [ EEERFFE  C. werkmanii NBRC 105721 T (BBMW01000018)
LiRoe 2 AP BRFTIE  C. werkmanii strain BF-6 (CP019986)

100 ROL 2 ATIEERAT 1 C. werkmanii UMHI8 (CP024675) TR 8 GRS T
1
61

Rw 2 AR AT C werkmanii FDAARGOS 616 (CP044101) C. werkmanii
PRKERFTE  C freundii STW0522-01 (AP022380)
71U ¥FEEERAT B Citrobacter sp. CRE-46 AR 0157 (CP029727) i
77, 3 RATEERATH  C. freundii RHB12-C12 (CP057867) 7
S2 (L gpehismbie C freundii Cfr-13 (CP047773)
52 WE AR C portucalensis FDAARGOS 738 (CP046348)
HE TR C portucalensis STW0522-26 (AP022389)
I IRAT IR C. freundii RHBSTW-00857 (CP056293)
u AT EERRATE  C. freundii RHB12-C05 (CPO57868)
99
66

FrEEERFF 1A Citrobacter sp. OD1158 06 (EU569422) A PR
L 38 [RATEEIRAT I C. freundii MGH283 (CP060654)
T AR E . portucalensis FDAARGOS 617 (CP044098)
TH AR E  C. portucalensis Effluent 1 (CP039327)
50| MRFERRIE  C. freundii complex sp. CENIH9 (CP026238)
W A FERRATE  C portucalensis P10159 (CP012554)
FHAZEATIE  Citrobacter sp. H12-3-2 (CP045837)
W AR C. portucalensis A60 T (KR998020)
WE BRI E  C portucalensis isolate MGYG-HGUT-01705 (LR698971)
_ 98] Fr¥EEATIA  Citrobacter sp. 30 (CP022311) -
05 IS IRITIETENT I C. freundii ZY 198 (CP055247) N
Vi AR FT I C. freundii ATCC 8090 T (JMTA01000005)

C. portucalensis

100 [ BICKHERRFFE  C. freundii RHBSTW-00126 (CP056839) o RH%E&H@]
97 I EIRATE  C. freundii E95 (EU569420) C. freundii
83T HFTBEMAITE  C. freundii SCAID PHRX1-2019 (CP052058)
59! ISR C freundii RHBSTW-00435 (CP056527) -
. WRATERRATIE  C. youngae CIP 105016 T (KF057888) ~— WIRATERIRITE  C. youngae
87 EVEF RIS C pasteurii CIP 55.13 T (CDHLO01000055) ~— EWITIEERITE  C pasteurii
HIRKFEERFTIE  C. gillenii CIP 106783 T (KF057887) - HIRIERATE  C. gillenii
FHUF I E  C. koseri BIB (MBTW01000003) ~— FHRITERITE  C. koseri
—”{:ﬁmh'fﬂ;ﬂrﬁ C. rodentium NBRC 105723 T (BBNA01000054) ~— WISHTEREHTH  C. rodentium
FERFFEMATE  C sedlakii NBRC 105722 T (BBNB00000000) ~— EATEREHTH  C. sedlakii
98— FHERITERIRITE  C relavivum 6105 (CP045205) ~— FHHEFRATIRRATH  C. relavivum
100 —————— K —MHATERATE  C amalonaticus FDAARGOS 122 (CP014015) ~— LW MRITERRITE  C. amalonaticus
—
0.020

El1 ET reeNEEFIIH N-J RGELER
B R4 TG TH S5 P BT R A R Ak reeN 7 HITE GenBank B 36455 18 4% B0 25 10 TH SR p-distance 24 s b )RR 7 18 4% B 25 5 5247 0.02.
Fig. 1 Neighbor-joining (N-J) tree based on the comparison of recN gene sequences of Citrobacter spp.

GenBank accession numbers are given in parentheses; genetic distances were constructed using p-distance model; the scale bar, genetic distance of 0.02.
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Fig.2 Pathogenicity of Citrobacter strain A3 and
A. hydrophila strain B3 to P. sinensis

SEFURGL AN EE , IRE B R E S 2 5
S UTAROR, KPR AT B G K s R 2%
Wi %, A G E R 4 I R 3,

PP R AT TR AL 2 AR IR A0 1 T B I 2 —
BRI AR K B [CAT R IR T 1 1T 73| J A s 1
WA Bt 2 2R B, AN 60%~70%, HAKFKR

2\DSARY i v S S L O A W = R
R b, G I 2T LA S AU L B . AR
FEAERN B T o IRAT IR AT 1 T IR e AR | i
DUCIILAE , o8 5 e B oK i, gt ) mal DL S R i A L
BeRFei . AR RS, 96 AT IRAT
B HAE TR RBLREE K AR |
BEHOIR B AR . R, RS,
lE A B, RO AT I - B HL PR T
ARAT AR TE AR AT DL R RAE | RO, il
FIAT DB OK B2, ARWEFE T, o AR A A
P K 5 B AGE A o AR N DU A — B
figp i e T A B RE AT B2 i, R
RIFRULAH ;s HaMRADREK, AR
FRLAE I R g TEA T B AL I AT B Uk
Gl ' O B0 TR T BEAT O o A v ok B TR PR
T, FERRATE 2RI E S A S, i
BUE 2 Ao hE I ey Y SE T4,

16S rRNA HA RSP . 8 14 D) K 97 i B

F3 HEEK A3 HRERE
Tab.3 Drug susceptibility test of strain A3

T ] A% P Wb v /mm

AR AR 25 & E/(WL/JT)  zone diameter interpretive criteria i Hf#/mm T
antibiotics dose S | diameter of inhibited zon susceptibility
R+ P MR-t B I piperacillin-tazobactam 100/10 =21 18~20 <17 26 S
SLAMERS  cefepime 30 =18 15~17 <14 10 R
SLfEMERS  cefotaxime 30 =26 23~25 <22 15 R
S FafbE  ceftazidime 30 =21 18~20 <17 6 R
S AaiFAEY  ceftriaxone 30 =23 20~22 <19 17 R
JHRF  cefuroxime sodium 30 =18 15~17 <14 9 R
ZMF§  aztreonam 30 =21 18~20 <17 6 R
LYK meropenem 10 =16 14~15 <13 29 S
THERMER  amikacin 30 =17 15~16 <14 20 S
JRAKEZE  gentamicin 10 =15 13~14 <12 28 S
PURZE  tetracycline 30 =15 12~14 <11 18 S
IR A ciprofloxacin 5 =21 16~20 <15 22 S
AR levofioxacin 5 =17 14~16 <13 2 S
SI7HT# M trimethoprim-sulfamethoxazole 1.25/23.75 =16 11~15 <10 9 R
A%  chloramphenicol 30 =18 13~17 <12 26 S
¥iEHEHR  neomycin 30 =17 13~16 <12 19 S
Z P& doxycycline 30 =16 13~15 <12 10 R
FAJe%  florfenicol 30 =18 13~17 <12 12 R
B R enrofloxacin 5 =21 16~20 <15 19 1
VP2 norfloxacin 10 =17 13~16 <12 18 S
W SRR MoPEBUR: RINZ.
Notes: S. highly susceptible; M. moderately susceptible; R. reduced susceptible.
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Fig.3 Multi-locus sequence typing analysis of A3 and the 474 published Citrobacter strains
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FFSE A N v B IR fBR e v 43 8 — R AR B
W, 28 16S rRNA WIF %56 , I % Ho o [Ghy
BRRATH ™. A5 &, T s wEE b
16S rRNA (N2 . A FREAE , SEGAAFHE
iy 24 5 A TR AT BT 8+ A R R 1 LR Y B R
GenBank %45 ¢ A FOR B R AT TR AR TR AR MY -
A P RAT AR R Ak FDAARGOS617 .
3 AT R AT 11X 2 7R Mk FDAARGOS549 ., Ri M
MEERRATHCRE b 67A, K358 R BRI 5
R F bk CB00044 1 16S rRNA T 3 ¥ 51 — B vk
(R L X 25 SR R, AN TRV R A R A A AR 3R T
FEIE] B 16S rRNA d FE — B HE 99.07% LA I,
XEM, PMEGE 16S rRNA AT A B BR AT B
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Y oE, GERTTREAEAE —E AR . 55— i,
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FEUE R ORI G B AR, S F L BJRE, A
WFE3E 3 16S rRNA 1 recN FHEE G 0515, W43
BIRR A3 HET TS, R BN, WPk A3 ST
B B R T e R (R 2, 1B 1),
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Rk 90% LU b, X 5ABIE A3 N Ty rh ARk
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1) 22 5 ] BB FH R 24 [ (1) 5 7% 3 11 o

ZANE TN 53 AR AT P L R R I
WA THEY, APPER TR, Wtk A3 J& T
g ST R, H-57r 8 A A 1Y ST120 BY 1 &
Citfre2580 4 X R IR (181 3), XKL EMAT
FEIRYE N KRS o AR X)) LU i iiF 58 45
FEAGE BT 18T 5 | e N SR & 32 B4 v ZE T I 7Y
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FrOXr NN I R 45 18 B J g .

(1= 7 B A SUT 52 7 2 8 A2 9 A 2 ok )
S & Hk (References):

(1] SCHRIPE, ZHITN, 255, 5. p 4R8I0 IO B AT 1 )

R E K7 2: 2 E /) sponsored by China Society of Fisheries

[3]

% T B SR (0], W VLA 2 4, 2020, 32(7):
1176-1186.

Huang L P, An L L, Li F, ef al. Identification and patho-
logical observation of Citrobacter freundii from Pelodis-
cus sinensis[J]. Acta Agriculturae Zhejiangensis, 2020,
32(7): 1176-1186 (in Chinese).

BT RL. o HE TR K0 J 1 28 5 %8 € [D].
Kb WAL K, 2015.

Yan D F. Isolation and identification of bacterial patho-
gen of Trionyx sinensis big neck disease[D]. Changsha:
Hunan Agricultural University, 2015 (in Chinese).
FHAS k. AR R R VESETORETRAT MR R A S SR TR 1Y
BURME TR [D]. 2 S R K%, 2018.
Yin M Y. The study on the epidemiology investigation
and pathogenicity, drug-resistance characteristics about
fulminent death of Pelodiscus sinensis[D]. Wuhan:
Huazhong Agricultural University, 2018 (in Chinese).
FHAETE, WRi v, SERAER, 55 th R 30 AN B /1 465 58 K
BORMET T[] B E A SR, 2019, 35(7): 145-152.
Yin M Y, Chen J T, Huang S Q, et al. Three bacteria
isolated from Trionyx sinensis: identification and patho-
genicity[J]. Chinese Agricultural Science Bulletin, 2019,
35(7): 145-152 (in Chinese).

INLAF:, BT b2z, vh AR LA 8 0 093 S F) 4 1 2
& M ABORIR[I]. R 2R, 2002, 22(2): 140-142.
Sun H X, Shu M A. Isolation, identification and drug
sensitivity of the pathogens of common bac teritic dis-
ease in soft-shelled turtle (7Trionyx sinensis)[J]. Chinese
Journal of Veterinary Science, 2002, 22(2): 140-142 (in
Chinese).

TR 75 . 745 B FF 14 8 (Citrobacter) 1) 5 25 5 % 52 [1].
o [ PAER A&, 2005, 15(12): 1535-1536.

He X Q. Classification and identification of Citrobacter
spp.[J]. Chinese Journal of Health Inspection, 2005,
15(12): 1535-1536 (in Chinese).

Ribeiro T G, Gongalves B R, da Silva M S, et al. Cit-
robacter portucalensis sp. nov., isolated from an aquatic
sample[J]. International Journal of Systematic and Evol-
utionary Microbiology, 2017, 67(9): 3513-3517.

BER TRER, SRR, &8, (L AR A SRV TTIREMLST
HILE 73 B 5 23 AR A FE (9], o BN B L B8 2 4k,
2017, 33(9): 793-799.

Zhao C, Zhang Q, Guo S Y, et al. Distribution and typ-
ing of animal-derived Salmonella with MLST and sero-
type[J]. Chinese Journal of Zoonoses, 2017, 33(9): 793-
799 (in Chinese).

https://www.china-fishery.cn


http://dx.doi.org/10.3969/j.issn.1004-1524.2020.07.06
http://dx.doi.org/10.3969/j.issn.1004-1524.2020.07.06
http://dx.doi.org/10.11924/j.issn.1000-6850.casb17100107
http://dx.doi.org/10.11924/j.issn.1000-6850.casb17100107
http://dx.doi.org/10.3969/j.issn.1005-4545.2002.02.013
http://dx.doi.org/10.3969/j.issn.1005-4545.2002.02.013
http://dx.doi.org/10.3969/j.issn.1005-4545.2002.02.013
http://dx.doi.org/10.3969/j.issn.1004-8685.2005.12.069
http://dx.doi.org/10.3969/j.issn.1004-8685.2005.12.069
http://dx.doi.org/10.1099/ijsem.0.002154
http://dx.doi.org/10.1099/ijsem.0.002154
http://dx.doi.org/10.1099/ijsem.0.002154
http://dx.doi.org/10.3969/j.issn.1002-2694.2017.09.008
http://dx.doi.org/10.3969/j.issn.1002-2694.2017.09.008

X 5, 45

IR, 2023, 47(3): 039418

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Maiden M C J, Bygraves J A, Feil E, et al. Multilocus
sequence typing: a portable approach to the identifica-
tion of clones within populations of pathogenic microor-
ganisms[J]. Proceedings of the National Academy of
Sciences of the United States of America, 1998, 95(6):
3140-3145.
SRIIVE, W22 R, RRAR I, &, M S AT AR FR AT TR 1 43
e Z AL T HI 3 2], %éﬂ%%fﬁﬂ%i%%,
2020, 39(6): 2521-2528.
Zhang M Y, Hu A D, Cheng Z T, et al. Identification of
the Citrobacter freundii in oncorhynchus mykiss by mul-
tilocus sequence typing[J]. Genomics and Applied Bio-
logy, 2020, 39(6): 2521-2528 (in Chinese).
Clarridge III J E. Impact of 16S rRNAs gene sequence
analysis for identification of bacteria on clinical microbi-
ology and infectious diseases[J]. Clinical Microbiology
Reviews, 2004, 17(4): 840-862.
AT s, BHSCHE, XUBE, S K S PR 45 10 T
JRI 53 B L % E K S A SR T]. K AR,
2020, 44(2): 253-265.
He SY, Wei WY, Liu T, et al. Isolation, identification
and histopathological study on lethal sarcoidosis of
Micropterus salmoides[J]. Journal of Fisheries of China,
2020, 44(2): 253-265 (in Chinese).
SEALAE, PR L, B, S (L A UL R
JEL B B 23 T 4 R B ML T ) B RAG  [0]. K 7S 2R
2017, 41(9): 1443-1454.
Han S Y, Liang J Z, Qin Z B, et al. Isolation, identifica-
tion and virulence genes detection of pathogenic bac-
teria from Palea steindachneri with  bacterial
septicemia[J]. Journal of Fisheries of China, 2017, 41(9):
1443-1454 (in Chinese).
Jean B P, Melvin P W, George M F, et al. Performance
standards for antimicrobial susceptibility testing[M].
27th ed. Wayne, PA: Clinical and Laboratory Standards
Institute, 2017: 42-44.
Martino M E, Fasolato L, Montemurro F, et al. Determ-
ination of microbial diversity of Aeromonas strains on
the basis of multilocus sequence typing, phenotype, and
presence of putative virulence genes[J]. Applied and
Environmental Microbiology, 2011, 77(14): 4986-5000.
Letunic I, Bork P. Interactive tree of life (iTOL) v4:
recent updates and new developments[J]. Nucleic Acids
Research, 2019, 47(W1): 256-259.

5, AR, WIFE R, 5. IR 96 IOFr BB AT & 1 20
%ém&?ﬁﬂﬁ% PEWETE[T]. KIEHEAE K 2274k, 2019,

https://www.china-fishery.cn

[18]

[19]

[20]

[21]

[22]

[23]

34(6): 798-803.

Bai J, Zhou M H, Hu X C, et al. Isolation, identification
and drug sensitivity of pathogenic bacterium Citrobac-
ter freundii from diseased turtle[J]. Journal of Dalian
Ocean University, 2019, 34(6): 798-803 (in Chinese).
KA, R, W FR, & 50 IRIRBIR AR [RAT R
FF 1R 20 125 28 0 S 25 8 AT (D). 22 BOARO K 2 241,
2018, 45(4): 617-620.

Zhu R L, Yang C Q, Jiang S D, et al. Isolation, identific-
ation and antibiotic sensitivity analysis of Citrobter

braakii from Procambarus clarkii[J]. Journal of Anhui

Agricultural University, 2018, 45(4): 617-620 (in
Chinese).
o 2 Do AR N RFLRI[E 5 24 i [M]. b

1 P ER L H AL, 2015.

Commission of Chinese Veterinary Pharmacopoeia.

Veterinary pharmacopoeia of the People’s Republic of

China[M]. Beijing: China Agriculture Press, 2015 (in

Chinese).

RBE, 250, SVE R, 5. 90 IRATERBR AT I 5 IR Bl

flate &Té?ﬁﬂﬁﬁ%lﬁ%éw[ﬂ. TR AR T

fii), 2019, 32(1): 14-19.

Lin W, Li D F, Sun Z T, et al. Screening and identifica-

tion of antagonistic bacteria against Citrobacter freundii

and Edwardsiella tarda[J]. Journal of Ningbo Uni-

versity (Natural Science & Engineering Edition), 2019,

32(1): 14-19 (in Chinese).

BEYY, AR, X, A IR AT AR R AT I X B AN

NEUF I 7T RE[T]. sh = 253k B2, 2015, 36(7): 81-

85.

Xue Q, Zhao Z Q, Liu H S, et al. Progress on Citrobac-

ter freundii pathogenicity in animals and humans[J]. Pro-

gress in Veterinary Medicine, 2015, 36(7): 81-85 (in

Chinese).

T, BT, e AR, S T A IO AR IRAT T

1 73 B8 2 5 M 25 O B8 [0]. B R R, 2016,

46(5): 602-606.

Wang J Z, Geng X Y, Zhu S X, et al. Isolation, identific-

ation and drug susceptibility test of Citrobacter braakii

from Mylopharyngodon piceus[J]. Chinese Veterinary

Science, 2016, 46(5): 602-606 (in Chinese).

TRARR, BEOCH, Mg, & A1k i 8O M IR AT

TR AT I 1% 7 2 45 0 % 25 B0 3R 0], P I S R R

2016, 46(12): 1589-1595.

Zhang D X, Kang Y H, Tian J X, et al. Isolation, identi-

fication and drug susceptibility of the pathogenic Cit-
H KR

%2 42x 3 )} sponsored by China Society of Fisheries


http://dx.doi.org/10.1073/pnas.95.6.3140
http://dx.doi.org/10.1073/pnas.95.6.3140
http://dx.doi.org/10.1128/CMR.17.4.840-862.2004
http://dx.doi.org/10.1128/CMR.17.4.840-862.2004
http://dx.doi.org/10.1128/AEM.00708-11
http://dx.doi.org/10.1128/AEM.00708-11
http://dx.doi.org/10.1093/nar/gkz239
http://dx.doi.org/10.1093/nar/gkz239

X 5, 45

IR, 2023, 47(3): 039418

[24]

[25]

[26]

[27]

(28]

[29]

[30]

robacter freundii from Megalobrama amblycephalall].
Chinese Veterinary Science, 2016, 46(12): 1589-1595
(in Chinese).

DRI, R, iR, 5. B I B RAT E
993 [0 1 R IR S 28 4303 B B2 0], R AR 2 B A,
2020, 27(2): 44-47.

Luo FL,NiuY C, Hu X C, et al. Clinical signs and his-
tochemical observation of Citrobacter freundii disease in
turtle (Trachemys scripta elegans)[J]. Journal of Tianjin
Agricultural College, 2020, 27(2): 44-47 (in Chinese).
M7, LA, SR, A T KRB IR AT R TR
FF 1K) 20 15 4 08 M H 25 105 B AR IR D). K™ 241k,
2016, 40(6): 946-955.

Xiao N, Kong L Y, Zhou H, et al. Isolation and identific-
ation of Citrobacter freundii from diseased Procam-
barus clarkii and its antibiotics susceptibility and adhe-
sion characteristics[J]. Journal of Fisheries of China,
2016, 40(6): 946-955 (in Chinese).

Li A J, Hu X C, Zheng L, et al. Isolation and character-
ization of Citrobacter spp. from the intestine of grass
carp Ctenopharyngodon idellus[J]. Aquaculture, 2011,
313(1-4): 156-160.

W7, SKHh B, 205, A AR 08 R e Ji B A R AT AR
TR FF IR 25 52 0], R 3R R 2 (B AR AR, 2013,
18(2): 81-87.

Yang F Y, Guan R Z, LI Z Q, et al. Identification of
pathogenic Citrobacter freundii isolated from Anguilla
marmorata[J]. Journal of Jimei University (Natural Sci-
ence Edition), 2013, 18(2): 81-87 (in Chinese).

AR, B, X, & B AR M) ook i
FRAT B R0 B 55 e 1), BT s AR, 2014(11):
174-176.

HuXC,LvAJ,LiuYY, et al Isolation and identifica-
tion of Citrobacter freundii from the intestine of
tilapia[J]. Heilongjiang Animal Science and Veterinary
Medicine, 2014(11): 174-176 (in Chinese).

MRemZL, WP E5, Tkqlig, 45 0 N e R 96 IAT B IR AT
TR B0 23 2 6 5 R 2 M 4 AT (). T O AR AR, 2021,
52(2): 465-474.

Chen Q L, Chang O Q, Zhang D F, et al. Isolation, iden-
tification and drug resistance analysis of Citrobacter fie-
undii from Micropterus salmoides[J]. Journal of South-
ern Agriculture, 2021, 52(2): 465-474 (in Chinese).
BRI, BER, KIBA, & h & DRSS
S99 S (R FE[I]. K= RHE 1B ), 2000(5): 210-213.

Li B W, Li C Z, Zhang B J, et al. Study on the pathogen

R E K7 2: 2 E /) sponsored by China Society of Fisheries

11

[31]

[32]

[33]

[34]

[35]

[36]

[37]

of oropharyngeal cavity ulcer syndrome in Trionyx sin-
ensis[J]. Aquatic Science and Technology Information,
2000(5): 210-213 (in Chinese).

MOBAE, RN, 22004, &5 AR o I R TR AT T
TC AL SR 995 iR 2 5 265 78 5 GBI [T]. 7K R, 2008,
27(1): 42-43.

Lin Q C, Zhu L M, Li Z Q, et al. Isolation, determina-
tion and antimicrobial susceptibility test of the Citrobac-
ter freundii septicemia from soft shelled turtle Trionyx
sinensis[J]. Fisheries Science, 2008, 27(1): 42-43 (in
Chinese).

HH ok, RRBHE, Tkbede, &5, rh AR ) IR R IR AT T
M. K8 RAMBUR R[] KPR,
2013, 26(4): 42-46.

Tian F Y, Ouyang M, Zhang X Y, et al. Isolation, identi-
fication and antibiotic sensitivity of pathogenic bac-
terium Citrobacter freundii from soft shell turtle Tri-
onyx sinensis[J]. Chinese Journal of Fisheries, 2013,
26(4): 42-46 (in Chinese).

BTN, B, SRR, 4B BB R MR OIS A
PR P9 A0 R 20 B 45 88 (0], R DK R, 2010,
17(4): 859-868.

Hu G Z, Li D F, Su X R, et al. Isolation and identifica-
tion of bacteria from soft-shelled turtle (7rionyx sinensis)
associated with fulminant septicaemia[J]. Journal of
Fishery Sciences of China, 2010, 17(4): 859-868 (in
Chinese).

Kim M S, Jeong H D. Development of 16S rRNA tar-
geted PCR methods for the detection and differentiation
of Vibrio vulnificus in marine environments[J]. Aquacul-
ture, 2001, 193(3-4): 199-211.

Paungfoo C, Prasertsan P, Burrell P C, et al. Nitrifying
bacterial communities in an aquaculture wastewater
treatment system using fluorescence in situ hybridiza-
tion (FISH), 16S rRNA gene cloning, and phylogenetic
analysis[J]. Biotechnology and Bioengineering, 2007,
97(4): 985-990.

Ribeiro T G, Clermont D, Branquinho R, et al. Citrobac-
ter europaeus sp. nov., isolated from water and human
faecal samples[J]. International Journal of Systematic
and Evolutionary Microbiology, 2017, 67(1): 170-173.
Ribeiro T G, Novais A, Branquinho R, ef al. Phylogeny
and comparative genomics unveil independent diversific-
ation trajectories of gnrB and genetic platforms within
particular Citrobacter species[J]. Antimicrobial Agents

and Chemotherapy, 2015, 59(10): 5951-5958.

https://www.china-fishery.cn


http://dx.doi.org/10.1016/j.aquaculture.2011.01.018
http://dx.doi.org/10.3969/j.issn.1003-1111.2008.01.012
http://dx.doi.org/10.3969/j.issn.1003-1111.2008.01.012
http://dx.doi.org/10.1016/S0044-8486(00)00495-6
http://dx.doi.org/10.1016/S0044-8486(00)00495-6
http://dx.doi.org/10.1002/bit.21270
http://dx.doi.org/10.1099/ijsem.0.001606
http://dx.doi.org/10.1099/ijsem.0.001606
http://dx.doi.org/10.1128/AAC.00027-15
http://dx.doi.org/10.1128/AAC.00027-15

X 5, 45

IKPA 4R, 2023, 47(3): 039418

[38] AfEF, 5K, B4, 5 — k95 M B B AT B 14 Kang X Y, Wang C J, Wang Z C, et al. Cloning and
B TE K EU MR AL b E & AR R, 2018, 45(2): functional identification of an endogenous plasmid
479-485. pAhW39 from quinolone-resistant Aeromonas hydro-
ShiZ Y, YiY, Huang D S, ef al. Isolation, identification phila isolated from fish[J]. Journal of Fisheries of China,
and pathogenicity of a strain of Citrobacter freundii[J]. 2021, 45(5): 760-768 (in Chinese).

China Animal Husbandry & Veterinary Medicine, 2018, [40]  XUJ X 1568k s IRFT AR AT B8 IBR % 1) 3 A 5 24 1
45(2): 479-485 (in Chinese). Hr[d]. AR ABEE B e 246 3, 2011, 21(14): 3040-3041.

[39] RRXT, TN, EEW, 5. M nd vh i 8P A = 1 A Liu G Y. Distribution and drug resistance of 156 strains
TG 7K S I BE R N AR ORI pAWW 3O BE [ J2 ) e of Citrobacter freundii[J]. Chinese Journal of Nosocomi-
[0]. 7K7=24%, 2021, 45(5): 760-768. ology, 2011, 21(14): 3040-3041 (in Chinese).

Identification and multilocus sequence analysis of a novel species of
Citrobacter isolated from diseased Pelodiscus sinensis
LIU Naiyu', WANG Zhicheng', HE Honggang', WANG Weimin', LIU Jingxia', LUOYi"*

(1. Key Laboratory of Freshwater Animal Breeding, Ministry of Agriculture and Rural Affairs,
Key Laboratory of Agricultural Animal Genetics, Breeding and Reproduction, Ministry of Education, College of Fisheries,
430070, China,
2. State Key Laboratory of Agricultural Microbiology, Huazhong Agricultural University, Wuhan 430070, China)

Huazhong Agricultural University, Wuhan

Abstract: In October 2020, some Pelodiscus sinensis died in a farm in Hubei Province, China. To determine the
pathogen and pathogenic characteristics of the disease, a dominant strain A3 was isolated from the liver of the dis-
eased P. sinensis. Based on physiological and biochemical characteristics and 16S rRNA gene sequence identifica-
tion, it was identified as Citrobacter sp.. Further identification of the recN gene showed that the recN gene
sequence identities between A3 and C. braakii were 95.58%-96.01%, while the identities between A3 and other
species of Citrobacter were less than 93.72%, which indicated that A3 belonged to a novel species of Citrobacter.
Artificial infection tests confirmed its pathogenicity to P. sinensis. Compared with Aeromonas hydrophila, the
course of A3 infection was slower, but the mortality was as high. Drug sensitivity tests showed that strain A3 was
sensitive to 10 kinds of antibiotics such as meropenem, and resistant to 9 kinds of antibiotics such as florfenicol.
Multilocus sequence typing (MLST) showed that strain A3 belonged to a new sequence type (ST). A phylogenetic
tree based on the 7 housekeeping gene sequences of Citrobacter from MLST database was constructed. The res-
ults showed that the evolution of Citrobacter spp. had no significant relationship with the source and location of
isolates. Moreover, strain A3 has the closest genetic relationship with ST120 strain Citfre2580 isolated from
human in Europe. In this study, the pathogen of P. sinensis was isolated and identified, and a more reliable method
for the identification of Citrobacter was described, in order to arouse people's attention to the pathogenicity of Cit-
robacter, and provide some reference for the healthy aquaculture of aquatic products.

Key words: Pelodiscus sinensis; Citrobacter; isolation and identification; drug resistance; multilocus sequence
typing (MLST)
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