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ZEMyREFEAEAKRAAEIRE, £ 16S rRNA LB 57| 5K R AL MH (GenBank B X5 4
APO26375)A8MLE A 99.73%. s R FKI 7, B HNHB xt 29 K49 LDso 4 6.24x10° CFU/mL,
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Biological characterization of swine-derived Aeromonas caviae

PENG Zhifeng, YU Tongtong, JING Huiyuan, SHENG Yamin, ZHANG Xiaojie, ZHANG Jingwen,
WANG Yixuan, BIAN Chuanzhou, QIAO Hongxing", TANG Fayin"

College of Veterinary Medicine, Henan University of Animal Husbandry and Economy, Zhengzhou 450046,
Henan, China

Abstract: [Background] Aeromonas caviae is a widely distributed pathogen capable of
infecting both humans and multiple animal species, posing significant threats to food safety and
public health. [Objective] To investigate the pathogenic characteristics and antimicrobial
resistance profile of swine-derived A. caviae, providing theoretical guidance for clinical
prevention and control. [Methods] A dominant strain (designated HNHB) was isolated from the
viscera of deceased piglets in a swine farm in Henan Province. The strain was identified by
morphological observation, matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS), and phylogenetic analysis based on the 16S rRNA gene. A
Kunming mouse infection model was established to evaluate the pathogenicity of this strain
based on the LDso value and histopathological changes, and the minimal inhibitory
concentrations (MICs) of 14 antimicrobial agents against this strain were determined. [Results]
The isolate HNHB was identified as A. caviae, with the 16S rRNA gene sequence similarity of
99.73% compared with the reference A. caviae strain (GenBank accession number: AP026375).
Infection trials revealed the LDso of 6.24x10® CFU/mL in Kunming mice. HNHB induced severe
multiorgan lesions, including necrosis, epithelial shedding,
hepatomegaly, and nephromegaly. Antimicrobial susceptibility test results demonstrated that
HNHB was sensitive to five antimicrobials including ceftazidime (MIC=0.32 pg/mL) and
polymyxin (MIC=0.01 pg/mL) but resistant to florfenicol (MIC=128 pg/mL) and meropenem
(MIC=160 pg/mL). [Conclusion] A strain of A. caviae, designated HNHB, was successfully
isolated and identified from the visceral organs of deceased pigs. The isolated strain
demonstrated pathogenicity in Kunming mice and exhibited a multidrug-resistant phenotype.
Keywords: swine; Aeromonas caviae; isolation and identification; antimicrobial resistance

intestinal hemorrhage,

JK B LA ER (Aeromonas caviae)) T L
P £l (Aeromonadaceae) <. 1. Jifd 1] J& (Aeromonas)
Wk 2NN ey R R Gy L 4 R =N )
PR R B 7R K AR IR 30 Rl Ry 2K SR
PR E B ERNE, A, KRR R 4 A
Iz, MWK, JEk. H3EL KR BREEAUm
TEMEREPC &R KRR
R AT RE A N SRR A, Bk B A R
i, W DL B B . BBV G  l
JER Y T I AE B 22 P R B

R BB P R et | AR RS | & G
#. WIUAE . B R . Rk AR 550
i, PEE RN K AR s R0 Bk A= sh
G T SRR =B~ NN (IR I - AR o S
A. caviae WRIERGZ L. HAN, (ES PRI
g, KRR R B I s
Yoy EEE R Z — Ft, BKRA IR IEZR
WA — B - 7K A sl A fR R D AR 1614130,
Z AR T I R K BRI R AN 7 AR T B
#FE, WAEMN, R, B TR K
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B AR R A SRS T A R
BRZBAME BB EEZEML, KT
e R B B 9 T AR ST 251, AR P
AR SKRIEIRER | BRTE ERE BRI R R AE 1,
SR, R T B 18 25 W) 1) T P 2 1 22 B 24 T
PN A 2P O R A SR T A (]
A, U RS YRR, AT R
A S RE T SR I R A R 2 B PR s B SR
SIS D0 i v ST R B e AV AN R AN Y
T BIROCAR W HL 2SR A T ] BT (matrix-assisted
laser desorption/ionization time-of-flight mass
spectrometry, MALDI-TOF MS)%%E#1 16S rRNA

FEHAFFHN b, 22T o B W R aY /s BREL
s T3y, TR0 B B bR A T 24 W R o AT
DU = & 4 T 19 AR 2= R

1 #HE5H%E

1.1 #&

Y ZUREAS K ] B A8 S RE T A 9 SR AT
FHIPINESS T . 30 2 3 J&#% SPF Zufik B U /N
B, REE 18-22 g, TIRE LY L. i)
SIEI T 48 Ol 1 g Ol 28 A Be F R AR R R
B H A HES . HNUAHE ER2425D416).

KW T 1 (Escherichia coli) ATCC 25922,
r ] K 308 A 0 R R R A P
1.2 1EFE. FERFNEE

MIEREREFRIE, BN LR A TR MDA
B LB B3R % (g/L): AR 10.0, RN
5.0, &fLfh 10.0, K 10.0-20.0, pH 7.0-7.2,
121 °C’K [# 30 min,

LAfNE . RRER . Z2VHR. Bk
B ZFEER. LAET . BmEER. #5ORE
x| BERER . EX KR . PSP RWER .
RIWHER | Ay, JbrREERHEA R
Al R 2 DNA $2BGR &, e ot i il #E
YR By A FRA F] 3 2xTaq PCR Mix, FEHN
22 AR A A PR F] 5 16S IRNA K58
H51% . PCR =2tk & F DNA fi [l

WM&, ETAY TR BROGA RN A,
10% P P2z iR R ShAR . IR ARG AL, Jb &R
SEERHARA A B, ow( i) ARA
f]; MALDI-TOF MS, Bruker 2\ ) ; PCR {3 F
BEWE AR AL, Bio-Rad 2~ F]; HLIKAY, JbEN—
EPRHECA R F St BAEE, BRARE R
M EEST E A BRAE U RAL, BONP s
AR
1.3 MAEMNSBEEFEESNE
WRRER 75% 0K H S, FJCREY )
BURSEAT S ONE . IR/ R R . FEE) 4L
N, HFEARRIZL 5% A5 25 G
P BY 8y R U IRT,  FH JC DEEERD IR A3 1 4
T LB Bl R MM B g B R 5L, F 37 °Ch:
TR P REFE 1214 ho I HE R A PREUR BV
A2 LB ARG FR A, 37 °C. 160 r/min &
Pk FE 12-14 h; SR )5 G R A 3R 20 51401 4 F
LB RS AIMITAR G 5L, T 37 °CHE %
FEh Al b3 R E TR TE L AR S s PREU:
FEHE b0 VE R AT AE O I 33 i AT
R, B BRI R S G

1.4 MALDI-TOF MS £ &

FI ] MALDI-TOF MS JEA7 1 Fl % 5 ¥ 45
— PR RVE S 1 pL FEFTR SRS Jm A EIR A
¥5), R EARidE TER TG i MALDI
Biotyper Z4ifll microflex®LRF #k{4 v3.0 #1740
B AR 1 R 20 o (i ] MALDI Biotyper &4t v4.1
B F MALDI Biotyper CHe 2 o 5 far A
42 000-20 000 H)YEiE
1.5 16S rRNA FHE ¥ 1%

)P 20 T 5 DX 2H DNA il 42850 4 v B p 34
RIS ZH DNA RN, SRH 16S rRNA
FLRE A 54 27F (5-AGAGTTTGATCCTGGC
TCAG-3")F1 1492R (5'-TACGGCTACCTTGTTA
CGACT-3")i#17 PCR ¥ 14 . PCR L N {4 (25 pL):
DNA #&# 2 uL, 2xTag PCR Mix 13 pL, .
U5 14(10 pmol/L)4$ 1 uL, ddH,0 8 uL, PCR
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SN2 94 °C 2 min; 94°C 50s, 54°C 50,
72°C 50s, 35 ¥ ; 72 °C 10 min™®', F 1%
B HEEERE X PCR )i T TR AN o Fr BE R
/NEISA 1500 bp.
1.6 %E-TF 16S rRNA EAFHHWERS
28/

W6 Bhs A BEK B PCR Y1 = 44k
JE B T AW TR ) B0y A R /g fT
W, B 45 5478 NCBI #£4T BLAST HCXT4)
Br, JFFIFH MEGA-X M ERZ L BTN .
1.7 NREBERAESHLOFIBZNER

SRS TFIRETE A /NRUE T IO IR IR
FEFEHLAT A 6 (5 H/A), Hdr 5 o BRI
7 v M RO SR E I B TR RR . 2.6x107
2.6x10%, 2.6x107, 2.6x10°, 2.6x10° CFU/mL
(0.2 mL/H); %5 6 4l MIAMEXT R4, 4 H/NR
P 0.2 mL JoR§ PBS. 76 7d N, ERids#/N
FUAEEAR AL T 1E L. >R H Reed-Muench 2l
TE LDso?%, BEMLZEE 3 HAET /N BT 240 i 2
60 s BEAG Y o FH 10% PR 52 wh R oK T Ak ]
EAL 24 WL, HUTRHLF LY 4 pm 1
Yl R, FH7 AR FIL (hematoxylin and eosin,
HE)Yefa, Je2r B TR, F4h, REIE
T /0N BB O JUE AR I 264 7 400 1 0 B SR
1.8 AR MRS

Z ML E IR R AL bR L2 2020

FUAE 17 V5 AR E R AERY SR TR A R 1
E I3 B R AR XS SR AUIIE . RRER . ZWHHER
RETb R ZRWR . LMW T B x,
BARICE . R . EX R . PUSIPEAR, W
R, BOWER. RIS 14 FHTRZYI0
¢ /M B K (minimal  inhibitory concentration,
MIC), FI5E H W HUtt: . Frfr 25 0l 24 LA
KIGFFH ATCC 25922 [T A .

2 ERE54M

2.1 B HNHB HIESFELEEER
4y B bk HNHB 7E LB 350 g
M. MBI R A, EEHREEE 1A).
1138 = o TR S AR 1 s o< BN 7 (e B AN S [ iR 2 .4
MIZL RS, TTAEMIE(E 1B), Z8 2 R
B JE IS, % 2 Wl FE AR (A 10), 5
K S T e £ BT SRR AR AT o B B
B MR AT 44 0 HNHB.
2.2 E#k HNHB #16S rRNA EE 575
DGR
MALDI-TOF MS % 25 R W, 43 B w bk
HNHB 5 Bruker MBT IR BEFP T FE K KA
FE—E, wEaEN 246, HIt, HEHE
Pk HNHB 956 5 R K A o SRR s
Fo, Tk 45 S @ R 16S rRNA JE R 5
W PCR P R/N2 1 500 bp (B 2), S HBY

o N
. .
¢
DR
23
() - , -
- '
-t 2
3 \
(5 = . .
"
A
I" \ . .
, ‘. ¢
¢ 10pm

1 S EEM HNHB ESESFEZRERE A LB BURER R BT B: MR SR B

W C: 2 [RYLEAFIR 45 (1 000%),
Figure 1

Colony morphology and Gram staining of the isolated strain HNHB. A: Bacterial colonies grown

on LB agar plates; B: Bacterial colonies grown on blood agar plates; C: Gram staining microscopy result of

the isolated strain HNHB (1 000x).
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2 S EEH HNHB 16S rRNA EF ) PCR I
#  M: DL2000 DNA marker; 1: 7B H#k 16S
rRNA JERT 185 2 BT B

Figure 2 PCR amplification of 16S rRNA gene in
strain HNHB. M: DL2000 DNA marker; 1: 16S

rRNA gene amplification production of the isolated
strain; 2: Negative control.

3 ET 16S rRNA £ R FFIHMZE A E K HNHB B R 54 B it

O HUBR/MESRE . Sy B TE AR HNHB (1) 16S
rRNA 5L ¥ %1 (GenBank 5% 5} 0Q771958)
7t NCBI ##17 BLAST X 50#r, S5 R R W] 55
Pk HNHB 5 KBS R R (GenBank 5585k
AP026375)f) 16S tRNA JLRAZFF IR ¥ 9 AL E
ik 99.73%., HLT 16S rRNA JLHFHIHN £
GEREME 3)FRM, JrETER HNHB 5K
B TR TE [R] — AN 3, T R R T
(Aeromonas salmonicida) subsp. strain AS20/1/1 .
% 7K <510 5 (Aeromonas hydrophila) strain JCW
1027 . & FI< B Jifd 5 (Aeromonas sobria) strain
ATCC 43979, A. sobria strain 208 . ¥ [
& (Aeromonas schubertii) strain CDC 2446-81, LA
e A BRI P AN TE ] — 23 3¢ HAAR R AGE , ifF—
A58 S B R HNHB b K U R
2.3 E#k HNHB /DRGSR
TS BRI T HNHB B R W B R 8
HRMAR, KRR TR, b 7d W1,

5 WIS 378 AR B9 GenBank

BRI RAEREC T FROR IR s R 0.010 AR AL ES

Figure 3 Phylogenetic tree of strain HNHB constructed based on 16S rRNA gene sequence. The serial
number in brackets indicate the GenBank accession number of the strain; The number at the branch node
indicates the credibility; The scale data 0.010 represents the evolutionary distance.
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2.3.4.5 HEWIRMIET RS 518 100% (5/5).
100% (5/5). 60% (3/5). 20% (1/5). 0% (0/5);
B X BE 2 LB B 43 A7 s, RSP R AR, RE
HIEHE . AT M R4 N RE 4A), G
PRk HNHB 1) L B B30k JHF R0 U i

JiE i, W &5 V& (] 4B—4D). JHT] XS
Bl PEan =g . eI ( 4E); Baia i bk
YRR Y%, BN FE P sk (K 4F); PgRLT
6 70 ML 41) 5 B A MR 4R IR | Fe (& 47)
P REARIRI A S ke, JORR R AR E R I R

4 BESBEE HNHB W EBRFEMALFIEFTN A BT B 30 P IR AT 05 7E
B-D: SR KR LUR A, KRI85 Sk), M BE K M (2R @ k), B R (6
By, MRUVERP AR (LTS B IFTTIX R IR PR MIR 1 (B (i k) . sl aEik); F: 1
SRR b A (O (), BAMAT FE B AR G s T IRELCRAA I s J: VS
BRI TSR MR BT K-No HUOUBIEXT IRLIFIE | ot . E . B

Figure 4 Gross lesions and histopathological changes in Kunming mice infected with the isolated strain
HNHB. A: Negative control group showing no gross lesions; B—D: Infected group exhibiting: hepatic edema
(yellow arrow), intestinal wall edema with hemorrhage (green arrow), nephromegaly (blue arrow), and
splenomegaly with hemorrhage (red arrow); E: Periportal inflammatory cell infiltration (yellow arrow) and
congestion (green arrow) in liver; F: Intestinal mucosal epithelial desquamation (blue arrow) with capillary
congestion and dilation (green arrow); I: Splenic red pulp congestion; J: Renal inflammatory infiltration

(yellow arrow) and congestion (green arrow); K—N: Negative control group representing liver (K), intestine
(L), spleen (M), and kidney (N), respectively.
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k. /NAEHLEAE LB Siig st boreg KR
S . £ Reed-Muench 741 5E 43 B B AR
B BRL% LDso 4 6.24x10% CFU/mL.,
24 DEREKRAIERMRIESER
HR 4 32 [ I PR AN 52 05 == A B 2 8 e 22,
JFH 0 R 0 2 0 S TR R T 14 R BT 24
Y MIC. 255 R B Ak HNHB X Sk £ At i
(MIC=0.32 pg/mL). ZPGHZEMIC=2.048 pg/mL).
ZHiH & (MIC=0.01 pg/mL), FHNI X MIC=
0.512 pg/mL) . #% K (MIC=0.28 pg/mL)%: 5 Ff
2P, TR #URJE 7% (MIC=128 pg/mL) . i
25 PG Bk (MIC=512 pg/mL) #l 3 %' 1% B (MIC=
160 pg/mL)ifit 24, Xf PR K% 2 (MIC=5 pg/mL) .
BT B (MIC=2.5 pg/mL). k{78 T (MIC=
10 pg/mL)H BERUS(FE 1),

3 Wik
P BB e £ 02 o A DLy

Py AR R XSURSERES R Z MR AE . LI
TERFRIRIE T, NG I TR AR Y

£ 1 D EFE HNHB A8 MR I 4 R
Table 1

2 B s 22102027 SRR SR, AR
EVEHIEAEZE LY R, LR G # N — R %
A TR N -7 K A s 3 SR AR R 2 i
24 BE 10 2 T IV 2 ik K BB T
GERYIK . RE B At ) i g 5 i AU AT
RE A 1 122 fil 52 JK SRR TR TR 10 3
HE Yy i ek g, o nl EE 1 2 A 2 K BB
TR 75 G A K BN T Y, DA 3 N 2R At
FRELO223 1 AR I A 1A 23 5 HH BT B ik
MK BRI EE HNHB, &K 7308 & 8 1
EEM . tesh, B g I P S AR 2
A 55%-60%", F¢ 75 D fil 5 HE M 75 B iy
W ity e P 52 75 G A T SRR K B T Y
JRUBSE | 33X 48 7S s TIN50 4 VR B PP o E T
I 5 AR A DAL T M R O P

YRR ZRAF O BT, KRB T A 5 IR
Jr Yt h BOA B A HOR ML . H AR LA A T
T = R A 4 R A s SO B T R ILAE ) e
T AR B 2015 47 [ il B )\ Bl B
3 BOPK L5 TR B B A AR 7 A T 2 1Y

Antimicrobial susceptibility test results of the isolated strain HNHB

25 MIC #1 55 MIC breakpoint (ug/mL) SN THURE
Antibiotic R I S MIC (pg/mL) Sensitivity
oAt BE Ceftazidime >16 / <4 0.32 S

K K% ZE Gentamicin >8 4 <2 5 I

Z Vi & Doxycycline >16 8 <4 2.048 S
RE7> 2 Enrofloxacin >4 2 <0.5 2.5 I
ZFH % Polymyxin >4 2 / 0.01 S
JAPE T Cefoxitin >32 16 <8 10 I
BANFF & Tigecycline >16 8 <4 0.512 S
A JE % Florfenicol >8 4 <2 128 R
%5 & Fosfomycin >256 128 <64 0.28 S

% BB Meropenem >4 2 <1 160 R

BT 5L PE AR Amoxicillin >32 16 <8 512 R
KAEEZFR Spectinomycin / / / 640 /
ZEWPTE & Tiamulin / / / 120 /

FIZ M Linezolid / / / 40 /

S: gl 1. WIEHUEG R THZE; /0 JiR/MIBEREE TS

S: Sensitive; I: Intermediate sensitive; R: Resistance; /: No MIC breakpoints.
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2018 4FH R BLHCA] 5 RS AR LA™ B 1 e
2023 4 3% [ Hz 18 — 7 e ) 1 H 1 R AR R A
SR K BB B T 5 A P ) i S AR i
51 R MUMAERS . e IR RE I, &
b b A B A I BE 3R O IR B0 1 K
BB T R R, 3 A /N B TR 6 L 5 )
P s e v Iy B KRR A B TR AT A5 | e 2
P ZE s . W 5e e sh Wi ke, I Al e

SN 5 DR 2 f T J e 242936370 AR AfF 58 DAt B0
AL T v IS T RE IR A DR 8 0 10 JOE L JHF I
/I 1 b S T 2 43 SR B R AR KRR AR BR M T
HNHB, 2H% R B8 B YL 748 5 | e 17 M AE 1
ZHBWT. WA, KR HM A HNHB X R
W LAY LDso fEAK M 6.24x10° CFU/mL, 83
JA BRI TR HNHB B9 B2 B S 201 A 0 g
B, WpiE I, 5k A —
IXSezE Rl HNHB AT — & MEUR T,

H AT 8 B A B X K B A5 B Y A k0
B, PUAE R IR IR B M R SR 1 2
BRI B, (HIKRRRE C R i
ERE, MHZEMEOHHE R AIANE . XF
DA T SR B A B 1 B R M . AR 5 4 R B
FA P HNHB X Sk i fib e fgosk, i A6 K BV
P R D %o Sk At E I 2508 X AT AR A AR
SR AW A T AN ERYT, kil A
FEHNH K 50, IRIK R HNHB
IR AR JC 5 | BT B PR 36 2 K i 45 2 F
2, KSR UK SRR R A A 24 R AR B
5 R0 B M K R BRL I T 1 T 2 R T 2 SR A
RPY, XAl e 5 AR S Py F 25 Fh 2R Al A 56
7] BB 5 B RRAE Y 10T 25 S RUR [ A 06 . T SE
i e TiE s mlA R, ZEERE
BRI fEE IR G — BB 2, AR R
KE S BRH B IS PUA: R 24 TR AR 4 3 3%t
ONFETIA B A B R, s S BUR YR
I7 ARSI 55 I Sk 2 N B R T R B

4 Z

ASHIFFE T U A 7 8 DR BRI T /N B
BOp P Je Z2F R 2GR AL o 2R RO 56 B B g T
2y, PR s RN E T IR R, JF
] Pl 7 2 0 T R DR AR LA, I Bl 2 i 24
TR 5 L4 B X 8 3t AR FE L B G %

{E& TRk = PR

FakEE . R, ROTTR, mEE; T
P . scleddt, BoiididE; R Bk
WA RS OCE; L BATIRON SKbEE . K
o, EICE; KIR: Bl EREE:
SLHERAE; AR PATIEBE, BEESCE; TR
Wh ., BEICE; BIEW RS

1E& Mz R A I AR

YR8 P W2 JOATAn] A BE-22 52 MR AS SO A i AR
e T s s AR
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