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Isolation, Identification and Drug Resistance Analysis of Pathogenic Bacteria of

"exophthalmos'' in Nile tilapia
CAO Ruiyang, DING Xuefei, WANG Wenzhuo, JI Xiangshan, YAO Zhilei
(Key Laboratory of Efficient Utilization of Non-Grain Feed Resources (Co-construction by Ministry and Province)of Ministry of

Agriculture and Rural Affairs, Shandong Agricultural University, Taian 271018, China)
Abstract: To identify the pathogen causing "exophthalmos" in Nile tilapia (Oreochromis niloticus), a pathogenic strain was isolated
and purified from diseased Nile tilapia. A. hydrophila (named as NTO1) was identified by morphological observation, 16S rRNA
sequencing, and phylogenetic tree analysis. By analyzing the common virulence genes of 9 Aeromonas species, the results showed that
the strain carried 7 virulence genes of hly, aer, alt, ast, ahyB, eprCAl, and gcal. Besides, the strain displayed a-hemolysis. A.
hydrophila NTO1 was highly lethal to healthy Nile tilapia, with median lethal concentration (LDsy) of 3.16 x 10° CFU/mL at 24 h
post-infection. Animal regression experiments were carried out using the isolated strain. The results showed that all infected Nile
tilapia displayed symptoms including anorexia, reduced motor ability, and exophthalmos. These findings were consistent with the
clinical manifestations observed in fish with exophthalmos. In addition, the results of the drug sensitivity test demonstrated that strain
NTO1 was sensitive to 14 types of drugs, including cefazolin, cefalexin, ceftriaxone, etc. The strain demonstrated moderate
susceptibility to streptomycin and resistance to five antibiotics, including ampicillin, penicillin, lincomycin, erythromycin, and
vancomycin. These findings can provide significant practical guidance for the prevention and treatment of "exophthalmos" in tilapia
caused by A. hydrophila.
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RiF k. MR G YE IR (Vibrio harveyi)'*!,
AP AN (A, veronii)U°1, i SR A5 Y TR
(Pseudomonas aeruginosa)'®!, 1 5% BR 7 (Strepto—
coccus iniae )"V, JoFLEEER B (Streptococcus agalac —
tiae )™ SR Bl B AEAL G ( Edwardsiella tarda ) %515
AP SR R DL IR o TR IR A AR
IBECHEHLTI BT, JoFLBERK R 23 o 70 1
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M2 BombLi 2 2.
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TR, BB g K SR 2 P 0 e B B R ) R B
FEFR it (LDso ) , FF 8 4 24 S 30 07 1 ) Foe FE BT T 25
Yy, BAE R E AR SR "B B T B

1 MeS Ik

1.1 #E

A5G i ] Je B B AE 3 B AE Ll AR Al K~
SEERl L KIEA T R G E R E (26 £ 1) C, 5
H 43 57E 08:00,11:00 1 17:00 $#ME 3 ¥k, H 0
ORI 39%0~5% . B HIIA] AR 3 d ok 1
BRI K2 13, A H EHE SRR BB 2 E
AT IO, A5 A FEfa i 5 o
1.2 HmRE

W st feft FH G TR 1 S i DA 2 IR 8 e 4. 4k
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Tab. 1 Virulence gene primer information

EiL7) IS5 -3") JrBERIN Ibop

primer primer sequences (5" -3") fragment size
hly-F TGACAGGCAAGTAGAATAACGC 1 815
hiy-R TGTCCGCTTTCCACTCCC

aer—F CCTATGGCCTGAGCGAGAAG 431
aer-R CCAGTTCCAGTCCCACCACT

alt=F ATCGTCAGCGACAGCTTCTT 250
alt-R CTCATCCCTTGGCTTGTTGT

ast=F TCGTCAGCGACAGCTTCTT s04
ast—R CTCATCCCTTGGCTTGTTGT

act=F GAGAAGGTGACCACCAAGAACA 23
act-R AACTGACATCGGCCTTGAACTC

ahyB-F  ACACGGTCAAGGAGATCAAC 513
ahyB-R CGCTGGTGTTGGCCAGCAGG

eprCAI-F  GCTCGACGCCCAGCTCACC 189
eprCAI-R GGCTCACCGCATTTGGATTCG

aha-F GGCTTCAAAGGCAAACTGTC

aha-R ACACCAGCGAAGTAGAAACC 281
geal-F CTCCTGGAATCCCAAGTATCAG 937
geaT-R GGCAGGTTGAACAGCAGTATCT

20 P 2590 25 4CF (BKMAM) , 24 A5 08 Je K
Wb R L A T
1.10 [E)FREE

¥ e B B A bR 2 4, B4 30 S5t [l
VA SRR 20 I s S 100 L 2B v i 70 o 1 T

TR, Xof R A AR D 0] 5 9 A PR K 455 8 ML 4R
g f AR I RAEAR o

2 ZEREHT

21 BRERSBEMAgK

Je % Rt R ER S | MR ER Ve P B IR A
FEIfiL (B 1A ) o MAHRIR I v 43 2 B0 1/ I 45 Fh T
LB [ &5 5 OB REE L gt R EA 0
FHGE—IEA MR (E1B) Bkt H PR VE I T R
— LU
22 HREREE
221 MBS ERFLZREE

M LB [EfARRE S5 FREPLEER 3 SRR V5 2 T
FEIEACRI , ME g R e N, S HEDCECSE SR (best
match ) FIYRAE DL B 25 2R (second—best match ) ¥4 4 0
KM, HUEAS X RIHFE 1.73~2.20 Z 0], 45
A5 (K 2A), 5 168 rRNA S @45 1 —5, Pkt H2

B1 REFFEERERARARIBENSBAEL

Fig. 1 The symptoms of Nile tilapia disease and isolation

of pathogenic strains
T 181 1 B TSk T TR 7 o PR B VR
Notes: The colony indicated by the arrow in Fig. 1B corresponded to the

single colony selected.

MR TR 22550 .

Zead 2 YA IS | 2 S0 R G B
BN B L P o R ) R AT ROE A TE B
S0 TR R MR (B 2B ).

222 16S rRNA % & & % it fomt

PCR # HE4R15 K/ 1500 bp A2 A7 B 454 (1A
2C), Mpas R &, FrilE kS Aeromonas
hydrophila strain CCM7232 (3L & R &, A
4 99.60%. RGEKBWEERLIR, B w5 E
IR RN — 3, AR TS 99% (K] 2D) , i3 —
A A2 4 B TR R R K BT, 44 NTOL
(Aeromonas hydrophila NTO1 ),

23 R
231 FHAKAEN

i PCR 7 AR K I g /K SR NTOL (1) 5
IR RN XBOR RS 7 Rl 5
(hly .aer .alt ast .ahyB .eprCAI Fl gcaT, &l 3A).

232 U dwAem)

o TRT R 2 o 7 T K o2 = il B i P b %
F% 24 h Ji BN SRR A TRV 7 T VR R LA
A R IR X U B B AT s  , Hs T
o RIS IML(E 3B).

24 FHHELKE(LDs)

G 3 AN R 1 g 7K SR TR NTO T TRV
BB B A, S BR T ES) 1x 10° CFU/mL
W, TFR HBRAE T s 2T 1 x 10° CFU/mL TR
FET3R R 100% . L1 XSRS B A f )
LDs, } 3.16 x 10° CFU/mL($ 2) .

2.5 [EFRESE

I P B B B (3,16 x 10° CFU/mL) 1

R e B B R, 25 5 WoR xR e B B Ak
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A
sample ID organism (best match) score value  organism (second—best match) score value
H1 (Standard) Aeromonas hydrophila 1.99 Aeromonas hydrophila 1.73
H2 (Standard) Aeromonas hydrophila 2.20 Aeromonas hydrophila 2.16
H3 (Standard) Aeromonas hydrophila 2.05 Aeromonas hydrophila 1.95
B B Zs P S TR T G M 12 3
> ' e 3 >
2 ' . ‘ - 2
> s -« B -
J - " :
) 5
i PO Y _\ -
A e ‘.aa” .
‘e AR R ET T LT
P S WY g 5 pm
< S ARUN { - \ i —
/1 eromonas ]l,)’l]r(’[’hil(l er‘ol
D - J{ NR 113342.1 Aeromonas hydrophila strain JCM 1027
,2,4 ) N NR 118944.1 Aeromonas hydrophila strain ATCC 7966
39 NR 043638.1 Aeromonas hydrophila strain CCM 7232
i NR 074841.1 Aeromonas hydrophila strain ATCC 7966
NR 036911.2 Aeromonas media strain RM
—”’S‘j NR 118946.1 Aeromonas eucrenophila strain NCIMB 74

gg‘ NR 118042.1 Aeromonas encheleia strain CECT 4342

79[_ NR 025807.1 Aeromonas molluscorum strain 848
] NR 114883.1 Aeromonas hydrophila subsp. ranae strain LMG 19707
531 NR 119190.1 Aeromonas hydrophila strain DSM 30187

2 BREMRIERE
Fig. 2 Identification of isolated strains
TE: (A) B AR B S e 4520 s (B) 40 B AR A9 22 TR 65 (C) 3 B TR PR 165 rRNA PCR 9 IS5 LUK AT 1.2 .3 Pk ih Y 3 BRIk s (D)
T B EE 16S IRNA JF A1 RIS
Notes: (A) The resulis of mass spectrometry identification of isolated strains; (B) gram staining microscopy of the isolated strain; (C) electrophoretogram dis—
playing the PCR amplification results of the 16S rRNA gene for the isolated strains; lanes 1, 2, and 3 represent the three selected strains; (D) phyloge—

netic dendrogram based on the 16S rRNA sequences of the isolated strains.

MG ENER  BEETRER, O TR R A e 2.6 HIMAELNKIE

A RTINS, 230 1 TR, BARN RS B RIS R o, AREFEPUERXS AL
WA KA B A (e 4 a2 H B BR 58 HRE hydrophila NTO1 [N HIRBCRAAAE R EEES (P<
AR 4), 3B E Bk Aeromonas hydrophila NTO1 J&=  0.01). A. hydrophila NTO1 %} B — NEEIEZE (R
S JE 2 B At S B B0 1A MEFER) AT (AR 8GR ) ORI ERZE (4L

R2 BURE NTO1 X BT FIEfan) LD, AIE
Tab. 2 Determination of LDy, of isolated strain NT01 on Nile tilapia

B /(CFU/mL) TS /L Wi R AK find. FET %K find. PR % PEEGEHRIE /(CFU/MmL)
bacterial concentration  injection volume challenge fish number of deaths mortality rate LDy,

I x 10 100 10 10 100

1 x 107 100 10 6 60

I x 10° 100 10 4 40 3.16 x 10°

I x10° 100 10 1 10

I x 10* 100 10 0 0
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Fig. 3  Amplification results of virulence genes and
hemolytic activity of strain NT01
TE: (A)TE B NTOL 8 ) JEFE KM 25 2L s M. DL2000 DNA Marker; 1~9
43 BIAC AR R 19 A hly aer alt ast .act .ahyB .eprCAI .aha il
geaT; (B)RFR NTO1 B MLk
Notes: (A) The amplification results of virulence genes of isolated strain
NTO1; M. DL2000 DNA Marker; the numbers 1 to 9 represent dif—
ferent genes hly, aer, alt, ast, act, ahyB, eprCAl, aha, and gcal

respectively;(B) hemolytic activity of strain NTO1.

B4 [V IR ARREIR
Fig. 4 Clinical symptoms of artificial regression infection
TE: A BXTIRZAR 2 B C DB R P B

Notes: A and B represent the control group of Nile tilapia; C and D corre—

spond to the infected group of Nile tilapia.

) LT B RIX 5 RGP HA T xR
R P BRI JE Ch fm ok Sk 2N kAl
HHANSE ) , AR R (RIRE R KRR R )5 14
b 25y B, FE AP Sk A iR (CTR) A R 2 25
s THABZ (3R 3)

3 e

AR R " B R B g 2 g %
EZ| IR A. hydrophila NTO1, i E 1% EAEXT e & &
A B REE R LDs, 4 3.16 x 10° CFU/mL., [8]17
YL, 5l e B B AR IR Bk A T
FEIML, 35 S AR 1 A RE R — 0 ARl HAd 41 AT
SRR SRR R DG SR A, o f BB R AR
ARG IRERY TR R AR 3 5 ik B
PIFE A. hydrophila NTO1 &—Fh e & B “5 MR

I O A

TE/K P IR PR AR T I /KB T 2 i i LAY
BURTE Z— o KM BN ) th 2R )
R AH B DM TR R L 35 B 5 B ) LR Y
FRFNECREA BRI R, AR, 5
I SRR T T 4557 Y by Last walt F1 act 2575 3
PR 2 ke A g i ( A nguilla japoniea)ﬁ(%%ﬁ%% )
Horp, % hly R DA AR B R 1K 100%™,
MU (Pelteobagrus fulvidraco) W41 25 H B FE 7K
S A aer act fla lip \geaT exu ast .alt Fl
ahyB 5§ 9 Fhag Sy HE DR, Hodg )y BRI 8 5 e i)
HE AR PR Y 2 ] e B — B, AP s Y
W& K ML TR NTO1 #7447 7 Fh g 1 3L (hly aer
alt ast .ahyB .eprCAI Fl geaT) , Hopt , SEE 2 (aer) B
AV AN R, REAS B IR AN R, g 3240
WIIRBE s W 85 3= (ast walt ) W] 2L fidk 4 M 5 R 2 201201,
hlly6 JE D S it 64 75 1L 2% 1 W8 K BRI B 5 AR 19 2
MR ™ r 2 B A T ay B B IR 2 ) 1) L £
1A B 7K R TR 5 RS A SR MR A ™ o J 4 2
YRR, s 2 1 il BB 605 /K i T 32 2 2 b i s 2
PG B 5 B8 73, DT e U HIR 3578 2 2 ) ¢ A 1
HRE; geal J&— T BEORSF R AR Wy i AL 9], JL-F-
FAET A SR B B R, 2 5 40 A e B Gl
T FE A BT A AR S RN AR AR RIS GE 2,
I, 37 Bl SR AT RERIE K IR NTOT Jg&
e H B A, T EC R SR [, a1
B 52— 2B 5T

W 7K BRI T ) B0 1 - T R A I Y o
K. PR TREET SR, e K M B R
PR R IS 1 5 T e, T 5 R AN R
XUETEPE, X R BLS FRIRAEP RS EIT RN
PR RAN TG 43 B BT AR QABS SR 3H i
I3 P T T e L O I Tk T R R e o
PRAGHLBYRRAE o ABIFS 23 15 300 ) I K B
NTO1 B AR 1A S 35 5t 22 B LR sy 9 9 It 1, FL
Hoo— WL, W LR E , X AT BB 51 R e B B R
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Tab. 3 Antimicrobial susceptibility test for strain NT(01

i W LA + P2 o f ”d iﬁi‘ﬁt’mm —
type of medicine diameter of antibacterial circle I S sensitivity
A%HF(E) 11.47 £ 0.01 <15 16~20 =21 R
TR (VAN) 8.60 = 0.00 <14 15~16 =17 R
MRATEE R (MY) 0.00 £ 0.00 <14 15~20 =21 R
ik 1182 (DO) 27.63 = 0.01 <12 13~15 =16 S
ZHH 3 B (PB) 15.63 + 0.04 <8 9~11 =12 S
HRZE(PEN) 0.00 + 0.00 <14 14~15 =15 R
ZRPIRR(AMP) 7.97 +0.01 <10 11~14 =15 R
WRFL PUAR(PIP) 25.07 +0.02 <17 17~18 =18 S
SAmEk(CZ) 21.00 = 0.00 <14 15~17 =18 S
LA R (CN) 22.53 £0.01 <10 11~14 =15 S
JRKEH (CGEN) 20.53 £ 0.01 <12 13~14 =15 S
FERE R (S) 14.40 + 0.00 <11 12~14 =15 I
FAREZE (KAN) 22.50 £ 0.02 <13 14~17 =18 S
KiEFRZE (ML) 20.47 +0.01 <11 12~14 =15 S
PUIRZ(TET) 27.57+0.01 <14 15~18 =19 S
FK R A2 (AMK) 23.03 = 0.00 <14 15~16 =17 S
SLALIRIR (CPZ) 28.53 +0.01 <10 11~14 =15 S
LA (CTR) 35.06 + 0.02 <13 14~20 =21 S
SLAufibnE(CAZ) 29.50 + 0.02 <11 12~14 =15 S
SLAk=EE(CXM) 28.97 £ 0.01 <11 12~14 =15 S
HERVFRIRT Y 5“1 R ip il S R ik
Notes: “R” indicates drug resistance; “I” indicates intermediately susceptible; “S” indicates susceptible.
PN A T S % ] 1 Sy 5 T R KPR TR A % = ¥ 5
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FRUA R A= R IS DA &A™ Rk,
B0 24 R vl 1 DA 37 B8 R I A i AR 2 1 B
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5, B SR EOw P, 8 25 B0 O i R T 25 4 1t
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HRAEFNEAR S

(1]

(2]

(3]

(4]

(5]

VISHNUPRIYA V, SWAMINATHAN T R, DHARMAR-
ATHNAM A, et al. Virulent and multi-drug-resistant
Edwardsiella tarda infection in Oscar fish: unveiling the
threat of mass mortality and AMR dissemination [I]. Cur—
rent Microbiology, 2024, 81(2): 174.

KAYANSAMRUA]J P, PIRARAT N, KATAGIRI T, et al.
Molecular characterization and virulence gene profiling of
pathogenic  Streptococcus agalactiae populations  from
tilapia (Oreochromis sp.) farms in Thailand[J ]. Journal of
Veterinary Diagnostic Investigation, 2014, 26(4): 488-495.
5K Z T A T LB £ A0 DL AR S R HIL i 5
LA BHE 1, 2015,42(1): 54-56.

W ddt [ 35 N SR A B0 ( Centropristis striata) ZE MR E )
9o S DA 43 B S A AL U B4 X (D . 1t - 1Rt
HERA:,2017.

SR AR AR B A ZE QI PCR-RFLP
SRS [T ] BB kR 2018, 39(1): 41-46.



2 HA

EinhS :EESIFE " RER RRENDBEERE LMZIMEDHT - 43 -

(6]

(7]

(8]

9]

[10]

(11]

[12]

[13]

[14]

[15]

L16]

[17]

FR Y, PN T5E A SR AR R T A A L
il AT LT ). B PR IR B 2% 35,2020, 20(11): 1916~
1919.
ALZAHRANI O M, ELUMALAI P, NADA H S, et al.
Pseudomonas putida: sensitivity to various antibiotics, ge—
netic diversity, virulence, and role of formic acid to modu—
late the immune—antioxidant status of the challenged Nile
tilapia compared to carvacrol oil [J]. Fishes, 2023, 8 (1):
6-18.
CHEN B P, XU M, LI F L, et al. Pathological and molecular
characteristics of a new infectious Streptococcus agalactiae
from farmed Schizopygopsis pylzovi in southern ChinalJ].
Aquaculture, 2025, 594: 741407.
PARK S B, AOKI T, JUNG T S, et al. Pathogenesis of and
strategies for preventing Edwardsiella tarda infection in fish
[J]. Veterinary Research, 2012, 43: 67-82.
RAJAGOPAL L. Understanding the regulation of group B
streptococcal virulence factors [J]. Future Microbiology,
2009, 4(2): 201-221.
PRERL, TR, T T B, 55 5 4% £ % 84 QT 1 AF
FEHIELD K241, 2025,49(2):22-51.
ZEA], A B4, S BEA A0 (Esox ucius)BURPE
KR A 20 B S AE L) Ll B, 2014,
35(5):40-45.
SRHLEL, T, X6 T, 55K MR SYO1 2 1k
AL LR B O S, 2025,46(1): 8-10.
RODRIGUEZ I, NOVOA B, FIGUERAS A. Immune re—
sponse of zebrafish (Danio rerio) against a newly isolated
bacterial pathogen Aeromonas hydrophila[J]. Fish &
Shellfish Immunology, 2008, 25(3): 239-249.
AT, KR X 25 5L 4 B Rt JCFL BEBR #5 IBF
FEMEEL) | RGE PR 23], 2019, 34(5): 757-766.
LIU G J, ZHU J L, CHEN K M, et al. Development of
Streptococcus agalactiae vaccines for tilapial J |. Diseases
of Aquatic Organisms, 2016, 122(2): 163-170.
FRE  XAREE , T/ IGk, 5.6 A 0 5 g 7K I TR ) 4
THE SRR TR LT ] AR K, 2014, 36

(18]

[19]

[21]

[26]

[27]

(2):87-95.

B MR , ARAK, 557 PROB B0 1L R M )
LR A1 77 4y B T L AR L ] AR ARk R 2244
2017,36(1):76-85.

o 3, AR RS A RO M I K LRI A0 Yy
BUEE Ak D RHAE S UL R A [0 L) R A0l
B2 ,2025,52(2):82-94.

MARTINO M E, FASOLATO L, CARDAZZO B, et al.
Aeromonas [C]//Encyclopedia of Food and Health. Ox—
ford: Elsevier, 2016: 61-67.

EL-HOSSARY D, MAHDY A, ELARINY EYT, et al.
Antibiotic resistance, virulence gene detection, and
biofilm formation in A eromonas spp. isolated from fish and
humans in Egypt[ ] ]. Biology, 2023, 12(3): 421.

CASCON A, YUGUEROS J, TEMPRANO A, et al. A ma—
jor secreted elastase is essential for pathogenicity of
Aeromonas hydrophilal ] ]. Infection and Immunity, 2000,
68(6): 3233-3241.

KHOR W C, PUAH S M, TAN J A M, et al. Phenotypic
and genetic diversity of Aeromonas species isolated from
fresh water lakes in Malaysia [J]. PLoS One, 2015, 10(12):
€0145933.

G RO 5.3 BRIE K SRR TR 55 RE AR 1
BEIMSRHE AT L) ] P R4, 2012, 32(1): 48—
51.

ERF R, AR 2575 £ ST251 7w BUw Tk
W 7K AL R (7 7 S 25 RURR R [0 ] R e R 2
“#41¢,2023,38(4): 573-583.

MR, 00, A, 55 SRR /KO B f i K UL
TR 53 B R SR 2 A [ L DU TR 240
2021,40(5):1-8,39.

MO , T 2, FLA M, 258 05 6 S0 g /K SR I TR
B 53 1 5 B ) SR DG I K it 25 23 B [ ). 2 5% sh
#,2022,26(1):52-61.

Fiia i, ERZE SR, B 2 S0 S LA R A R
IR 2595 01 () ). IR R 24T, 2023, 32
(6):1216-1223.



